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PREFACE.,
 

The research on"whi h!,thisstudy ia' based wasbsu pprted:by'the' 

Development+,, Depart'mnt of State,- uner.
Lgency .for International ..


This the last.of four,;I.country. studies".iundeir-ontract 6csd2151., is 

:aken at Rand under"AD sponsorship.,which investigate particular: aspectE
 

)f.fertility atens in low-income. soc eties.
 

The itialIftsfocus of'this woik wa'eeon developing nd .reftini'g 

confi
iuantitativeitools of analysis- with which: inferences could be 

entlydrawn concerning,interations between man s environment and his
 

reproductive.behavior,:,,With these tools- the. primaryobjecitive was
 

to account,fori'differences ini fertility among',individuals and among
 

.,,
roupu in ow-income societies: in. order,;to:, isolate and ievaluate 

policyioptions that-might.reduce-birthrates,'slowpopulation growth,
 

and enhance deyelop rent prospects. -In-the-majority of.studies,.,,
 

Iultgvariate regression and other forms of.statistica
ii anaiysis.were
 

applied to carefully selected cross-sectional data,, both to rpgional

population aggregatesand,to,individuall family; survey records.; Guided
 

"
 by simple economic and demographic logic in the selection of probable 


determinants; of desired,£amily'size and.other.,family economic behavior,
 
e 


the iuthor*found in each ' ountry;tatistica. evideince'of:"anti.icpated'
 

to.,observed features .of the parents',..)
relationships linking, fertility..


environment.
 

In most of these investigations there have been insufficient data
 
U ,valute the influence on fertility of recently,initiated: family
 

planning programs. one of the most successful and carefully evaluated
 

This report relies upon this well
family Programs is in: Taiwan. 
e r
 

documented program and the reliable'regional base of vital statistics
 

1The others are Marc Nerlove and T. Paul Schultz, Love and Life
 

Between the Censuses: A Model of Family Decisionmaking in Puerto RicoL,
 

1950-1960, RM-6322-AID, September 1970;.T. Paul Schultz and Julie
 

DaVanzo, Analysis of Demographic Change in East Pakistan: A Study of
 

Retrospective Survey Data, R-564-AID, September 1970; and Alvin J.
 
Harman, Fertility and Economic Behavior of Families in the Philippines)
 
RM-6385-AID, October 1970.
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for Taiwan to test qtheapproachto..pxram Incoiporating
nevaluation. 


,the available'detIrminants of ,esired fertility!into a family planning
 

programevaluation methodology provides'insights into how 1th6 Taiwan
,


Family Planning.Programhas affected .fertility'in recentyears. +'On.


going research atRand aims at developing.a more -comprehensive
',

' 
"theory of fertility" as part of a generaiunderstandg 'of fa il'
 

choice processes that are influenced by,social- and ecohomic'.de'velop*-' 

ment., Progress in this direction should assist both inthe selection
 

of overall developmeni policies that'will,mitigate population pprobl ms
 

and: in the eiluation of famil, planning rgas 
+
For many,ye'ars.+social+:sientists; have: been challenged to.develop" 

a saisfactory conceptual,and statistical-framework'within: which' to 

evaluateisoc6eial welfarel programs+comprehensively; 'indeed the Apoach 

to. this,..problem -adopted .here has evolved considerably inth. course
 

." 'pcific 


a; ,state of flux. Thus: this report is intended only as,,.a7 tentative'.
 

statement ofi iniial''progress'in the longer Aterm 


oft.h and s tilles' , with,r gArd t ietis, in
 

task ofdeveloping"
 

improved methods for,population program'evaluation
 

' 
+:+.+Seeo+earlier progress ',reports by the author, "The Effectiveness 

ofi Family Planning in Taiwan: IA proposal .for a new.evaluation'pmetho-d
dologyq P.4069, April1969, and Effectiveness of Family Planning in
 

Taiwan:."•+A methodology',for programevaluatloni,,P-4253, November 1969.
 



_Thb'!ponlem o~v~1uatin ppu]aioi' rograms,u are,inot' easly.;vA 

iresolved;. ':indirect4inferences, or :arbitrary assumptions;,cannot be 

avoided.at one-stageor :another, .for thereiare.unobserved links in, 

.,the,,compliexi chain of. events that relate .policy instruments to uti

mate "policy objectives.: .The:.tenuous.-link between .the intermediate 

goal'-t.fdistributing,,family planning .services ;and the .resultant,
 

declihe!.in;-births must.,be-verified if1the evaluation..of population,,;
 

,prbgrams be.,impstomproved.
 

''
The approach developed here'is'to observe births directly,ad
 

conceptual and statistical framework!ithin'w1~ich 'tutld
Vt 

be possible td obtain-unbiased estimateSof-the,average'and more
 

iprtint, marginal-effats 6f program activities.: on,birth ,ates... 
Tuepolicy conclusions drawn from this methodology in the case'ofthe
" 


family pl'anning program in Taiwan differ "systneiatit y froiD 'ttose,- '
 
derived: from :other approaches. ,,The .program's initial,mpact on the
 
birth ratetinii1966 -and 1967:appears tohave been ?larger,,than"pre- , 

.viously,!estimated,: buts the_ program has,-also been subject -to.:,sharply 
diminishing returns-as- increased personnel -wereapplied-to reducing 

the bitrth,ratei . Although, this .,analysis does not indicate,why ;the ': 

projram's impact-.has been :so.-substantial or,transitory,it may.be,
 

caused-by ,the initial. nnovacive effect ,.of birth.controi inforpation
 

disseminated by..the 'programs-efield staff; it zis.,clearly noti en tirely 

aeconsequence of tthe acceptance of theparticular.contrAcepti.ve,(IUD)
 

emphasized by the program
 

Strong evidence is found for the: importance"of the"cdnstrianis 
.and oppotiiuiities o f 'the parent.'s,environment (schooling rates.and' 

child-mortality) in explaining parents ''diminishedbirth rates. 'With

out changes in the family environment it is doubtful whether the pro
gram .would have -reduced,.the,birtherate assubstantially.as it did. 

;In :some 'countries, j.promoting§the .changes, that' bring about the in-,,, 

creased: demand for_ family,;plnning, can be:as important as answ3riqg 

.this.demand with a well structured, carefully evaluated suppIy,.9f,,., 

http:suppIy,.9f
http:avoided.at


family planning services. the public sector ang 

health, child nutrition, education, and family planning prograue 

may,;',therofore, appropriately differ from country to.country. 

In the past, studies have documented the number£ofipersonehtlped 

(that is, acceptor.) in various family planning programs, but'iit li 

difficult to confidently translate these measures of rervicessupplied 

into the more concrete objectives of births averted by.a fmily,

planning program. Analysis of the interregional variation in birth,
 

rates is proposed in this, report as an approach to program evaluati'in
 

that takes account of both the environmental changes thought I;toalter_ 

parents' desired fertility,and the activities of the,family planning
 

program thought to help avert unwanted births. Multiple linear re

gression and nn-linear estimation techniques are used to analyze
 

variation in birth rates across 361 small administrative regions of
 

Taiwan from 1964 to 1968, This analysis supports several conclusions
 

that have a bearin'on development and population policies.
 

SIn +the, parents'environmentj, there-exists, a pronounced relation

ship between' the +level'of'child Imortality and ; the 'subsequent-:lvel JOf 

age-specific birth,rates. -This 1statistical,assoc alition is strongest 
whe to . four,years are allowed to elapse between•the measurements 

of 'ilchildmortalityJ and fertility,: the average-time required'by 'a 

womansto conceive 1and 'bear archild. !.'tAccordingto the behavioral 

model .deveiopedihere, .this is.-association 'a".,reflection -.that,, parents 

adapt ?their +reproductive goals and!behavior .to tithe..loss of existin
 

'ciidren -,Y++EVidenceindicates ,1that -lower ;child. mortality, in iTaiwan,+ 

in.ithis .period is not associated with+l,,Iarger +sizes.:o:f survivinglfamily; 
on the,+ontrary ild..mortalityinone region .is associated" 

within..three years with a fully offsetting lower level of fertility,
 

leaving surviving family, size in the region similar to that. observed 
elsewhere.
 

;:Child school enrollment rates,:which reflect.,highercosts to,, 

parents: of rearing, offspring --and ::having'a large -family, +-arestrongly 

negatively associated with the interregional Lpatternof birth ,ratese 
in Taiwan'+



e.The,4eak inversezassociation between the level'of adult education

andfertility q4;ates during :the period 1964 to 1968.


f ' ' '' The 'pr6and':'"-" ry ;",'" ;e € . q ..... "yac dunn , ,' ,,, . ,-- .., , 

dominance,of gricultural employment in a community,is positively
 

associated with birth rates,before 1965, but 'this association has re
.versed,by ;1968. The,change in the importance.of adult education and.
 

particularly agricultural activity in accounting for patterns of fer
tility.may not be unrelated to the effects of the family planning pro
 
gram; the program'ss impact on f myy ave en greatr 4among
 

less advantaged,poorly educated, rural-agricultural classes than ,-7
 
among better educated, urban' cosmopolitan classes ho had:access 
'
 

reliable birth control before the program began'. 
The"distrilbtiona:
 

consequences of family planning activity warrant' much further 'study.
 

Tam uGy&= 5sEs5e a8ociarion Decween te aiiocation of per- " 

sonnel in the family planning program and the reduction in birth rates:
 
implies that the programsaactivities contributed to a subtanial 
reduction in 1966 and1967 Crude birth rates. Most bf'thisimpadt CanL 

be traced to personnel employed in the local afeld' program, bu n' 

solely, to. the acceptance of IUD.,: 'te' principa.' contxraept aitiV 
buted by the program. The marginal effectivenessaof prgram"pershOn l 

.. ,.. .
 .
 ,, : 8'., 
 q, an

diminishaq from 1965 to 196 
. 

"as,-the'program ex0Anc!dd i ac 
sing' year tha marginal effectiveness 'f personnel: i:'relatively .
 
lower in regions where program activit has"been"rel t'fly greater.-


Both independent pieces of evidence confirm that more inte nsive efforts 
of fiald workers are subject to dimiishiig returns: .doubling per

sonnel for aigiven population, illenot-'double ,the:number of ,births 
averted by"the,program For-example,,-(.the: programI.cost of averting an 

addItional birth,in'-1966appe'ars t be about U.S.-$10 
but this esti-;
 
mate of marginal Cost.doubles by 1967. and doubles.;.agai by 1968.
 

SPartof the decline-in program effectiveness is due to'the
 

emerging pattern of higher."birth'rats'among women 20 to,29: in re-:
 
giois intensively covered bythe Taiwan program which,counterbalances
 

inthe aggregate the program's impact'of reducing birth rates
 

'amongwomn over the age of 30. An optimistic explanation,of 'this.!
 



recent" phnmnon views this' patternoi inradfetltaog 

younger women as only a sign of change in the tuning 6f'4birtis "and 

not as an indication of any increase tn,wanted 'or',probable 
;completed.I' 

r

fertility. Nonetheless, evidence even mng oldergroups.of'womn 

is unambiguous -- the effectiveness Of progam Personnel to reduce' 

births has diminished over time. 

Another implication of this analysis is that"one class of field
 

worker - the Village Health Education Nurse more cost effectiV4
-is. 


Ln reducing the birth rate than another class of field worker -- the"
 

?re,Pregnancy Health Worker. This inefficient disparity in the
 

program's mix of field workers has not been corrected; on the con

trary, the more productive class of personnel has been gradually
 

eliminated from the program,
 

It should: be clear.to.everyone that we know relatively little
 

as yetabout how .to organize, operate, and evaluate a family planning
 

program., Thisi~nvestig4ation underscores the need to carefully
 

evaluate the amount4 and mix of resources employed in such a program
 
in:order to secure an efficient.allocation of funds in this high
 

priority.field. Nonlinear statistical techniques may be essential
 

for the.marginal ,analysis.of-.some aspectsof this allocation problem, 
and a,disaggregated ,treatment of fertilitybya is crucial for 

both the timing of births
separating the effects of the program on 

and.,the,completed size of families
 

;:In.this important 'areaifor .social,policy,%it.is.disconcerting
 

thaidifferent approaches to evaluationtyeld different conclusioa
 

wih!: egrd o-(l)'the4cverall impact.of"the program,..(.2) ,changes .,
 
in retuirns to the -;scale'ofprogrim'activity' and (3) the' relative , 

More research
effectiLenessi of variousclassesof .fieldworkers. 


will bej,-needed to. de erine .he. reasons for these differences in
 

lusionS,, ..
:.probable explanations' for these inconsisten

cies 'imply a nuber of'. guidelines for policy,formulation and 

evaluation, 

http:oldergroups.of
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First, analysis of intermediate.outcomes in a family planning 

program, such",'as the nunberO6f'IUD acceptots .served, may'fiot .. telyaccra 


reflecte., . fiia' pact o .f
the'programb- birth, r-s, e, auly
 
when :various" field workers,, receive different incentives,for dissi
 

ng intermediate products. "There i. Bneed to focus more. analytica1

study, on what social and economic forces.account for existing.i patterns 

offtity in order to isolate more' precisely th contrbto 
opopulation programs to the reduction:inbirth rates. 'Itmust be'
 

recognized, however', that this app'ro'ach ?requires.more' lead ti.me 

than "may be available for some'policy decisions.
 

Second, day-to-day information on the functioning of the program 

should be drawn from unbiased sources to improve short-run policy
making and to assure that these operational guidelines approximately "
 

coincide with those derived from long-term studies of the program's
 

impact on birth rates. Incentives built into the organizational
 

structure of the population program must be aligned to.motivate in-,
 
dividuals to accomplish the objective of the program or, in this case,
 

to increase the effectiveness of contraceptive practices of the popula

tion and convince them of the value and safety of modern birth control 
methods. The emphasis initially placed in Taiwan on a singlecontra

ceptive .method,the IUD, as the Principal basis for record keeping, 

program evaluation, and field :staff remuneration may have excessively 

discounted the role of other birth control methods. 
 If demands' for 
all forms of birth control had been monitored, whether they were 

satisfied within or outside of the program, a different image ,of ,pro
gram success might have emerged at an earlier date. 

gra. c.es. mi ave . 

Third, a potential:problem with analysis of nonexperimental data. 
is _pthat Istatistical associations- between tr-atments (levels andmixes 
of .programactivity Yand outcomes, '(level of brthrates may not 

denote cause-and-effect -relationships. ,.This :does:not appear -to be, 
the case'i Twan, pcoplicatebut it my policy evauatio-:fforts 
in~ither countries and: warrant, the o'nsiderationof countermeasures 

To apply cost effectiveness-evaluation techyiq,ues to alternativcni 

policies that'seek,to ,change, birth, rats wether by: direct, provision.. 



of birth'; control' information and Iserices: in a family planning program 

or by indirect emphasis. of policies, that 0prmote the adoption of a 

smaller famiy size goal, one needs 'a comprehensive-, theory,'of, the 

principal determinants of fertility.' Although such 'a theor . i in 

its early stages of development, it is far enough along to see that 

.very much vorth pursuing both conceptually and empirically.,it is 

Ifiagreement can be reached on how to measure the independent effect 

of famly -planning programs and other indirect population programs 

on slowing population growth, much improved information and.manage

ment techniques could be applied to increase the effectiveness of
 

thse.population policies The notion that .fertiiityand :population 

laws and are'not amenable to the self-interestedgrowth.obey Halthusian 

beh6av'ior'+of parents is a counterproductive that denies the need 

for a supporting theory -of fertility and impedes,our:bettr under

standing of the motivations for reproduction and their important 

imo ic.aItions for polidy.' 
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I. INTRODUCTION:; PROGRAM, OBJECTIVES. AND EVALUATION 

Evaluating the social contribution of population programs is'. a,
 

dficult'task.' As more resources are.spent ini many parts of the world
 

to- facilitate and foster a.reduction in fertility, evaluation of these
 

efforts must receive priority if one-is to learn from eiperience. A
 

variety of evaluation methods has developed, but ,this report presents
 

disconcerting,evidence that different approaches can yield starkly.'
 

differentimplications *for improvingpolicy. Research is urgently
 

needed to ferret out the sources of error built into our information
 

systems and to identify the weaknesses embodied in our methods of
 

statistical inference that must be responsible for these inconsstent
 

conclusions for policy. Thisinvestigation of the Taiwan family plan

ning program Iexplores these issues and develops guidelines for the 

organization and evaluation of population programs.
 

,.., -:This,first section reviews alternative:approaches to ,population 

-policy,evaluation.,.:.. In the context of .,Taiwan-.,the :,remainder,of this 

reportdevelops :ananalYticalapproach to :evaluation and applies it 

toi confirm the.,effectivenes ofcfield personnel ,inthe-Taiwan.familly 

planning program andjtorchallenge early,evidence on ,:this,program's ;... 

optimal.size and .structure. 

KNOWLEDGE OF BIRTH CONTROL
 

:. I.nitial!lyi famil ,planning advocate. assumed. .thatif infortio 

aboutmodern means ,of,birth control were made (available-throughout. -a 

society, the program1shouldbe regarded .a success. t-While increased 

knowledge, of ,birth::control, ithin, a -population may ,beone part.ial -. 

measure of,. success, certainly one- should, consider, as well the impor
tant, isues 'of howdseft1 this knowledge is, how-much people benefit 

fro' Itiiand what. welfare implications follow from:.the patterns of 

lehavior that occur as a consequence of this new -disseminated infor-


To demonstrate the, expressed need ;for family planning-programs,
 
sample surveys ;were designedti nqr e iinto contraceptiveKnowl edge,
 



ISTRIBUTION OF SERVICES'
 

The most clomon-approach to'eValuation of family.planning pro
' 

rams is to measure services rendered bytthese programs and their 
en, rUs 

the number'of pills 
d'' 

dispensed, IUsomplementary activities --


concen
.nserted, traditional'contraceptives given away.or sold 

at 


are

lionary'prices withiii•;the'program." Mori sophisticated.measures 


ossible-" calculations may be made with a 'great"deal,.of precision 

in how long the IUD is likely to remain in place for the average 

roman served by,some programs,. and how effective it w ding 

:his'period in preventing births (6, 10]. 'These effectiveness 
models 

stimated from follow-up survey data leave much to be desired, 
how

iver, when they are used to translate a program s supply of contra

eptIves into aneffect onthebirth rate. As these studies are
 

,arefulu to point out, no one-knows what women who accepted a form
 

f contraception in the program would have done without the 
program.
 

Lo what extent do famfiy.planning programs transfer the demands for
 

).frth-control from the private marketplace "to the lower-'cost sources
 

,f8overnnent-subsidizedlsUpply? ',Similarly, if women adopting modern
 

-tichn quesla,of birth -control.had .been employingtraditional schemes 


:the program'
f i,:limited, 'but positive, 'effect.iveness, ',,the*,impact of;f 

n'the.birth rate would be only'a fraction-'of that implied by the''
 

contraceptive potential of the birth control,devices distributed .by
 

the program.
 

'The second serious problem-with this method of 'programievalua

on'iits.Linability*to .copewith infliuente of information flows
'the 


that'alterdiproductivebehavior butr,,do t necessarily ifluence,
 

theprogram''s is.tribution of birth,con'trol'supplies."' For exampe,
 

the spread,of,the'idea if 'family,planning may:'stimulate 
interest'in
 

By recent count, 400 KAP surveys have
Attitudes and Practices (KAP). 

Aside from'the controversial
been conducted in 67 countries (7]. 


problem of eliciting meaningful and accurate responses to questions
 

on these personally sensitive and complex matters, the subsequent use
 

of KAP surveys to evaluate family planning programs has raised another
 

issue. Is one primarily interested in announced intentions and admis

sions of knowledge or actual reproductive behavior? A shift in the
 

content of KAP surveys from contraceptive knowledge and use toward
 

actual fertility behavior may facilitate the application of new
 
'.evaluationmethods such as those proposed in this report.
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traditional and modern ',forms of birth 6ontrol;Which may be partially 

satisfied in; the private, marketplace. and, not' through., theprogram, 
.itS'ei:or may shift; the timing bf ibirths and other'ife-cycli. 
activities., ,::' 

MATCHING STUDIES
 

nan 0efort isubstitution effect,"-mat
to controlfOr 'the 


stidies have been designed. Their objective is to compare the&,sub

epqtonnfeth i yogra '. tth
seuet feiiyofa group of wouienacceptig some form of cofiita-! 

cep'tion'in.h- theoprogram w ntrol group who have not enteredAthe 

program, matched by such characteristics as.-age, education,'.'numberi, 
of births, and time siuce'tleirlast birthd Eviden e of higher 

'fertility in the contro group .,than in the program group can be 

translated, into, an .estimate of the program's effectiveness in,reduc

ingrthe,;ibirth-rate ,[1].
 
