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iently drawn concerning interactions between man s environmen_,and,
reproductive behavior;'JWith theee tools the primary objective wss

and nhance deveIOpment prospects.1;ln;thegméjéiityﬁofyStuoies,

.3!7 Y

population aggregates and to individual family survey records ,
by simple economic and demogrsphic logic in the selection of probable
determinants of desired familyxsize and otherﬁfamilyaeconomicﬂbehavior,

environment.

_In,most of these investigations there have been insufficientEdata

'planning programs. One of the most successful and carefully evaluateﬁ
family programs is in Taiwan., This report relies upon this vell jf”f
7documented program and the reliable regional base of vital statistics

v lThe others are Marc Nerlove and T. Paul Schultz, Love and Life
Between the Censuses: A Model of Family Decisionmaking in Puerto Rico, -
1950-1960, RM-6322-AID, September 1970; T. Paul Schultz and Julie L
DaVanzo, Anelysis of Demographic Change "{in East Pakistan: A Study of .
Retrospective Survey Data, R-564-A1D, September 1970; and Alvin J. '
Harman, Fertility and Economic Behavior of Families in the Philippines,
RM~6385-AID, October 1970. .




choice proceaaea that are lnfluenced oy eocial and econom éﬁ
ment.‘ Progress in this direction anould assist both in the} election

d in the evaluation of family;planning programa.

T

For many years aocial ecientiste have been challenged to develop

of s 'nd still«remaine with‘regard to epecific detaile’ in
"state of flux.I‘ Thua. this teport is intended only as a’ tentative

statement of initial progreaa 4n" ‘the: longer term task of developing
improved methods for population program evaluation. 4

_ ,,lSee earlier progrese reports by’ the’ author;- "The Effectiveneas*
of Family Planning in Taiwan:. A proposal . for a. new. evaluation metho
dology," P-4069, April’ 1969, and "Effectiveness of Family Planning in
Taiwan.( A methodology for program evaluation,"' -4253, November 1969.v
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\ olicy'objectivea. The tenuouexlink between the intermediate

programa;ie to be improved.

“The approach developed here 1s to observelpirths directlyf'llj
v :hm ‘'Which 1€ ahould
be poaaible to “obtain’ unbiaeed eatimatee ‘of the average. and{ ore -
important. marginal effecta of program activitiee on birth ratee.
rew b

The policy concluaions drawn from thia methodology in the caae“ofuthe'
family planning program i1 Taiwan differ ayatematically from tboa '

hevelop a conceptual and etatietical framework5

derived from other approachee. ,The program 8" initial impaet on the':

vioualy»eatimated, but the program haa alao been eubject to eherply
diminiehing returna a8’ increaaed peraonnel werefapplied to reducing'
‘the irth rate. Although;thia analyaia doea not indicate why the*
fprogram 8" impact hae been '80 - aubatantial or. tranaitory. it may -be,,
‘ceuaed by,the initielyinnavetive effect.of birth controlﬁinformetion ,

diaaemineted by th'_programxa +field: ataff, it?ia clearly not entirely
:a conaequence ofxthe acceptance of thehparticular contraceptive (IUD)
;emphaaized by the program.

Fchild mortality) in explaining parents diminiehed birth rates. - ’Withs
out changea in the family environment it is doubtful whether the pro-
gram wocld have ‘reduced: the,birtherate as: aubatantially as it did."

lanningqcanebe 88 important .as anawering
.thie demand with a well etructured carefully evaluated supply. quv

’creaaed demand forrfamilyﬂ
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‘ffamily planning aervicea.ﬂ Prioritiea in the public aector among
1§hea1th. child nutrition, education. and family planning programe
';may. thcrcfore. appropriately differ from country to;c"‘

:vdifficult to confidently translate these measures of vervicea auppliedfﬁ
finto the more concrete objectives of births averted by a- famil“ B
planning program. Analysis of the interregional variation in birth7
rates is proposed in this report as an approach to program evaluati, ?5
that takes account of both the environmental changea thought to altere
parenta desired fertility and the activities of the family planning
program thought to help avert unwanted births. Multiple linear re—
gression and non-linear estimation techniquea are uaed to analyze “"
variation in birth ratea.acrosa 361 small administrative regiona of
Taiwan from 1964 to,1968 ;ﬁ
that have a bearing‘on development and population policies'

This analyeie aupporta aeveral concluaiona

In the parenta 5environment, there exista axpronounced relation-
ahip»between theflevel‘ofﬁchild mortality and the aubaequent level ‘of

Hcific birth ratea.> Thialatatiatical asaociationxia\atrongeat

adapt\ heir reproductive goals and_b“havior.to the loas of exi ,
childret‘i."n Evidence indicatea that lower child mortality in Taiwan,
in thia period ia not asaociated with larger sizes of survivin ,family,

on thegcontrary, lower child mortality in one region is aasociated

B

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

elaewhere.J

'Child :gchool enrollment rates, which reflect higher costa to‘

in laivan“



'.weak inversef

a' ociation between the{levelfof adult education
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o 'unity isﬁpositively

»ion haa re~

Tv‘rae fby 1968.p The change in the importa ce of a ult‘educatix

le?e‘advantaged poorly educated rural-agricultural clasaea than
among better educated. urban cosmopolitan claaaea vho ‘had access’ €6
reliable birth control before the program began. The diatributiona

conaequencea of family planning activity warrant ‘mich firther study.

Tue uareccay assessed associacion becween tne ailo;ation of ‘per=-’

cabae

sonnel in the family planning program and the reduction in birth r:_ea;

i;p’lpliea that the program 8 activities contributed to @’ aubatantial ,
BATIE
rzduction in 1966 and 1967 crude birth ratea. Moat of thia impact can

be traced to peraonnel employed “In ‘the local fleld program, but“ot:‘?g
aolely to the acceptance of IUDa? the principa] contraceptive diatr 4
buted by the program.f The marginal effectiveneaa ‘of program peraonnel
diminiaheeufrom 1965 t p1968 as the program expandcd and in each««*’

AT

aingle year the marginal effectivenees of peraonnel ie relatively

lower in regiona where program activity has’ been relatively greater.*r
Both independent piecea of evidence confirm that ‘more’ intenaive efforta
of fiald vorkera are auhject to diminiahing returna i doubling per-
aonnel forfa given population will not double the number of . birtha

a edfby the program._ For example pthe programfcoet of averting an E

S Part of thexdecline in programieffectiveneea ia due to the
.emerging pattern of higher bi wh ratee among women" 20 to 29 in re-
_giona intenaively covered’ by theETaiwan program which: counterbalancee
}in the aggregate theuprogram 8’ impact ‘of reducing birth rates

;among women over the age of 30._ An optimiatic explanation of thia
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recent phenomenon views this pattern of increased fertilit”bamong

ﬂyounger women as only a sign of change in the
.not as an indication of any increase in wsnte )
,fertility. Nonetheless, evidence’ even amon older,"roup (ofhwomen

is unambiguous -- the effectiveness of program'personnel to"reduce

‘births has diminished over time.,

that one class of field :

. Another implication of this snalysis is t
'worker — the Village Health Education Nurse Lf is more cost effectiv¢
In reducing the birth rate than another class of field worker -i the
Pre, Pregnancy Health Worker. This inefficient disparity in the :}

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

b

trary, the ‘more productive class of personnel has been gradually v

sliminated from the program.

It should be clear to everyone that we know relatively little

as yet‘about how to organize, operate. and evaluate a family planning

program. This investigation underscores the need to carefully
evaluate the amount and mix of resources employed inﬁsuch a program -
in ;rder to.secure an, efficient allocation of funds in this nigh
priority field. Nonlinear statistical techniques maywbe essential ‘:
for the marginal analysis of some aspects of this allocation problem,
and a disaggregated treatment of fertility by age is cruciﬁ! for v

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

and the completed size of families.

g & this important areaﬁfor social policy, it 18 disconcerting
thatfdifferent approaches to‘evaluation yield different conclusions
wit“dregard tod (l) ‘the: overall impact of the program, (2) changes;

in returns to the scale”*fuprogram activity, and (3) the»relative 3

s More research
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=fFirst,Yanalysis of intermediate outcomes in’a amily.planning

irecognized however, that this approach requiies more l

than may be available ‘for some policy decisions.

£ _:.-i_{:!l'.-’h“ oo A,w ?

ﬁshouldibe drawn from unbiased sources to improve short-run poli
making and to assure that these operational guidelines approximately

RANE A F A "J’-»

coincide with those derived from 1ong-term studies of the program s

AR

impact on birth rates.: Incentives built into the organizational '

TpAeng

structure of the population program must be aligned to motivate in-l!p'

A'::‘ EETATAR

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 modeérn birth concrol

methods.s The emphasis initially placed in Taiwan on a single contra—f;_
'ceptive method the IUD, as the: principal basis for record keepi“g,‘w"'

,program evaluation, and field staff remuneration may -have excessivAlyoﬁi

'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.

Third a potential problem\with analysis offnonexperimental dataff“
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Eita early etasea of development, it ia far enough along t_“aee'thet

it,iakvery much worth purauing both conceptually and empirically»th

[If'agreement can be reached on how 'easure the independent effect

éof,family planning programe and other indirect population programa

“on alowing population growth, much improved information and manage-
jment techniquea could be applied to'increaae the effectiveneea of
:theee population policiee.' The noﬂion that fertility and population
fgrowth obey Malthusian lawa and are ‘not amenable ‘to the’ aelf—intereated
fbehavior of parenta ie a counterproductive myth that deniea the need
1for:a aupporting theory of fertility end impedea our better under-'

fimplieatione for policy.
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[, INTRODUCTION:- . PROGRAM OBJECTIVES AND'EVALUATION -

d rerent implications for ihproving;policy.L Research is urgently

neededito ferret out the sources of error built into our informstion |
1 ) SR O B S
systems and to identify the weaknesses embodied in our methods of R

R a?

ststistical inference that must be responsible for these inconsistent
conclﬁsions for policy.A This investigation of the Tsiwsn fsmil plsnr'L

Hh Xy 5 Ny L

ning rogrsm

‘plores these issues and develops guidelines for th :f

;}.‘evaluation of POpulation programS-rv,ﬂ

..This first- section reviews alternative: approsches ‘to populstion ﬁ
‘policy evslustion. In the- context of Taiwan,: the remsinder of- this

report develops an nnalyticsl -approach. to evsluation snd spplies'it
to;confirm“the effectiveness of;field personnel in, the Tsiwan fsmily'f
plsnning progrsm and :to: chsllenge esrly -evidence.. on this program '8
optimsl size snd structure.

KNOWLEDGE OF BIRTH CONTROL \

"-u,..,g L EF 5 K (h,s XN ShL g {

'”i vInitislly. fsmileplsnning advocates sssumed thst if infornstiohd

‘society. the programishould be regsrded s success. Hhile increased

o q,l; ”Tmilhf“ .the, expressed: need ;for family planning programs,
‘fssmple surveys“were;designednto inquire into contrsceptive Knowledge,
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The most common approach to evaluation of family planning pro-

someuprograms} and how effective it will be during’
These effectiveness models
! om follow-up survey data leave much to be desired hOWb
=ver,‘when(they are used to translate a program s supply of contra-
;eptives into an effect on the birth rate. Asfghese studies are “

~areful to point out. no one knons what women who accepted a form '

:f contraception in the program would have done without the program.
fo what extent do fam ylplanning programs transfer the demands “for
:irth control from the private marketplace ‘to’ the lower-cost sources
:f government-subsidized supply? ‘Similarly, if women adopting modern
; »ue of birth control had been employing traditional schemes

Sf; imi _d, but positive,feffectiveness, the impact of the program
on the'birth rate would be only ‘a fraction of that implied by the
contraceptive potential of the birth control devices distributed:by

the program.

hl_second serious problem with this method of program evalua-;

th jspread of the idea of family planning may stimulate interest in .,

Attitudes and Practices (KAP) By recent count, 400 KAP surveys ‘have
been ‘conducted in 67 countries [7]. Aside from the controversial
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
+evaluation methods such as those proposed in this report. -


http:deal,.of

_‘traditional‘and modern -forms

fsatisfied inlthi_private marketplace snd'not throug ;the /rogram e
tse tféor may shift ‘the timing of births anu‘other life-cycl”;
'activities. :

| vmcﬁmc "sr'ums

‘ studiesihave been designed. Their objectiv f

sequent fertility of a group of women accepting some form“of contra-

ception in the program with a control group who have uot entered he

program, matched by such characteristics as’ age. education“ numberi
of births, and time since their last birth. Evidence of higher
errtility in the control group ‘than in; the program group canxbe

translated into. an estimate of the: program 8. effectiveness in;reduc-
ing~the»birth rate {1].

Although the matching approach 1is an’ improvement over progrsm‘

evaluation methods that rely only on- the supply of: contraceptivem ;

about family planning, as it certainly must, and thereby influences”

some people dn, the control group to obtain, improved methods of birth

impact of: the family planning program on, the birth rate. On the

other hand. the:matching procedure may also overstate the rol Qbﬂ
contraceptives,dispensed by, the program,,because women who adopt i
contraception in the program are eelf-selected (Unrandomly) and are
presumsbly,more highly motivated than«those'"n the control group to
limit their subsequent fertility. \How these two biases balance out
is not known.




IT. 'THE-CASE! OF TAIWAN -

The complex problems of population{policy evaluationlare broughtg‘
finto clearer focus if a concrete case is considered ‘therefore,"the"'
=remainder of this study deals with Taiwan. In 1967 Kingsley Davis

'challenged the advocates of family planning to demonstrate that
;their programs ‘had.. influenced birth}rates"

Ts

;With reference to Taiwan,

‘ rgued that since birth rates wer”_declining before the program

fbegan, the contribution of the program was not evident [4] a';f
,typical response to Davis is portrayed in Fig. l.~ The family planning

.program pilot operations begantin 1963, and the subsequent rate of

fdecline of the birth rate exceeded he . past_ ”wnward trend.

