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P�F�E 

Th is report discusses the value and the limitations of 
statistics in fertil ity research . Prepared by David R . 
Br illinger , it is designed to complement the other 
methodolog ical and substantive reports of the Panel on 
Fertility Determinants and to focus attention on issues 
involving the use of statistics that too often are brushe d 
as ide in fertility research , as in other areas of soc ial 
science research . 

With the rapid expans ion in world population , fertility 
and its determinants have been urgent topics for research 
in recent decades . Attempts to control population growth 
have focused on reduc ing fertil ity , with some apparent 
effect . The peak rate of growth in the world ' s  population 
has now been passed , although growth is still at a high 
level in almost all the developing countr ies . In absolute 
numbers, the increase in the world ' s population continues 
to r ise; according to United Nations aedium proj ections, 
�re people will be added each year for the next 50 years 
than were added in 1980 . 

The Panel on Fert ility Determinants was created by the 
Committee on Population and Demography and the Commission 
on Behavioral and Soc ial Sc iences and Education of the 
National Research Counc il in response to a request from 
the Agency for International Development . In addition to 
this report , the panel has prepared studies of several 
developing countr ies , a few illustrat ive cross-national 
analyses , and two volumes that review the research 
evidence about determinants of fertility d ifferentials 
and fertil ity change in the developing countr ies . To 
encompass such research , the panel was of necess ity a 
heterogeneous group , includ ing scholars from several 
d isciplines : anthropology , demography , economics , 
epidemiology, psychology , soc iology , and statistics . 

vi i 
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Part of the background for the panel reports wa s 
provided by previous work of the COmmittee on Populat�on 
and Demography and its other panels to try to determine 
actual fertility levels and trends in selected developing 
countr ies : that work , also supported by the Agency for 
Internat ional Development , is detailed in a aer ies of 
country reports from the National Academy Preas; the 
demographic methodology developed for the work is 
presented in a volume issued by the United Nations an d 
several reports on data collection , all prepared by the 
committee . 

Dur ing its deliberat ions , the Panel on Fertility 
Determinants wanted a cr itical review of the uses of 
stat ist ical techniques in fertility research . In 
response , this report examines some of the coa.on 
s tatistical methods used by fertility researchers, 
focusing on their l imitations . To guide the review , th e 
panel provided a selected bibliography of recent papers 
on the topic; that bibliography is reproduced in the 
Append ix with annotat ions by the author of this repor t .  

I t  became apparent early in the preparation o f  this 
r eview that there are few , if any , stat istical problema 
unique to fertility studies; rather , the focus must be on 
the values and l imitations of the statistical techniques 
used throughout the soc ial sc iences . Because this repor t 
i s  l iaited in length, it is necessar ily somewhat inc� 
plete , but it points out some problema that fertility 
determinants researchers need to cons ider and potential 
solut ions to those problema , thus helping to make thei r 
work more convincing . Although much of the report's 
content will be well known to statist ically inclined 
demographers ,  the newer references may nevertheless be 
helpful . 

Some might view this report as an attack on the use of 
formal analyt ic methods in fertility research . They 
should not . Although the d iscuss ion here descr ibes many 
limitations to the analytical approach , the purely qual i­
tative descr ipt ive approach obscures crit ical issues; it 
either does not go far enough ( if it consists of merely a 
r ecord of observations ) or is overly subj ective ( if it 
goes too far with imprec ise concepts ) .  Tight argument i s 
necessary if the conclus ion of research are to be con­
vincing to properly skeptical sc ientists and pol icy 
makers . 

The panel expresses s incere appreciat ion to several 
persona for contr ibutions to this repor t .  In add it ion to 

v i i i  
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INTRODUCTION 

Variations in human population numbers and composition 
are of concern to all , espec ially to those involved i n  
planning and policy . Fertility , a major element of such 
variations , differs greatly with age , socioeconomic 
c lass , time , location , and a number of other factors .  In 
attempting to explain the •causes• of these differences , 
fertility researchers try to provide reliable informat ion 
about the current state of fertil ity ,  as well as careful 
proj ections of trends and of the effects of changes in 
exogenous variates . Knowledge in this field is a balanc e 
of observat ion and theory, some is largely descriptive , 
while some is based on high-powered analytic procedures . 
Workers in the field often use statistics to j ust ify the ir 
methods and conclusions , addressing questions of interes t 
by the gathering and analysis of data . In drawing con­
clusions from the data collected, they typically use the 
arguments of statistical inference. If  statistics is to 
be of value to these researchers , its limitations must be 
recognized and statistical techniques themselves cr iti­
cally evaluated . This is the obj ective of the present 
paper . 