SAlth6iugh the matching api an improvement,Overprogram

evaluatin methiods that rely only on the'supply,of contraceptives
 

dIspensed; it is costly,'time 'onsuming,'and still subject; to'biases
 

If the program contributes to' the general d iffusion of informatibn
 

about family planning, as it certainly: must,; and thereby influehes
 
some,people in.the: control group to obtain improved methods of birth
 

:control from priyate .sources, ithe: matching study understates. the_:
 

-#pact of- the family planning program on the,birth rate.,,,On the,;. 

other ;hand,' the matching procedure may also overstate the role, of.:kr 
:contraceptivesi dispensed,by ,the program,, because women who-adopt 

,contraception in the,program are self-selected (unrandomly), and are 

presumably: more highly motivated:than',thoseiin .the,control,,group to' 

limittheir subsequent fertility....Iow thesepwobiases.balance out 

is.not"nown, 



I. THE CASEIOF TAIWAN.:
 

The complex problems'of-population.,p'olicy'evaluation are.brought
 

into clearer focus if a concrete case is considered; therefore, the
 

remainder of this study deals with Taiwan. In1967 Kingsley Davis
 

challenged the advocates of family planning to demonstrate that
 

,their-programs had.influenced"birthi rates'. With reference to Taiwan,
 

he',,argued that- since birth rates were declining before the program
 
beganthe contribution'of the.programwas not evident [4]. 
 A
 

typical response to Davis: is.portrayed in,Fig.:, The family planning 

program pilot operations began ,in.1963, and the subsequent rate of
 

decline of the .birth rate exceeded the past downward trend.
 

.This interpretation: of: the program's Impact has inumerous short

comings. First, the program-beganon,a coufitry-wide scale: only.in 

1964. The gradually improved effectiveness of~contraceptive .prac-" 
tices',that is attributed to the program could not have influenced
 

birthratessubstantially unRti,1965. Since the average interval
 

betUweenibirths,for a population.not pracOicing contraception is about
 

two!years,. the+ full: impact oftthe proaram isnot. likely to emerge
 

from.data on.birth rates until, 1966., 

1.Y" addition,-,
'In thisinterpretation of the evidencesuffersfrom'
 

more? than' the merely- mechanical defect of.-,selecting :the wrong. turning 

point; there are fundamental problems with:any single factor analy
, sisof complex'national 'time'trends, 'During the ,1960siTaiwan was'.
 

not"iSandin still. For"'example ':the-proprtionf children -beween 

ihe 'ages' of"'12.and 19 fgbin'g' to' -school increased' frowi about' 41percent
.in,
1960:' to 50': percent by .1967.'Thfs' in'crease nin!.enrollment ,ratest 

percent. increase in'the number of "children'in 

these,.age groups. Though Taiwan's economic progress since the: 'i.-

Second World War has.been notable,.the rate of growth: in per capita 

real income shown in Fig. 2 isaccentuated":in the period since 1962. 

Behind such changes,in schooling and income levels -many Other -social 

and economic changes are probably takingplace that could be 

responsible for changing desired actual Ievels .of .fertility., 
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The.roblem of interpretation posed by Fig" 1 is common,to thef
 
,
social.sciences which must depend largely on donexperimentaldata 


causality cannot be confidently inferred from the concurrenceS of.a
 

short time series (on vital rates) and the initiation of a program
 

(family planning). First, more information is needed, such as is
 

Often obtained from across section of.t smaller units (families or
 

c;dnities)"over time, for which program activity differs. Seconu,
 

a'satisfactory analysis of the partial effectdof-a program on the
 

birth rate requires a general frameworik"for understanding variation
 

i&riproductive behavior." ,Inotheriwords, there is need for a more
 

comprehensive and realistic portrayal 'of the determinants of repro

ductive behavior that will isolate the effects of particular
 

dimensions of social and economic change on fertility as welt as
 

estimate the influence of the family planning program.
 

Since the many social and economic constraints and opportunities
 

that might reasonably influence desired reproductive behaviorl are not
 

necessarily uncorrelated, all relevant exogenous factors shouldr.be
 

considered together to appraise, witho-ut bias, their joint and indi

vidual'influence on the-bfiti rate. The complexity of this problem
 

precludes,-the, convention of par'titioning,the population until'groups
 

are%derii that are homogeneous with regard"to all influential
 

fao-,rs .e.p program inputs.As -a practical; matter.of-multivariate
 

disc analysis, a functional form must 'thenbe adopted to
 

relate the various factors to each other and to the birth rate. The
 

parameters,of-this,functional relationship -are then typically esti

mated by regression procedures. 

:QReproductbve.=ehavior.:is'not'dequatlydescribed-by the crude 

birth:":rdteibeicuse of ,differences itn the age and, sex composition of 

the,:population, over time. and-:across, regions'.. Also, under similar 

circumstances, birth rates-for women of one age group may respond'
 

differentlyfrom those of another age group. The decline in birth
 

rates that emerged in Taiwan after the mid-1950s, as shown 'in Fig.,.3
 
'
 did not occur evenly across age groups;, it .i's ,accentuated among
 

-women over 30 years of age, and is not,yet-substantial among women
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under 30., It is anticipated, therefore, that the family planning
 

program will have made its'major contribution to the reduction in
 

fertility by facilitating this marked decline in birth rates among 

oler women. -'Theprogrammay also have influenced the reproductive 

behait 'rof'younger women, possibly by balancing other social and 

economic " forces that have fostered higher desired birth rates. 

Although'in the evaluation of population programs age-specific and
 
-
age-standardized birth rates1 are more appropriate for analysis than
 

crude.birth,rates,.it 'isstill not possible to.'disentangle from
 

cross-sectional data!on birth rates, changes both in*the timing of
 

births-and4in the'size'of'completed-family :For example, young,
 

parents may now be having their children closer together because..
 

they can-reliably stop bearing children at an, earlir age thin' their
 
parents. Thus, evidence of different short-run program effectson
 

different age .cohorts shouldlbe interpretedcautiously.
 

1The standardized crude-birth.rate is the observed livelbirths
 
divided by. the age-standardized estimate.,of births derived by attki
buting :the,national age-specific birth rates:to the seven age cohorts
 
of childbearing:women in each'administrativeregion.' Deviations in
 
thiwfnormalized birti rate from one (or zero in the logarithmic'
 
form), therefore,-represent deviations in local crude birth rates
 
from the level expected .nationallyfrom the age/sex composition of
 
thepopulation in the administrative'region, The regional age
specificbirth,,rates are.also'normalized by dividing them by the
 
respective year's age-specific birth rate'for all of Taiwan.
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jIII. - MODEL DESIGN 

To avoid the uncertainties ,of translating contraceptive ,adoption
 

or use in .o births prevented, the approach discussed in this report'
 

deals directly with reproductive beha'vior and attempts:through
 

statistical analysis to infer the relations among various sorts of
 

program activities and the level of birth-rates.
 

To infer how program activity influences,.birth rates,,,analysis:%, 

of nonexperimetal data mustsimultaneously evaluate two:sets ofU,,. 

factors. 
2 

First, environmental,,. determinants, of parents' , family,:: size4 

1This approach does not take account: of some-.of.the'side-effects 

of the program that may be beneficial and are perhaps quite important. 
. ' 

For example, if women shift from primitive techniques, such as . on 

medically induced abortions, to more convenient,,. safe, andr modern,.. 

Nonethetechniques of birth control, the birth rate may not change. 


less, these women and society are benefiting. There is no:easy; way-.
 

to account for this benefit. Furthermore, as in any program that pro

vides services largely to the disadvantaged and.,poor,in asociety",_'.
 
Some people are shifting.fromi private:
income redistribution occurs. 


market sources of contraceptives to cheaper public market-sources.
 

This redistribution of income may not be large, but it nevertheless
 

may be seen as a benefit of the program that is here unavoidably;,
 

neglected. Of greater potential importance is the effect-of the pro

gram on the class distribution of per capita income in thisand-folr

lowing generations that would occur if the program helpedilower-class
 

parents to avert a greater proportion of their unwanted births ;than1ii:
 

upper class parents.
 
2 If the allocation of family planning program activities is
 

experimentally designed on a random basis, environmental factorsare
 

statistically independent of program factors and each can be evaluated
 

independently of the other without serious bias. The family planning
 

experiment in Taichung City, Taiwan, represents this unusual case
 

where social scientists have undertaken the time consumingjtaskof
 

obtaining truly experimental data from a large scale social action
 

program [5, Chapters 6-12]. This major city was dividedinto 2400
 

small neighborhoods (yin) and family planning activity (treatments)
 

were planned and executed in each yin in a randomized manner that
 

permitted the policy analyst to neglect environmental determinants
 

of behavior and to interpret the directly observed relationship be

tween program activity and behavior as an unbiased estimate of the.
 

influence of the program on behavior. Freedman and Takeshita pursue
 

this route with respect to the acceptance of contraceptives among the
 

Taichung population. Reproductive behavior in Taichung-might-also
 

be directly linked to program activity using their methodology. Thei
 



goals and desired fertility must . e id ntiffidd aod 'aoproximated by
 
obserdvaraies. Concurrently, family planning activities that
 
reduce the number of ill-timed and unwanted births must be specifieu

in as much detail and as comparably as possibleacross different targe
 

popullatio6ns., Comiplete specification and accurate. measurement of b'oth 
"!sets of factors allow one. to infer the independent contribution of
 

each factor to the level of birth rates.
 

-t,(,KThe problem ishow to; assemble,available information on; recent
 
occurrences in Taiwan to infer the independent effect of the .family
planning program on birth-rates. A variety of,decisions parents,
 
make have a simultaneous bearing on their,present and future lives
 

togetherand desired,fertility pattern, but these simultaneous
 
,decisionmaking relations are neglected here to simplify this analysii
 
and presentation. Only one behavioral relation is analyzed, that'.
 
betwein the birth rate and (1) the environmental determinants of the 
'number of surviving children parents want, (2)the child death rate, 

4 + . . , 

only ':problem-with'the design of the Taichung experiment is the evidei
importance of interregional diffusion, -namely, that intensive .prOgqrai
activity in one neighborhood spilled over and appeared to influence
 
iontraceptive acceptor rates in adjacent neighborhoods [5, pp. 134 ,
 
139]. .+Since no method in the original study is proposed to take,
 
account of this indirect diffusion effect of the program, the observe
 
relationship between program activity and behavior is biasedtoewrd,,
 
zero, understating the total (direct and indirect) effect of the ,prO
gram on behavior.
 

In the study reported here of:the nationwide 'Taiwan family plan
ning program, it cannot be assumed that the program followed a ran
domized experimental design. It is,-therefore, necessary to deal 
simultaneously with both program-and environmental determinants of 
birth rates (that is,it cannot be assumed that one iswholly inde
pendent of the other). 'Also, the regional unit of observation here
 
isrseveral hundred times'larger than that used in the Taichung City

experiment. For thisreason, the interregional diffusion effect
 
Should be attenuated and the consequent bias in estimates of total
 
program effects on behavior should be reduced substantially.
 

!Since the appropriate specification and measurement of the
 
environmental and program elements of the model will be subject to.
 
.controversy for some time, statistical inferences with regard to
 
policy,-evaluation will also be controversial. 
Consideration of'Jalte
 
native formulations of the statistical model should gradually narrow
 
the range..of uncertainty that now .attaches to.conclusions aboutthe
 
effect ofpopulation policies.
 



to.:and (3) the family planning program activities that, are assumed 

reduce unwanted births. Statistical analysis of dataon birth rates
 

and factors thought to influence birth rates requires further infor

mation about the nature of their interaction, namely, the causal
 

structure or the specification of the model. First the functional
 

form of the statistical model is discussed, and then the time dimen

sions of the relations it embodies are examined. The theoretical'
 

and empirical rationale for the choice of environmental determinants
 

of desired family size is discusseed"at greater length elsewhere [12].
 

FUNCTIONAL SPECIFICATION
 

In mathematical notation, the relationship we want to characterize
 

is
 

B -. f (D)g(X,YjZ. @)p(MM 2 ... ) (1) 

where B.represents 'the number of children ever born by a woman of a
 

Sgspecificage f (D) is: ' a ,function of the •child,.death -rate.experienceu.,,
 

or,,Anicipted by the woman' g(X,YZ'') deniotes 'the number of suir.. 


viving children parents want .whichis -a function-of many environmental 
factors, XYZ,..,' and the irelatioship between local' 

local'daio
rs", X .Z is' 

family::planning activities M'9M2, and, parent's' knowledge.,of andi
 

!coSiof 'efficacious methods;of birthcontro1"that !presumably .inluence
 

-the 'number, -of :unwanted':."-births parents are likely to, have. The lack
 
' of fr eimpir'cal or-formal theoretical guidance in the choice of an'. .' 

,appropriat,. funtionai specification.. for.,, tgand p imeans: that: the ,
 

_final specificition f the.s tatistical -model must :be somewhat'Aibi- '
 

trary. Therefore, 'the parameters of 1the model.are estimated assuming 

K-three alternative functional specifications: (1) linear and'additive; 

(2) exponential. and;multiplicative (loglinear); and. (3). nonlinear- 

hybrid thatis implied by. a .plausible: characterization ofthe:,inter--

actio i4wen'the ch il d 'Adetfra te And t he 'survivAig-'family .- ize 'goal,
 
,as elaborated in .the Statistical Appendix.and [ 3]. The parameter 

in, the Appendix, these alteinative functional specifications of
 
the estimation equation'are derived.and shown to 'yield.'substantially'
 



estimates."are,-those that mrinimizei the mean squared,.error between 
observed, and predicted birth. ratespi based on :,the, specified (exogenous) 
determinants oif fertility dv~their assumed 'functinal and, temnporalI 

form., 

A more complete' portriayal.of the causal structure,that-is thou4ht
 
to-underlie Equation,(1) is.shown in Fig..:.4. The intervening variables 
suchi'. as -marriage and', acceptance:, of- Specific birth. control methods. 
might be distinguished, in,'a larger simultaneous-equations model which> 

is: designed to:,identify andto estimate the direct and idirect lines 
"h '' irc4 a n 

,.of Influence .from, the"environment, child':mortality,, ,and family,: plan*-"
ning program activity to,.,fertility Estimates.of the simplified
 

single-equation model',however, are unbiased indications.of,the.net
 
contribution of exogenous factorsfin determining'fertility.

4'Y 

similar implications for. the .,responsiveness 'of fertility in Taiwan .to
current',levels of program activity. Therefore, the discussion relies
 
on the least complex linear approximation of the model. LFurithe'r'" 
research. is •nonetheless needed to 'determine for this evaluation : 
metho'dthe sensitivity of policy conclusions to alternative specifi- 
cation of Equation (1).
 

For the regression.coetticlents to be the best (minimum'variance)
'linearunbiased estimates (BLUE) of the model's parameters a number 
of conditions must hold (Christ [3, Chap. 9]). For-purposes here the 
.critical assumption is that the explanatory variables are independent
 
of,,one another and predetermined or uncorrelated with the disturbances
 
in the equation. The disturbances are intended to represent the net
 
effects of numerous factors, other than those included in the rela
tionship, but which are too numerous or too difficult to measure to
 
have been introduced as separate variables. If disturbances and
 
explanatory variables are not independent, perhaps because the regional

allocation of family planning program activity was influenced by

omitted factors that also influenced birth rates, the estimates of
 
program impact on birth rates would be biased. Also, if one class of
 
manpower in the p:ogram, such as doctors, are influenced in their
 
participation in the program by the prior activity of field workers
 
(generating demand for their services), then the allocation of doctors
 
is no longer independent of the allocation of other workers and can
 
not be introduced into the "reduced form" variety of estimation
 
equation considered here without biasing downward the estimates of
 
the effectiveness of the field workers. For this reason, doctors are
 
excluded from the form of the estimated model reported here.
 

2Later work should explore the relative weight attributed to
 
the submerged direct and indirect causal mechanisms -- for example,

the extent to which a reduction in child mortality contributes to':
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How inputs 'into.the family planning program, , 'influence the
 
ti obe unwanted" birth, parents avert raises•further impo tant
f 


is ssf£opolicy.. There i's little' relevant empirical 'evidence,
.as
 

yet, oowhich'tobase our spec ficaition of how program inputs actually
hav affe.td.6bih raes; "but some general propositions seem plalus
ible.ies for which at least one"+inp '
 s e, in this cae
 
t .Y0oulation demandi 
 al plannin services'. are liely to 

experience initiallyt increasing aind later "decrleasing returns to
 
scale,.' In' other words,,additional equal incements of inputs pe,
 
potetial'"recipient: of fai 
 ' planning services' ill"initially con

ioftribute to-a reduction 'anincre'asiing number of births-. but 'even
etly' asthe scale of" the program-expands beyond"' a'-certain point, 
th ame' incrents' to 'program: inputs will contribute to a reduCtior 
ofa'decreasing number"of births. 
It is: pos ile'"that 'somedaya.'

situation' would arise where everyone practiced'perfectly' reliable 

biiti control andwhere theie were no'"' births' In this 
ut6pin-setting'additional family planning-efforts wouid havei ."no
 
effe'ct on birth rates and hence 'no valu..
 

To.determine if there+is statistical evidence of changes in
 
returns to program scale, the input variables are first considered in 
linear form and then terms of a polynomial expansion are added to 
the, production function" until higher order terms do not significantly 
improve the model's fit to the data. There is substantial variation-.
 
I 
the outcome of this test among.years-and age groups, but in general.
 

the 'quadratic',term 'does notiImprove the fit ithout the inclui o of 
the additional' cubic term which then meetsthe Vtea Of'silnifm2'gA 
canceon individual regression coefiicients and the."F' test .onU4
 
provement in the" overall relationship.'" in oth'the linear and the' 
cuic "production function" for family planning 'servicesim'"esr -fankon Y :plnning ie o_Itimateo 
should "11 interpreted with caution and only 'over 't.he"'mdrange 

the..observed 'levels of +program activity in the'specific year 

lower marital fertility or to later age 'at marriage,.wich are sumed, 

together in:-.their combined 7effect'on ,fertilty in.Equation (1) 



TEMPORAL SPECIFICATION
 

Anticipations about the future are often not fulfilled; 4t takeg 

an uncertain amount of time to have a child, and children die unpre

dictably -- therefore, lags and adjustments of a biological and.. 

behavioral nature interpose themselves between the observed environ-

ment characterized in the model and the observed birth rate the model 

seeks to predict. Most environmental conditions that modify parents,
 

preferences for children change slowly, at least at the regional
 

.
Death rates, on the contrary, are subject to
level considered here. 


substantial year-to-year variation and cannot be predicted accurately.
 

Deaths,.:,-.
for a small community, to say nothingof the family unit. 


may result, therefore, in a short-run reaction to replace 
recentlosses
 

The model, implies a mechanism,by which,the death of a child 
to a still 

fertile mother may influence her to have a somewhat higher 
birth ,rate, 

than she would otherwise have had.. .Although the death of a child+.may;. 

motivate its mother to.seek additional offspring, the effect.on her. 

actual reproductive behavior is difficult to distinguish .,in the short,
 

nohort
run if she is young, for her age will probably continue having,
 

additional children for some time at about the maximal rate, regard

less.of .the incidence of child mortality. If, on theo6ther hand, the
 

mother is. older, say in her iate thirties, and -asizable proportion
 

of her cohort intends to avoid further births, her behavioral response
 
Sdeath, that of seeking another birth, will distinguish
'r 6 h,.+ .tsi o . kh 

her sharply from 'others in her cohort within a relatively short time.
 