This interpretation of the program 8! impact has numerous short-
;comings.: First, the program began on a country-wide scale only:- in
;1964.( The gradually improved effectiveness of contraceptive prac-‘
’tilmsgthat;is attributed to the program could -not have influeneed
1birth rates substantially unril 1965. Since the average interval
;between births for a population not practicing contraception is about
:two years,,the full impact of the program is-not. likely to emerge
;from data on birth rates until: 1966.

<ﬂ:In addition, this interpretation ‘of the: evidence suffers from

?more than the merely mechanical defect of selecting the wrong turning

point, there are fundamental problems with’any single factor analy-

51” of complex national time trends. During the l960s Taiwan wass

anding still.v For example, the proportion of children between

fthe ages~of;12 and 19 going to school increased from aboutf41 percent;
‘1n'1960" to' 50" percent by 1957““’
?occurred despite a 50 percentcincrease~in the number of childreniin

Thls increase‘in enrollment ratesu

5these age groups.. Though Taiwan s economic progress since theft\l

Second World War haa been notable, the rate of growth in per capita‘_
real income shown in Fig. 2 is accentuated in the period since 1962.v
Behind such changes in schooling and income levels many other social .

‘and economic changes are probably takin;‘place that could be o
,responsible for changing desired and actual levels of fertility.,
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- .program.in.1963: Taiwan '

:_,"-S‘b'utce: ‘Joint- Honth]; Report, Family Planning and -

Series P-7 ‘68-3 .

Population Studies Pro tam. May and June. 1968



P_é,i'éenf dnﬁﬁalf‘ gmwthin

;gNationaIVIncome in Millions
ﬁ$NT (in. 1958 consumer prices)

[REGUIURIPINNILY ANFIPRAPISA

1952 1954 i 1956 1958 ]960 1962 - ]964 1966 1968

.. ST INEN, SO, STV S

Yeon‘
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’ca”fality cannot be confidently inferred fromf“he concurrencwhofwa

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

Qfamily planning) First, more information is needed, such as is

* ,
'birth rate requires a general framework for understanding variation f

in reproductive behavior. -In. other ‘words, there 15 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 chan ge on fertilityﬁas well’as

PR

estimate the influence of the family planning program.

Since the nany social’ and economic constraints and opportunities
that might reasonably influence desired reproductive behavior are not
necessarily uncorrelated all relevant exogenous- factors should ‘be
considered together to appraise.,without bias, their joint and indi-
vidual influence on the birth rate. The complexity of this problem
precludes the convention of ‘partitioning- the population until!groups
are'derived that are homogeneous with regard-to all influential '
factors except program inputs. As a- practical matter -of: multivariate
istatistical analysis,:a functional form must then be adopted to ﬁ’_ ,
'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.

:differently"from those of another age group. The decline'in’birt_-:
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Figs 3u---Age-specific/birtli-ratesi: 'Taiwan:

1950-1961 .£rom, 1961 Taiwan Demographic Fact Book,
‘Table 0:°1962- 1965‘from 1967 Taiwan Demographic
:Fact Book, Table i8;:1966<1968 from Quarterly -Report

on Taiwan's .Family Planning?and Population Studies,

‘April-June 1969 Appendix C, Table 1.



program will have made its&major contribution to the reduction in
fertility by facilitating this marked decline in birth rates among

¢

fbehavior of'younger women, possibly by balancing other social and

economic forces:that have fostered higher desired birth rates.'

Although in thexeyaluation of population programs age-specific and
age-standardized birth rates1 are more appropriate for analysis thant
crudeabirthfrates,uiteis~sti1l not possible to disentangle’ fromt
cross#béctional*datafon birthirates;*changes*both”in“the”timing“of_
births*andain’the»siZe“of&completed'Tamily:”*For‘example} young”
parents may now be having their children closer together because
they canwreliably stop bearing children at an: earlier age than their
parents. Thus, evidence of different short-run program effects on

different agecohorts- should: be interpreted cautiously.

1The ‘standardized  crude ‘birth rate is the observed- live births -
divided: by the ‘age-standardized estimate of births derived by attri-
buting:the national age-specific birth ratesto the seven age'cohorts
of childbearing ‘women- in ‘each administrative region. Deviations in’
this: normalized birth rate from one (or zero in'the logarithmic’
form),‘therefore, ‘represent -deviations in local crude birth rates
from the ‘level - expected ‘nationally from the age/sex composition of
the: population in the administrative region.' The regional age-
specific birth rates are:also normalized- by ‘dividing them by the
respective: iyear'sage-specific birth rate for all of Taiwan.
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III.\ MODEL DESIGN

To avoid the uncertainties of translating contraceptive adoption o

or use in 0 births prevented. the approach discusse in this T
deals directly with reproductive beh 1oz . mpt ‘
statistical analysis to infer the re ations

among various sorts of

program activities and the level of birth rates.%

To infexr how program activity influences birth rates.'analysis
of nonexperimental data must simultaneously evaluate. two setsrof 7

factors.2 First, . environmentel determinants of parents wfamily 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 non""
medically induced abortions, to more convenient,.safe;: ind; modernv Lie
techniques of birth control, the birth rate may not change. Nonethe-
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-a’ society,
income redistribution occurs. Some people are. shifting: from private
market sources of contraceptives to cheaper public. market ‘gources. °
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’ this: and fol=y
lowing generations that would occur if the.program: ‘helped;; lower-class
parents to avert a greater proportion of: their unwanted births thank
upper class parents. : :

2If the allocation of family planning program activities is
experimentally designed on a random basis, environmental factors are.
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 consuming task of
obtaining truly experimental data from a. large scale social action .
program [5, Chapters 6-12]. This major city was divided ‘into 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 unblased 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 “3
be directly linked to program activity using their methodology., The"
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ftfgoals.and desired fertility must be identifi

SRR WY ,:«-’ .‘.“.-,vw' ,',‘.1 --ur. S

‘“‘[‘»The problem is -how 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 decisiona pa

make have a simultaneous bearing on their present and future \
agEeaun, S - SR
: tdgether and desired fertility pattern, but these simultaneous"

,~decisionmaking relations are neglected here to simplify this analysil
and presentation. Only one behavioral relation is analyzed that
between the ‘birth rate and (l) the environmental determinants of the
number of surviving children parents want, (2) the child death rate,{

Tyt i2

_only problem with the design of the" Taichung ‘experiment is’ the evider
importance of interregional diffusion, namely, that ‘intensive progran
activity in one neighborhood spilled over and appeared to influence f
contraceptive acceptor rates in adjacent neighborhoods [5, pp.- 134 o
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 biased’ toward’
-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, 1t cannot be agsumed that the program followed a ran-.
domized experimental design. "It is, therefore, necessary to deal
_aimultaneoualy with both program and environmental determinants of -
‘birth rates (that is, it cannot be assumed that one is vwholly inde-
pendent of the other). Alao, the regional unit of observation here
is-several hundred times: larger than that used in the Taichung City:
experiment.. For. this.reason, the interregional diffusion effect
-should be attenuated and the consequent bias in estimates of total ‘

program-effects on behavior should be reduced substantially. '

1Since 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: alte
native formulations of the statistical model should gradually narrow
the range of uncertainty that now attaches to conclusions about'the.
§effect of population policies.;



and (3) the family planning program activities that, are assumed to f}f
reduce unwanted births. Statistical analysis of data on birth rates;

and factors thought to influence birth rates requires further inforhi
mation about the nature of their interaction, namely, the causal N
structure or the specification of the model. First the functional B
form of the statistical model 1is discussed and then the time dimen

sions of the relations it embodies are examined.d The theoreti 41

and empirical rationale for the choice of environmental determinants;“

of desired family size is discussed at greater length elsewhere [12]

FUNCTIONAL SPECIFICATION

‘In mathematical notation, the relationship we want to characteri;e

EAL TR

s

8= EOIRMZ R0 L) "<i;.>i;j”

g;dﬁéfé ,irepresents the number of children ever born by a woman of a

- the estimation equation are derived and shown to yield substantially nlﬁ




T,determ'inants of fertility, nd‘their assumed, unctional and temporal
,'V 1 ¥ RS
' fom. T

_ x'é A more complete portrayal of the causal struc%:
'to underlie Equation (l) is shown in Fig. 4.:

;is designed to identify'and;to estimate the direct and indirect,,ines

ﬁof influence from the environment, child mortality, and family plan S
;ning‘“rogram activity tolfertility. Estimates of the simplified

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., Further ’
research is nonetheless needed ‘to determine for ‘this: evaluation ,
methpd the sensitivity’ of policy conclusions to. alternative specifi-:“f
cation of Equation (1),

1For ‘the regression coetficients to 'be: the best (minimum: variance)
.linear unbiased 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 -
.0f one"another and predetermined or uncorrelated with the. disturbances ‘
-inithe equation. The disturbances are intended to represent the net -
feffects 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 regionalr
‘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 program, such as doctors, are influenced in their
- participation in the program by the prior activity of field workers Lo
(generating demand for their services), then the allocation of doctors : i
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 bilasing 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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-the:po ”lation demanding family planning services, are likely to

1the edditional cubic tern which then meets the t test of signifiJT

'.ow inputs into the family planning program, Mi' influencetthe

nber .f ,unwanted" births parents avert raises further important

) .

Y

experience‘initially increasing and later decreasing returns to’
' ”'“fIn’other vords; ‘additional equal increments of inputs pes .

,potential recipient of’ family planning services will' initially con-'

tribute to a reduction of an increasing number of’ births. but even-

“tually ‘as the’ scale’ of’the program expands beyond a certain point, ’

the saime’ increments to’ program inputs will’ contribute to a reduction
offa decreasing number of births. It is possible that someday a kS
birth control and where there uere no unwanted" births.‘ In this "
utopian setting additional family planning efforts would have ‘nio" “o
effect’ on”birth rates” ‘and hence fo value:

To determine if there is statistical evidence of chsnges in @éb.

Aathd ‘5( R T A It 2 o O A T At rtal drhy

returns to program scale, the input variables are first considered*in”~

!‘4

linear form and then terms of a polynomial expansion are added to

FF T L P frin oty

the;"production function" until higher order terms do not significantlyv
improveﬁthe'model's fit to the data.f There is substantial variation

e LR OEE S

in the outcome of this test among .years- and age groups, but in}genera1~
the quadretic term ‘does” not improve the fit without the inclusi'n of

(.’

-the observed levels of program activity in the specific vear

ot maritai’ ‘fertilicy or'th lateyﬁase ‘at ‘marriage) which ‘are < slimmed”

ltogether,in their;combined:effect on,fertility in: Equetion (1)



TEMPORAL SPECIFICAIION

Anticipations about the future are often not fulfilled' it taket
an uncertain amount of time to have a child, and children die unpre-
‘dictably -- therefore, lags and adjustments of a biological and.

f‘behavioral nature interpose themselves between the observed environ- ;H
ment characterized in the model and the observed birth rate the model
"seeks to predict. Most environmental conditions that modify parenta o
preferences for children change slowly, at least at the regional .
level considered here. Death rates, on the contrary, are subject to >
aubstantial year-to-year variation and cannot be predicted accuratelyi
for a small community, to say nothing of the family unit. Deaths '
may result, therefore, in a short-run reaction to replace recent losses
The model implies a mechanism. by which the death of a child. to a still
fertile mother may influence her to have a aomewhat higher birth rate,
than she would otherwise: have had. Although the death of a child may
motivate ,its mother to- seek additional offapring. the effect on her
actual reproductive behavior is difficult to. distinguiah in: the short
run if she is young, for her age cohort will probably continue having
additional children for some time at about the maximal rate, regard-
;le‘“iof the”incidence of child mortality. If. n the’ other hand, the
‘motper"is older, ay in ‘her’ late thirties, and a sizable proportion f{
fof her cohort intends to avoid further births, her behavioral responae
‘to her child's death, that of seeking another birth will distinguish
her’ sharply from others in her cohort within a relatively short time.r

t

4}{ rm x‘;J‘

Though it is not possible from published data for Taiwan to

ftrace the frequency of child deaths to. mothera of a. apecific age,‘it
:is possible in each of 361 administrative regions to estimate the

'age-specifie death rate for children for several yeara prior to o
fobserved a8 specific birth rates and to examine the strength of the

fstatisti “ssociation between these two rates for evidence on the
41 ngth of uhia behavioral—biologieal lag.; Experimentation with

: discrete and distributed laga for Taiwan is constrained to

ERE

'collected ,anc pu :

“W; years for ‘which. the_aPPfOPriate data are

f@i‘h@é;ﬁ}IF,PPOSG@Yﬁqrs, ”he"asaoeiationybetween regionalachildudeathf
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appropriate to lag all environmental variables by the eame number«ofﬁ
yeara, hereafter aeeumed to be three yeare.

Family planning program inpute, however, repreeent a m”“
6problem of! measurement ‘and’ dynamic model epecificationﬂl The temporal
}link'between environmental conditione and fertility and that between
birth’control ‘and” fertility ig aeymmetric. Current birth control
practicee influence birth ratea nine montha later, and thua t e*lag
between adoption of more effective birth’ control methode and their
‘maximum impact on "birth ratea is" likely to be about’ a year, not;the
*two or three required, on" average, for a’ woman to deliver a child.,"
Therefore, program inputa ahould be lagged a ehorter time’ than environ-1
*mental conditiona ' Aleo, the program ie likely to have a peraiating
effect ‘on contraceptive knowledge in the community, alowly "dapreciat-
ing"‘aa people forget and aa ‘new’ generationa of parenta grow up. Thus,
all paat program inputa ‘must’ be coneidered aa poeaible ‘determinants
(wit’“perhapa diminiahing weighta) of the target population 8 current
knowledge of birth control methoda. Time seriea of data are today

vcomplez

;po' gnorev;he depreciation effect:and treat the total of all paat

»program inputa aa the determinanf“of current effective knowledae of
S0 i

fbirth control in the comunity-%.;‘

1Diatributed lagged relationehipe vere estimated; although they

amoothed year-to-year variation in the size and aignificance of the

~regreeaion coefficients, .they did not improve thc averall predictive
pover of a discrete three-year lag, which is therefore used in this

etudy.‘ See Statistical Appendix and Table J-2 for.evidence of

year to year variability in lag structure.