A+
 . ,, ++,: ,

+ A+, AA+ - +I+-.;+.+ + 


Though ,itis notpossible from published data,for Taiwan to:,
 

tracethe frequency of child.deaths to mothers.of a.specif cAsit
 

is.possible in eachof 361 administrative regions to estinate the,,
 

age-specificdeath rate for children for several,years prior to,,,
observed age-specific birth rates and to examine the strengthof the
 

statistical,association between these, two rates for evidence on 
the
 

. .. *' A .+ ... . - ,,

th fAen A A. ' ..length of-,this behavioral-biological lag. 'Experimentationwith
 

various- discrteand.distributed, lags for Taiwan:is constrained to 

the few yrs for which-athe appropriate :data are collected and pub

lished..:In those '.years,.the *association between- regional child'death 

http:mothers.of
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ratesand subsqu-st after the
 

A ;of .twotoofo~ years. These 'uantitative. findings t hat! a.
 
woto 7 cal lag. exists between
four-yearaverage, behavor-bio.lOk 

,chil deat'hs and ,subsequent birthsis,,generally, consistent 4ith: 

..other..evidence on. the 
pg co t; 

mean ,length of closed birthi;ntervals ;,for'women 
- .. 

t 

. ,,, ., ,. ,,not practicing contraception [5, 9]., ,Based 
., 

on this-' evidence 'itis 

appropriate, to lag:all environmental variables:by the ,same,:.number of 

,years, hereafter assumed to be three years. 
Family planning program inputs, however, represent a more comple 

problemofu measurement-and dynsic "model specification; 'The temporal 

'linkbetween environmental andi bonditlons fertility and that between
 

birth,coitrol' andi fertility is asymmetric.' Current bith'contro
 

.practices 'influence birth"rates' nine mo'nths later, and thus the'1ag 
beteen adoption of more iffective birth control methods 'And A er 

maximum impact on birth rates' is likely to be about a year, n0t the 
two . or three', required, on' average, for a"woman to deliver achidd. 

Therefore, 'program Input: should 'be' lagged a'shorter time than environ

mental.' conditions ogAlso ithe' program likely' to have a'persisting 

iff cnt eptive knowledge in the 'county, slowly "depreciat

'ing as'people .forget'-and as 'new generations of parents grow up. Thus. 

all past -program'iuputs :must becconsidered as possible determinants 
"(with perhaps 'dfminishing weights) of 'the target population's current 

knowledge of.'birth control methods. ,Time series of data are today 

stoohort toexplore emprically thethne dimension of program input 
e ffectiveness.'" A satisfactory approximation in the short run is 

o ig.nore .the depreciation effect andtreat the total of,all ;past 
program 'inputse'as the'deteri 0niit'of ofcurrent,'eff'ctive knowlede 

birth control in the comuunity.I.-

Distributed lagged relationships.were estimated; although they

smoothed year-to-year variation in the size and significance of the 
regression coefficients, .they did not improv- th overall predictive 
power of a discrete three-year lag, which is therefore used in this
 
study., See Statistical Appendix and Table J-2 for.evidence of
 
year to year variability in lag structure.
 

2Alternative distributed lagged relationships were considered 
and these results are discussed in the Statistical Appendix. The
 
measure of program inputs used here is the cumulative number to 



,DATA CONSTRAINTS AND THE ,FINAL,ODEL SPECIFICATION,,,
 

'The: dependent :variable in the fertility equations. estimated in 
the-,next section is a .birth;rate for,an age cohor of wm en'-i' 36
 

small areas of. .Taiwan.,reported:in'[14]."I inot: .th.. dim"ension
 

-.
of'fertilityenvisio'ned ,eini Equation: '(1) .ely'nam t o uii odIechilden 
.-born to an individual woman. Forimlly, .many 'restrictivaossump"tions 

are, required-i.to assure, that the aggregate' fIow of births-a'cross , 
groups of women. responds in the: same! way -to ;differences in the- deter

minants of fjertility as-does the stock of ,children ever born acrossindividual women.. Given the, urgent ne eva ate th ac on 

fertilitypof popan programs, it is not realistic towait; decades 
until todays younger parents,in,Taiwan .have completed their: childbear

.ingyears .in order to estimate the. program's l'ong-run, impact on. their 
completed fertility. Research must in the interim analyze current
 

birth rates for evidence of the short-run effectiveness of population
 

programs to,. To facilitate comparisons ,among,birth
reduce births. 


rate equations,for_,women of different ,ages,,all age-specific.birth
 

rates are normalized-to' approximately,.one by,dividing the regional

birth rate by the respective national age-specificbirth, rate.-The 

crude birth rate must .not only.,benormalized.,but,also,standardized 

rage_ and sex. composition.A.....All, normalized, birth ,rates ,are thereby
 
expressed as a multiple of the national rates in 
 the particular,year, 

-the preceding year of man, months of program personnel, time.allqcated 
to theregion per thousand women of childbearing age. 

.Were .data available by region on the existing stock of children 
now#;iliving:: co ,;women' by 'the :woman 's :age (such -as might become: available 
from..the 1966: Census)ia,.more appropriate form of the model might.be 
esmatd'"'incorporating information on both the stock and flow dimen
sions of fertility for the cross sectionofrregionis analyzed in'this
 
study.
 

;-,'-,,;Nationaj..age-specitic?. birth rates :are.'applied -to'the'-region's
iage,:.,-om),osition.. to: construct .an, estimate-of the 'number of "-births"':that.:would-,have occurred in the region ,if ationaiage-specfi".birth 
'rates, had prevailed, %,-The'actual number- of' births 'Is .then dilvidid'e by
,this .-expected numbei y of'!,i'rths-'based'on:he'regions 'age'"and "sex : -

comoosition. S& fnnP nP*,1 12 ''O 

http:might.be
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and 	the.relative responsiveness of different .age groups,:is reflected

in-,he: relatirverize: egression coef ti stimated for 

each of the determinants of. fertility. 

(theThe adjustment factor for the incidence of child: mortality 

reciprocal of the chance of survival-from birth .to age is) is.esti

mated from registered age-specific deaths and population in the 

.comunity three years before,theobsirved birth rate [14]. Among the
 

many. environmental censtraints. and influences, that are likely to 
determine the number of surviving children parents want, only thiee 

can 	be derived from published .household registration records:.. 

(1) the duration and extent of child. schooling, which -is 

associated with the cost of child rearing; 

(2) 	 the extent of adult education which may stimulate demand 

for 'higher cost (quality),children and also lower the 

subjective and pecuniary cost of averting "unwanted" birth 

(that is, adquiring and using birth control,effectively) 

Without the aid of a family planning program; and 

(3) the agricultural, composition of' the local male labor force, 

where it is assumed that the value ,of a child's labor isi 

greater in agricultural' than innonagricultural activity, 

increasing .the-attractions of a large family in agricultural 

-communities, other things -being equal.1 

Finally, family planning program inputs are measured.as the
 

local ,staff emiployment (cumulative man months to. the preceding 'year)
 

per thousand women, of childbearing. age (15 to -49)'.1 , These program
 
inputs ar initially regressed against birth rates, in 
 a linear form, 

implying aproportionate relationshipbetween family planning activity 

1
 any other factors are thought to influence parent demand for
 

cnijdren, but the lack of published regional data precludes my analy

sis 	of them; for example, it would be of interest to know non-employ
ment income, male and female wages, labor force activity of children
 
and 	women, education of women by age, migration experience by age, sex,
 

and 	schooling. It is hoped that publication of some of these data
 
from the household registration system and the long awaited 1966 Cen
sus 	will permit a more extensive study of these probable determinants
 

of desired fertility patterns in Taiwan.
 

http:measured.as


In'the final set of regressions these
 and number of birth.s-averted. 


o det ~inewhetherretur
inputs are treatedssa cub,function 

to, 4., 1" cprog i-t--t erease-or increase with there constat, 


scale of the program.
 



I zEM!I R1CAL rEVIDENC8,,iFORTAIWAN 

,- This -section discusses ,the;regressidn -estimates :ofl: the' relation-. 

ship between birth rates and environmental .determinants-of desired 

fertility.;and.!family -planning program -determinants:of'"unwanted" 

fertility..,,,Three '!functional,:specifications-,,of-th'is, relationhip'-re 

estimated from regional- cross-sections of :Taiwan and-,reported in-:,the"
 

appendix with-variable=means, standard: deviations and zero: order -''c6r

relations among.;program.:input,variables
 

,,SOtIALAND, ECONOMIC.,DETERMINANTS -OFOERTILITY 

inleach year from 1964,to 19680" between 37 and 58 percent of the
 

interregional variation in age-noalized crude birth rates is
 

explained-principally in terms -of--two features ofthellocal communi

ties: the.-reciprocal-1of the child..survival rate to age 15-(hereafter
 

referred tO(as the.,o" child death-. adj us tment ratio") ,'and'the proportion
 

of,,children age 12 'to ,19 attending %school. Regardless-of whichof
 

the three functional ,specifications of the model is estimated, the
 
;".- a- ri-- -, -- IY

regression coefficients for these two variables are highly significant,
 

.that is t ratios are between 5 and 13,-(Tables A-i, _B, and..C).2
 

1See Section III for discussion of functional specification.
 

Because of the high costs of nonlinear regression computations, :..the
 
nonlinear-model- is estimated for'theliiear and cubic"production
 

function form'onlyin the caseof the age-normalized crude birth rate

equdiions' (Tables B and F). The loglinear model yieids satisfactory
 

estimates of themar ina effectiveness oprogram inputs, "bitu its
 
rigid one parameter form does not provide a useful -approximation
 
for',the contribution of program inputs outside..of the.narrow range
 
of variable means (Table D),. ,,,Therefore,.the ,4iscussion.of empirical,.,
 
results relies on the basic linear model in which the family planning
 
prdgram is approximated first by a linear production function (Tables
 
A-l .through.,A-8) and .secondby 'a cubic' production function (Table "E)
 
As noted earlier, the various specifications of-the mode'l do'ot ...
 
-lead to-important differences 'in-policy con'lus'ions..
 

Throughout this.discussion, the -t ratio.,reported in-the, tables 
bene'atheach regression coefficient is*-used-to test statisticalcon
ffience in_ the nulbhypothesis tatr thereT:appe.arsto. b'e noparticulr.. 
effect 6f ittiiariable ,on, h ae 
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For example,' three; years after:an unusual,decrease; (increase) in the.
 

child death rate in a coiunity, there is evidence :that'thebirth
 

,rate responds with an unusual decrease (increase).*,"Since. ;this'pattern
 

is more noticeable among teen-aged women and older women; (ver 30),
 

the relationship cannot be attributed solely to an autonomous ibio-''
 

logical feedback mechanism but appears to reflect'ailso.'a 'behavioral,, 

response on the part of parents to specific child deathsathat occur 
-

at the initiation and conclusion:-of-the childbearing:period.
1 '.The
 

coefficients estimated for the child death factor,generalliy exceed : 

unity in the nonlinear and loglinear formulations of the model, im

plying that a lower regional chid death;cdjustent ratio imassociated 

with 'asufficiently large reduction in birth ratesto reduce the actual 
that region.

number of children likely to survive to age 15' in 

-,iThe .child schooling rate,is inversely: associated 'with,fertility.
 

wYomen, exceptfor ,those aged 45:to -49,J:.The::significance of
o.iall, 


this-link :and the sizeof the coefficients :,for this ;.variable often
 
'3
increae from i1964 to.4968 in::the-age-specific !birth:rate equations.
 

!,dult education isweakl'y related"tO "lower frtility in the
 

first years for which I have regiozialdata on birth ates, 1961 (see
 

"
 Appendix Table 'J-l), 'andagain :i 1966. the level o'dfage

specific birth rates the relationship vacillates thereafter in ,sign
 

Biologically, child mortality may be linked tothe mother's subsequent fecundity, if the child is breast feeding and .dies while :his,.. 
mother is still subject to postpartum sterility. In,this case, the,,
 
m6ther ceases to breast feed after,the infant'.s death and her:period
 
of postpartum sterility is usually shortened.
 

2Thisinference assumes that the cross-section dfferences"in
 

birth and death rates continue to hold over time'.' .
 

.To interpret this association for,the :purposes .of policymaking.I
 

more information is required on what determines interregional differ
ences in school attendance rates. Isit the limited capacity of the.
 
school system -- the supply of schooling -- that is restricting atten
dance? Or is it the willingness of parents to send their children to
 

,receive education -- the demand for schooling -- that determines the
 

interregional variation in school attendance rates? The more plausible
 
assumption in the case of Taiwan is that the capacity of school sys
tems constrains the acceptance of students, and enrollment rates re

flect the government's educational priorities as well as the differ
ing costs of supplying educational services to communities of differ
ing densities.
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and significance from year to year a 2l'in..
 

between.adult.education and low birth.rates Iin the perio&d1964,.to
 

.1968.
 

The local,reliance on agi cultural employment"is positively-asso

ciatedwith crude birth rates in 1961 and 1963 and issill weakly
 

related by 1965. But by :the time 'the family planning program hid:
 

"permeated the 'societyin: 1966 and 1967, the relationship had reversed.
 
e e g speificassocia-

More interesting than the overall effect is the a. u " 

tion. I' appears that before the program, birth rates in-agricultural
 

regions -wereI.disi c'tly lower am6uig teen-age women' and somewhat Iiiher' 
'2. 

among women over 25 years, of age. By 1966 and'1967 'there emerges a
 

tendency for.birth rates in agricultural regions tb be loweramong
 

women 30 to 44 ii addition to teen-aged women. One obvious inter

pretation of the changing'importance of adult education and agricul"
 

ture in accounting for fertility patterns in Taiwanis. that ;the'fakiiy
 

planning program differentially helps :he less educated and more
 

remote agricultural populations avert "mwanted" 'irthi,' Ior it'was
 

.principally these groups that were least capable of practicing efec
.a,national program.3
tive'convenient contraceptionbefore the onaet of, 


measure of adult education is serioumly deficient: it doe.
 
not pertain to women of childbearing age, nor is it even adjusted
 
for.the subitantial regional differences in the age composition of
 
adults. Since younger generations are much better educated than
 
older, regional differences in average adult education measured here
 
may not reflect differences in the schooling of fecund mothers but
 
only,indicate differences in age composition caused by internal
 
migration.
 

With the scarcity of agricultural land in Taiwan, it is plaus
ible that there would be a systematic tendency for marriage and
 
child bearing to be delayed until land ownership or operation were
 
within reach of young men. A similar pattern may be noted in other
 
Asian countries such as Thailand, and this same factor may account
 
for the slower decline in age at marriage in rural compared with urba
 
'England during the enclosures and industrial revolution.
 

3
3This interpretation, however, was directly confirmed only with
 

regard to the greater overall impact of the program in predominantly

agricultural regione. See the Statistical Appendix for discusnion of
 
interaction terms.
 



-24-1 

FAMILY PLANNING PROGRAMS BEFORE 1964 

Before considering how the large-scale, island-wide Family.Plan

ning Program begun in 1964 affected the subsequent level of birth.
 

rates in Taiwan, analysis must contend with prior policy efforts-.to
 

spread family planning that may have had a persisting effect on the
 

regional distribution of birth control knowledge. In about 100 of.
 

the 361 administrative regions of Taiwan, public health workers are
 

recorded as having distributed traditional (not IUDs) contraceptives..,-


The only measure available of the regional activities conducted by
 

this program is the number of contraceptive users being served as a
 

percentage of women of childbearing age (15-49) at the start of 1964.
1
 

Also, an intensive experimental family planning program introducing
 

the IUD was undertaken in Taichung City from February to October 1963,
 

and substantial declines in birth rates in Taichung are attributed to
 

this program, at least in 1964 [5, p.. 35 7,]. Lacking precise program
 

data by city precinct, I have introduced a du.my variable 'in the
 

linear model that is one for the .8 precincts of Taichung and zero 

elsewhere.
 

These two.measures of!pre-program,-fam-ly,-planning activity,.are
 

negatively associated with the level'of birth rates in 1964(Table
 
-
.
 ....
D), but in later years (not reported),they do not exhibit acon

sistent association with crude birthriates'oaa 7,, 

rates. The age composition of ithepre-program effects, on,fertilit
 

is consistent with the extensiVe evaluationof the"Taichung'experi

ment [5) in which the program appears,,to havei.its-most noticeable :,
 

impact on the birth rates of womenaged 35-39 and'has a more modest 

effect among all other women. The traditional contraceptive health
 

'Contraceptive user records from 1964 were-obtained from 'the 
records of the Rural Health Chief Dr. S.' C HsOu, ofthe Joint Com
mission for Rural Reconstruction.
 

2No regression coefficient for either.of, the pre-program variables
 

..exceeded its standard error except for the age-normalized crude birth
 
rate equation for 1966 when the contra'cepItor ,''variable was'positive,
 
with a t - 1.7.. 
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programexhibits a.strong aisociation •with-•• ower• birth rates among, •
 

This is'. also. consis tent with.
-teen-aged-women and women over 'age, 30., 

my expe ctations.e 

THE-.-NATIONWIDE.FAMILY PLANNING PROGRAM 

From,1964 onward the Family Planning Program's,records distin

guish'-three;classes of .ocal programpersonnel:, Doctors (MD), family 

planhing.workers who .are known as Pre Pregnancy.Health.Workers (PPHW), 

and: VillageHealth Education. Nurses (VHEN). Doctors are trained by 

the ,program toperform IUD insertions and are thereafter paid accord-.
 

ing tbthe services .they render; PPHWs are locally hired women paid:,
 
:
entirely .by. the program to recruit birth control acceptors, principall 

for the IUD; iVHENs, are part ;of a. pre-existing .health-educat ion-sanita

tioni extension: program,which,shifted,its, emphasis to devote half of 

its time ;to .++disseminating Information about family planning in conJunc
tion with-community-,development,activities, , A coupon completed by. 

an: IUD,acceptor and,.filed,by,her doctor to obtain part of his fee pro
vides .-the ,program with informationon who .referred the woman to the
 

linicori.doctor.. Bonus-,paymentsto the, PPHW are based, to some 

degree, on the level of IUD acceptance in'her community and the number
 

of_her coupon referrals. JTheVHEN+:and PPHW currently cost the.pro

gramlabout the same amount, and their functions are similar 'if not- 7
 

exactly substitutable, namely, to promote' the"acceptance-6f' effective 
+ '. +imeans of birth control in their +communities. +Program eval uAti+n+o ,' ,,'

' 

therefore, aims primarily at a comparison of th -relativeana aIsolu e
 

effectiveness of these two classes of field personnelIn theirim

,plictly assigned task of fostering a local reduction fin fertility.. 

"'It is more, .difficilt to infer -from .available' statistics how, 

have been in achieving a reduction in fertility.
effective .doctcrs 


.-ITraining'and employment costs were obtained from conversations' 

with.Tessie T.Y. Huang of the.Population.Studies Center and Laura P.Lu 
'''
 

z.of.-',the Provincia! Department of Health. These individuals are res
ponsible :for-:the training and supervision of PPHW and VHEN staff , 
+respectively..
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The,.problem is one of measuring the doctor's input and beins certain'

.it is independent of other determinants of fertility. Pubslished 
,personnel records of the family planning'progrAm indicate only the 

number of program trained doctors in a region (many: in private prac 

tice) and not the proportion of their time ac'tually devoted to,-"thie
 

delivery of family planning services. " Doctors tend to ;concentrate;"
 

in urban areas or in high density communities in which education;and..
 

income tend to be above average-.-- ,these are areas that:'typically ;
 

can best afford the doctors' services. In;addition tot'hese'isocio

economic factors that influence location 'of doctors the localefforts 

of the program field workers .'(VEN and"'PPHW) to spread: information 

about modern birth control are.iikeiy -"to ,ncrease theincentive ,.to 

doctors to cooperate withKthe program in' orderto'satisfy1'the, in-,, 

creased demands for modern birth control-methods. Treating the';, 

number of program"doctors ina gregionas -apredetermined,program.

input will, therefore, tend to spurus'ly attribute;to doctors an
 

effect on fertility that is actually due to the activityofc,local
 

" ' 
field workers and .'the ocioeconomic characteristics of -thecommunity .
 