2Alternative distributed lagged relationahipa were considered
and these results are discussed in the Statistical Appendix. The
‘meaaure of program inputs used here is the cumulative number to
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SkDATA CONSTRAINTS AND THE,FINAL,MODEL SPECIFICAIION

The dependent variable in the fertility equations estimated in

:1sma11 areas . of Taiwan reported An” [14] i
:aof fertility. envisioned in Equation (l)};fifix’”
-born to an individual woman.¢ Formallyv many restrictive assumptions
-are required to sssure that the aggregate flow of births acrosa
v'groups of women responds in the same:way to differences in the deter-
Iiminants of fertility as. does the stock of children ever born across
jindividual women.: Given the urgent need to evaluate the impact on ,
'fertility of population programs. it is not. realistic to wait decades
until today s younger parents in Taiwan have completed their childbear-
ing years in order to estimate the program 8; long-run dmpact; on. their
completed fertility. Research must in, the interim analyze current
birth rates for evidence of the short-run effectiveness of . population
programs to reduce births.; :To, facilitate comparisons .among-birth
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-specific birth rate.,:The
crude birth rate must not., only be normalized but also standardized
for age and sex composition.:, A11 normalized birth rates .axre thereby
expressed as a multiple of . the national rates in the particular*year

- RPNy
S s e

”the preceding year of . man months of .progranm, personnel time. allocated
th_ region per thousand women of childbearing age.

o 1Were data available by region on the existing atock of children
nowcliving -co/women- by the woman's ‘age (such as might’ becomé ‘available
;from the 1966 Census) ,a,more appropriate form of .the model .might. be
festimated incorporating information on both the stock and flow dimen—
‘sions of fertility for the cross section'of regions analyzed in this
fstudy.

{«!..‘. '

;dzNationai -age-speciric birth-rates‘are:applied-to ‘the’ region 8
fage'comnosition toconstruct:an- estimate ‘of the ‘number’ ‘of “births”
:that:would-have occurred- in’the region 1f national age-specific birth
{rates had: prevailed.~~The.'ctual ‘number-of" births‘is ‘then divided by

this. -expected- numbei of cbirths based on:the reglons ‘age" and ‘sex”
comnosition. See fantnata-Tiin. 1Q:
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éach of the determinants of fertility. =

/ The adjustment factor for tht incidence of child mortality (the
reciprocal of the chance of survival from birth to age lS) is esti-”
mated from registered age-specific deaths and population in the
~community three years before the observed birth rate [14] Among the
many environmental constraints and influences that are likely to
determine the number of surviving children parents want. only three
can be derived from published household registration records.g

(1) the duration and extent of child schooling. which is'
faeaociated 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" birthl
(that ie, acquiring and using birth control effectively)
vithout tne aid of a family planning program, and ‘

(3) the agricultural composition of the local ma1e labor force,

'where it is assumed that the value of a child 8" labor ie :
_greater;in agricultural ‘than in nonagricultural activity,A4

'incre !ing the attractions of a large family in agricultural
fcommunities, other things being equal.

Finally, family planning program inputs are meaaured .as the
flocal ataff employment (cumulative man months to the preceding year)

‘,pe thousand‘vomen of childbearing age (15 to 49)4 'Theae program ;,.

1Many other factora are thought to influence parent demand for
.cniidren, but the lack of published regional data precludes my analy-
dais 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.
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S ¥IV.érs-EMPIRICAL iEVIDENCE : FOR5TAIWAN

Al This section” discusses‘the regression estimates of* the: relation-'

; ship between birth rates and environmental determinants ofldesired

fertility:and.: family planning {program determinants 0 nwanted"-:~

‘ fertility., “Three: ‘functional: specifications ofxthis re‘ationship
estimated from.regional- cross-sections of - Taiwan and reported in the’ f
appendix with variable: means standard deviations, andﬁzero order cor-{

relations amongﬂprogramtinput,variables.l

biSOCIALWANDTECONOMICfDETERMINANTS“OFQFERTILITYi

In 'each " year from 1964 to 1968 between 37 and 58 percent of the
interregional variation in age-normalized crude birth rates is
explained;principally in ‘terms -of-two -features of-thevlocal-communi-
ties: ;the réciprocal of .the child.survival raté to age 15 (hereafter
referred to:asthe -"child :death. adjustment ‘ratio") “and ‘the prOportion .
of children age 12 :to 19! attending :school. “Regardlessof" ‘which’ of i
the three functional specifications of the model is estimated, the
regression coefficients for these [two variables are. highly significant.

««««««

that is £ ratios are between 5 and 13 (Tables A-1, B, and.C).|

1See Section III for discussion of functional specification.
Because of the high costs of nonlinear regression computations;"the
nonlinear ‘model-'ig estimated for “the “linear’ and“‘cubic” production ‘
function form" only in-the" case ‘of “the’ age-normalized crude birth rate
equations (Tables B and F) “The " loglinear model yields satisfactory
estimates of the marginal effectiveness ‘of’ program ‘inputs, * but its
rigid one parameter form does not provide a useful- approximation
of variable means (Table D). Therefore, the discussion of: empiricalf
results relies on the basic linear model in which the family planning
program is ‘approximated first by ‘a ‘linear production function (Tables
A-lithroughi“A=8) and 'second by ‘a cubic: production function” (Table E)“”
As noted ‘earlier, ‘the various specifications ‘of-the - model do not e
’1ead ‘to-important differences in policy conclusions.

2Throughout this discussion. the t ratio reported 4in:the tables
beneath eachbregression coefficient is used.to .test statigtical, con=;:
the nul hypothesis that there appears .to. be no particulara.
effect of,the variable ,on, the birth rate. o
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1For example. threelyears after an unusual decrease (increase) in the o
;child death rate in a community, there 1s evidence tha 1t,,:k:it:’47”'”°

rate responds with an unusual decrease (increase) s Si

is more noticeable among teen-aged women and older women,(overv;o),
the relationship cannot be attributed ‘solely to an autonomouszbio-"
a behavioral'

response on ‘the part of parents to. specific child deaths that occur

logical feedback mechanism but appears to: reflect alao

at the initiation and conclusion of the childbearing period.l\ The
cosfficients estimated for the child death factor generally exceed
_unity in the nonlincar and loglinear formulations of the model, dm-
plying that a lower regional child death ndjustment ratio is aasociated
with ‘a. sufficiently large reduction in: birth rates to reduce the actual
:number of children likely to survive kli '

age 15 in that region.2

The child schooling rate is inversely associated with fertility

;bf allauomen, except for those aged 45.t0:49. ; The :significance of:
;thi'_link and the size of the coefficients for‘this variable often:
:increase from 1964 to l968 in the age-specific'birth rate equationa.?

uﬂdult ed’ ation is weakly related to lower fertility in ‘the

”first“ ears for:vhich I have regional data on birth iates, 1961 (see
sAppendix Table J—l). and again in 1966. “At the’ level ‘of age- v
?specific birth rates the relationship vacillates thereafter in.sign.

'_,pt'i

1Biologically. child mortality may be linked to the mother s aub- ,
-sequent. fecundity if the child is breast. feeding and dies while his.
mother is still subject to poatpartum sterility., In this case; 'the;
‘mother ceases to breast feed after the infant's death and her. period
of postpartum sterility is usually shortened.

:“This inference assumes that the croas-section differences in

birth ‘and’ death ratea continue to hold over Lime. C

v § o !

7'“7}3To interpret thia association for the purposes .0f .policymaking:,
‘more information is required on what determines interregional differ-
ences . in school attendance rates. Is.it the limited capacity:of the
‘school system —-- the supply of schooling --.that 1is 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 demsities. '
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ffand'significance from year to year indicating no conaiatent»linké

: ween’adult education and low birth rates insthe period 196&&to
1968,

‘ ?f, The 1ocal reliance on agricultural employment 18- poeitively aeeo-~
clated ‘with crude birth rates in 1961 ‘and 1963 and 1s st weakly
‘j‘irelated by 1965."’
fpermeated the eociety in 1966 and 1967. the’ relationship had reveraed.

But by'the time the family planning program had

fMore nteresting than the overall effect ia the age-apecific aaaocia-

ftion., It‘app ara “tha _ fore the program. birth rates in egricultural

‘“regiona.were distinctly lower among teen-age women ‘and eomewhat higher
'amoﬁgfwomen over 25 years of age.? By 1966 and 1967 there | emergea a
tendtdcy for birth rates in agricultural regions to be lower’ among

s
P ]

women 30 to’ 44 in addition to teen-aged women. “One obvioua inter-' v““'

x! ,:,)
pretation ‘of ‘the changing importance ‘of adult education and agricul-“"

AT ATER

_ture in accounting for fertility patterna in Taiwan is that the family
1p1anning program differentially helpa 1he leaa educated and’ more “

remote agricultural populatione avert unwanted" birtha, for it wae
‘ipri'cipally theae groups that were least capable of practicing effec-'”

onvenient contraception ‘before:the: oneet of :a: national program.3

A ;q}My meaaure of adult education ia aeriouely deficient. it does

‘not pertain to women of childbearing age, nor is it even ‘adjusted
for: the substantial regional differences in the age composition of

" adults. _Since younger generations are much better educated than
older, regional differences in average adult education measurad here

- may not' reflect differences in the schooling of fecund mothers but
only indicate differencee in age composition caused by internal
migration.

2With 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 urbar
'England during the enclosures and industrial revolution. :

3Thie interpretation, however, was dire:tly confirmed only with-
regard to the greater overall impact of the program in predominantly
‘agricultural regione. See the Statistical Appendix for discuenion of
interaction terms.
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. mm.v PLANNING Paocnms BEFORE 1964

Before ‘considering how the large-scale. ieland-wide Family Plan-

. ning Program begun in 1964 affected the subsequent level of birth.;ﬂ
. rates in Taiwan, analysie 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 traditioral (not IUDs) contracepti’esl
The only measure available of the regional activitiea conducted by
“this program is the number of contraceptive users being served as a L
percentage of women of childbearing age (15-49) at the start of 1964.‘
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 357] Lacking precise program
data by city precinct, I have introduced a dummy 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:a con—}f~

sistent associatlon with crude birth rate

rates.2 The age composition of the;pre-program>effects on:fertilit

is consistent with the extensive evaluation of*“h‘mTaichung xperi-

ment [5] in which the program appears to haveuits most noticeable;m

impact on the birth rates of women"™ aged 35 39 and has a more” mod t

effect among all other women. The traditional contraceptive health

: h1Contraceptive user recorde from 1966 were obtained from the
~ records of the Rural Health Chief Dr. S.”C. Hsu, of the 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 contraceptor 8 variable was positive

’ with ate=l. 7.\
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fnd{women over age 30.~ This ia also consi

tion extenei‘ ﬁprogram which shifted its emphasis to devote half of

its timeitokdiaaeminating information about family planning in conjunc;”

[
SR e

.tion wit community development activities. A coupon completed by
;an IUD%

,\

cceptor and filed .by- her doctor to obtain part of his fee proi‘p:

ISR SN TS,

: ides,yhe‘program with information on who referred the woman to the

I

.clinicvorAdoctor. Bonua paymente to the PPHW are baaed to aome ;

degree. on the level of IUD acceptance in her community and the numberif
he VHEN and PPHW currently cost the pro‘
gram about the aame amount,1 and their functione are similar if not

Fey oy ;( s

1exactly auba‘itutable »namely,<to promote ‘the’ acceptance of effective ke

P

‘of her coupon referrala. ;

e tass g

£ birth control in their communities. Program evaluation

'therefore; aims primarily at a compariaon of 'the relative and‘abeo ute V

s ST N

'effectiveneaa of theae two claasea of field peraonnel in their im-

, It_ia more difficult to infer from available atatiatica how
\effective doctcra have been in’ achieving a reduction in fertility.

s 4i‘,lrw
AR

- 1Training and employment costs were’ obtained ‘from conversations '
vith Tessie T.Y. Huang of the. Population Studies Center and Laura Pi-Lu
iofsthe Provincial Department of Health. These individuals are rea-*f .
~ponsible; for: the, training and supervision of PPHN ‘and VHEN staff, M:w‘uﬂ
»reapactively, T
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sThe problem is one of measuring the doctor a input?’
:{it ia independent of other determinanta of fertility

- personnel records of the family planning program.indicatemonly thep
" number of program trained doctors in a region (many‘i‘vprivate prac
tico) and not the proportion of their tine actually devoted to the
delivery of family planning aervices. Doctora tend to concentrate,
in urban areas or in high density communities in which education and
incomee tend to be above average - these are’ areaa that typically
can best afford the doctors' aervices. In addition to these socio- &;
economic factors that influence location of doctors. the local efforta
of the program field workers (VHEN and PPHW) to spread information
about modern birth control are likely to increase the incentive ‘to.
doctors to cooperate with the program in order to aatisfy the dn-:
creased demands for modern birth" ontrol methoda. 'Treating the

number of program doctors in'a: r.l'on ‘as ‘a’ predetermined program
input will, therefore. tend to: spuriously attribute ‘to doctors ‘an
;effect on fertility that is actually due to the activity ofxlocal ,,,,,,,

field workers and the socioeconomic characteristics of ¥ thencommunity.*

'RETURNS TO SCALE'“ THE MARGINAL EFFECTIVENESS OF THE PROGRAH

, From 1965 to 1967 the total allocation of both types of field
ifpersonnel by,region is inversely associated with crude birth ratea :
:' 8 hy 'nd B) However, by 1967 and 1968' the linear approxi-
';mation of the aasociation between the employment of VHEN or PPHW and

T
o S

1Thia problem of treating doctor inputs was neglected in an earlier

. study ‘of these data by the .author [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 denmsity -
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 doctora
. "inputs.
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slope of t:he : inear regression line (1nput: variable coefficient:s)
decreases sharply :ln absolute value ftom 1966 t:o 1968 and fb” :
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Table 1

PRDPORTION OF VARIAIION IN BIRI'H RATE EXPI.AINED BY REGR.ESSION HITH AND HITI!OUT VARIABLES»
o URING ACTIVITIES OF FAHILY PLANNING PRDGRAH. 196 N

Ag .specific
:."nomlized -
birth Arate =

:}"‘;,.376
Eam
"{:ﬁ.zs1
-0
458
355
s

“in Twe, vsrinbles represent government activity in fanily planning before 1966 start of island-vide progran. '
in childbearing ages (15-49) receiving contraceptives from government- health vorkers and a ‘dummy. variable equal
B precincts of Taichung City vhere the intensive pilot fanily planning program ‘was launched in l-‘ebruary 1963 and’ 'z

b‘l‘uo progtam var_iables measure- govermlent activity in fslnily planning afterl963 in: the island-wide’ progtn. lan-uont of -
,f’personnel ‘employed irn the region per. thousand women -of child-bearing age (15-49)- by’ two classes (VHEN and PPHW). -In the. lidear’

--model’ thege’ variables are considered only in linear form. In the cubic nodel these varisbles are considered in linear, squared )
. and cubed form. “ A : . ; Do Z . .