RETURNS T SCALE: TUEHARGINAL EFFECTIVENESS OF THE 'POGRAM
 

. From,1965 to 1967, the total:allocation of both types of field 

,personnel by.region is inversely associated with crude birth rates" 

(Tables, A-l and. B). However. by 1967 and 1968, the linear approxi

mation: of,, the: association between the employment off WEN oIr PPHW' and 

lThis problem of treating doctor inputs was neglected in an earlier
 
study of these data-by theauthor (13]., It should be noted that on
 
this score the Path Analysis reported in [5, pp. 329-339] considers
 
..
doctors in 1964 as influenced by field workers in the same year. Accord-.
 
ing to the correlation matrix estimated in that investigation, crude
 
death rates also affected the doctor ratio as did population density
 
and adult education in the urban areas [5, p. 334]. I am indebted to 
Rand colleague David Greenberg for urging me to reconsider the manner
 
in which doctors should enter the "reduced form" type equations I esti
mate. A future study will seek to specify and estimate the determinants
 
of the broader set of simultaneous and jointly determined outcomes, .in
cluding birth rates, marriage rates, acceptor rates, and doctors'
 
inputs.
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the. crudebirth r.ate.is.no.on'ger statisticallyn. 
To 

de termine'if ichanges ,inreturns toscale ,might account for this 
eassocfation between program inputs and .irth,,. 

.-rates', the cuibic production function" :is tto .the data' (Tables E 
and F). .There appear tobe diminishing returns to.scale of p."]ro
gram 'activity, prticularly in.1967 and 1968, evidenced by, the ,subh
stantial t"..ratios associated with the higher order termis ,of the 
input,production :functions andby the increasedoverall coefficient: 
of aetermniation ,.(Table 1) 

One interpretationlof these facts is suggested in Fig. 5. The 
slope -.
ofi the-linear regression linein
(input variable coefficients) .
 
decreases sharply in absolute value from 1966 to 1968, andby the
 

'
d
latter year;ithe- raige of bbservations: oes not define.a .linearsope
 
coefficient: .that is significantly different .from zero 
(that is;there 
,is.no,apparent impact of program personel. on birth 'rates)'. Te 
cubicfunction, however p
more adequately distinguishes the nonlinear
 

returns to s~cale that occur-when the marginal effectivenes of 'p.rov
gram personnel"is much greater in regions.'where these personnel are
 
relatively.: icarce,than in,'regioni 
 -here the program has allocated a
 

,greater .than average number of field: workers. 

Nonetheless, even allowing for.thei"cubic production:function"
 
the Power "of programactivities to explain interregional'.differencel
 
in"ifertility declines steadily: after:11965. 
 The modest family planning 
program activity before:1964 increases the explanatory power (R2) of 
the environmental: mOdel.'by about :4 percent when analysisfomie
' on
 
1964 crude birth rates.- bcubic
productiOn.function of 'program
 
inputs adds: 12 percent :to the model-'s explanatory power,(R;)in' 1965,
 
.Percent in,-1966,.:'and/8 percentein'1967 but by 1968,pr6gram ac tivi-.

ties contribute o n 
 an additional'-2 percent to the overl.'explana

tlo :of inteftegional :variation in :'crude, bi rt,, rate,. (Tablel). In'the,short span: oU.five years, .the.regional.al-oatio, of.4fmh,
 

lannlingf .aciivtY:.in. Taiwan has ceased o be asoci d with substan
:ial .adifferencesl ..n-overall, fertility' levels,.across .the'population 

http:aciivtY:.in
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Table .1-
PROPORTION OF VARIATION IN BIRTH1 RATE EXPLAINEDBY REGRESSION WITH.ANDiWITHO0UT.VARIMJLES 

MEASURING'ACTIVITIES OF: FAMILY PLANNING PROGRAM, .1964-1968a 

196~Program Variables - 196 196rogora Variables - - l9167~ ________..- Program Varial.e.berograma:bles'Va"Program.. 
-- am -. , bpra ajbj b ialb b

- ihutih~~ihu~ 
 ih WithWith Wi With:hout' Linear, Cubic, Without Linear- With-Cubic Without Linear Cubic Without Linear - Cubic 
ruebirth "e? '' - : ": -- c- " :" 

-Ag 

rte-- - .40 . 422 .4- e.59 .520 .579 63 .633 . 371 - .372 . 399 .557 -' -.568 
Age; specific
 

norma ized-_ 
~birith ate 

-1 -4 .359' . .. 5..322 6 .2'79 .. .3i6' 366 -- d .:225 
-- 2 

279 3392 .366--o '. 39 1d;.-d371d- 171 . 7 2:.20.15 60 A.1 .205"30. .288 -3 0 1 2
2 5 9 : 09 8 - .10o 0 27 1 .2 8 0 .2 81 .53d . 37 O- . 38 -:.35 .3e . O2 6 : . 0 9 . 3 5 0 O . 0.37 d 6 -39 .
 .08 .208: .23430..-34 .273 L _-._296 . 29 .350 .40 3 .3po hh .... .4" . 2. .340 - . 3 ... - .9. .. . 3 9 .38yv r bl equ- .35-2 h " 

3 ~ ~~~ ~ ~ ~ -e7 .41 .3 39--.3775280i30433 8- .394 07 .449 .4584 .42. .34.. .4 .447e.. 2 45 -34e .47
4.34:0 . 16 .53301-4

45-49:- c d 39 _47 .46 0
 
- 1_ -.. .83 .172 .193 .194 .153 .19 .186 .051" .054 .-150 .074 .084 .102: ,

Notes: - ~  -. 
- . 

, variables 'rereent govnperment nivifayfi childbearing ages (1-49) receiving contraceptives fro' planning before.1964. tart. of:island-ide program: percent ooenethat okr n um variablepequalnt onefothprecincts' of City where the intensive o oenet6at.vier-Taichunapilot faily plaMin prgavasluaedi 1963adera e teo-o orise 
*woprogrampesonelhesemprloes region per varilables -measure- government -actiii'ity -in family planning'after 1963thousand women.of child-be.ari inteiln-iepormage (15-49) by two classes- (VEN a-otsod these variables and PPHW). In the linearare considered only in lnear form. In the cubic model these variables are considered in linear, squared,and cu~bed form.

nThe-dincrease In F ratio for the overall equation hen--program va iables are-added i6statistically significant-at:the .1confidene level. -da tteL1 
"F ratici test;.F-ratiO: for addedprogram variables signific nIo ., . _... "'-"" " it .05 level.. . , .65 

- F~rAtio tes-t for added program .0esignific.t" 

Source: .iCoefficients of determination (R2) are from Tables A-1 through A-8, D and E.
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19611966 

4) 

0. 

.0 

0 0 1966 observations 
,,"".'""" ; , X' I9 obscrvations.,.,,.
 

,1968,observations,, 

- "True" relalnsp 
- a"0 estimate, of' reltons-Linear 

.Man months of program +effortthousand, women -age ',15 -45pe 

..g 5 -- Poslted explanition ". reression result.-a. 



Regardless of whether people live ina,region intensively.served by
 

the family planning program or not, by 1968 they appear to,be about
 

equally successful in regulating their fertility; therefore.-further
 

expansion of a family planning program may not'reduce the birth rate
 

substantially. Analysis of fertility data from--additional years,will
 
be needed to confirm or reject this interpretation ofincipienttrends
 

The marginal effectiveness of of program personnel diminishe
' from '
 

1965 to 1968 as the program expanded, and in each single,year -the,
 

marginal effectiveness of personnel:was relatively lower intregions
 

where program activity was relatively greater. Both independent
 

pieces of evidence confirmt:-hatmore intensive efforts of field
 

workers are subject to diminishing returns:, douiling personnel -for
 

a gven populationwill qnot double the,number of births averted by
 

the'program.
 

Not only is the estimate of the margin l effectiveness the cor

rect': criterion:for :incremental,policy choices with.,regard to per

sonnelImix, it is also .the slope of the regression'.srface for which 

estimates,tend to be most precise. Illustrative, estimates are also 

reported'in Table2 of the total impact of program personnel in each 

year,_but',they are not necessarily reliable since they requirgs much 
more informatio b0utthe entire production function surface for
 

2 
which evidence isscant and f.uncertain quality.
 

17
 
Gnerally,.observations are clustered about the Variable means1
 

providing the greatest' information about the slope of'the production. 
_function .surface ,in.-this -neighborhood,.-. 

'2
'.These
,total impact es'timates.are essentially:extrapolations
 

of.the regression surface to regions where there has been no program

activity. Since very few such regions existed in Taiwan, after 1965, 

and 'these may have been atypically high' fertility areas, the regres
.sion surface in this neighborhood is poorly defined or the model is. 
misspecified for these extreme points. For example, political rea
sons were probably responsible for excluding various aboriginal 
regions in the central mountains of Taiwan from the early phases of 
the national family planning program. These areas also have high 
birth rates that may stem in part fromfactors omitted in this analy-I 

sis which could be attributed to the lack of ,a family planning program 
When these 20-odd regions are dropped from the -cross-sectional sample-, 
marginal effects of the program did not change.'substantially, but 
total impact estimates , declined.. 



Table Z
 

ESTIkTE'ARGINAL EFFECTIVENESS 'AND .TOTAL IMPACT OF PROGRAM ON BIRTH RATE
 

b6 1965--.+ 19968 ........, . . 967 ....... ... . ,. 

Totalb Marginal " Total Marginal Total Marginal MTotalarginal ,Total 

Pre-1964 Activity:, 

Contraceptors
Supplied .9 .0, ';, -0. 0 , . 0 0 0 O 0 

Taichung. City .. J.. , 
Pilot Program ''.2 0 0 0 0 0 0 0 

National iProgra, 

Field Personnel: 

Village Health 
Education Nurse 
(VHEN) 0 18. 3.0 17. 5.7 8.2 4.7 1.5,. 0 

Family Planning 
Worker 
• ,::(PPHW)+:~ 0' 11. .,6.3. 2.8, 74' 1.4 o9.2 '.66 4.9 

Total Impact 1.1 9.3 13.1 13.9 


Explanation:
 

To'llustrate how to derive estimates of the cost per averted birth from these results, the marginal

and average cost-effectiveness of PPHW in 1966 are computed. If one-tenth of a man month of PPHW were 
employed in 1965 in a region with exactly a thousand women of childbearing age, where previous PPHW 
effort had been average for the sample (that is, 1.608 man months in 1964 and 1965), itwould elicit 
a further reduction in the 1966 crude birth rate of about .28 percent (that is, .1times 2.8 - .28. 
see Iabove). Since 149 births were recorded in Taiwan in 1966 per thousand women of childbesaing age,
this additional input of personnel which cost the family planning program about U.S.$4.25 [1] would 
have averted .42 additional births ata marainal cost of about U.S.$l0.20 per birth. All past program

effort In the region is associated with a 6.6 percent reduction in the birth rate (6.3 plus the addi
tional .28) or would have averted 9.83 births per thousand women. The overage cost per averted birth
 
is then about U.S.$7.40. For future policy decisions, the program can only expand or contract at the
 
margin, and thus It is the marginal cost of $10.20 that is relevant to the allocation of further
 
resources. 

Notes:
 
'
axarginal effectiveness and total impact of program activity is estimated on the basis of the 

linear age-standardized equation using the cubic production function for program inputs in 1965
through 1968 (Table E) and using the two preprogram variables in 1964 (Table D).' See'also notes 
to Table 1. 

bo marginal effectiveness i computed because of form of pre-1964 program activity variables.
 
In the case of the Taichung. City dummy variable, the estimates suggest the. program wa associated 
with .9 percent reduction in age-standairdized birth rates, but that when this reduction is averaged 
across all of Taiwan, it would have reduced the Taiwan birth rate by only .2percent. See also notei 
to Table 1. 
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:,Forexample, if the"estimates ofthe marginal effectiveness of, 

say the PPHW as reported in Table 2 are translated into..the approxi

mate 1cost of averting a birth,' this marginal cost figure increases; as' 
-the program expands-from about IUS. r$2 60 in 16 t 10.20 in 1:1966,
 

$20.40 in 1967.andto $43.20 in 1968.1 Accordin'g to 'the cubic produc

tion function estimatIed for a single year,, say for 1966, age-standard

. es
P: d~. ig.. 6) if h, f~n 

ofa PPHW's time were allocated.to a.Community per thousand women of 

child-bearing age during the,: preceding years of..the prog6ram (964 and 

'ized.ofA birth ratesime ( o c'¥ onlyL' a thi d.of a: mamonth 

-
. 1965),, an,increase-in PP-W time of one-tenth of a month-,would: be ,associa 

ted with one fewer,birth (approximate cost U'S.$5). If the -!community 

had already benefited from the average regional-allocation of 1.6,,
 

PPHW man months,, an increment of two-tenths Of a man-month of further
 

PPHW field work would be associated with one .fewer birth (cost U.S.
 

$10).
 

EFFECT OF PROGRAM ONAGE-SPECIFIC BIRTH'RATES
 

Another,possible explanation,of the weakening 'relationship,between
 

program inputs and the level of crude birth rates emerges from an
 
analysis of program effects on women of different ages.I Table3 sum

marizes the linear regression coefficients that approximate the average'
 

,effectiveness of,the two classes o field workers on.the--crude and
 

age-7specific birth rates forthe yearis,1965 through 1968. Clearly,
 

,the impactlof the familyplanning,program's activities ,is different
 

fr.,different age groups.of women; overall., program inputs are most
 

noticeablylinked initially to lower.birth rates-among the youngest
 

(1519),and,-older (30+),women where: the explanatory.power of the

regression model increases markedly with the inclusion of the program_
 

,input,'variables.,(Table 1.);and thet size:and statistical significance,
 

ofterregression coefficieints .are,noteworthy..-.By.1967 and: 1968,
 
however, program inputs"are frequently associated positively with the
 

'level of birth.rates a,
amongyounger-women-,"'and this',reversal'effect is

: is assumed, according to Robinson s-program cost estimates,'
 
that-the cost per personnel month for either class of field worker is
 
N.T.$1700 or U.S.$42.50.' These costs have apparently not changed
 
appreciably as the program expanded from 1964 to 1967. See [11] or
 
Table I, and for derivation of marginal cost figures, see explanation
 
to Table 2.
 

http:U.S.$42.50
http:allocated.to
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Table 3-


LINEAR ASSOCIATIONS BETWEEN FIELD WORKER INPUTS AND CRUDb AND'
 

AGE-SPECIFIC BIRTH RATES, 1965.1968a
 
(statistical significance of regression
 
coefficients is indicated by asterisks)b
 

..........
..Birth,
...
 

Type: of Field Worker Year of Birth Rate : . 
and:Birth Rate 1965 .1966 1967. 1968 ....... .............. 

Pre Pregnancy Health 
Worker (PPHW) ** 
crude-birth rate - .0606 -.00882 
Age-specific birth 

rate 
15-19 -.205 + + +.,0156 

201-24 -AM +.0117 +.00659 +000788* 

25-29 -.0149" - 00802. + + 
30-34 -. 791 -. 0238;/ -. 0255 / -. 00776 

35-39 -0386 ' -. 0391* -. 0289 

40-44 -.209 -.0542 -.0591 -0430 

45-49 -.210 - -' -. 0523 

Vilage.-Heaith Educa
tion Nurse.(VHEN)

Y;ridi-bL'rth rate. -.0967,-, .0831, . 

Age-specific. birtb 

15-19 -. 499 -.232" -.0891 + 

20-24. - -- +0211 

"2 .... +..-. ' +0138 . 

30-34 -. 124, -124 -.0667 

-35.39 -.34' -.268 , -.159- -.0669. 
40-44 -,432 -.335 -.279 -.0955 
4549. . ,-.949..... .654, . - T 

-

Notes: 

aRegression coefficients from. Table A-1 through'A8. 
bNo coefficient reported unless 'statist'ically significant ,from,
 

,at.10 percent level.:, -- coefficient significant-at 5,percent; 
S**" signifficant' at 1. spercent;"***-significant at .1percent. 



particularly noticeable between the emplo*ent of -PPHWs and the birth',
 
rate.,among women 20 to 24. This positive effect offsets the continued
 

strong hegative impact of program personnel on birth rates among women
 

30 to 49. To confirm this seemingly perverse trend will .again require
 

a -lonhgr"time span of data , but this tentative evidence is consistent,
 

with the.hypothesis that where "reliable birth control methods are
 

understood and accessible, mirriage may not be delayed and 'child., 

spacing may not be practiced 'more widely - quite the contrary. ,Many 

factors."are'responsible for the close child spacing that occurs 
in.
 

mostlbw-fertility, high-income, industrialized countries, and there
 

is reason to anticipate that these forces are today emerging in:Taiwan,
 

providing mothers with the incentive to concentrate their years of
 

childbearing now,.that ..
reliable-means,'to control fertility are 'readily"
 

avai2able.
 

On'ith6'e;o6iher hand-, " among the prime candida'tes for family planning 

assistance, women-over 30 that are already likely to htave the number 

,of children they want', the distribution of field workers is strongly 
associaed 'with 'subs'tntial declines in birth rates. For each tenth
 

of, a- mai-month of VHEN 'effort per thousand women of child be.aring age
 

the 19650'brth rate for w6men 30-34 'is; reduced on 'average 1.2 percent,
 

fo'ir wodden 35-3, 3.4 percent, for women 4, 4.3 percent (Table 3),. 
For the VHEN,:who were used sparingly in the program, this average'
 

,impact:' "does not diminish-abrupt'ly 'until 1968. T he average effective

ne ofPPHs drops'sharply-from 1965 ' to 1966', but thereafter is
 

elat,iv y onstantamong women 35-39 (Table 3). When the cubic pro

dUctln func6 tion is fittdto the i1pt variables predicting'age-speci

fic birth rates the pattern of diminishing returns reemerges strongl3
 

(Table E, plotted in Fig. 7). In 1966, for example, one-tenth of a
 
man- .. ... age...'.......
n h of PH act v t P. ... ...." is
 
m month oPPHW ctivity per thousan&d women "of:childbearing'age'is
 

With increased educational opportunities for women in Taiwan.
 

andItheir .growing. role-=as: members of:the .laborforce, 'the' tim 
mother-allocates to forming a family has an increasingly high -oppor
-:tunity cost. One responseto_, this ,change.,in:.'the ,relitive.value'S6f
a~mother s-time is t- space.her children -relativel .close to ether.
 

- Another .explanationof this .-phenomenon'-"wild 'be that'the riedin-,birth rates. forkyoung women 1in968 is an "eclo"effe ft'i' 

having adopted :.birth-,cont rol from 'the' program r- toin';eafifer ye -
delay -or space l-,births.
 



1.64: percent' decline in birth rates among-womenassociated~wih'a 

aged 35-39, if 'only half a man-month hddbeen previously allocated ,to, 

h group*. Ift national. average program allocation of 1.6 man

months 'had served this group, the marginal impactt of an additional..., 

tenth of a man-month wouldIbe'to reduce the birth rate only .97,per-,,
 

cent."" 'As-shown in Fig. 7 the marginal effectiveness schedule of PPHWs
 

rate of won.ien 35 to 39 has not diminished unambiguously,,
on"thetbirth 

from'1966 to. 1968, but- on the contrary has remained.quite stab.1e as.4 

umulat ive program.inputs have increased and
rtraced out-new portions
 

,,,. , • 4,; ,: - 4!', ,' , .' '. ' - 44 4.' . 

:'of t'the procuction function
 

,4The relative agespecific'impactof the two types.'f field 

worker is more .complex and must beregarded as tentative given, the 

unequal reliance on these, two classes of ,personnel.- .Among-the, 
youngest. (1519) and older women (35+) the VHEN is on av rage and 

at the margin more effective in lowering birth rates is.the.,PPHW,,than 


alhog this is less certain in 1968 w,'wen the, VEN. is no ,longer .an
 

The PiW, on the other hand, is on
important factor in the program. 

average more effective in 1965 among women 30 to34. The PPHW is 

trained in the family planning program to systematically contact and 

recruit mothers In their thirties with a recently recorded;birth)
 

. .4. . . , : . .whereas the VHEN is taught to,, disseminate4, .4 the principles.. . and,. . practices
;,. , ,. 4.' 444. :. , ; , ' . 

of public health, sanitation, hygiene, home economics,.,and ffamily plan
ning to the entire village population; therefore, the observed,-,pattern 

of differing age-specific effectiveness.of these two classes of.field,
 

worker is plausible.
 