: . "l'he increase in F ratio for the overall eqnation vhen progtam variables are - added is statistically significant at the X
< confidence 1eve1. 2 E . : . :

ratio test for added program variables significant at .OS level.
ratio test for added program variables significant at .01 level.

5 Source Coefficients of determination (R ) are from Tables A-1 through A-8, D and E.
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VS BTN

o 1966 obsorvahons
X 1967 obsefvahons
A ... 1968, observahons

- 'True". relaﬁonship

e Lineur eshmote of relaﬂonship_

Manmonfhs ‘of program effort per thousand;women age:15-45

“ Fig. 5 --'Postulated explanation .of.regression results



7expension of a family planning program may no 'reduce the birth ratff?
?substantially. Analysis of fertility data from‘vdditional years will
‘be needed to confirm or reject this interpretation of incipient trends
The marginal effectiveness of of program personnel diminishes from
1965 to 1968 as the program expanded. and in each single year the
‘marginal effectiveness of personnel was relatively lower in regions
where program activity was relatively greater.» Both independent L
.pleces of evidence confirm that more intensive efforts of field
;workers are eubject to diminishing returns.- doubling personnel for
ﬁa given population will not double the number of births averted by

fthe ptogram._p

‘:LNot only 18, the estimate of the marginal effectiveness the cor-

grecticriterion for incremental policy choices with regard to per-
?sonnel mix, it is also the alope of the regression surface for which
festimates te dvto be most precise.\1 Illustrative estimates are also

'providing the greatest information ‘about the slope of: the production
functionlsurface in:this- neighborhood.«

e vTheee total impact estimates ‘are’ essentially extrapolations o
of the regression surface to regions where there has been no program
factivity. Since very few such regions existed in Taiwan after 1965,
and ‘these may have beén’ 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 from: factcrs omitted in this analy-”
sis which could be attributed to the 1ack 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 2 IR S
B I e R L O N TR Rt ST s ST oy AR RO TR U Bt R e a AL R D S A e Rt er
" ESTIMATED HARGINAi. EFFECTIVENESS "AND TOTAL' IMPACT OF PROGRAM ON BIRTH t,!iATE‘

e E el T

ggjflgégi w1y ‘HIQGSE%hK’rjﬂiﬁ;%KLIQGG R IS Y A +
_Total™ Marginal ' Total Marginal Total Marginal ~Total- Marginal:,

Pre-1964_Activity: ..
Contraceptors , .
Supplied : - W90 L0 0 cwn0de 0w i g g
Taichung. City. . . o P . TRy ) =
Pilot Program ' * .2 0 0 0 ‘ 07 0 0 0! 0

Nntionll;frggrii'
Field Personnel: . '

Village Health
Education Nurse .
(VHEN) 0 18, ?.0 . 5.7 8.2 , 447 1.5, .0
Family Planning : '
Worker .
. :’(PPBH)‘ (‘ P o > 11, »'6-‘3' .1 2.8 0 “"7’54 : ’ 1‘64 ’:}9.2.3 "£66 409

Total Impsct =~ 1.1 T ea 1 13,9 49

R R

Explanation: o - , e . C
To'illustrate 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 ware
employed {un 1965 in a region with exactly a thousand women of childbearing age, where pravious PPHW
effort had been average for the sample (that is, 1.608 man monthe in 1964 and 1965), it would elicit
.a further reduction in the 1966 crude birth rate of about .28 percent (that is, .1 times 2.8 = ,28,
‘see above). Since 149 births were recorded in Taiwan in 1966 per thousand women of childbearing age,
this additional input of personnel which cost the family planning program about U.5.$4.25 [11]) would
have averted .42 additional births at a marginal cost of about U.S.$10.20 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 aversge cost per averted birth
is then about U.S5.$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:

7 - “Marginal effectiveness and total impact of program activity is estimated on“thc~binil”6fftﬁq]
‘linear age-standardized equation using the cubic production function for program inputs in 1965
"through 1968 (Teble E) and using the two preprogram varisbles in 1964 (Table:D). 'Sea”also notes .

" to Tabla 1. : » .

o bNé’-i}ginal effactivensss is computed because of form of pre-1964 program activity variables,

"'Infchp case of the Taichung. City dummy variable, the estimates suggest the .program was associated
with a 9 percent reduction in age-standardized birth rates, but that when this reduction is averaged
- across all of Taiwan, it would have reduced the Taiwan birth rate by only .2 percent. .See also note:
to Table 1. S R "» o o RSP SRR o
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For:.xample, Af th"estimates of ‘the” marginal effectiveness of

am ‘expar ut U.S.$2.60 in 1965 'ohslo 20101966,
?$20 40“in.1967 and ﬂo $é3 20 i,xl96r,; According to the cubic produc-
%tio function estimated for a single}year, say for 1966,
?ize” birth ratea (plottediip Fig !6)}_if only a thir 'o
: PPHw's time were allocate to a: community per thousand women of

g ildubearing age during thf'pre {Vin“’years of the"program (1964 and
§l§65),§an increase in PPHW—time of!one- enth of a month would be associa-
ted with one fewer birth (approximate cost U S $5) 1f the community
had already benefited from thc 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)

age-standard-

“man-month

'EFFECT OF PRDGRAM ON AGE-SPECIFIC BIRIH RAIES

Another possible explanation of the weakening relationship between

program inputs and the level of crude birth rates emerges from an
janalysis of program effects on women of different ages. Table 3 sum-'
'marizes the linear regression coefficients that approximate the averagesﬁ
effectiveness of. the two classes ' p 1 ndh |
.ag":specific birth rates for the years 1965 through 1968. Clearly.
'the impact of the family planning program s activities is different
for different age groups of women, overall, program inputs are most
noticeably linked initially to lower birth rates among the youngest
(15-19) and older (30+) women where the explanatory power of - the

regression model increases markedly with the - inclusion of the program,

workers on t crudv,

;ofA hei fregression coefficients are noteworthy.g By 1967 and 1968..m;
however, program inputs are frequentlyuassociated~positively with the

e llt is assumed according to Robinson e program cost estimates,r
‘that the ¢ost per personnel month. for either class of field worker is-
N.T.$1700 or U.S.$42.50. ~These costs have apparently not changed S
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. h
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~Table: 3

LINEAR ASSOCIATIONS BETWEEN FIELD WORKER INPUTS' AND CRUDE AND
o AGE-SPECIFIC BIRTH RATES, 1965-19683 .
p(statistical significance of regtesaion
coefficients is indicated by,aaterisks}?

: .,{1‘. R

Type of Field WOrker X ~ Year Of Birth Rate —
and Birth Rate ‘”._ 1965 1966 i 1967 1968

Pre Pregnancy Health
* Worker "(PPHW)- e SRR
crude-birth rate ' ?~.0606;~ © -.00882

Age-apecific birth

~rate . - .o O x - P
C1s-19 .- 205** S + +:0156
- i Cnas KK * ; . kK
20-24" | .0225 401177 /7 +.00659°  +]00788
25-29‘ .0142** .oqsoz byl + |
- , *** x
0-3% -91 02387 -.0255" % .00776
- v i I kk : X
35-39 .197 -.0386 " 2,039 .0289 e
BB 1 R RAk
4044 ~200™"  -osa2™ L 0s01™* .0430 "
| 45-49 -.210 - f o - -.0523"
village' Hedlth Educast”
tion Nurse (VHEN) : Ak Ik
\ctude-birth rate - -.0967 7 -,083L" - -
Age-apecific hirth
——ﬁﬂ*,_.,:x‘“ P . L o
WRRT T Rk .
15-19 -499"" - 232" -.0891 +
20-24- T - ‘ - +.0211
‘ . S _?_ bt e ._,. .}L, +.. 0138~ ,f‘} io
H ey ** . .
-.0667 ) -
=340 Vs -.0669"
: L 2] et ‘--v***
0432 --279' » . : 00955
i ‘949 ffﬁﬁ}&ﬂ%:&%“““i -
Notea.,
aRegreaaion coefficients from Table Arl through A-8.
by

No coefficient reported unless atatiatically aignificent fromei“i‘
ccay. at 10" petcent level, .*;-- coefficient significant at 5. petce'
»** - significant at 1 percent, Babib B significant at. .1 percen




Cene

vaarticxlarly noticeable between the employment of PPHWs and the birth
‘ This poeitive’effect offsets}the continued

n ‘women 20 to 24.‘

43} \"-

providing mothers with the incentive to concentrate their years of ,??

childbearing now,-that -reliable-means. to control ‘fertility ‘are’ readily
available.%.

On’ the ‘0ther hand among the prime candidates for family 'laqning
aasistance, ‘Women over ‘30 that are already likely to have th n
of “¢hildren they want, the distribution of field workers is:st"h ,
associated with’ substantial declines in birth rates. For each te th::

of a' ‘mari~month' of VHEN effort per thousand women of child bearingvage-
the 1965”birth rate for wémen 30-34 is’ reduced on average 1 2 percent,
for' women' '35- 39, 3 4 percent for women 40- 44 4 3 percent (Table 3)

For the VHEN, ‘who were used sparingly in the program, this average ,;
'impact ‘does not diminish abruptly ‘until 1968. The averageveffective-:
“ness of ‘PPHWs drops sharply from 1965 to 1966 but thereafter is E

’relatively constant am°“8 women 35 39 (Table 3) When the cubic° 1

e j AN
fic birth rates the pattern of diminishing returns. reemerges strongly
-(Table E; plotted in Fig. 7). In 1966 for example, one-tenth of a

SIS y
man-month of PPHW activity per thousand women of childbearing agexis

\1

'Land”their growing role:as: members ‘of ~the"labor" force,*the ‘timea"
;mother allocates to forming a family has an increasingly high oppor-
ﬁtunity cost. One xresponse .to.this, change in.the,.relative.- value)of

ca’ mother .8’ timeiis to space her children relatively,close together;*

With “Increased ‘educational opportunities for women in’ Taiwan

yi!

. .,Another ‘explanation of this phenomenon would'be that” the”‘ise“
“in;birth rates.for: young women in;1968'is ~an" "echo”‘eff' of their
vhaving adopted birth control “from‘the program" i earlier years”to T
~delay-or:space:births:




1lat fe program inputa have increased and traced out new portions

Eof the production function

: ,;he relative age-apecific impact -of the two types of field
worker is more complex and must be regarded as tentative given “the’

;un qual reliance on these two classes of personnel. Among the i
i‘ _gest(‘l5-19) and older women (35+) the VHEN -1s. on average and

'vt th:fmargin more effective in lowering birth rates than 1is. the PPHW,
ialthough this is less certain in 1968 hhen the VHEN is no., longer an

‘important factor in the program.l‘ The PPhd, on the other hand, .1s on

,average'more effective in 1965 among women 30 to, 34. The PPHW is
trained‘in the family planning program . to systematically contact and
’recruit mothers in their thirties with a recently recorded birth
1uhereas the VHEN is taught to disseminate the principles and, practices
of public'haalth, sanitation, hygiene. home economics. and family plan-
dning{to the entire village population, therefore, the observed pattern
;of differing age-apecific effectiveness of these tvo, classes of . field

Zvorker ia plausible.

'FTOHARD AN OPTIHAL HIX OF PRDGRAH PERSONNEL

.,,.

i employmant in the program than the PPHW in reducingnthe crude birth

s 1These generalizations are supported by the relative size of
'(atatistically significant) regression coefficients from the linear
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-u
 tion function estimates (Table E).
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5rate in every year, 1965 through 1968 (Table 2) ;fThoughx;c 19 hazar-"{f
fdous to extrapolate the marginal effectivenesa curvea’beyond the solid
iline segment where observations are clustered, such as plotted in Fig.56
iit nonetheless appears that regardless of model specification VHENs who f

‘were employed for an average of about one-quarter man-mon’hlup to 1966

could have been employed for fully one man-month befo ,their marginal

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

1f these estimates of the relative marginal effectiveness of ‘these
two field workers are approximately correct. the program would have had
a substantially greater impact on birth ratea in each year ofrthe ‘pro-
gram if more VHENs and fewer PPHWa had been hired holding conatant
total program expenditurea. The program haa. on the contrary, over
time increased its reliance en the PPHW, as ahown in Fig. 8 and
begun to remove VHENs from the program. Thia may repreaent a coatly
"Nhy haa thia occurred?

4ive

daparture from optimal ataff otructure.