'TOWARD AN OPTIMAL IX OF PROGRAM PERSONNEL, 
The VEN are relatively more effective at: the, margin of their 

eployment in the program than the PPHW inrreducing the crudebirth 

1These generalizations are supported by the relative,,size.of.
 

the linear
,(statistically significant) regression coefficients from 
approximation of the production function (Table 3 in which,average and 

marginal effectiveness are assumed equal),and by the relative average: 

and marginal effectiveness of the personnel inputs evaluated at the 

average input level for the national sample based on the cubic-produc

tion function estimates (Table E).
 

http:relative,,size.of
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rate ,.in every year, 1965 through 1968. (Table 2). Though it',is hazar
dous itoextrapolate the marginal effectiveness curves b'eyond the solid
 
line segment where observations are clustered, such as plotted :in Fig. 6,
 
it nonetheless appears that regardless of model specificationi:VHENs who
 

were employed for an average of about one-quarter man-month up to 1966
 
could have been employed for fully one man-month bef''e*their'marginal
 

effectiveness would have been driven down to the levels prevailing, on
 
average, for PPHWs who were employed one and one half'man-months. 

If these estimates of therelative marginal effectivenea of these
 
two field workers are approximately correct, the program would have had
 
a substantially greater impact on birth rates in ,ach :year ofli the pro

gram if more VHENs and fewer PPHWs had been hired, holding constant
 

total program expenditures. The program has, on the c'ontrary, over
 
time increased its reliance cn the PPIHW, as shown in Fig. 8, and: 
begun to remove VHENs from the program. This may represent a-costly
 

departure from optimal staff structure,...Why has this occurred?i
 

The principal measured'of "success" in the Taiwan family planning 
program has been the percentage of women between the ages of 20e iand 
44 accepting an IUD insertion.1 This accep'tor rate, computed at the 
local level, has been used to determine work quotas for PPHWs, and 

bonus incentive payments have been awarded on the basis of quota
 
achievements and the number of referrals a local PPHW receives from
 

women accr.pting an IUD. These sources of information on program
 

accomplishments and personnel effectiveness suggested that the pro
gram operated at approximately constant returns to+scale as.,it grew
 

in size and that the PPHW was a much more effective field worker than
 
2was the VHEN. Although recent ,vidence has indicated that referral
 

It may be that IUD insertions are only "counted" if they are per
formed by a program-trained doctor who centrally filed a coupon for his
 
fee reimbursement. 
This conceivable source of bias and underenumeration
 
of IUD acceptances Is not discussed in published statistics or pro
gram literature.
 

2See, for example, Robinson's estimates which suggest the average
 
cost of an IUD insertion did not rise markedly in the Taiwan program

in the first several years of program expansion [11]. See also
 
Table I.
 



38334000 

014 
'S. 

3000 

200 3 

.use/V 

ily planning 

-. field vorker (PPH') 

edcaio- ,) 

0 " . ............... 

.19 

1964.fel 1964196 

~Fg78 -r Persounel 

.illaYara 

eloyed In family 

.:1967 
h 

167 

pann il 

' ': 

rga 

. 1968 

96 

avn 9416 



-407
 

information became:increasingly biased :in favor of the PPHW :(because
 

of,"the differential incentives),.- a follow-up survey of IUD acceptors.
 
-
conducted in 1966 confirmed that-acceptors report the PPHWs
as their
 

primary source of information on the IUD eight times as often as they
 
report, the VHEN [5, 
p. 318],..Since only six times as many.man-months
 

o'f PPHW as HENwere employed in the.program through 1966, the PPHW
 

exhbited 9mewhat,;greater average effectiveness in fostering the'
 

afeptance .o':IUDs' Regresthan did ,the VHEN in these early.years. 


sion analysiss of local accep tor rates provides somei'confirmation for
 

this conclusion, "for 1964 acceptances are more closely associated with
 

PPHW thav with VHENemploymenit, with the average effectiveness of the
 

PPHW one-fifth greater thanthe VHEN [13, p. 41]. In later years,
 

regression analysisof acceptor rates paints a more complex ,picture,
 

where diminishing "returns to program scale turn the balanc"in favor
 

of the more scarce and marginally more effective; VHEN [13, p. 41].
 

One may speculate: that the decision made to increase program em

ployment of PPHWs and decrease program employment of VHENs (as shown 

-in Fig. 8) .was.made with access only to I.the referral ,information from 
the first couple of 'years of ,program operation. The apparently over-
Whelming superiority of the PPHW indicated by these data would have 

reasonably justified the employment decisions actually made.
2
 

S 1As the program developed, doctors and health;station workers
 
.ncreasingly
gave "credit" for referrals to the local PPHW, -for
 

they recognized that this would help her reach her quota (and receive
 
her financial bonuses) while having no effect on their status [5,
 
pp. 316-317]. Because the bonus incentive payments were awarded to
 
only one class of responsible personnel, these payments apparently

introduced a growing bias in the referral information that was in
tended for program evaluation purposes. For example, the PPHW refer
rals increased from 36 percent of the total in 1964 to 62 percent ,in
 
1968, whereas VEN referrals fell from 7 to 3 percent in this period
 
[5, Table XIII-2, p. 317; 15 (1968), Table 12, p. 16].
 

2The latter follow-up survey evidence of only a slight superior

ity for the PPHW compared with the VHEN in receiving oreferrals..did "not,
 
however, temper the changing balance in program employment. Studies
 
of the sort reported here require an even greater lead time because
 
they rely on the effect of program activity on subsequent fertility

and could not have been completed in time to influence hiring poilicies
 
until 1967, at the earliest.
 



A sharply contrasting image of the relative effectiveness of 
field Ipersonnel emergesiwh'en a br'oder' and ,Il'woul d argue more 

appropriate measure of program ,success" is adOpted -, namey, the 
program' contribution to'reducing the' birth ,rate. As observed 
ear1ier both'the:'marsinal and average effectiveness of the VHEN oto 
redu'e' birth' rates exceeds 'that 'of the PPHW- rom the first'years of 
the program; Possible reasons why personnel exhibit very, different 
records of uccess inpromoting IUD acceptances and obtaining IUD 
ref rrals on . the one 4handandin'facilitating the 'fall in+ birth,:+:1 
rate on ,the: otheri+ may be found in,the type of training 'and orient, 
tn6tn  these, 'two -classes of +workers redeived ;and -ina the different in-" B 
centive :systems iunder -.which 'they +.functioned. 
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V.. ,::SOHE UNANSWERED . QUESTIONS 

Evaluation, of population programs involves the resolution of .two 

issues. For a given level: of :effort,which of. alternative programs
' r
is most effective? ., Also, 'what , level : of 'overall,.effort is warranted 

given, the importance ofUth problem and the, effectiveness of -,the-,. 

preferred program strategy.? . This study has,'addressed ,the first isue,, 
whichvillprovide'the necessary framework for analyzing ,the second 

of global evaluation.
anmore diffiult f:question If . one shares,the 

view,that 'iexpenditures ion: population policies and programs ,internation

ally'.are not yet approaching; optimal ,levels, consideration .of this
 

second issue,can be postponed.
 

The actual empirical problems of evaluation of population pro
' 
ram are siilar to those encountered in-the evaluation of most wel

fare programs: Measures of the value of program output are unsatis

factory, and the process of relating programinputs to program out

puts ,s, not known with certainty. To simplify the task here, I 

approximated program output by its effect on the birth rate and used 

multivariate statistical techniques to measure the independent effect
 

of lprogram activity and of other forms of social and economic forces 

on actual birth rates. 

.In this important area of social p'olicy, it is disconcerting that 

different approaches to evaluation yield different conclusions with 

resard to the overall impact of the program, changes ,in returns to the 

scale of program activity, and-the "relative effectiveness of various 

classes'of field workers. More research will be needed to determine 
.'thereasons for these differences in policy conclusions, but plausble
 

explanations; for these inconsistencies imply a number of Suidelines 

for policy formulation and program evaluation. 

First, analysis of intermediate Outcomes in a family planning
 

progra,: such as the. number of IUD acceptors, served , mayno :accturately
 

reflect the finalimpact ,f the program on',birth rates,..especiallY when
 
;various workers receivei different incentivesl for disseminating .;inter-w
 

mediate products. There" is ,:an:obvious..need to focus' m*o.re;snalytical: 
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studyon what social and economic:forcei account for existing patterns 

of fertility in order to.isolate the contribution of population pro

grams -to,the 'reduction inbirth rates. It must be recognized, however, 

that this approach requires more lead time than may be available for 

ad 0116Y decision. 

Second, day-to-day information on the functioning.of the program
 

should be drawn from unbiased sources to improve short-run policy 
making and to assure that these operational guidelines approximately 

coincide with those derived from necessary long-term studies of the
 

program's impact on birth rates. Incentives built into the organize

tional structure of the population program must be aligned to motivate 

individuals to accomplish the objective of the program, or in this
 

case to increase the effectiveness of contraceptive practices of the
 

population and convince them of the value and safety of modern birth
 

control methods. The emphasis initially placed in Taiwan on-a single
 

contraceptive method, the IUD, as the principal basis for record.
 

ataff.,remuneration, may havei., 

'excessively 'discomted: the roleof other birth control methods. If 

demands for a forms of .birth control. had ,been monitored,, whether 

they'-were' satisfIed within -or outsid&of 'the program, a different" 

image of )programsuccess might have, emrgedat an_ earlier date 

,keeping, program. evaluation,-, and,,field- s 

Third, a potential problem with the analysis of nonexperimental 

data is.that statistical associations between treatments (levels and 

mixes of program activity) and outcomes (levels of birth rates) may 

not denote cause-and-effect relationships. The geographical distri

bution of program activity in Taiwan may parallel some social 

forces that were neglected in an evaluation design, such as that
 

Greater reliance on the marketplace for dissemination of birth
 
control services and supplies might increase the effectiveness of
 
programs and provide the means for monitoring demand satisfied through
 
themarket. For example, field staff might offer potential clients
 
discount vouchers that had cash value to a doctor or contraceptive
 
supplier equal to the public sector program costs of providing that
 
particular service or good. Great caution must be exercised, however,
 
when any such incentive scheme is used in order to determine precisely
 
how these payments bias the flow of iniormation about the program's
 
success. Many such schemes have been used in experimental form in
 
Taiwan, but they are far too rare in other programs.
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used here." If these forces were. themselves' responsible for variation 

in birth rates,' this effect might be spuriously attribted to pro

gram activity.
 

It would be advisable, therefore, where it did not .compromise.the
 

.oojectives,'of the program to plan the geographic distribution and mix
 

ofprogram activities .with the aid of somerandom selection process.
 

For.example,-the same total expenditure per capita could be allocated
 

to,each regon, but the decision'where and when to build and staff
 

schools or health or family planning facilities would be independent of
 

other,community-characteristics. Eventually, all communities would
 

:have all facilities, but in the interim this mode of advanced planning
 

would permit the unbiased evaluation of the effects of each program on
 

fertility, as well as related decisions of:individuals and households
 
I.arig - a orfrepr n nshoig 

regarding migration, marriage, labor force participation, and schooling.
 

1Table H-4 shows that the simple correlations between the regional
 

allocation'of program field'workers'land-socioeconomic variables in the
 
model are not .substantial, but the associations between doctors,,(MD),.,and
 
agricultural composition and adult education are greater, as antici
pated!'earlier.. Freedman and Takeshita also"Suggestthat theirtwo
 

(program) input variables (doctors.and combined,field:worker total)?
 
are not very strongly correlated with the non-program variables they
 
analyzed,in relation to the regional pattern of-IUD-acceptances '
 
[5, p. 327].
 



VI. SUMMARY AND CONCLUSIONS
 

The-problems'of evaluating population programs are not easily
 

resolved;-indirect inferences or arbitrary assumptions cannot be
 

avoided at one stage or another for there are unobserved links in
 

the complex chain of events that relate policy instruments to ulti

mate policy bjectives. I have argued in this report that the.

• ;=' , .'" '-I, : - : , ;,. , . ; . ' .:. ' , I , '' .. ' H ; 

tenuous link between the distribution of family planning services..
 

and the resultantdecline in births must be subject to scientific
 

verification if the evaluation of population programs is to be im

proved.
 

The approach'adopted here has been to observe births directly
 

and develop 'aconceptual and statistical framework within which it
 
should be possible to obtain unbiased estimates of the average, and'
 

more important, marginal effects of program activities on birth
 

rates. The policy conclusions drawn from this methodology in the
 

case of the family planning program in Taiwan differ systematically
 

from .thoederived fro'm ,other approa'ches." The program:S "iiiitiaii
 

impact:on the birth rat61 in 1966 " .. t have. b
an'19 a 


thanpriev•iously estimated. but the program has also been subject-t"'
 
' ' s
sharply' diminishing,-returns-'as 'increased "pe"r onnel were appliedto' 

reducing the birth"rate.. Although this does"aalysis not' indicte"" 
whyLthe, program'.. sipact has'*-beezso substantial 'or 'transitory' 

it umay"'be".due " to' the. iniitialsinnovative effect'. of birth.control-' 
infrmation disseminated bythe program's field staff, it, is clearly 

not-"'entrey-a 'cons"equehce: of the'.'aceptance oft-ihe . .rticuia'rco"n'i -" 

traceptive (IUD)' emphasized- by' the program; 

"' ' Strong evidence i's found for "the importan'ceof the........'r s 

' and obppbrtinitiebs" O'f the parent's environment't (schooling ratesdand 
-child", rtality)"in- explaining'parents diminished.•birth 'ates. 'WVith

ot:, "hing'es"."th f'a.. ' ironmenit i doubtfi1 whetherthepro-.
7i 

1
gra would.have .redicedthe'birt'h-ra 's siubs'titialy'a ii."dd.


n
Iii:"'s omet counti'es prbmdtfng the, ng~es ',thtbrfngabdut' "the cre sed 

the 'StatisticaV
i.dfi-ence on.this point i eseresented "inii 

Appendix. 



tend for faily planning can' beas: important as answering this 

lemand with a well structured, carefully evaluated supply of family 

ilanning services. Priorities in the public sector among health, 

family planning programs may, there-hild nutrition, education, and 

One should not:ore, appropriately differ from country to country. 

few countries with the per capita :income
iverlook the fact that very 

)f Taiwan have invested as heavily in public health and education;
 

:hoe policies are presumably rsponsible for alarge share of Taiwan's
 

otable decline in child mortality and rapid rise in school enroll

ment. 
As family planning programs the worldover sharply reduce the 

ium1er of."unwanted" births due to ignorance and accident, it is be

:6ing increasingly evident that there are numerous ways by which 

governments can influence the relative attractiveness 
to parents of 

aving many versus few children, and thus governments can indirectly 

influence the'number of offspring parents want,
 

for ,policy. to,akecr rp.uui-.Three major, opportunities 
in this. and other Randmotivations have, thus, far been identified 

itudie, The first strengthens,the :child's position.in the family 

by copelling.school attendance,ad prohibitling his early labor, force 

invest more-heavily inparticipaton,., thereby inducing,parents,to 


the, future :of each of their offspring.g:;-,The..second: increase, the- woman's 

economic. opportuniti.a., to perform.functions, that. are competitive,,or in

comatible with childbearing. ,The third reduces, infant and, child. mor

the, number. of births, required to:,provide,tality. and&thereby reduces 

parents with their desired number.,.of surviving,offspring.
 

,An Important task,for,empirical research not attempted here, is to 

determine the extent to which.public policies can acomplish these 

changes in fazily setting and effectively.foIter the desired changes 

in reproductive behavior. The,contribution of direct and indirect 

population,policies must be documented,,and their,side effects, bothh,.
 

good,and bad, assessed. This information isneeded to enable society,
 

most equitableto make an intelligent choice of the policies that are 

in narroving the apparent divernce beween private, and social in

terests in having children. 

http:number.,.of
http:position.in
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To-apply cost.effectivenes,-evaluation; techn queseto alternative
 

policies that seek to change birth rates, whether by direct.provision 

of ,bLrth infortion .ontroland serices in a family planning program 

or by, indirect emphasis of policies that promote the adoption , of a--.. !

'smaller family size-goal, one needs a.comprehensive theory of the 

principal determinants of fertility. Although such a theory is in, 

its early stages of development, it isfar enough along to see .that 

it is very much worth pursuing both conceptually and empirically.,--If, 

agreement can be reached on how to measure the independent effect of 

family planning programs and other indirect population programs'on 

slowing population growth, much improved information and management 

techniques could be applied to increase the effectiveness of these 

population policies. The notion that fertility and population growth
 

obey Malthusian laws and are not amenable to the self-interested
 

behavior of parents is a counterproductive myth that denies the need
 

for a supporting theory of fertility and impedes our better under

standing of the motivations for reproduction and their important im

plications for policy.
 





,
STATISTICAL APPENDIX, 

ALTERNATIVE MODEL SPECIFICATIONS
 

Equation (1) on page 12 expresses the relationship betxweenbirth 

rate.,iind: enviromentel, and program :input variables. Thre. functional 
pecifications of this equationJare outltedd to;judge the sensitivity 

o lf .thieealternatiV5l functional fori. Linear
poricy ,conclusnsio. 

andinonlinear regression estimates of the prameters to,the fertility 

and, family planning model represented by.,Equaion;,(l) are presented 

in thetables that, follow. ybols are definedin the next section.;, 

Linear Model7
 

AThe simplest formulaions -of the "model-assume each varial'e
 

exerts-its influence on birth' rates "ina linear aid additive fbrm
 

without any interaction 'or nonlinearities:
 

PDt + + + E

3 2t0 3 t-3 4 t-3. 

V+~ P
05 t-1 6 t-l1ai 

Regression results for this specification for all age specific and
 

age standardized birth rate equations are shown in.Tables A-1 through
 

A-8 and D. 

Cumulated, inputs to the jamily planning program, however, are 

not.,likely to elicit, a,constant, level of effect..,on birth ,rate, as 

-timeipasses: and the program expands relative,to the population it
 

serves: -Therefore, the,-program input yvariables .are introduced,into
 

the linear model as,an,unrestricted cubic polynomial functionwhere, 

independent parameter estimates are obtained for the linear, squared
 

and cubed values of the input variable. This formulation permits one.
 

to determine whether there is statistical evidence of changes in
 

returns to scale of local vroaram activity: 

0B~+ 1 t 3 2' St- ' 3 t 3 ~4 At-3 5,t+ 

4- PV ;+f 7 xP . -^-Pl: P 3 .:l ; a2):6 2 Vt3 ,+ • + 2 ;..+- 1 P-t W) 



'This form of the model e rate equations and
 
the results for through re sho
 

Nonlinear Model,,
 
i p..
that parents systematically.,:frame. their' repro-.
 

':
dictive gsoals' i~'terms'- f vanting aspecific-number of children to sur

viva to adulthood, ttthre '.isreasons:to expect a'multiplicative re

lationship to eXiit between the reciprocal'of!the1 'child survival prob
ability-'r(or death' adjustment raiO): ant the environmental,constraInts 
and: opportuniti-es thatiin'fluence the nmber 'of: uirviving'children, 

parents on average want. The environmental variables that are thought
 

to influence parents' family size goal are often approximated for.an, 
individual couple by binary, variable for example,a -- the husband is
 
amployed in the .aricultural labor, forceprhe. is! not. For a community
 

birth rate the explanatory variable thusobecomes an average characteris
tic, in this case, the proportion of adult males employed in agriculture. 

Since it is hypothesized that reproductive behavior differs, on average, 
by,a.particular amount between the two groups., this aggregate variable
 
should enter linearly into the desired surviving family size function,
 

which is in turn multiplied by the child death adjustment ratio.
 

The death factor is also raised to an exponent which is not res
tricted to unity, for parents may systematically overcompensate or 
undercoupeneate for the incidence of child mortality. For example, if 
parents 'not6nly compensated for' the! 'xpected incidence of child deaths 
butr)ilsohedged, by having' additional- children' under a regime of heavy 
child -mortality, this exponential term would increase.' If, on the other 
handV parents were'slow to.-recogize-and 'react. to the decline in 'child 
motality this exponential paramter would decrease. 