The principal measure: of "success" in the Taiwan family planning
.program has been the percentage of women: betveen the agee of 20 and
44 accepting an IUD inaertion.1 Thia acceptor rate, computed at the
local level, has been used to determine work quotaa for PPHWs, .nd
bonus Sncentive payments have been avarded on the baaia of quota
achievements and the number of referrala a local PPHW receives from
vomen accipting an IUD. These sources of information on program
accomplishments and personnel effectiveness euggeated»that the,pro-
gram operated at approximately constant returnahtomlcaleiaqiit}grew
in size and that the PPHW was a much more:effective,fiéld worhertthan
vas the VHEN.Z Although recent avidence has indiéated‘that referral

1It may be that IUD insertions are only '"counted" if they are per-
formed by a program-trained doctor who centrally filed « 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 insertjon did not rise markedly in the Taiwan program
in the first several years of program expansion [11]. See also
Table I.
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;[information becamefincreasingly biased in favor of;the PPHW (because

%ac ptanc o‘,IUDs than did the VHEN in these earlygyears. Regres-
v i S

fsion nalysis,of local accepfor rates provides somexconfirmation for

fthis conclusion, for 1964 acceptances are more closely associated with
fPPHWHfhan with VHEN employme‘t,rwith the average effectiveness of the
;PPHW one-fifth greater tha‘jthe VHEN [13, p. 41] In later years,

vregressio‘

“'nalysis ‘of acceptor rates paints a more*,omplex picture,

‘where diminiahing returns to program scale turn the balance in favor

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

lthe first,'“bple?of years of program operation. The apparently over-
THhelming superiority of the PPHW indicated by these data would have
{reasonably juatified the employment decisions actually made.2

iy

'Qgﬂ; ‘Lps the program developed, doctors and health station workers -

increasingly 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- g
tended for program evaluation purposes. For example, the PPHW refer-
rals increared from 36 percent of the total in 1964 to 62 percent in.
1968, whereas VHEN 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: ‘referrals-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 policies,
until 1967, at the earliest. , ST : .




~reduceab1rth*tatea exceeds“that of the PPHW from the firuc yeafszbf

thi *progtam. Ponsible ‘feasons why poraonnel exhibit veryudifferent
reéorda of "succeus" An promoting IUD’acceptances ‘and obtaining IUD
referrnle on the one: hand and 1n fncilitating the ‘fall. in birth
tatea on the other, may be found in the type of’ training and orienn
~tion these two classea of workere received and An: the different 1n~v§‘
centive: systems ‘under! which they functioned.,
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V... "SOME :UNANSWERED: QUESTIONS ::

Evaluatio;?of populationﬁprograms involves the resolution of two

;and more;difficult question of global evaluation.n If one shares the
,viei that expenditures on population policies ‘and ; programs internation-
fally are not yet approaching optimal levels. consideration of rthis

‘second issue can be postponed.

' The actual empirical problems of evaluation of population pro-
-grama are aimilar to those encountered in the evaluation of most wel-
Vfare programs. Meaeures of the value of program output are unsatis-
h(' 'uand the process of relating program inputs to program out-
fputsuis not known with certainty.' To simplify the task here, I
fapproximated program ‘output by its effect on the birth rate and used
fmultivariate statistical techniques to measure the independent effect
:of program activity and of other forms of social and economic forces
von actual birth rates.

In this important area of aocial policy, it 1s disconcerting that
~differant approaches to evaluation yield different conclusions with
,regard to the overall impact of the program. changes dn returns to the
“acala of program activity, and the relative effectiveness of various
Lclaaaea of field workera. More reaearch will be needed to determine
ftha reasons £or theae differencea in policy conclusiona. but plausible
5exp1anationa for thesa inconsiatencies imply a number of guidelines
- for policy formulation and program evaluation. . .

fmediate}products.? Therewia ‘an: obvious:need to. focus more: analytical ’
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;etud"'on‘what aocial and economic forcee account for exiating patterna

YR,

iof.hertility in order to iaolate the contribution of population pro-"’

e J‘(;',(.‘ i .,url{','l" b gt I

' grams, o:the reduction in birth ratea.' It must’ be recognized. however.

,,,,,,

that this approach requiree more lead time than may be available for
’aome policy deciaiona.

ahould be drawn from unbiaaed aourcee to improve ehort-run policy

HECS KPR

'making and to aeaure that thele operational guidelinea approximately

coin“ide with thoee derived from neceoaary long-term otudiee of the :
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pr _ram s impact on birth ratea.‘ Incentivee built into the organi a-

”tional etructure of the population program muet be aligned to moti‘
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:individuale to accomplish the objective of the program, or in thia .
caee to increase the effectiveneea of contraceptive practicea of the

NN

population and convince them of the value and safety of modern birth
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control methode. ‘The emphaeia initially placed in Taivan on-a aingle_
contraceptive method the IUD, as the principal baeis for record
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keeping, program evaluation. and field etaff remuneration may have,,
I8
demands for all;forma of birth control had been monitored.‘whether»
they vere' aatiefied withi:‘or outaide of the program. a different

J: AL T4 A T ,J
image of,program aucceea might have,emerged.at .an: earlier date.1
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exceeeively diacounted the role of other birth control ‘method

Third a potential problem with ‘the analyaia of nonexperimental
data is’ that statietical aasociatione between treatmenta (levele and
mixee of program activity) and outcomes (levels of birth ratea) may
not denote cause-and-effect relationshipa. The geographical 'iatri-' :
4bution of program activity in Taiwan may parallel some aocial
forcea that were neglected in an evaluation deeign, such as that

1Greater reliance on the marketplace for dissemination of birth
‘control:services and supplies might increase the effectiveness of
-programa and provide the means for monitoring demand satisfied through
‘the market. 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 preciaely
‘how these payments bias the flow of inrormation 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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It would be advisable, therefore, where it did not compromise -the

;ooJectives ot the program to plan the geographic distribution and mix
Al ! i

rogran activities with the aid of some random selection process.

o xam ’ &pe&&1:uré

per capita could be allocated

P anning facilities would be indepen\entlof
community_characteristiésin Eventually, all communities vould
1 ave ‘a lifacilities, but in the interim this mode of advanced planning
woul‘ permit the unbiased evaluation of the effects of each progran?on

'fer 11 ty, as well as related decisions of individuals and households

'regarding migration. marriage, labor force participation, snd schodling.

liable H-4 shows that the simple correlations between the regional

allocation of program field workers'and 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’suggest ‘that-their:two
(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 accéptances i+
- [5, p. 327].



VI. SUMMARY.AND CONCLUSIONS

The problems of evalusting population programs are not e%?ily
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resolved' indirect inferences or arbitrary assumptions cannot be::
ﬂ["i, § "g' ,,,{ 11\'1,'.'
avoided at one stage or another for there are unobserved links in

. 'lj N RNEES xh vy

the complex chain of events that relate policy instruments to ulti-

dent LR

AR

mate policy objectives.( I have argued in this report that the

s SRt e

tenuous link between the distribution of family planning services

R

and$the resultant decline in births must be subject to scientific i

verification if the evaluation of population programs is to be im-u

S X

e

proved.

{1 &
”The approach adopted here has been to observe births directly
OSSN R HREIM B 02
and develop a conceptual and statistical framework within which it

should_be possible to obtain unbiased estimates of the average. and

more imdortant, marginal effects of program activities on birth

i

I

rates. The policy conclusions drawn from this methodology in th

case of the family planning program in Taiwan differ systematically
from those derived from ‘other approaches.‘’ The program's dnitia)’
impact ‘on’ the birth ‘raté! in’ 1966 and ‘1967 appears' to’ iave' been large
than previously estimated but'the - program has’ also been subject to"
sharply: diminishing ‘returns'‘as’ ‘{ncréeased: personnel were’ applied to
reducing the birth" ratei " Although “this': ‘analysis: does not’ indicate
rwhy the program 8 :’{mpact- has’ beeni:s0" ‘substantial or'transitory.

qt may bevdue{to the: initial“innovative: effect of birth. control
‘informstion disseminated by the™ program s ‘fleld staff; it 18’ clearly;

not“entirely a’ consequence of the’ acceptance of* ‘the particular con

traceptive (IUD) emphasized by 'the’ program:

*3 wStrong evidence is found for the' importance of*the cbnstraints

and opportunities of ‘the . parent 's environment (schooling r:ates‘3 nd**

child mortality) in* explaining parents diminished birt,”rates.fHWith-
out changes5in*the ‘Family® environment it is doubtfuliwhether the>pro-}
grameould haveyreduced ‘the’ birth rate as substantiallyﬁas it id.l

lnfiome countries, promoting the’ thanges that bring about“the'increasedé

1More»evidence on this point is presented in*the Statistical
VAppendix. e



'.lemand for family planning can” be aa important ‘a8 answering this
Ienand with a well etructured._carefully evaluated supplx of family
blanning aervicea.. Pr,oritiea' n the public sector among health,v..
'hild nutrition, education. and family planning programa may, there-
ore, appropriately differ from country to country. One should not
averlook the fact that very few countries with the per capita incone

£ Taiwan have invested ae heavily in public health and education,;Jw
heae policies are preaumably responaible for a large share of Taiwan 8

lotable decline in child mortality and rapid riae in achool enroll-

unte "~ .

Aa family planning programa the world over aharply reduce the
xunbar of "unwanted" birtha due to»ignorance and accident, it is be-
~oning increaaingly evident that therevare nuneroua ways by which B
;overnnente can influence the relative attractivenesa to parents of
having lany veraua few children. and thua governmente can indirectly

lnfluence the nunber of off pring parenta want.

Three major opportunitiea for -policy. to,arrect FepruuuGLave.
notivationa have: thue far. been identified in this. and other: Rand, .
Le ;The firet atrengthana the . child's position. in the family
by conpelling echool attendance and prohibiting | his: early. labor force
participation.,thereby inducing parenta to invest more. heavily in .
lpl,future of each of their offapring. .The second" increases. the woman's
aeonoaic opportunitiea,to perforn functione that_ are; competitive or in-
coap’_ible with childbearing. The third reducee infant and child mor-
tality andvthereby reducea the.nunber of birtha required to: provide
paranta wvith their deaired nunber of eurviving offapring.

-H‘An inportant taak for. enpirical reseaxch not'attempted here‘ie to
daternina the extent to which .public policies can -accomplish these ..
,changae in family setting and effectively foater the deaired changee
in reproductive behavior. The. contribution of direct: and indirect e
population policiea must, be docunented. and thair eide effecte. both, ..
good. and bad, aeaeaaed. This information ia needed to .enable. eociety
‘to make an intelligent choice of the policiea that are most equitable
in narrowing the apparent. divergence between private and aocial in- |
taraete in having children.A
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policiea that aeek to change birth ratea whether byldiree'lproviaionlﬁ
of birth control information and services in a family planning rogramf

or by indirect emphaaia of policies that promote the adoption 0 a.
«amaller family size . goal, one needs a comprehensive theory of the v
principal determinants of fertility. Although auch a theory ia in |
“its early stages of development, 1t is- far enough along to aee that ,
it 1is very much worth- purauing both eonceptually and empirically. If f
agreement can be reached on how to- meaaure the independent effect of _”
family planning programs and other indirect population programa on a
slowing population growth, much improved information and management
techniques could be applied to increase the effectiveness ofvtheae
population policies. The notion that fertility'and population:growth;
obey Malthusian laws and are not amenable to the aelf-intereated B
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.
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- STATISTICAL: APPENDIX:.

,'ALTERNATIVE mmn. spsc:r:mr:ons

Equstion (1) on page 12 expresses the relationship between birth B
:ratesasnd environmentsl snd prosram input variables. Three funotional
»{specifications of . this equstion are estimated toTjudge ‘the sensitivity
»of policy,conclusions tofthese slternative functionsl forn:., Linear
;and‘nonlinear regressionxestimates of the persmeters to the fertility
‘and*family planning model represented by Equation (1) are presented .
in thegtablesuthat;follow.L?Symbols;are;defineddin,the next section.;

Linear: Model-

. hophie-piiiplest ‘fornulations of the model assume'each variable
exérts its influence on’ birth’ rates in ‘a linear and''additive ‘form,’
5without anv“interaction or nonlinearities.

'ﬁo”’lnts*ﬂz u3+53 :3*34 £-3

* .55; vF:fl f,BG Pt,-l (1),

Regression results for this specification for all age specifxc and
S AR & BT B Jor iy ‘,.(,“ .
age standardized birth rate equations are shown in Tables Arl through
(i&
A8 anﬁd D.

’I
Cumulated inputs, to the.family\planning program,‘however.ware

vnotwlikely to elicit a constant, level. of effect on birth :rates, a8 ;
gtime‘passes and the _program expands relative .to ;the population,itw
serves; . Therefore, the program_ input variables are, introduced into, a
the linear model as, an., unrestricted cubic polynomial function, where

indepe?dent parameter estimates are obtained for the linear. squared L

PN e - ST b . s

-and cubed values of the input variable This formulation permits one ..
R e AR S R K AR T : REEREES MR = H A T

to d?termine whether there is statistical evidence of changes in '

r*‘i 4] ':”gfx

returns to scale of local program activity.

'5 *B B2 caf'”’s c3+34 :‘"5;"'5 c1

" Be & 1‘* 37 Ve 1=+ By ? ‘-1 * ‘39 :-1z

“,.




iy

“This forn'of the:‘model 4 "estimated
“the'results for B. through BlO are. shown in Table E-,

lfoi$all birth rate equations and

”Nonlinear Model

A%If it is assumed that parents systematically frame their‘repro-

{ductive goals 1n: terms of venting a‘specific number of children=to~aur-
:vive ‘to adulthood. then thure SCE reason*to expect a’ multiplicative re-'
'lationship to exist between the reciprocal of the child survival prob-
‘ability (or deeth adjuetment ratio) and:: ‘the environmentsl constraints
‘end opportunities that*influence the" number ofﬁsurviving children
perents on: everage want. The environmental variables that. are thought
,to influence parents family eize goal are often. approximated for ‘an'
,individusl couple by a binerywveriable ==, for, example. ,he husband is
employed An_the .agricultural lahor force or, he 48 not. For a community
'birth rate the explenatory variable. thus becomes 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 e perticuler amount between the two groups. this eggregate variable
'ehould enter linearly into the desired surviving femily size function,
which is in tum multiplied by the child deeth edjustment ratio.

v }hefdeath fector is eleo raieed to an exponent which‘is not res-
éfié%é& to unity. for perente mey systematically overcompensate or ‘
undereompeneate for the incidence of child mortality. For exemple. 1if
perents ot only compensated ‘for the' expected incidence of child deaths
but eleo’hedged by having additional’ children’ under a regime of heavy
child mortelity. this ‘exponential- tern would increase. If, ‘on the other
hend”-perente uere’elow to’ recognize and ‘react to the decline in ehild

mortelity ‘this exponentiel perameter would decrease.

nov to treat femily plenning progrsm input veriables in this
,functionel form ie uncleer. they might logicelly he viewed as argu-ia
ments influencing the eizeiof surviving fammly perents went. or they
could be vieved as independent of child‘death ratee end indepen-fﬁft
dently determining the numbeg of.»unwented?.childreﬁ perents have.__
Both extreme alternatives yield similer results. but . the second
epproech.is edopted in this report.‘*The nonlinear model is initially
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estimateddaasuming a linear relationship between*program inputs anliﬁf‘

”’3 Bl 3*%”‘::‘3}

(a3)

These resulta are summarlzed only for the age-atandardized birth rate :

equation in_Table B._ Program input variablea are added in squsred ;

( :

cubic'production function for the family planning program yield very :
gsimilar- reeults. .To reduce computation costs subsequent experimenta—

tion_is baeed on,thetlinear,approximation of the cubic model.

garithmic-Linuar Model

he790bb-bouglaa type. This functional swd}

ratio;f
program activity and unitary elasticity of substitution between activi—

R

ties

interactions do not recommend this formulation where the ratio of in— ’

562 va iables 1s' volatile. Moreover, ‘since’ the agricultural variable

v

Ay

On the other hand, “the extremely rigid form of the variable e

ani th program input variables ‘are. zero in some regions. and the

ll:arithm of zero is undefined._an additional parameter. 6 ‘wds esti-

d by nonlinear regression techniques.2 Alternative values of 6’
Bey g

‘;&ﬂ‘hlnecause ‘this functional specification:of the model cannot: be ex-
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. M. Maurer and D. Weinschrott.

For example, the value of 8 estimated for the 1966 age standard-
ized birth rate was .03. Between .0l and .00l no appreciable: effects -
in relative coefficient sizes or significance were noted,




modify the pattern of diminishing retuins implied to'progtam.inputsﬁi
but does not change their rankings at the margin. For siﬂpli¢1tﬁ5{ﬁhe.‘
value of 6 is assumed to bz .001 and this amount was added to all pro--
gram input and agricultural variables. Ordinary least squares Wad
then used to estimate the loglinear model of the following form:

5 P Py B, B Bg

. 5 .. PR
B, =B, D ,8S 3 (A g +8) " (V. +8)7 (P4 +6)°~

t = Po D3 Se-3 Eeo ~ (ab)

The regression results are shown in Table C. Figure 6 suggeats that
the loglinear model is more rigid in its restrictiona on . the relation-
ship between fertility and program inputs, but it nonetheless implies
the same ranking of 1nput productivities as did the linenr and non-
linear models.

First Differenced Model

If it vere assumed that many regionally stationaiy factots .are

- responsible for many of the differeices aciods tegions in fertility,
and these factors were too numerous or too diffiéﬁit to ﬁbiiﬁfe‘to in-
clude in the equation predicting fertility. firat differencing the pre=~
dictive equation should eliminate the regional == or level - effects
that are due to the stationary factors. The remaining ayatematic
changes in fertility over time are assumed to occur in response to
changes in the environmental factors and changes in program activity.
The same model can be used to approach problems of measurement efrdi
where the underenumeration of births, for example, differs by :egioﬁ
but is constant over time within 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 levels of child schooling are important for current fertility
choices just as are current levels of child schooling, and the first
differenced modsl by fochsing 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



: s;““specific model estimated snd reported in Teble G:is based on: the’
'follow‘ng formuletion derived fron the simple 1inear

vmodel.

1968 - B1964 - Diogs.; 1961 v 1965 - Siger
, ao * B1 __6"""'— Bz ,
Bioea 61 S1961 _
Ve E19‘6'5’ 1961 + B + B Rt
L T 1951 "4 1967 °5). 1967 -(a5)
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BASIC VARIABLE nnrmrnous

SR Vsrisble meens;istenderd deviations. snd zero-order correletione
are reported in Tables H-1 through H-4%"" General" descriptive data on
the ‘family' plenning program are® reported in® Table I. and varieblee
are defined below. e

B o " Birth'rate'in year t, normalized by national’ bié‘éi‘:
o “rate 1n- specific year 'and’ etsndardized for sge/sex

”compoeition n' the ‘case of the crude*birth rete
[14].

D ;Reciprocal of the child survival probability from 8
birth ‘to: age: 15 An’ year -t: [14].1

1The Census in December of 1966 is thought to have caugsed a
bunching in birth registrations in late 1966, and +hus 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-
~ gilons. To check the reliability of these data, the child death rates
. implied by these data for 1962 were regressed on the child desth retes



f?offthe numberlof children 12 to*19 Ain: year t. Ohser-
’vationa in 1961 and 1965 are used to linearly inter-‘

E:
el 2 4 g
3 ‘ “"Qho have complete 'a.primary education in year
t. Ohaervations in 196léand.l965 are used to inter-
.polate linearly estimatea for intervening years
114).
ié%;g karoportion of male ‘labor force employed in agriculture
yin 'year Eri Obaervationa in 1961 and 1965 . are used to
“;nterpolate linearly estimates for intervening years..
[14).
;yégi ﬂNunber of man month, of Village, Health Education Nurse's

:ztime”ellocated to .the, family planning program through
yeer t—l per thouaand women in the. region between the
~ages of 15 and 49. [15]

LSRR

derived from publiahed sources “for- 1961 .and:1963.:: The following
reletionahip was obtained by ordinary least squares:

.658 d ,_.449 d.
Rz = .456 : number of observationa ia 236 :{1

whexe ‘d ie 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 were 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 = -
11962 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 weights for interpolation were:-estimated from the observed portion_;
of the sample. -
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: Number of man months of Pre Pregnancyzﬂealth workeidw;
ftime allocated to the family planning program"through‘

‘ per thousand vomen in the region’ between'the

,‘l«n i

'yegtwgtw
;ages of 15 and 49 [lS]

'EXPLORATION OF VARIANTS OF SIMPLE LINEAR MODEL

RSy PN

Length of Environmental Lag

The child death adjustment ratio is included in the model lagged
two, three, and four years to estimate the intensity of the lagged
..relationship: to.birth rates: over time.: , The parameterszsre“reportedai
in,Table;Jéz,forutheﬁagEPnormaliaed‘birth;ratesequations.nﬂTheu:{
strongeatnasaociation»occurauwithnarfour year;lag@inwl965}»with,a
three year lag in 1966 and 1968, and with a two.year;lag in: 1967.

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
hat the most appropriate discretehlag is that of three years._ Across

age specific birth rate equations. the three year lag islalso genv all
strongest for teen-age women and women‘30 yeara and older. but the g
two and three year lags proved about equally significant in accounting

for' ‘Variation in the birth’ rate among women 20 to- 29’

Distributed Program ngg

)"); AEATN Nt

Programkpersonnel inputs were considered with the intention of
estimating a distributed lagged relationship between these program in-l
puts’andﬁsubsequent birth rates. Initially each year 8 program inputs .
awereaintriduced as separate explanatory variables but the resulte , .
did nor fallsinto place. Program inputs for 1964 and 1966 tended Uo;vfw
be more strongly associated with the level of birth rates in'.ubseduent

fu] T

yearsbthan were’inputs in 1965 and 1967. The inputs vere not associatec

’with'birth rateskin the same year. but inputs lagged one, two, or three
_years accounted for about the‘sameffraction of the variation in birth
grates with substantial differcnces across years and age groups. The
?cumulative inputs to the preceding year»performed ras well as- arbitrary


http:1966,tended.to
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inonlinear'eatimating procedures auggested'a value for 6 of .3 but\l

fthe atandard erro sfor this parameterzestimate did not inapire ‘confi-

tdence in its significance.

»Interaction Effects

number of hypotheaea bearing on. interaction among fertility.

program'activitiea, and environmental change were examined in detail
fo van but are only summarized here. Adding interaction terma -

aaic linear model ia the typical mode of hypotheaia testing.-

]

?1~,w1t aeema likely, when more than one. input to the family planning
program ia analyzed. that the marginal productivity of one would not

be independent of the amount of others used in .the jsame locality.lM&
Two polar’alternativea are encompaaaed in the modela eatimated° the

¢ of>aubatitution between “the two' field worker inputs is

aaaume_ equal ‘o'zero in the linear “and nonlinear models ‘and equal

i

to ‘one’in’ the loglinear model. The inadequacies of the rigid log- v

linear ormulation are noted. The addition of an interaction term ‘
defined aa the product of ‘the two input variables (V P) should e

u ‘Y"

poaitively related to birth rates if one input aubatitutes for the

4l

er. driving down ita marginal product.¥ When thia variant of the

SN R e b

1Fot example,

asaume the equation eetimated ia of‘the ‘forms:s sy
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'Thus, contrary to expectation, there doeshnot appear to eqmuch'sv
-stitutability between the two types of field workers studied here'

Another line of reasoning suggests that additional fe tures of

- the: environment and. the population would influence the effectiveness
of field workers as_well as influence the. number of births parent ;;
might want.h For, example, it was anticipated that parents in the “_
rural-agricultural areas of Taiwan would have less adequate sourc s'

,’of information about modern birth control than those living elsewherc
before the family planning program.» Therefore. birth rates in these

rural areas would be more responsive to. family planning program
activities, for the . services provided by the program would be ‘scarcel
and more. "costly" tolobtain_in“these‘moreyremote_ruralqregions.

: HInteractionmterms"were,~therefore;'defined”as“the’sum”of the <
man months of program activity: multiplied*indivldually by :the: fourx
environmental variables.‘ ‘child: death ‘child: schooling. -adult® educa-
tion,‘and agriculture. -The: program’ inputs were .more effective in{
1966 in’ regions that’ were preponderantly agricultural, exhibited low
child mortality, -and had-a:high' proportion of .children in: school. No
clear’link was' found”to adult'education, although 'I; anticipated ‘that:
the program would ‘have been’ more: effective among’ less»educatedﬂseg-v
ments of the population for muchthe same reasonas ‘argued-above::

with regard to agriculture.

A third line -of inquiry implicitly proposed a dynamic model of
'behavior adjustment, in which it is assumed that program activities
are more valuable to parents and more. effective in“”educing their
vbirth rates if the parents environment is rapidly hanging in direc-
‘tions that induced them to want fewer births. "By~ this reasoning.

.and "I; hypothesize'thatJB < 0 and B: >.0°1f V'and P'are substitutes.



Nen”;“vhether pr““it“vehanw”traditional orvsophis:
. ; SR S ; K a5 . : ? ;:

3~ticate_ and mode_nu_woul;;have'

Eflocate, evaluate and‘adopt means to regulate their fertility.ﬁ In f'

;tthis stationary state a family planning program that promotes the N

'?as'improved birth control., To test this hypothesis, the rate of -

g ﬁeach envitonmental variable is multiplied by the sum of = -
inputs in each region and these new variables are ‘added to
In areas where child
death?rates fell most rapidly from l96l to 1965’the family planning
programfappeared to be more effective in reducing birth rates,
'particularly among teen-agers and among women 30 years and older. -
‘JAlso. in110calities Where' the’ proportion of ‘children in school ia~ -
creased most dramatically in this.period 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 that the speed at.which environmental. change occurs is
'helpful Ane predicting :program impact in:a region, .the variables.
5measuring .only program activity levels still accounted. for most of
‘the reduction dn :birth rates attributable to the program, regardless
;of recent rates. of environmental change. ..



Table A-1

; vﬁiNEAR REGRESSION ON. AGE-NORMALIZED CRDDE ‘BIRTH RAIES
(beneath each¢regression coefficient is its t statistic)

Family Planning Pro-
gram Man Months -
(cumulative “inputs

: to prior year)

Child
" -Year of . ii7 7.3 “*Death
_:Dependent “Constant Adjustment
~ Variable Term (ratio) '

" Child " "Adult Agricultural
Schooling ‘Education Composition
(proportion) (proportion) (proportion) VHEN» PPHW

fa:*;

1964 RS 7Y)

1965 -.163
7.(1.39)

196 ".0256
; (o.zz)

"196¢ a3
R (5.10)°
Lﬁfési '*.633
e (3. 58)
ﬁféa; ;Lw831
' (3:81)-
Lfl\ﬂ“
21776
(3 40)

ﬂ-z .96°
(9.96) "

ﬂ?2,89. k

“1.72

5(10.8)

© 1220
1.0

“1.04
.61

3418
;1(13.3)

1799
;- (11.9)

“2i01

~(9:72) -

1 98 &
(9 31)

4 00
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Table ArZ

-*LINEAR REGRESSION ON NORHALIZBD—BIRIH RAIE OF HOHEN AGE 15-19
(benenth‘each tegteosion coefficient 18 its statistic) 3

Y N
oLy

. Family Planning Pro-.
R gram Man ﬂonths
(cumulative inputs
‘to ‘prior year)

.Child- :
e ... Death:¥: Child:- Adult: Agricultural
Dependent Constant} Adjustnent Schooling Education . Composition e
Vatiable ~Term ' (ratio) (proporcion) (proportion) (propottion) -~ VHEN PPHW~ - g'szflgﬁ_‘

-.373% -.303" | BT
(0.98). . (1.76) . Q. go1w. TR
1.497°7 _.3905" ;3i§§5
(1.23) ., (3.15).. 2:10). S
~.346 1.53°7 -.248" ~.499  -.205
(1.26). (3.31) . (1, 43) (3.39).; (3.39)

-7.27 195 -.480“’
(2563) S (0.44) s (2'9721

-.703 247 -3 -.232  .0130
(2,54) - 0.33) (2.68).... (2.46)  (0.66)-

-.830 1. 12&7' -.267" R

",

3 o Ligagerot 1813 - =263 . -.0891--- 00474,
: (9:89)" (3.05) ¢~ (2.65) (1:65) ~ = (1,43).. (o 39)..
1968°  -11.4 12.3 -.774 .334 -.316

. (9.88) _ (1.1, (3.16) (0.86) 2.23)

“‘i968.  -12.1 12.8, ... =702, . .31, .. =.320_ . _.0471  .0156 - .371
R (9.88) 1.2, (2.82) ... _ (0. 88) (2 26) ;;?;ﬂt (1 01) (1.57) L




Table A-3

LINEAR REGRESSION ON NORMALIZED BIRTH RATE OF WOMEN AGE 20-24
... ..(beneath.each_regression coefficient is its t sggg;_i_.s_ti_c) o

e AT Cawnaee R

1A e Ty

Family Planning Pro- o
gram Man Months.