How to treat family planning program input variables in this 
functional form is unclear; they might logically be viewed as argu

ments influencing the size of surviving family parents want, or they
 
could be viewed as independent of child death rates and indepen-: 
dently determining the number 'of'f,,unwnted',, children .,parents have. 
Both extreme alternatives yield similar results, but the second•: 

app oach jis, adopted;in this report..Z;i The nonlinear.model; is initially 



estimatd;t ass' ng,,a -lineair relationship betwen programinputs and 

bir,thi rates. 

m+t Vt + P ~ ~+~A 
S t-1 + t-i (a3) 

These results. are, summarzed only for the age-standardized birth.rae 

equation in Table B. Program input variables are added in squared 

and&cubedform to' obtain the "cubic productin function etimats for 

the"Ifamily planning program4, in the regressions reported i±n Table F. 
snown in g. 6 the linear and n6nlineardi del 4estimats'iidth 'the 

cubic" produiction nn for the 'family planiing program 'yield"very 

similar results. To reduce computation costs subsequent experimenta

tion is based on the. linear approximation of the cubic model. 

Logarithmic-Linear Model 

....The simplest production function drawn from the economic litera

reis of the. Cobb-Douglas. type. This'funictional specification: has 

theiattraction of allowing for multiplfcative interactions "among vari

bles, which: seems appropriate with regard to the child 'death adus 'nt 

ratio.' It ,:also implies diminishing returns to scale of e.dh 'typeo'f 

program activity and 'unitary elasticity of substitution between,:a'ctAivi

tes. On the other hand" the extremely rigid form of the variable 

iteractions do not recounen'd' this fo'rmulation where the ratiof in

put'variables is volatile. Moreover, since the agricultal 'variable .. . d,
og ,at ..... 
and the pr.ogram input variables are zero ' me r ions 'andt 

logarithm of zero is -undefined,.an addifi'onail parameter, 6, was esi

mated by n i er gresion techiniqued. - Alternativealues of4 

Becaue this: functional specification of the model cannot beex

pressed,,in a form for estimation that Is linear in parameters, several 
nonlinear estimation programs were used. The final estimates reported 
below (Tables B and F) are derived from the Nonlinear Parameter Estima
tion and Programming package by Yonathan Bard for the IBM computer, 
facility by K. H. Maurer and D. Weinschrott. 

2For example, the value of 6 estimated for the 1966 age standard

ized birth rate was .03. Between .01 and .001 no appreciable effscts 
in relative coefficient sizes or significance were noted.
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modify the pattern of diuinishing returns implied to program inputs,
 

but does not change their rankings at the margin. For simplicityj; the
 

value of 6 is assumed to b: .001 and this amount was added to all pro

gram input and agricultural variables. Ordinary least squares was 

then used to estimate the loglinear model of the following form:
 

Bt Dt-3 St3 EtE 3 (At3 + 6) (Vt-1 + 6) (Pt- + 6),. (a4) 

The regression results are shown in Table C. Figure 6 suggests that
 

the loglinear model is more rigid in its restrictions on the relation

ship between fertility and program inputs, but it nonetheless implies
 

the sane ranking of input productivities as did the linear and non

linear models.
 

First Differenced Model
 

If it were assumed that many regionally Ctationaky factors are 

responsible for many of the differences acrogsresions in fertiiity,
 

and these factors were too numerous or too difficult to AiUte to in

clude in the equation predicting fertility, first differecing the pre

dictive equation should eliminate the regional -- or level-- effects 

that are due to the stationary factors. The remaining systematic 

changes in fertility over time are assumed to occur in response to 

changes in the environmental factors and changes in program activity, 

The sam model can be used to approach problems of measurement error 

where the underenumeration of births, for example, differs by region 

but is constant over time w.ithin regions. The specification of the 

dynamic lag structure implicit in the model is put to a more severe 

test by this reformulation of the model in terms of first differenced 

variables. This specification assumes that all the influence of the 

explanatory variable is captured in its recent change rather than its 

past level and changes. Clearly in the case of fertility determina

tion, past levils of child schooling are important for current fertility 

choices just as are current levels of child schooling, and the first 

differenced model by focusing only on contemporaneous changes in 

variables over a short span of three to five years neglects much of, 

this persistent influence of included environmental variables. The 
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agspecific model estimated and reported in'Table Gi"isbased 'on: the 

4iinear aadel,
following fomulation deived' from" the siple o 


B1968 - BD 1965 D1961 71965S1961 

1964: D1965i 1,P9l ,16 

1964' 1 D1961 SS1961 

+ 1961.. + V. + 0 P. 

BASIC VARIABLE DEFINITIONS
 

"'Variable msanu,-stanfard deviations,, and zero-order correlations: 

are report'ed in Tables H-I through H-46"'General"'descdiiptive data on, 

the, 'fliily planning program are--repor'ted in Table' ,"and variables 

are defined below.
 

B Birth rate' in year t, normalized b"y,national , birth
Srat i i n specif1) yea 'and standardized for age/sex 

c bmp"'i'tion fin"the :cse of the ckud birth rate 

Reciprocal of the child survival probability from
 

birth to-.age.15 in year t- [14]., 2 

1The Census in December of .1966 is thought to have caused a 
bunching in birth registrations in late 1966, and thus an over-state
ment of birth rates in 1966 and an understatement of birth rates in
 
1967. The adjustment factor has been estimated as about 3 percent
 
[14 (1966)]. Since there is no obvious way to determine how to dis
tribute this bunching of births at the local level, the unadjusted
 
figures are used here. The adjusted data appear to be merely averaged
 
from year to year, which would eliminate potentially significant varia
tions across regions and over time in the timing of births. Caution
 
should therefore be observed if coefficient signs vacillate from
 
1966 to 1967.
 

. 2This variable is derived from published mid year population and
 

deaths by age data by local administrative unit for 1961 and 1963
 
through 1967. For 1962 local Chinese sources for the number of deaths
 
by age were obtained for about two-thirds of the administrative re
gions. To check the reliability of these data, the child death rates
 
implied by these data for 1962 were regressed on the child death rates
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",-"Proportion of,persons. enrolled. in scnhooViover. age 11, 
tts 

of ,the number of"children 12 to 19 in year.t. Obser

vations in 1961 and 1965 are used to :linearly inter

polateestimates.for.intervening years [14] 

Proportion of adults over:age 12 that are no longer in 

school ,ho :have completed,a primary education in year
 

t'.':Observatf'ns in 1961 and 1965 are used to inter

polate linearly estimates for intervening years
 
[14].
 

,Proporton oOf male labor force employed.in,agriculture
 

y:n year l.,,,OObervations. in 1961 and.,1965 are used to 

VAnterpolate linearly,estimates'Jfor intervening years. 
[14].
 

i , Number of man. month, of Village Health Education Nurse's 

time. allocated .to the. family1 planning program through 

.year.,t-l per :thousand women1 in the.region between the
 

ages of 15 and 49 [15]. 

derived, from published source. :for.1961:,and:,1963. The following 
relationship was obtained by ordinary least squares:
 

..6581 d1 9 6 +.+.49 dA9 63 

R2.- .456 number,of observations'is 236
 
where d is the death rate for children from birth to age 15,- and t
 
statistics are reported below each coefficient in parentheses. -In.,
 
those instances where death rates for the two adjoining years did not
 
-predict well the 1962 derived death rate, further investigation led
 
us to accept unusually high 1962 death rates from several areas (e.g.,
 
Kao-Hsiung and Hua-Lien Hsien) where health teams w;ere dispatched dur
ing the fall 1962 cholera epidemic. Four observations of unusually
 
low 1962 death rates were rejected as implausible and probably due to
 
coding or copying errors. The above estimated relationship was then
 
used to predict an interpolated value for the child death rate in"
 
1962 for the 129 administrative regions for which I had no satisfac
,tory direct information. The 1962 child death adjustment variable is,
 
,,therefore, a hybrid of observed values and interpolated values where
 
the w'eights for interpolation were estimated from the observed portion
 
of the sample.
 

http:employed.in


tNumber of man months of Pre Pregnany Hl. t, WoIker',a 
time allocated ;to the famLly planning program through. 

year t-lper thousand .women in-the region between the 

ages of 15 and 49 15]. 

EXPLORATION OF VARIANTS OF SIMPLE LINEAR MODEL 

Length of Environmental Lag
 

The child death adjustmenit ratio is included in'the model lagged
 
two, three, and four years to estimate the intensity of the lagged
 

relationship tobirth ,rates over time. The parameters, are reported, 
in Table, J-, for, theJage-normalized birth.ratet equations.,; The, 
strongest,,,,assciation occurs!%witha- four year lag:.in1m1965,- with a 
three year lag in 1966 and 1968, and with a two., year 4ag in 19,67:., 
The correlation of birth and death rates with any specific .discrete 
lag is clearly subject to much variation from year,:to,year. .Although 

this.time series is too short to support firm conclusions, it suggests 
that the most aprpit iceelgis that of three years. Across


the most :ap discrete la 
age specific birth rate equations, the three year lag is also generall 

strongest for teen-age women and women 30 years and older, but the 

two and three year lags proved about equally significant in accounting
 
for-Variation'in the birth rate among women 20 to-29.'
 

Distrbuted Proram 'Lags
 

Program personnel inputs were considered with the intention of
 
I 7,-3'*j.


estimating a distributed lagged relationship between these,program in
puts and subsequent birth rates. Initially each years program inputs
 

were.introduced as separate xplanatory variables but ,he results
 

did not fall into.place. Program inputs for 1964 and 1966,tended.to
 
be more strongly associated with the level,of birth rates in subsequent
 
years than were inputs in 1965 and 19,67. The inputs were not associate
 

with.birth rates in the same year, but inputs lagged one, two, or three 
years :accounrted -for about:the same tfraction o . the ,variation, in birth 

rates ,withi substantial,differences across yekrs and age groups. The 

cumulative. inputs to the preceding;.year performed :as .well as, arbitrary 

http:1966,tended.to
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ausible lag structures 'that placed heavier weight -on 
year t-1
 

b4 ,pl '
 

-3 


Pooling four rs.sectlbns or: 1965 to 1968,analysis of age

na t'2C1than" on. and f-4.
 

rates :lded separate lagged program, input conormalized crude:birth oneehat behav6d: more regularly, diminishing after a: ag of 

effectiveness.of pastl pro..
year.:...Assuming-an exponential decline in,the 

.gram activity, as is implied, say, by-the, studies: of the expectedife 

of IUD.,insertions [6] the,input,variable was defined as:,follows:
 

,fertility equation,
Incorporating'these,input variables into" the basic 


3, but
nonlinear estimatngprocedures suggested:a value'.for 6of 


the standardeor.for this parameter/estimate did not inspirelconfi

dnce in.its, significance. 

Interaction .Effects
 

Snmeofhypotheses .be.aaring on interaction -among fertility 

program activities, .and environmental change were a ined :in de til 

for Tiwan, but are only' sumarized here. Adding interaction terms 

tothe basicJinear model is the typical mode of hypothes testing.
 

It seems: likely, when more than one input to the family planning
 

program is analyzed, that the marginal productivity of one would not
 

be independent.of the amount of others used in the same locality.,
 

Two polar alternatives are encompassed in the models estimated; the
 

elasticity of substitution between the two ffid worker inputs' is
 

assnmed'equail,.to .zero in the linear 'and nonlinear 'modelsand 'equal 

toone in the-loglinear model..The inadequacies: of the rigid log

linear.:.formulation are noted. The addition.!of an interaction tei
 
should bede'finedasthe product the he twoVinputeP 


positively.related,tu birth rates if one'iinput substitutes.for the
 

When this vaiant'of the'
othier, drivingmdoa1nits rginal product. 


"For example, assume the equation estimated is-:of the -fo:rm:''
 

B. f (DXY,Z) '+ ,j V1 +.- + VP,
 

,then',the .marginal'effect, ofV-on .
 

http:assnmed'equail,.to
http:independent.of


muuegJ is esaimaeo,ror Loobb age standardized and age specific birth
rate.equations, the'parameter estimate for the interaction varrabl
 

vacillates in sign and is not significantly different:from zero.
 
Thus, contrary to expectation, there does not appear'to be much sub
stitutability between the 'two types of field workers.
"studied here.
 

Another,line of. reasoning suggests, that additional features of
 
theenvironment,and.the population would influence the 'effectiveness
 
of field workers,as well as influence the number of births parents,
 
might want. For-example:, it was anticipated that parents in the
 
rural-agricultural areas of Taiwan would have less adequate sources:
 
of information about modern birth .control than those living elaewherp
 
before,-.the family planning program. .Therefore,.birth ratesin"these
 
rural areas would be more responsive tO family planning program. 
 .
 
activities, for the .services provided, by the program would be scarcei
 
and more. ."costly" to obtain in these more remote rural regions, 

Interaction terms were, therefore.," defined as thesu of the, 
man months of program ,activity'multioplied individually by the ,fourrC.
environmehtal Variables: 'child death, schooling,child adult'educa-
tion, andagriculture, The program'inputs were .more effective,in,'.
 

"
1966 in regions that were prep'onderantly !
Kagrictiltural, exhibited .low,.
 
child mortality, and had a-high.propiortion,of; children A'Insch'ool.... Nc 
clear link was, fouhd;,to adUlt educatibn, although- Ii'anticipated:'that: 
thjpigrn woul' have been morel effective.among :less educatedF.seg-w, 
ments of the population for much ,,the same. reason 'as argued above : 
with regard to agriculture. 

A third line of inquiry implicitly proposed a dynamic; model ofU
behavior adjustment, in which it is assumed that program.activities.
 
are morevaluable to parents and-more effective,in_ reducing their: ,
 
birth rates if-the parents! environment is rapidly ihanging in'direc
tions that induced them to want fewer births. By thisa'reasonin. a
 

and I hypothesize,thate <0 and'. 
' O'if: V and-P:are substitutes; "-.
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stationary environment, whether.primitive''and traditional-or sophis.
.
 

ticated and modern, would have permitted parents sufficient time to 
locate, evaluate and adopt means .to.regulate their,fertility. In 

this, stationary,state a family planning program that promotes the 
adoption of.i.innovative behavior would meet with less success than
 

would a.program servng a population,subject,'to new environmental
 

,Pressures that required .the.r adoption of innovative behavior, such
 

as imroved birth control. To testthis hypothesis, the"rate of
 

change-in.: each' environmental"variable ii"multiplied by the sum of
 

program: inputB in each' region 'and 'these, new-variiables:' are added to 

the'simple linear model for '1966-birth rates,." In areas where,child
 

death rates fell most rapidly from 1961 "to,1965'the ,famil planning 

program",appe'ared tf be more effective in reducing t;irth rates, 

particularly among te'en-agers ahd"among women 30'years and older. 

'Also, in:lcalities where 'the,proportion of'children in school in

creased mostdramatically in thisperiod the,program appears to have
 

been somewhat more effective.,-.Neither,agricultural,composition or
 

adult,education change variables.exhibited a strong systematic
 

relationship with program effectiveness. Although this evidence
 

confirms;.thatthe speed at,.which environmental change occurs is
 

helpful. in, predicting program Ampact in:,a region, the variables 
measuring only.program,activity,levels,still accounted for most of 

the reductionin birthrates attributable to the.program, regardless 

of recent ,rates,of environmental. change.,, 



Table A-!
 

... INEAR REGRESSION ON AGE-NORMALIZED .CRUDE BIRTH RATES_
 
.,(leneath each 'egression.coefficient is-Its t statistic) 

Family Planning Pro

gram Man Months ..... Child (c mulative +fAnputs 
Year of Death -Child Adlt Aricultural ..(cuulaiveant 
Dependent 'Constant Adjustment Scooling Education Composition to..r..r..e.r 
Variable Term (ratio)* (proportion) (proportion) (proportion) VEN PPHW 

'1964 -737 1.72 -.247 .0459 .0184 '.404 
(4.36) -(l0.8) : .(5.32) (0.55) (0.58)
 

'1965 -.163 1.20 -'.364 .149 .0248 "464
 
(1.39) (11.0) (6.37) (1.55) (0.69)
 

196! .0256 1 '04 -.365 ..l61 .0563 -.0967 -.0606 .309
 
(0.2) (9.61) (6.65) ,(1.75) (1.62) (3.29) (5.02)
 

1964 -.873 2.18 -.553 -:293 -.00856 '.!579
 

(5.10) ,,(13.3) (10.0) (3.32) (027) 

196f '633 1.99 .569 -295 .0106 -.0831 -.00882 .603, 
(3 58) _ (11.9) "(10.5) (3.43) (0.33) (4.52) (2.28) 

196l -.831 2-0l -.505 .;0132 -;0570 .371 
-(381).- (9--72)- . (6.41) (0.11) (1.25).

+l96, -776 
(3.40) 

>198'. 
',(9.31) 

-513 
+(6.44) 

.0149 
(0912) 

.+0562 
(1.23),. 

. 0 64--.0-13 8 
(0.92? (0.39) 

-
-

372. 

1961 -2.96 4.00 -.398 -.0289 .0318 ,557-
(9.96) J(14.1) (0.29) (0.87) . - "-(6.33) 


_1961 -2.89 3.95 -.407 -.0300, .0320 -.0107: -.000855, .558 
'1(9.5) 0(13:4)- ' Wz:: -- M-(0;30)- :-(0;88)- (0,89) .(0.33):(6.36)-w 




Table A-2
 

-LINEAR--REGRESSIONON--NORLIZED-BIrR.AIOF WOMNAGE --15-19 

' (beneath each regressi.noeffiient is its-ttstatistic)':
 

Family Planning Pro

-Depadent 
Variable. 

Constant. 
-.Term 

., - .-.-. : . : . 

" hildgramChild 

Death, - Child,-
Adjustment Schooling 
(ratio) (proportion) 

. -. . -.. . . :,: 

Adult 
Education 

(proportion) 
. . 

'Agricultural 
Composition
(proportin) 

-.. . . .. 

Man donths 
(cumulative .inputs

to prior year) 

VHEN PPHW 2 ' 

. . _ 
-

1964 -6,24 : 
(6.18)7% 

6.77:; 
(7.10).-

-.272' 
(0.98) 

.8 
(1.76)-

-. 303 : 

(1.60)
,164

1965 

1965', 

-5.11 

-.(8.81)-
-4,36-... 

5.50 

(10.2) 
4.89" 

-.345 

(1.23) 
-.-. " 

1.49 
(3.15). 

-.370 
(2.10), 

499 -. 205 

.322": 

359: 

(7.39)., (9.03)-

71966'87.89" 

(1.26),. 

-7.27 

(3.31) 

.195 

(1.43). 

-.480 

(3.39).. (3.39). 

.279' 

.(7.93)-..r (9.j56)., (2.§3) (0.44) (2,97),. 

1966, 

-1967 

-6.56. 
(7.25), 
-6.68) 

7.67 
(8.99).,: 
7.45 

-.703 
(2,54) 
-.830 

.147 
(0.33)., 
1.14 

04-. 
(2.68). 
-. 267 

-.232 
(2.46) 

.0130 
(0.66) 

.2 

.339

1967 " 
-(8-74)--

-6.53 " 
(10.3) 
7.34 " 

- (3.01) 
-. 848-

(2.67)-
113 -

(1.68) 
.263 -. 

.... 
0891-- . :.00474-

..... 
.344 

(87) (989) - (3.05) (2.65) (1.65)- (1.43),!. .(039) 

%1968 -11.4 
.,(9.88). 

12.3 
(11.1) 

-.774 
(3.16) 

.3J4 
(0.86) 

-.316 
(2.23) 

'19681 -12.1(gr
(9.88) 

12.8... .. --.O2.2 8)A)
(11.2)....(2.82), 

-341 
(0.88). 

.. -.320. 
(2.26) 

... 0471 
(1.1) 

.0156(1.57)
(157 

.371 



Table A-3 

LINEAR REGRESSION ON NORMALIZED BIRTH RATE OF WOMEN AGE 20-24 
coefficient is its t statistic)

-.(beneatheachregression 


Family Planning:Pro
gram Man Months..hild -(cumulative .. inputsIiT. > - Phild 

inpA( c t acultural
Year of Death Child Adult 
Dpendent 'Constant Adjustment Schooling Education Composition yr)2 

(ratio) (proportion) (proportion) (prosition) " VHEN PPHW 
Variable- -3TTerm 

-. 130 .117 -.0183,1964 .'500 '1.44 .150 

(0*96) (0.40)-(2;03) (6.20) (i92) 


.151
-.0361
-. 253 -.0660,1965 .4,77 .646 (0.88)
- (3.54) (5.17) (3.87) (0.60) 


.161
 
-.254 -40612 -. 0230 -.0431 -.0245 

1965 '.556-, ".581 
(1.23) (1.71)


"(3.97) -(4'.51) (3.89) (0.56) (0.56) 

.234
.0428l.03 :-345 -.423S1966 _..233 " 
(1.05)
* (1.08) (4.94) (4'95) (3.79) 

:--324 -.438 .0431 -.0119 .0.17 .248
S1966 (0.50) (2.33),:130 
(5".i4) (4.64) (3.94) (1.06)(0.57) 

1.03 -.437 -. Iii -. 00303 .1971967 .213 

(0.06)
-.,(0.93) "1"(4':70) '(5 .28) (0.86) 

00659' '-;205":.-.00290 -. 00537 
1967 .-149 L1.07 . -. 424.. -.109. 

0(.9 (0.29) - (E79 
. ,(6)m. .2), (4.79 288:-:...":~7 .. 
-.287 .641
1968 -.534 1A.76 -.377 

(1.63)
(1.66) (5.73) (5.54) (2.66) 

02 . . .. .306 .3 . -- 284 ..... .0618 ..
1968 - 8.67 . 02 . . '- 3 (2.88)(1.58) (1.64)

(2.57) (638) (5.00) (2.66) 



Table A-4 

L NEAR REGRESSION 
-beneth a 

ON NOPRALIZED ..BIRTHR 
ere onoefficieti 

OF WOMEN .AEits t- statii 25-29 

g> .,,-. t is -++its .- . -.... . • . ; . :: 

Year of 
Dependen: 
Varible 

--

Child 
Death 

Constant-- Adjustmnt 
- Term.- , + (ratio) 

-. " 
Child 

Schooling-
(proportion) 

' 
Adult-

Education 
(proportion) 

Agricultural 
Composition 
(propo-ton) 

,Family PlanningPro-
-- gram Man Months 

(cumulative inputs
t rior year): 
t year) 

VI 4' PPHW1 R 

m 

1964. 1. -
(7.50) 

.0593: 
(.44) 

-.l139-' 
(3;57) 

-.169 
(242): 

.0409 
(1.54) 

.098 

1965 01.1 
(13.2) 

.Oio 
(0.13) 

-.260: 
(6.45): 

.00589 
(0.09) 

.i030: 
(4.09): 

.271

1965,
S 

1.12. 
(12; 

" -0266 
.34) 

-.260".-
(6.48)': 

.0i04-2 
(0.15) 

.1072 
(4;'21)"-

.0188 
(0.87) 

-.0149 
(1.69) 

.280 

1966, 

1966 

1.52 --. 
'(112) 

1.61 

247 
(1.90) 
-. 319 

-.369 
(8.47)-
-. 384 : 

-.2771-. 
(3.7) 
-.269 

.0947T-.z-

(372)" 

.0971V -.00446 -. 00802, 

.358 

.370. 

(11.3) 
+ + 

(237) (8.78)" 
(8 .(0.3.0-).-

(3.87).: (3+8 
(3-8 ) 

(0.30) (2,57) 

1967 

:1967 

.423' 
(3,035) 
.380. 

748 
(6.24) 
.778 ... 

-.356 
(7.8i) 
-.350 

-.0513 
(0.73) 
-.0500 

-.0106:. 
(0.40),(7, 

.0138 - '.0113.0008557 

..326 % 

-.329-' 

(2.88): (6.34) ,. (7,60) (0.71). •(0.43) (1.34) " (0.42)S. 

1968 ,987 
(4.20) 

.135, 
(0.60) 

-.220 
(4.42) 

-.116 
(1.47) 

.123 
(4.27) 

.208 

,19168 .982 
(3.93) 

.139 
(0.60) 

-.220 
(4.34) 

-.116 
(1.47) 

.123 
(4.25) 

-.00139-,.. 
(0.15) 

.000308.-.. 
(0.15) 

208:++ 



Table A-5 

LINEAR REGRESSION ON NORMALIZED BIRTH RATE OF WOMEN AGE 30-34
 
-(beneath each regression coefficient is its t statistic)
 

Family Planning Pro-

Child gram Man Months 

cear!ox.: .Death Child -Adult Agricultural (cumulative inputst ir year) 
)ependent,- Constant Adjustment Schooling Education Composiition to prior year) 
lariable :Term (iratio) (prdportion) (proportion) (proportion) VHEN. -PPHW R 

1964 -.812 1.84, -.325 .0148 .0292 .273 
(3,13) (7.0) (4.5,7) (0.12) (0.60) 

1965 -.173' 1.28- -.450 .104 .0105 .299 
.(0.95)(7.52) (5.06) (0.70) (0.19) 

1965 -.p717 :i.07 -.451 120 .0514 -.124 -.0791 .340 
(0.T39) :(6.29) (5.2i) (0.83) (0.94) (2.68) (4.16) 

1966 -1.21 ,2.61. -.650 -.459 -.0989 .365: 
-4-±,) (9-24) (6.86) (3.03) (1.9) 

1966 -.741 
-2.5) 

2.23-
(7.82) 

.692 
(7.46) 

-.450 
(3.05) 

-.0683 
(1.26) 

-.124 
(3.94) 

-.0238 
(3.59) 

.403 

.1967 
: 

-1.11 
:- :,:(;.76)-

.2.42 

.(81.61) 
-.847 
.(7.9i5) 

.268..
(1.63) 

-.210
.(3.41), 

.367 

1967 -655 .2;1 .. . 925 257-. --.206-- -;0667-.----0255

(2-21) '(7.68) -(8.97)--- ',(1.63) ' (3.49). * (2.88). (5-.59) 

1;1968 -3.03 .21 -647 .0403.. 129' . .359 
"(6.,14) ,(S".93) (6.19) .(0.24) (2.14) 

.1968 .2,.74 398_, -.676 _ . 0379 -.127 -.0130 -.007-. .365 

(52) *(8.12) (6.37) (0.23) (2.10) (0 .65), (1.83)



Table A-6
 

LINEARREGRESSION .ONNORMALIZEDBIRTH RATE OF WOMEN AGE 35-39'
 

Year of 
.Dependent 

Variable 

1964 


1965 


1965 


1966 
 • 


1966 


1967 


1967-. 


'1968 


1968 


each -.regressio.n 

Child 
Schooling 

(proprdon) 

-. 472 

..830, 


832 

(4.75) 


-1.08-,.
(3.94) 

-1.45 

(8.08) 

-1.64 

(7.02) 


-. -78 

'(7-.71) 


-1.071 

(5.12) 


-1.19 

(5.67) 


coefficient istI, its. t statis.tic). 

~(cumulati.6e 
Adult Agricultural 

Education Composition 
(proportion) (propor oin) 

Family PlaInning' Pro
gram, Mai: Monthsputfs 

ti inputs 
to po _ear) 

PPRH -

-. 233 
(1.05) 

.151,. 
(1.79) 

, .373 

.499,, .0933 .394 

.538. 
(1.83) 

.198 
(1.7) 

-.340 
(3.62) 

-.197 
(5.11.) 

.449 

-.328(0,74) .9159,(0.1) .394

-.257 
(0.90) 

-.120. 
(3.1) 

-.268 
(3.63) 

-.•0386 
(3.02) 

.461 

1.05 
(2.90) 

-.284, 
(2.i0) 

.349 

1.03 
'(2.90) 

-. 274-
'28) 

-157 
(3.03) 

---.. 0391-" 
(3.83)" 

.382

.868 
(2.62) 

-.288 

(2.38) 
.516 

.857 
(2.62) 

-.280 
(2.35) 

-,.0669 
(1.70) 

- -.0289 
(3.46) 

.532. 

ye f 

Constant 

Ter 

-3.45 .-
(7.0) 


-2.57. 


1.94. 
(5.1) 


-4.01,
(7.07) 


-3.13. 

(5. 6) 

-3.44,, 

(5.3... 


--2.61 ... 4.21-

(3.94) (6.83)-

12.3 13.'0 
(12.5) (13.8) 

11.1 12.1 . 
(10.8) (12.5) 

-(beneath 

Child', 

Deiath 

Adjustment 

(ratio) 

4.41l 
(16.4Y38) 

3.50.. 


2.98 
(8.64) 


9.12.-
(i..): 


4.85, 

(.81) 


4.76) 

(7.73) 




rable A-7
 

LINEAR REGRESSION ON NORMALIZED BIRTH PATE OF WOMEN AGE 40-44
 
(beneath each regression coefficient is its t statistic)
 

lear Ux 
Depndent 
Variable 

-
Coxant-

Texi.m 

Death........ + 
NAdj ustment 

(ratio) 

Child 
Schooling 

(proportion) 

>U&Adt. ... 
EddcAtion 

(proprtion) 

Agrc itural 
Compstion 
(proportion) 

Family Plann ng Pro

gram Mn ouh 
(cumulativeinputs_. to pr or-: Year) 

t ro er 
VEN PPHW 

- . . 

R2 + 

1964 -4.23(6.23) 4.90
(7.64) 1-

-.555(2.98) 
.463
(1.38) 

.256
(2.01) 

.280 

,"1965 -.328 
(0.97) 

4.35 
- 856) 

-1.02 
03.82) 

.305 
(0.068) 

.0786 
(0.47), 

.307 

.965 - ;2.56 
(,,59) 

3.76 
(7.35) 

-1.02 
(3.93) 

.344 
(0, 

.196 
(1.19) 

-.432 
(3.10)-

-.209. 
-(366) 

.344 

i966 
-

-8.00 
.(9.38) 

912 
(11.1) 

-1.08 
(3.94) 

-o328 
(0.74) 

.0159 
(0.10) . 

.394 

1966 -6.83 
(7i71) 

8.19 
(9.81) 

-1.18 
(4.34) 

-.315 
(0.73) 

.0964 
(0.61) 

-.335 
(3.63) 

-.542 
(2o79) 

.422 

1967 -5.17 
(5.42) 

6.17 
(6.80) 

-1.76 
(5.10) 

1.61 
(3"02) 

-.0282 
(0.14) 

.301 

.1967 

1968 

-3.83 

:,-177 

5.26 
.83) 
1- ' 

-1.98 
5(3.94)(5.85) -

-8 

1.57 
(3.04) 

-.0122 
_(0;06). 
-.136 

-.279 -.0591 
(367) ---..(3,96) 

.344 

.478 

(12.1) (!2;9) (3.95) (2'O1) (0,76)' 

1968 ,-15.9 
S0) ...... 

16.7 
(11.7) 

-1.40 
(4.50) 

.971 
_(2.00). 

-.123 
(0.70)------

-. 0955 
.64) 

- .0430 .. 

(3.47): . 
.496 
. 



Table A-8 
LINEAR REGRESSION ON NORMALIZED BIRTH RATE OF WOMN AGE 45-49 

(beneath each regression coefficient is its t statistic) 

Family Planning Pro-

Year of 
Child 
Death Child Adult Agricultural 

gran Man Honths 
(cumlative inputs 

Dependent 
Variable 

Constant 
Term 

Adjustment 
(ratio) 

Schooling 
(proportion) 

Education 
(proportion) 

Composition 
(proporcion) 

to prior year) 
VEN PPHW R 

1964 -.699 
(4.45) 

7.57 
(5.11) 

.585 
(1.36) 

-.925. 
(t.-19) 

-.0122 
(0.04) 

.071, 

1965 -8.82 
(6.62) 

7.86 
(6, 37) 

1.12 
(U73)) 

1.28, 
(118)" 

.994. 
(2.46) 

.172 

1965 -7.74(.,62) 7.00;(5-1054)11- 1..(13175)).. 1.311
(T.211)) 1.169

(2 87,), -,94
(2-1.76) 

-. 220)
,.6 . 

.1931

lS66 -10.87 
(6.02) 

l07, 
(617), 

.2&1 
(0.38.)) 

.578 
(.62)' 

.425: 
(1.25), 

1966. -9.59.MOOT0); 9,66-,,M5. 42)) .203)t0'.35)) .499)(0,6' )) .565",(1a607a) 64.(3,) -9O3 . 0,30)) .. 

1967i -1.57T 2 . 8 -21 06) 21.26 -. 269) 0

(o17I)) (11.36)) (26o) (,84) (0.59)) 

967 --. 846, 
(0.37)) 

-235, 
(1.10)) 

-2.111 2.2 4 
(, 82) 

--.2581 
('2,7,1)(0 56)) 

-,190) 
(1.06)) 

-. 02331 
(066),

.05' 

1968 -' -1.r.lJ0165) iv 5,31
(C.007,),) -,7452

Crit.O)) .470)9-22-
(0143)) (0,6) 074 

19683 -91.97/ 
... 92)) 

131.1, 
(.3147)) 

-. 909) 
(1.31)) 

.459) 
(01.,42)) 

-. 204. 
-(0.52')) 

03774 
(0i.29.)) 

-. 
-I 

053 
89) 

.08. 



Table B 

NOULINA REGRESSIOi (, 
-e h eacBlelreson 

AGE-NORKALIZH 
coe.fficent i 

CIlDI BIRTH RATE 
its t: statistic) 

TSaz7 of 
Dependent 
Variable 

Constant-
Trl 

Child' . 
Deakh 

"djistm wt 
(ratio,) 

. -

Cit 
Sichoolin, 

rprin 

Adul 
Education 

ooto) 

Agricu tural 
Compostion
(proportion) 

Family Planning Pro

gra Man Months 

(coulative Inputs 
to prior year)

vimN PPHU 

Sm of 
Squared

Residuals 

1L964 AMD'159-.1 
(29.3s) (11.8> '(5'3) 

.6472 
(G.); 

.0217 
-(0.79) 

6.637 

1965 '1.03 
-

1.0341 
(2.2)(10.7> 6.5) 

ii.16 
(.89 

.0215 
(0.67) 

7.929 

I96. 1.07 .937 
.(8.7'7), 

-A-
(68) 

.163-
(2.01) 

.0502 
(1.58) 

-. 0962 
(3.26) 

-. 0609,: 
(5.04) 

7.260 _A 

196 1.29 
(34.0) 

a.79 -
(1.1(10;4)(37)026 

-. 232 -. 00732 -6.360 

j966 t.3-it," 
(.1), . '(1O9) 

-529 
(1.9) 

'-.243 
(3.24) 

.00937 
(0 33) 

-.0848 
(4.57) 

-.0094 
(2.41) 

5.972 

1967 
.-

12155.47-0172 
(206). -(10.4) (6.77) (0.16) 

-.0417 
(1.00) 

12.685 

1%7 ' 
. 

1ZZ-
(9.8) 

1..51 
:(WA1964) 

-. 491,f-
(6.84)-

-. 
-. 

0212, 
19) 

-. 0416-
(100)-

-.0218 
(1.2) 

-. 00236 
(0.67)

12.63, 

1968. 1.06.3116 
(25.1). (15.2) 

-.363 
(7.00) 

-. 00964 
(0.12) 

.0243 
(0.80) 

'S.463' 
. 

196 ...... 08-
(22.6) -

3.0 ..... 
13.6). 

370-
7.0) .(0.9)17(0.6) 

-. 0070 . .0245 . .-. 06-0008 D8'7 
(0.78) :(0.31) 



Table C 
LOGLINEAR REGRESSIONS ON AGE-NORNALIZED CRUDE BIRTH RATE 
°(tOfa ath each regression coefficient is its t statistic 

Year of 
Dependent 
Variable 

Constant 
Term 

Child 
Death 

Adjuatment 
(ratio) 

Child 
Schooling 

(propoion) 

Adult 
Education 

(proportion) 

Agricultural 
Composition 
(proportiion) 

Family Planning Pro
gram Man Months 

(cumulative inputs 
to prior year) 

VHEN PPHW

1964 
-

154 
.47) 

1.57 
(9.66) •6.3) 

.0151' 
(0.-54)2 

.0161' ' 
.53) 

.419 

.1965 

" :.21) 
1 ...... 

(10.2) (8.09) (0.963) (292)
.499 

T_16.79) 

1966 l%0 ~ 

.930 
( 

i(6i1.,90 '' 
9~ 

-142 
(7') 

.9 ... 

.0286 
(0.95): 

. 10"6 

.0265 

(4.07) 
.0193"0V : .0190" 

-. 282 
. 

(3.32) 

0323 
. 

- (5.64) 

.547 

63 I.

-46)-(12i7) (1Z8) (3.77) (3.36) 

1966 

1967...... 

i25: 
1.3), 

66 

-42) 

157 
(0.0) 

1.9696. 
(8.64) 

-89' 
(11.39.85) 

-.1:4 

(6.62) 

-. 04 

-.0401 

(0.91) 

. 

-.0223 
(4(185) 

.00..6.357-oo0o s6 :" 
(0,:60) 

-.0320 
(4 89) 

-.0159 
(4.18)' 

659 

.357 , 

;,1967z";: :".".' 70---47)" 1.84:0 '-7 57) - "' -.161::(67A 6)'. :-0454(1 ,03)-: .00511.(58 -.00958 --.00867-(  9) /! 1,5 i : .'361' - 

1968 60 

44) 
344 :.:: 
(12.8) 

-.142-
(7.26) 

-.0507 
(1.41) 

.0228 

(3.29) 
.543

i968 -253 

(6 10) 

333 ' 

(i0 9) 

. -. 41. 

(7.20) 

-.0538 

(1.49) 

.0230 -

(3.29) 

-.00176' -.00472 

(04.26) (0?.83). 

544" 



Table D
 
LINEAR, REGRESSION- ON 1964 BIRTH RATES-INCLUDING MEASURES OF:
 

,:Age Group::: 
i(nomaized) . 

Constant: 
:Term 

iAdjustment. 
. (ratio).. 

:: Schooing 
(proportion) 

... Edlu. ntio.n 
(proportion) 

:=compsition 
(proportion) 

:.Contraceptors ~iProgram 
(proportion) (duly) 

-_2, 
R 

Crude birth 
rateGrou -.758 A 75 -.234 ..... 

.,. 
0354L .cop0257 o 

-
-. 099 ,422 

(4.53) (11.0) (5.08) (0.43) (0.81) (2.63) (2.04) 

.15-19 -6.47 
(6.50) , 

7.04-
(7.48) 

-. 196 
(0.72) 

.724 
(1.46) 

-. 225. 
(1"19) 

-3.2-
(3.65) 

-37. 
(1.29) 

.198. 

20-24 488 ".43 
(1.97) 

--. 
:(6.1)-

.. 123 
;.r .8 

.131 
(1.07): 

-.0220 
- (0.47) 

-.0202 
(0.09) 

-W.10: 
(1.44) 

155 

25-29 1.07 
(7,52) 

.0475 
(O.3-) 

-.139 
(3.56). 

-.161 
(2.2)_ 

-.0376 
(1.39) 

.0911 
(0.11) 

-.017 
(0.42) 

.010. 

30-34 -. 859: 
(3.34) 

.89 
.(7.79) 

-. 308 :-. 
(4.36) 

0156 
(0.12) 

.0454 
(0.93) 

-. 708 
(3.07) 

-. 101: 
(1.34) 

296. 

:35-39 '-3.48 
(7.78) 

-4.44 
(10.5) 

-.44 
(3.63)' 

-. 431.6 
(1.09)- (1,091) 

-. 696 
(1.73) 

-.23 
(1.79) 

384 

40-44 

_45-49 

.: • 

(649) 

1-7'17 

'(4. '5 7).i 

5.05: '-.506w;
(7.94) :(2.74) 

7.79,.: .656 
(5.25) (.52)(5.'25),.15)(.3)(,7-

-

.382 --,
(1.14) 

1 041 
(3 

. 

.300
(2.36) 

0499 
( 

-L92
(3.18). 

-2.78 
(7)(1,697Y 

-. 283,
(145) 

-. 422 
-422{0;92) 

304 
. 