(cumulative inputs
to prior year) -

T -yt
TG

Year.of:’

cavof . . ey e Adult Agricultural
Dependent Constant Adjustment Schooling Education Composition  —— s
Variable - “zTerm (ratio) (proportion) (pl;g}ibttion) (p":ppfo:tion) > VHEN  PPHW K

L5000 1w ©=.130 .17 -.0183 150
(2i03) . -(6.20) ~  (1.92) (0.96) (0.40)

=
-

1965 47“7 646 ~.253 -.0660 -.0361 151
TEER L S (3454) (5:17) (3.87) '(0.60) ~(0.88) : i
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19

. aes) - (4.94)  (459S) (3.79) (1.05) Eg

32

(1966 P " I B =326 -.438 .0431 -.0119 .0117 248
TR (0.5 (5.14) (4564) (3.94) (1.06) (0.50) = (2.33). ol
1967 . SR8 103 =ddd -.111 =.00303
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B T T
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Table. A-4
AINEAR REGRESSION‘ON_NORMALIZED BIRIH RAIE OF HOHEN AGE 25-29

““(beneath each gréosion coefficient":ls :I.ts t- statistic)
' S - Family Planning Pro- %
Chiid = LiTeE: -gram-Man Months .

Year of . Death cwild - Adult Agfichi_uéal ““tﬁlaiiZi 12§$§s B
s_:’Dependen.. Conotant ‘Adjustment Schooling; ~ Education Composition - ——=oP - L= »

:_j.Var:l.able Tem s (rat:lo) (proportion) (proportion) (proportion):

.

1964 U 06.5’ ,.0593 -.1,39;3:.3 -.169:"" .040'9:;,%
: 7 '(7 50) , (. 44) (3.57): (2.42): (1:54)% "

-.0i00" -.260 - .00589" : .103 o5
- (0.13) (6.45)" (0:09)" (4.09):

-.0266°  -.260°%" .0104: 10770 L0188 . =.0149
" €0.34) (6.48)" (0:15)" (47217 (0.87)  ~ (1.69)

? .(1 90) (8.47) (3.97)" (3. 72)"

S -.319 -.384": -.269 - .0971:: - -.00446 - —.,00802" ~.370 .
(2.37) (8.78) (3.87) (3.81): ¢ (0.30) - (2:57) = ra

.748 - -.356 -.0513 -.0106::
(6. 24) (7.81) (0.73) (0.40):"

778 . -850 0500 -.0013. . "i0138 " j000855™ 329~
(6. 34) (7.60). 0.71).. (0.43)° (1.36)°  (0.42F -
135 -.220 -.116 Jd23 0 .208 -
(0.60) (4.42) (1.47) (4.27) <

“1968" 982" .139 -.220 -.116 .123 -.00139 .. .000308_ .....208..
SR (3.93) (0.60) (4.34) (1.47) (4.25) (0.15)  (0.15) o

L




Table A-5

LINEAR REGRESSION ON NORMALIZED BIRTH RATE OF WOMEN AGE 30-34
(beneath each regregssion coefficient is its t statistic)

SRl T T

- ) Fam:lly Plann:l.ni Pro-
‘Child . S o gram Man Months
[8ATX 0K .o .5 F ‘Death. - ~'Child ““Adult Agricultural (cm:t;la:i:: 1:2:;8 L4
)ependent' : Constant Adj ustment Schooling Education Composiition P > 9 '
Vari'able Tetm ' (;at;:lo) (pfo“lidrt:ion) (proportion) (proportion) VHEN . < 'PPHW R
3;1964%3 . -.812  1.84. -.325 .0148 .0292 .273
Tiyes 3.3 (7 .50) (4.57) (0.12) (0.60) .
1965 -.173  1.28. ~.450 .104 .0105 .299
GShe 3(0 95) (7.52) (. 066) (0.70) (0:19) -
1965 L0717, 1.07 -.451 120 .0514 -.124 -.0791 340" ,
Eégg ~,(o 39) N CH 29) (5 21) (0. 83) (0.94) (2.68) (4.16) e 1
. e AT . "0
1. 21 2.6L ~.650 -.459 -.0989 2365 A
(4,13).(9:24) (6. 86) (3,03) (1,79) wa
- 741 2.23. =692 -.450 -.0683 . -.124 -.0238 403
_(2 45) (7.,82) Q. 46) (3.05) (1. .26) (3.94) (3:59) o
-1 . 2,42 -.847, .268,. -.210 36
(3‘76) (8.61) (1. 95) (1.63) (3.41) .
<1655 T2l -i925- - - 257 ~i206 -+ =:0667-=-=:0255- o oh2L
)y ) 97) z”+(1 63) (3:48). - (2.88).  (5:59)
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(6 14) , (s 93) (6.19) (0.24) (2.14)
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Table A—6

LINEAR RBGRESSION ON NORHAI.IZED BIR'I.'H RATE OF WOMEN AGE 35-39
(beneath each tegtess:lon coeff:lc:lent 13 its t statistic)

Fam:lly Planning Pro-

Ch:[l d& gram Man-Months
© Yearuf . Death Child ‘Adult  Agricultural (°“:§1‘§i:§ ‘23:;8 ;
" Dependent Constant Adjnatnent Schooling Education Composit:lon L — £ y .
. Variable Tem (rat;io) (prdﬁd?doh) : (prb"'gor.jt‘ion) (propo:tion) ’ VHEN ‘
1964  -3.45.. 4.4, -.472 -.233,. .151,.
i (z.70) Quo. 4) (€X 84) (1.05) (1.79)
1965 -2.57,.  3.50,. -.830,, .499, .0933 -
aa (6.8 Qo; 0 (4.53)" (1i62) (0.82); -
1. 94“.. 2.98 . -.832, .538 .198 -.360 . -:197 449
i (5. 15) (8. 64) (4.75) (1:83) (1. 79){ . (3.62)  (5.11) s
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1966  -3.13. 4.8, 1,45 -.257 -.120.. -.268  -.0386 461
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1967  -3.4h.,  4.76, 1.6 1.05 -.284 | S )
G GR30) (a7 (7.02) (2.90) (2.10) 5 s
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+11968: "12.3 e - -1.07 .868 288 .516
o (12.5) (13.8) (5.12) (2.62) (2.38) »
nyﬁww&ywwul_Aﬂw .857 . -.280 ~.0669 ~ =.0289 ° é%

o (1028) (12.5) ~  (5.67) (2.62) "2.35) . Q@. 70)¢7f(3 46)f“

Zho-



Table A-7

LINEAR REGRESSION ON NORMALIZED BIRTH FATE OF WOMEN AGE 40-44
- (beneath each regression coefficient is its t statistic)

el

lear or

Dependent Constant*\hdjustment
(ratio)

Variable i Term,

Child
Schooling
. (proportion)

*Adult
Education
(proportion)

Agriculturall
Composition _
(proportion)~

Family Planning Pro-
- gram Man: anths L
'(cumulative inputs

 VHEN - -

to priot yeat) A

IS Ay e

" 4.90
(7 64)
4 35

- (8 56)

—4.23

1964
| (6 23)

s,

.328

©1965
G

’?';5;55§
T IRs9)

3 76
(7.35)

Y
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- 8. 19
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-5.17 ¢ 6.17
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(6 80)

S 26
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fﬁ%elef(lq;gypww

}bla,lahd
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-1 oz -
(3 82)

-1 02
(3.93)

—1 08
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“1.18
(4.34)
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NUEIG T .5 2
=1,22°°
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. (4.50) .
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G -

~.0591 344
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‘e496f1
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Table A-8

LINEAR REGRESSION ON NORMALIZED BIRTH RATE OF WOMEN AGE 45-49-
(beneath each regression coefficient is its t statistic)

Year of

Dependent Constant Adjustment Schooling Education Composition to prior year)

Variable

Term

Fazily Planning Pro-
Child gTam Man Months

Death Child Adult Agricultural  (¢umulative inputs

(ratio) (proportion) (proportion) (proporction) VEEN PPHW R

g

1964
1965

1965

1966

-0699
(4.45)

-80 82
(6.62)

(5.62)

-10.87
(6.02):

-9359;
(5.07).

-1.5%
(0371))

-.846;
T(0:37))

-11.8y
- (3165)

~9.97!

(2.92)) -

7.57 .585 ~.925 -.0122 ' .071
(5.11) (1.36) (i:.19) €0.04)

7.86: 1.12. 1.28: .99%. ' 172
(6:37); = (1.73) (3.18); (2.46);

7.00; 1.12 .31 1.16. 949 -.2200 = .193:
(5.54); @.75%) (.21); (2.87)  (2.76) (@.56) .

10.7. .222} .578 425 o | B TR
(6:17): 0:38)) (0262)) (1.25); AN ¥

*
-599=

9:66> 52051 ,4§§) ;535} -

(5.42)  (0:35)) (0154 (@.67)  (3:32) (0u30) -

2,86 -2:06 2.26) ~.269)
@.36) (2600 .84 (0:59)

2,355 -2.17 2224 —.258; -.190)  -.0233

@.10)  @7A% . (©:82)  (0n56)  (1.06) - (0:66) -

112153 —.752 B A 13

(4.07) (2:10)) (0%43) - “(0:56)

1.1 -.909) .459) -.204: =037% =
(3.47)) @3y (042 = (0.52). . £0.29))




Table~8

NGNEINEAR~RBGBESSIOH.ON‘AGE-NOIHABIZED)CRHDELBIRIH.BAIE
(bcnaathxeachxtegttasion:ccefficicnt iu its t statistic)

¥ - : e
PO S T . s n

fha:'of
Dependant
Variable

aCohstant. Adaustncnt. Schooling Education Composition

Family Planning Pro-
gram Man Months
(cumulative inputs Sum of
to prior year) Squared

Term  (ratio) (pmpo:dqn)i (proportion) (pzopoztion) * VHEN PPHW Residuals

- ,,Yd‘r“ e . ',,;-‘,‘ E
Death ch:nm Adult 58'-’1“"1""“1

1964

1965

, _-I.ov - 2937°
~‘f(zs.z)) L (8T

"(34.0)»;, s

1 34» oo 160
Sl m(%—I)'t co e |

\ ,L“ s ‘
esny as. z)' - .00) ©.12). (0.80)

202857 T -.00946 ™ ~00080

”’“i"1.6a““ — AT A0 =i007h0 T

986 .50 2217 L0672 0217 6.637
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.03 L.10 iz 156 .0215 - 7.929
(5.2 - ‘(101-7) (6:56) (1.89) (0.67) EET

2384 5163 -,0502 -.0962 -.0609
~(6:80) (2.01) (1.58) .(3.26) ~(s.04) :

=.512 < 7 <.00732
“(10:56) G.o7) (o 26) ’

=.526 =263 100937 -.0848  -.00944
(10.9) (3:264) (0:33) (4.57) ~ (2.41)

487 Zloi72 —.0417
6D (0:16) (1:00)
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15(0-19)r 5#(1-00)f*i . (1.22).....(0.67)...
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Table C

LOGLINEAR REGRESSIONS ON AGE-NORMALIZED CRUDE BIRTH RATE
(beneath each regression coefficient is its t statistic\

o | Family planping,?féﬁ

Child . : o gram Man Months

Year of ' Death . Child _ Adult  ° Agricultural (cu::la:iz: izgzgs‘

- Dependent Constant Adjustment Schooling ~ Education Composition — P A ——
- Variable Term (ratio) (ptopottion) (proportion) (proPortion) ~ VHEN - PPHW: =

'%flggéi 156 1;57Q"  -.0e96 L0153 o161

2Y A7) .60 6.13) - (0. 54) . 53)
Q?19§s 152 11277 LiYsy ..0294 '
el .21) a8, 09) ‘

1963 2 9% e
I 79 @5 (.90

!06
46)

.ozss’ -.0282 " =.0323
‘3 .32) " (5.64) ..

’ S o) .193;?
: s_a(11¢8)

325

.=.0320.. =.0159 -
13 3)

(4289) ' (4.18)

.00526

'66'J *1 96 faee : ;
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42)

1967y 170

2054 i?OQﬁili -.00958  ~.00867
47) cprel ,

60

L . B

333U S0l 020”0076 Sovk72 o
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_ Table D

LINEAR}REGRESSION ON. 1966 BIRIH RAIES INCLUDING HEASURES OF

RE-1964 EAMILY PLANNING PROCRAM‘ACTIVITY

(beneath each regression coefficient 18 its t statistic)

' ‘Child Déath ;.
Constant Adjustment
iTerm ;ff

(ratio)

chooling

S Agriculturalzif
: «Educztion .Composition .
(proportion) (proportion) (proportion)

Preprogran
Contraceptors
(proportion)

Taichung

.Program. j"’ﬁ
(dumny)

-.2347
(5-08)
96t
'(0.72)

L0354
(0-43)
L7287
(1.46)
#1317
<1192¥

' .0156
(0.12)

--243: 7. _;i
(1:09). (2.91)

.382: ' 300
a. 14) - (2.36)
. ‘-l.04 ;oo‘gé_
-@.33)  (017)

-.396
(2.63)

.0996
(2 0&)

.373
(1 29)

.104
(1 44)

.017
(0.42)

=101+
(1 34)
.233?
(1 79)

.283‘
(1 45)

S.422°
(0.92)

155

384

083"

| Zea.



unn'ncussml cotmcxms o

muz

! rmm m mln's ﬂﬂ mxc PIOWCI’I“ mcrxon
f..(bucnh ngrulm eo.ffictcn: u 1:- t ‘ ‘:-u-uc) ’

<161 -.0268 ..=.00824
©€1.03) 7:(0.49) - . (0.56)
0127 ° 528 © =.000376 -
(2.56) * = u.so) - (2.55) 7
. +14S .569 .121 .0176
(0.26). (2.30) - ‘(0 ;58) (0.41) R (1.16)
-.116, ) -.21%9 '.0375 -.00146 - .000557 -
‘ (1.51);‘ _(3.‘25) (3.08) i (2.39) (3.94) R (3.51) (2.88) . - (1. ZB)
«0339 ™. - : -.0574 ‘- 0327 -.007726
(0.25) (0 41) €0.79)  (0.51) - (0.59)
.0037¢. . . =.0375 -=.0316 . _..00558 -.000149 . .
(o.n) - (1.13) (1.85) 1(L.70) . (0.96)  (0.59) (0.84) % gLy (o.ss) i
Es - g ’ ) "..i.?,: & - el
- +0169 20253 . .0165 ° -.00754. '~ .00106 .00943 - f'.OOZSG. .
: _.;‘ 0.37) - (0.63) ;7 (0.47) "  (1.05)  *(0.03):  (0.30) - (0.47) -
99 .- ) ‘ -....000279 -00576 -.000483 -.0000797 .+0376 - -.00570" .000214 -
: (0 72) (0.61) (0 S0) " (0.56) - (0.95) - (0.61) ~ (0 - (0.93) - (3.20) - (2.85)7 i(2.42)
s .6.3 -.186»"‘, -.292 .186 . - ~,0446 -.167 " 1,0660- -.0111 . .05‘6 -.0454 5 00574
> (1.26) (1.04)- - 7(2.01) €0.77) - - (0.46) (1.84) .-(0.83) . (0.68) (0 65) ~ (0.69) - (0 46)
.182 ~-.0431 -.0288 =.00479 "~ .000747 -.0779 .0l11 -.000535 . -.00676 -.00233 . 000188
a.77) ‘(1.(31) (0.55)  (Q1.20) (3.68) (2.73) (2.78) ©.€0.55) (1 01)
Curanat : I R Ve A . Co x
-.252 =.939 .790 234 -.687 .38% -.0681 =114 50284 -
(0.70) . - (3.42) 1.73 (1.27) (3.44) (2.19) (1.91) (0.09) = (0.88) (1 17) ..
-.0687 -.198 +0345 -.00130 -.218 .0331 -.00139 .-, +0111 - - 000263 :
) . __,.(z.m) e (La21) . (667 (3 20)... . (3.29) . : ~
:& Tt 1 _;.,_,_ Tt .
-.6557: .683 s =113 -1.'07:5. ,;,.619 RN T 1
1(1.22) (2 65) (0.98) (0.40) (3.71) . (1.65)_ _ (0.87)
-.0846 -.333 .0836 -.00557 ~.348 : -.0475 ° ' -,00175"
- (1.16) - . (4.03) (3.32) (3.11) - (5.16). . .(3.66) .. .. (2.85) .
i 2eBT27. 1 S1000-0550382. - L=.0929 [ ¢ 1=1.297: ~.0988 T 1987 T TNIL0645 0 T =.325 f .093 ;
--(0.50): . (1.09) €0.23) ... (0.15). Q. 91)-_-(0.17) .. (1.60) (0.08) . -(0:.76) . ' (1. 16) -
= ; =.0135-- <0137 0007277 <. - y 0423 - - .00155
£ 740.09) 2:(€0.07) :43::0.21) ;27(0.19):,% “(L.54)° . Q.2ny

-0t~


http:0.07)'.'(0.07
http:1-1(1.20
http:1.90)/.,:C1.02

PR

th " Table' F i e e
NONLINEAR REGRESSION COEFFICIENTS FOR ONLY PROGRAM-PERSONNEL
INPUTS WITH CUBIC PRODUCTION FUNCTION -
._(beneath regression coefficlent is its t statistic)
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Inble G

IIGIBSSIOH ON;FIRSI’DIFF!BEkCBS IN BIRIH RAIES 1968—1964

(bonont»

onch regreroion coefficient ir itn t etatistie)

Variable: ’1»“*1; - -.Child’ - L ‘ : '
Birth Rate - Denth ,; Child . ~Adult - Agricultural
by Age Conntont Adjuotnent Schooling Bducntion - Composition:

of Women Term  ~(ratio) (proportion) (proportion) (proportion)'

Pamily Planning Pro- ‘
_gram Man Months
(cunulative inputs

to prior year) 3
VHEN e

15-19 ».2b91"-‘?-1;01‘ L0239 'f.192 ,-.111

o @53 ,(0.85) (0.44) © (0.56) -(0.64)
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v
s
4

;(9~73)’ -~(Q;§a) a.71) .,unﬂ(o 51)3,( N}
g =166 ;0430 V118 - -
; < €0.40) (2.27) (0 98)
-49- f ;0950 \’1 60 .0209 - =.330

Sl i,g(o 82) (o 96)  (0.30) (0.71)

~.0467  -.0248°  .0134"

- Note:

®Each birth rate is expresgsed as the difference between the rate in 1968 .and 1964 over: the 1964 lev

oThe environmental independent variables are represented by the difference between 1965 ‘and” 1961 .over' ‘the
"1961 level, and the fanily planning program inputs are measured as the cumulative' inputs through 1967.,{



Table H-1

o MEANS AND STANDARD DEVIATIONS OF -DEPENDENT VARIABLES:
3 .z,“*NonnALIZED BIRIH RATES

Enagey n

- b - K
- g .

. v

Age 30-34 1964 1.097 £524

1965 1.116 5 .275.
©1966.:" -1 20 1966 - 1.103 :.282:
1967 . -1:075 234 ‘ 1967 1.116 1.316
;;1953 1125 228 1968 - 1.104 +.318

g 176‘
1.223
1.207 -
~~1 256”
1 217

< Age:15-19

Age 35239 1964 E1;
E R t1965
1966
1967
1968

,;{1 oso.
+71.050

‘Age 40-44 1964
- 1965 . .1

1966

1967

- 1968

Age 45-49. 1964  1.100 1
< 1965 1.358 1
1966 1.227 <1,
1967 © 1.408. B
1968v 1.276 1




EANSjAND,kTANDARD DEVIAIIONS“OF
N INDEPENDENT VARIABLES

et Weams scdduiti

01,090 4.0498*
41,106 .0821°
S 0497
- 40531 ;
7+.0330
“.0364f

7?.185.?
- .161 “:

e 0901 )
' .0880"

;Agricultural Male,- gj ST ke :
: Employment:'b Ve *1961 - 5720 - 273
NS 1965 . .5579 .270

fcoqttieépéqgé, S 194 2,215 4.80 -

L 1962 child deach :notﬂhuﬁlished by gll small regions- 'S;é
.discussion in part C: o_‘St tistical Appendix. o '

: Education and agricultural variablee are linearly interpolated
,for 1962-1964. v :



. Table. B3

PROGRAM INPUT VARIABLES IN MAN-MONTHS PER THOUSAND WOMEN AGE 15 TO 49‘.0

: uhweighted’sample of 361 areas)

?v111age% ealth: Education -7, Pre Pregnancy Health"
St Nurses: (VHEN) -is Wbrkers (PPHW)
| % 964'..~12§5< 19@5T 1967 1964 1965 ,,1966 ;g§7 1964

1;164 158 ° 4137 1.195' 1.080 1176

b3

‘Mean_ Aogre “fv‘_{:—. -’;4 SR : .;r'. .148’ :~ (' — v
fSCandard Deviation 2

'Correlations’

27 -

2072 -
.46 -.1479 -
-.1537 .0075  .3559 -
-.1844 =.0418  .3878 .8620 -
.1292f~§:2431_ ©.2920  .2269 .4397 -
20983 -:0806
C-.0914 -

.1259 ;0145§

1332 0224 .0582 .0373

5541
. .353  .327  .645  '1.517 1.228 4‘.889 1.058

31100 2. 367 fzi479




N Table H-4
"iiconnzLArxons BETWERN ENVIRONHENTAL Ann rnocnau INPUT VARIABLES

‘. ~Agricul tural
: Employmeut

‘Age- Nomliud
Crude Birth Rate

- 1§61"'1§65 1961 :1965:

1964 1968 "fibsi'fi§65* _
L @ ) (19)_“,

LW @ Ea) @

'"65i15b1e4;5f,,17'“
Environmental

@ S
(2) .831 S
- (3) 579 2595

MON 0636 - .692 Le7120 =

“(5) 611 -.411 0 -.278 -.285 -

- (6) .578: =517 .417 -.373 ' .700:.‘ S e

.(8) .192  <..234 1298 .375 .031;1, .073; 927 -
9 ©.l331 .363 .33 .297 =521 +-.539° 1080 .179
€10);. 0337 367 .343 .303 -.516 -,554"  .095°7.,192.

Prggam Cunuhtive In- :
puts to Preced:lng Year 5o

_ VHEN 1965 - ra»*-w;;,r.mf .122 .192 -.136 =121 <
VHEN 1966 -132 =301 -.160 =.151 .0835
VHEN 1967 -.0500 -.108 -.137 -.130 - =:062 . -.050. -.060 : 7,026
‘VHEN 1968 =031 .=.042 ... .=;125 =.077 . “7;g91¢,,:ﬁ4941-; =.041 '-.049 .0651  .039’
PPHW 1965 =222 =196 - 111 -.189 .. -.042. =.025° 7200217 .,096 086"
PPHW 1966 1200427 SS50407 U =0121 -012677 -y ~J035.-.-0029 < ~.052:2,052
'PPHW 1967 $=.049  1=.046 - - -.134 -.133 -.050 -.047% .030 .033
~PPHW 1968 - -.107.-. --.105 -.191 =.199 . -.089 -.040 -.090 -.084 .016 . .016
un;;’1955 - -.381 -.352  -.181 -.211 .256  .380  .070. T .027 ©  <=.364 ;365
/MD 1966 -.410 -.405 -.236°=/259'* ' ,296 - .381 = .002 -=.055 - -.379 -.365
"MD" 1967 - 0606 =614 0 =.253°=0281% 0 102967 5381 vin 13002+ =.055 -.379 -.365.
MD* 71968 o =.403 -.419  -.262--.291 ' .296. .369- ~ -.013 -.071  .-.371.-.355

}
[N
% ﬁ
-2
&
o

e L



xFAMILY PLANNING PROGRAH

Table 1
SERVICE, MANPOWER AND EXPENDITURES QF IAIHAN

~a

1963-1967.

1963

;9@&;’

1965 * . 1966 . % 1967 7

Service (persons)
Loop Acceptors
Pill Acceptors
Sterilizations’

I* 2 er (months effcrt)
" SVillage Health ‘Education Nurse
fPrepregnancy Health Workers

TDoctors
QSupervisors
fiEEEenditures (thousand of $NT)E
Training
Supplies and Equipment

; alaries
F eld Expenses

Total direct

Total indirect‘ S

TPF?’. expenditures - -

3,650°

n.a.
n.a.
n.a.

Ne.A.

n.a.
n.a.
n.a.

N.a.

n.a.

‘NeBoa

46,600

387
" 1,094
2,308

380.

191
o, 32
. 507

;;1-405; -

| ﬁzé;ézo

99,253 11, 242 121 053
"01’11_*?io,; 27 552




o

SE18

Notes:'

; »Service statistics refer to new acceptors of loops (intrauter-”

~ine’ devicee), pills . (oral steriods). or sterilization. operations o

ﬁ(both men and. women) gserviced through the’ Tatws:. xamily planning e
fprogram.u Joint Monthly Report, Family»Planningrand P;pulation Studies
ﬂProgram, May 'and June 1968, Series P-7 (68-3) ”

bCases from pilot program in Taichung before December 1963.,q.,,'

IR Reported for January through April 1967. Demographic Reference::
jTa‘wan, Republic of China, Vol.. VIII July 1968 Table 31 p.,454-455.

: dManpower statistics refer to the number of man—months of effort
jemployed in the family planning ‘program.. Same source as in Note (a).
Village health education nurses employed jointly by Rural qealth—
‘Community Development Authorities and Family Planning Program.
Prepregnancy health workers employed only by program, as are Super—
visors. Doctors are paid for imsertion ‘and other services performed
and thus it is not clear. whether ‘they. should be considered/as full-
time employees of the program. ;

i fa11 expenditure statistics are. from Warren C. Robinson, "Some
'Tentative Results-of ‘a Coet—Effectiveness Study of Selected National
Planning. Programs," to be presented at the Annual Meetings of the L
Population Association of America. April 1969.

- a.a8. ® not available or nil.



Table J-1-

LINEAR 'REGRESSION ON AGE—NORMALIZED CRUDE BIRTH RATES ‘FOR: 1961 AND 1963
o (beneath each regression coefficient is its t- statistic) -

- - .. B B . ~ e s

- Child *;': I
Sl Death . * , Child .. | Adult Agricultural‘

rear of S Adjustment Schooling . . ‘Education” Composition
kmendent fConstant (ratio) : - (proportion) (proportion) (proportion) ;z-
lariable’ - Term = 1961 - 1961 1961 ..o S1961.0 - :va;
1961 - ~.483 1.53 - 247 . -.0867 0857 .22

: e (2.96) - . (9.93) (5.49) . (1.08) - (2 80)

1963 -.539  1.53 Z.243 0162 - ‘.0803 - .aoz
: (3 18) (9.53) - o (5.22) .+ (0.19) . (2 52) ~-

!ecause explanatory variables are not available from published sourcee-on -a conoistent
vasis for years before 1961, these tencative regression. results are mot. based on the
propriately lagged explanatory variables as reported in other regression results.

6L



Table J-2

X'ALTERNATIVE LAGS FOR CHILD DEATH VARIABLE IN LINEAR
" REGRESSION ON AGE NORMALIZED CRUDE BIRTH RATEa

»t;3 Only E ) C 3 e
t- t- N LT

Coefficient 2 —
(and t's) ~R® - Coefficients (and t's)

©1965° ©.982 520 243 . 3250 ¢ 144

(8.95) g\;;ya~,_(1uos) @ 17)~"

o633 164
e

1967

"Avctaga Size , S e e e T i
- of Coefficient 2,083 . ';‘pggi 1g335§§=¥1§1'3

Notes:

. ®other variables included were child and: adult education, agriculcutal
composition and the cubic function of cumulative man months: of :family: plan=

ning effort for VHEN and PPHW separatcly 1dent1fied. See Table.A’9’for three

year lag form. o

BNot applicable.
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