083 

: 



LIUR UIlSSI 0IoIIC]IIT JO C -	 "~MPSU"NUTMIT C" I ".O" CTI"" " -CT"-'"Lia agula ou mOROMT PRM FESM am's WIU 6c.mcXmeTZ l-' 
(beeatreie Ulo coof fIcit La it taiatic)t 

: poadmt - 616 197 196 .arialed T!pe of mPerea Lanm Square Cubed Lnear Squared Cubed Leer Squ Cubed -inear " Squared. Cubed 

bir-th rate - 05 .-. 2 ' 

.E N -. 226 .175 ; -. 0351 ,- .-. 24 .141 0263 -. 132 ;0621 -. 00824 .0318 0479 - .-.0092
(1.97) -(0.73)- (031) (2.6). (1.03) I (0.49) - (1.90)/.,:C1.02) (0.56) (0.62) (1.21); .133)


- . -. 200 .123 -. 024 -. 0651 0127 .000528 -. 0576 .00972 
 -. 000376 -".0190. .00170 .- 0000162
(3.20)' (1.96) -(1.58)' (2.56)(4 00) -(.50) (3.56) (313) (2.55) "(1;27) (0.67)' "(0-4) 

vmI -. "93' 4325- .145 -. 622. .297 '0740 -. 549 .1K .0176 .0850. -. 123 ;0327(1.71) :(0.27) (0.26). •(1 ) (0.42) (0.26) (2.30) (0.58)
1E 	

M (0.41) - (0.43) (0.80), (1.14)-. 097 .600 -. 116. -. 284 .0794 ;-.00438 -. 219 .0375 -. 00146 -. 120 .0179 "-000557(2.8) (1.92) (1.51) (3.35) (3.0) (2.39) (3.94) (3.51) (2.88) (2.07) (1.82) (1.20)
 
hA20M-24~
 

"EIl -,.0881 .'00506 .0339 i*-5-.04S2 -. one i49(0.63), 	 -. 0574 0327 -. 00776 .0737 -. 0496- '.00939(0.18) (0.25) (0.41) (0.06) (0.20) (0.79) (0.51) (0.59) (1.34) - (1.16) (1.17)

P-UM -. 0764 .0182 .00379 ,m-0375 .0146 -. 000939 -. 0316 .-. 00558 
 -. 000149 . -. 00948 .00229, -. 0000678(1.03) (0.24) (0.21) - (1.73) (2.23), (2.00) (1.85) J(1.70) (0.96) '(0.59) (0.84)P'(0.56) 

AV 25-49~4 

VEN 0,543. -. 0976 .0510 -,0220 -0120 .0169 .0253 .0165 -. 00754.'--' i. (.6) ! (0.55) (0. 61).;- (;2 01): .00106 .00943" 
1 - 6oo25 

P-UM :(.7 (0.63) /(0.467) (1.05) "'(OM0), (0.0-. 04 -- .0331 -. 00695o '.-.00674 -. 00229,'.:.' .000279 00576 .000483 -. 0000797 	 -00)014:'-.0376 -. 00570' - 000214 
(1.08) (0.72) (0.61)' (0.50) (0.56) (0.95) (0.61)- (0.27)' (0.93) (3 20) (2.85)' "(2.42) 

AV 	 3-34 
VIE -. 381 -.. 483 -. 186' -. 292 .16 "-.0446 -. 167 .. 0660 -. 011 .0546 -. 0454 .00574-,(2.07) ,:(1.26) (1.04)- (2.01) (0.77) - (0.46) (1.84) -(0.83) (0.68) (0.65) (0.69) - -(0.46)

0M-. 256" .182 -. 0431 -. 0288 -. 00479 .000747 -;.0779 0111 -. 000535 -. 00676 -. 00233 '.000188"
(2.60) (1.8) (1.77) (1.01) (0.55) (1.20) (3.68) (2.73) (2.78) (0.27) (0.55) (1.01) 

AM 35 3" 
V-EIN - -. 857- .827 -. 252 '-.939 .790 ""23 -. 687 .384" -. 0681 -. 0145 -. 114 -:0284 

(2.31) (1.07) (0.70) 
 (3.42) (1.73) (1.27) (3.44) (2.19) (1.91) (0.09) (0.88) (1.17) 
- -Wld -. 542." .322 -. 0687 -. 198 .0345 -. 00130 -. 218 .0331 -. 00139 --. 125 .O1U -000263 

.(2g72)-(1.60) -...(1.39). (3.66) ..... (2.10) . (1.11) . (4.67).--. (3.70) ... (3.29)....: (2.57). -(1.34) .- (0.72)
A" 4 - 4 .-. 	 . "..-'".. " -4-- "IN -1.34 1.;71 -. 655"*.--1Ml' .683- -113: -1.07.:,_.419 -. 0448 -(2.d) .I,49.(1,2 (2.65) (0.98) 	 '--.0269" -. 0972".0188(0.40) (3.71) (1. 65) .. 087 -:(.1)5.(0.51Y" (0.52 

_1W -. 677 .417 -. 0846 -. 333 .0836 -. 00557 -. 348- -. 0475 " -.	 00175 - -. 230 ".0277 .000997
(2.29) (1.40) (1.16) (4.03) (3.32) (3.11) (5.16) (3.66).. (2.85) . (3.17) (2.25) -(1,83) 

Age 	 45-49 
-ViN" -1.65 11.52. -. 672. -1.00.-'.342 -. 0929 ::';-1.29. -'.0988 '.194 -. .0445 -. 325 "093....	 1-1(1.20) -,(0.30),(0-53) (109) .. (0.23) . (0.,5) .(.91) .(0.17) (1.60) (0.08) (0.76),- (1.16)


PLM -. 0663 " -0S54 -. 0135 -. 118' :.0117 - -; ".108 " .: -.
'.000727;1'- 6 0058- -. 339 .0423 -. 00155
(0.09): (0.07)'.'(0.07): K,(0.65) ... (0.21) , (0.19)- (;09) (3.57) . (3.19).- (2.10) (1.54) ' (1.27) 

http:0.07)'.'(0.07
http:1-1(1.20
http:1.90)/.,:C1.02


Table F 

NONLINEAR REGRESSION COEFFICIENTS FOR ONLY PROGRAM -PERSONKEL 
INPUTS WITH CUBIC PRODUCTION FUNCTION 

(beneath regression coefficient is Its t statistic) 

Dependent VriaVble. 
and Type of Personnel 'Linear 

1965 
Squared Cubed Linear 

1966 
Squared 

"1967 
Cubed Linear Squared Cubed Linear, 

1968 
Squared -Cubed 

Age-normalized crude 
birth rate. 

;. VUEN -. 222-
(1.91) 

.147 
(0.61) 

-. 0119..,-.243 
(0. 

.120.-
(0.86)-

-. 00851 
>(o.1) 

-. 141 .o545 
(2 .0S)J'(0.S9) 

-. 00151 
(0.12) 

.0169 - -. 0252 .00126 
(0..3)7 )(0.63),(.7).,. 

PP-IN'l -. 179' 
(2..88) 

i'.0812 
:'. (1.29) 

-. 00414,'. -. 0625 
(0.27), !(3.81) 

.0101 : 
(2.03)-,. 

-. 0000279 
0.08) 

-. 0535' 
(3;32) 

:;00691 
-. (2.23) 

-. 0000132 .- -. 0214 
(0.09).-, *- (1.42) 

-. 00192 
'(0.75)" 

-;.0000013 
(0.01



Table0 

3RESSIO 0 FIRST DIFFEREICES IN-BIRTH -RAIRS: 1968-1964 
(bemeath each r ression coefficient is its t statistic) 

pe'- Fami ly Planning Pro
ePendent .. gram Man Months 

Variable: -Child (rat n ntS 
- -- inputsBirth Rate .Death Child Adult _.Agricultural (cumulative 

by Age Constant Adjustment. Schooin -Edication Composition to prior year) 
of Women Term (ratio). (proportion):,- (proportion) (proportion) VHEN PPHW 'R 

15-19 .209 -1.01 .0239 .192 -.111 .0336 .0120 .0093 
(2.53) :(0.85) (0.44) (0.56) -(0.64) (0.69) (1.18) 

-..20-2400828 -..288 00795 -.0507 .0145 . 00805 .- 0258
-... .121 

(0.31) -(0.76) :(0.46) :(1.09)--,,; (0.91) i(0.92) 2."46)
 

:25.--29 -.0279 ."330 .00800 .0419 '.0357 -.0256 -.00241 -. 0248

(.58) -(1.31) (0'69) (0.57) (0.97)
.:58) '(2'.: (2.46) (1.17)
.._.. . '46 17.
... . _' 


30-.34 -186 .708- -.0284 -.0312 -.0291 -.0153 -.00354 •0357
 
-(9.55)---" .54) (2.23) (0.39) (0.71). (133) (1.48):
 

.384 

(9.73): (0.88) (1.71) (0.51) (0.53) (2.22) "(4.02)."
 

3539 --297..- -. -.0342 -.0650 0339 -.0339... -0151, A566
 

40-44 -.408 - -.166 '-0430 ' z.118 -- 0507- -.00118 -.0154 "-.0719 
(14.1) (0.40) (2.27) (0.98) (0.83) (0.69) :(4.33)
 

45-49- -.0950 1,60 .0209 -.330 .0634 -.0467 -.0248 -.,0134-1 
- - (082) (0.96) (0.30) (0.71) (0.28) (0.69) (1.68) 

Note:
 

"Each birth rate is expressed as the difference between the rate in 1968.and 1964 over-the1964 1Jev
 
The environmental independent variables are represented by the difference between '1965.andfi1961 over,the
 
1961 level, and the family planning program inputs are measured as the cumulative'inputsthrough,1967.
 



Table H-1 

MEANS AND ;STANDARD DEVIATIONS OF DEPENDENT VARIABLES:
 
NORMALIZEDBIRH RATES
 

..Year--,-' Mean Standaz-_ Deviation Year Mean StandardDeviation 

CrudeiBirth Rate -1964"'-'1.080 .175 Age 30-34 1964 1-243
:.0697 .202 1965 1.116 .2751966- 1.38 .202 1966 1'.103 .282. 

1967 -:1.075 .234 
 1967 1.116 .316
 
1968 1.125 .228 
 1968 1.104 - .315 

Age 15-19 1964- 1,176 .862 Age 35039 1964, .1184.' .452. 
1965 1.223 884-
 5 147 .608
 

1207
: 219669 .716 
 1229- .573 i

1967 -1'256 
 800 1967 1.254 .684
1-968 1:-:.217i-"'741 1968 .1.251 .724-

Age 20-24 -19641060 .213 Age 40-44- 1964 1.234 -,.634
1965 1.050 .184 1965 1.319 .8271%1966. 1.058 o89 
 1966 1.293 .839
 

-1967 "1.081 .218 1967 1.349 .971
-1968 1.086 .194 1968 1. 341 1.03: 

Age 25-29- 1964-. 1.037 '.19 Age 4.5-49- 1964 1.100 -1.30' 
1965.1.050 .122 - . 1965 1.358 1'84 
1966 1.048 .129 
 1966 1.227 .50
 
1967: . 1.049 1967 A131 .921.408-
r1968. :1.056 !.135 
 1968 1;276 . . 1.71: 
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Table: H-2
 

EAN'S AND STANDARD DEVI.ATION"S.OF
 
INDEPENDENT ,VARIABLES:; 

Year. Means; Standard Deviation ., .
 

Child Death:AdJustment: 1961 1.090 .0498,,
1962a 1.106 .0821' 
1963, 1.078 .0497 
"1964 :, 1.068, .0531 
1965 1.061 .0330 

Chldio~ & b 
1966 

!i:196i! 
1.058. 
.351:7 

.0364 

.185 : 
Cild iSchooling 

-1965,' *:427 .161 

-Adult Education:" 1961- .387,7 .0901 
.1965 .4238 .0880 

Agricultural Male 
Emp1oyment:b 
- *..1. 

+1961 
1965 

.5720 

.5579 
.273 
.270 

Contraceptors 1964 2.215 4.80
 

Notes':
 

.1962+',iid deathsweieynot"published by All,small regions. See
 
dlscussionin
lpartCof:Statistical .Appendix. .
 

SEducationand.agricultural variables are linearly int erpolate.:
 
for 1962-1964."e
 



Table H-3
 

PROGRAM INPUT VARIABLES IN MAN-MONTHS PER THOUSAND WOMEN AGE 15'TO 49
 
-- - -weighted' mpl-e-:f 361 areas) .

Village'..-Health Education Pre Pregnancy Healtlh Doctors 

-Nurses (VHEN). - . • Workers :(PPHW) "(MD) 
1964 1965: ";1966, 1967-- 1964.-, 1965..1966 .1967 1964- 1965% 1966 1967 

.158 .413: 1.195 1.080 r.174 -;541 -1557 2.10 2.256'',Mean 1.-148 -129* .164 

2.1ib0 2.367 2.479'Standard-, Deviatlon: zr,- i-261 -.257 .353 .327 .645 1.517 1.228 "<889f.058 

Correlations
 

VHEN 	 1964
 

1965 .1237 

1966 .1095 -2384
 

1967 '0844 -. 0249 .2072 -. 

PPHW-	 1964 -. '0887 -.1802 -.1446 -.1479 

1965 -. 0774 -. 1869 -.1537 .0075 .3559 

-1966 -. 0694 "-.2179 -.1844 -. 0418 .3878 .8620
 

'1967 .0089 :-i;-.0061 -. 1292 -.2431 .2920 .2269 .4397
 

.0373
MD--...687.-..0920-.0983.. 806 .1332 0224 .0582 


-0914 -.0957'i .1259 .0145,; .07089.0894 .8143:
-1965 .1109 -. 0832: 

1966 --:.0857 ?,.-.0286 ... 0527_-. 0766" .'1237 .02297Ct.0985:"-7-M72 -. 154 7.887 

'4967.0815* -. 031 .- 532--06 17 .0090 0911--:,- M33 05965' .49.77 7.,..
::J:._7. 	 0, 



Table H-4
 

ORELATIONS BETUEEN VIROMMMAL AND PROGRAH INPUT VARIABLES
 

Age Normalized Child Death Child Sabbolinj -Att Education- - '--Agriculua 
Crude Birth Rate -AdlustueniaRt at Empomn 

1964 1968 1961 1'965 1961 1965 1961 1965 - 19611965 
(1)r. (2) (3) (4). (5). (6). (7j- (8). (9) (10)' 

Variables: 
Environmental 

-(2) .831 
(3) ,579 .595 
(4) -.636 -.692 .712 -

(5) -.411 -,411 -. 278 -. 285 
(6)- - 578 -.517 -.417-.373 .700 -

(7) .135 .166: .258r.316 069W .S018 -

(8) .192 *..234 .298 .375. -,031 -.073 .927 -

(9) .331 .363 .334 .297 -.521 --.539 - .080 .179 -

0337 4367 .343 .303 -. 516 -.554 .095 -. 192 .988 

Program Cutiive Iwn
puts to Preceding Year -. - . 

VH 1965 
1966 

-. 122 
-.132 

-. 192 
-.191 

-. 136 -. 121 
-.160 - 151 

-. 016 .05' .... 
071 .....03 5 . 

056,-056-
_.0 5........ 

.037 :033 
075 

WEN 1967 -.050 -. 108 -.137 -.130 -. 082 -. 042 -.050 -. 060 .042", ..026 
VHE 1968 --.031. .042 .125. -*077 -. 091. -04 -041 -.049 .051 .039 
PPlW 1965 --.222 ,:-196 .111 -.189 -.042- '027. .025"-021. .096 -086 

PPHW 1966 -. 042 ',.040 -. 121 - 126---.108 . -. 073k - .35-.-02-9 .05- .052 
PPHW 1967 -.049 " --.046 -.134 -.133 -.098 !-..067 -.050 -.047 - .030 .033 
PPEH 1968 -.107- -.105 -.191.-. 199. .089 -.040 -.090 -.084: .016 .016 
MD 
ND 

1965 
1!966 

-.381 
-. 410 

-.352 
-.405 

-.181 -.211 
o-.234"-.259 

.256 
296 

o380 
00381 

.070 

.002 
.027-

--. 055 
-.364 "--;365 
-. 379 -. 365 

MD 1967 -406 -".414 "-.53-.281. 296- '.381 -- .002 -. 055 -.379 -. 365 
ND- % 1968 -.403 -.419 -.262--.291 .296 .369 .013- -.071 -.371. 355 



Table I
 

SERVICE, MANPOWER AND EPENDITURES OF TAIWAN
 
FAMILY PLANNING PROGRAM: -1963-1967
 

1963 196. 1965 '.,1966 ...1967 

aService (esos 

-Loop-Acceptors 3,650b 46,600 99'253 -11,242 121,053
 

0. 0. . ' 0. 27,552
Pill Acceptors 


0. 0. 0. 656 -. 573.
Sterilizations 


Manpower I(months effort)d 

'Village Health Education Nurse n.a. 387- 296', 382 300.

n.a. 1,094 2-,542 2565 3,275-i"
PrepregnancY-Health Workers 


Doctors n.a. 2,308 5,879-'i 7,379. 7,872k-


Supervisorsna 0. 19- 24264" 

Expenditures (thousand of $NT)e 

Training n.a. 380 1,025. 827 460 

"Supplies and Equipment n.a. 191 663 766 957 
327. 6,006: 6,883 . 9,097Salaries n.a. 

Field Expenses n.a. . 507 2,345- 2,851 1,390. 

.11,327 _.-.11,904
Total -direct U.a. "1,405 10,039 


n.a. 5,415 044 7074 7,2
Total*i-direct 


Total -expenditures. Acta. 6,8b20 '18,033 18701. 19216C 



Notes:+.
 
aSrvice statistics refer to new acceptors. of loops (intrauter

inee,devices), pills (oral steriods), or sterilizatio operations
 
(both men and women) serviced through the Tatwii-. amily 'plannihg 
programI Joint Monthly Report, Family .Planning and Population:Studies 
Program, Mayand June,1968, Series,P-7,(68-3). . 

b~ae
 from pilot program in Taichung before December 1963
 
'CReported for January through April 1967. Demographic Reference:,
 

Taiwan, Republic of China, Vol. VIII, July 1968, Table 31, p. 454-455.
 
dManpower statistics referito'the numberof man-months of effort
 

employed in the family planning program. Same source as i. Noite (a).
 
Village health education nurses employed jointly by Rural Health-

Community Development Authorities and Family Planning Program.
 
Prepregnancy health workers.employedonly by program as are Super
visors. Doctors are'pai4d for insertion and other services performed
 
and thus it is not clear whether they should be considered as full
time employees of the program.
 

8All expenditure statistics are from Warren C. Robinson, "Some
 
Tentative Results of a Cost-Effectiveness Study of Selected National
 
Planning.Programs," to be presented at the Annual Meetingsiof the
 
Population Association of America, April 1969.
 

n.a. - not available or nil. 



Table-J-1
 

LINEAR REGRESSION ON AGE-NORMALIZED CRUDE BIRTH RATES-FOR 1961 AND 1963 
-(beneath each regression coefficient-sists t-statiic) -

Child 
Death - Child Adult Agriculturak 

rear of- Adjustment Schooling. . Education' Composition 
)ependent C(onstant ratio) (proportion) " (proportion) (proportion) -

Fariable Term - 1961 196111 - 1961 .! 

1961 -.,483 1.53 -. 247: -,-.0867- ' 0857. ;.422 
(2.96)- (9.93) (5.49) (1.08) - .(2.80) 

1963 -.539 1.53 -.243 .0162 -,.0803 .402:
 

(3.18) (9.53) (5.22) (0.19) (2.52). 

lecause explanatory variables are not available from published sources--on a consistent 
oasis for years before 1961, these tencative regression- results are .not based :on the
ippropriately lagged explanatory variables as reported in other regression results.? 



Table J-2 

ALTERNATIVE LAGS FOR CHILD DEATH VARIABLE IN LINEAR 
REGRESSION ON AGE NORMALIZED CRUDE BIRTH RATEa . 

t-3 Only 
t-2 t-3 t-4. 

Coefficient 2 
(and t's) R Coefficients (and ts) R. 

:19651-, 	 .982 :.5210 . 243 .325- 1.44 .575 
(8.95) 	 (1.06) (2 17), (5 89)'; 

1966 	 1.74 ;0633 .164 1.66 -. 109 .635 
(1f3 (12) (5.93) (O.53) : 

1967 	 l 79., .399 1.25 721 - O0 r444 
" 
(862i) A (3"12) (24A ("'"-...0Y 

1968 3.82,. ! .568 .567, 3.10 .. 266 .578 

(12.1). 	 (2.67) ;(7.07) (0.73)., 

Averase Size 
of Coefficient 2.083 . 556 41.452, .662 b 

Notes:
 
aOther variables included were child and 'adult education, asiagcu tura1
 

composition and the cubic function of cumulative, man monthsfi 'f famy iplan
ning effort for VEN and PPHW separately identified., Se .Table A'9 for "three" 
year lag form. a 

bNot applicable.
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