First , the statistical approach is described--its 
variations and its different roles in research . Next , 
some general statistical tools are examined ,  including 
models and various data collection techniques . This is 
followed by brief descriptions of a number of specific 
statistical methods . The paper concludes with a summary 
discussion and some recommendations for the field of 
fertility research . The Appendix presents an annotate d 
bibliography of recent fertility research literature 
items used in the preparation of this paper . 

l 
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THE STATISTICAL APPROACH 

The f ield of stat ist ics· plays several roles in the empir i­
cal sciences . The traditional one is that of efficiently 
summar iz ing large and complex seta of data of the sort 
frequently produced by fertility studies . The summariz a­
t ion involves the computation of character istics ( for 
example , sample means and var iances )  whose properties ar e 
fairly well understood , followed by a search for patterns . 
In this process , existing knowledge and theories are 
taken into account , as are the needs of the par ticular 
situation . 

A more important role for statistics is that of guiding 
the whole flow of an empir ical study: the initial for­
mulation of goals and hypotheses in the light of existing 
knowledge; the effective collection of information; the 
formulation of strategies for analysis; the choice of 
tools for insightful analys is; and the selection o f  
ind icators to be used to draw conclus ions and generate 
new hypotheses leading to the reanalys is of existing dat a 
and the design of new studies . TUkey (1980) has specified 
two basic modes in which statistics operates--exploratory 
and conf irmatory--with the strength and character of any 
inferences made at the end of a study depending strongly 
on the mode adopted . In exploratory data analys is , as the 
name suggests , the researcher allows the data to generate 
s uggestions, hypotheses , and stat istical (mathemat ical) 
models; a flexible att itude is adopted while employing 
all the available analytic and computing skills ( see 
TUkey , 1977; McNeil, 1977; Velleaan and Hoaglin , 1981). 
The intention is to make d iscover ies among the data, 
recogniz ing that artifacts may be turned up as well . The 
techniques used are meant to be robust (not strongly 
dependent on spec ific distr ibutional assumptions ) and 
resistant (not overly affected by unusual observations ) ,  
and to summarize the data no more than is necessary . (Por 
an example of an exploratory analys is of fertility data, 
see the section by Sykes in Mauldin and Berelson, 1978 . )  
Confirmatory data analysis approaches the data with 
spec i f ic hypotheses and a specif ic stochastic mode l 
(enforced by the experimental design , whenever possible) . 
In contrast with exploratory analysis, in the confirma­
tory case the .adel is inflexible , rather than the data . 
Generally , confirmatory analysis is followed by explor a­
tory analyses, some of which may lead to later confirma­
tory studies; this is of course the usual iterative 
pattern of sc ientif ic research . In the case of empir ical 
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research on fertility, the .ode most frequently used i s  
exploratory: .adels are constructed and assumptions are 
checked with the data at hand . This generates a concer n 
that the conclus ions are (mentally)  frag ile . 

Another role of statistics is the formal analysis and 
descr iption of the variat ions present in data sets , this 
includes the realistic assessment of the stability of 
meaningful quantities extracted from the data . To this 
end , statisticians have developed specific variance 
estimates for par ticular .adels and data quantities . 
They have also developed general procedures useful in a 
broad c lass of s ituations . Foremost among these is the 
•j ackknife, • which involves carrying through the computa­
tions of interest on representative subsets of the data 
and then combining the results of the separate computa­
t ions in a particular fashion ( see, e . g . , Mosteller and 
Tukey , 1977: Ch .  8) . Fert ility researchers usually try to 
provide measures of the stat ist ical uncertainty of the ir 
computations , espec ially in the case of sample 
survey-based quantities; in fac t ,  for real use to be made 
of any estimate , such a measure must always be provided . 

Perhaps the key role of stat istics in the scienti f ic 
process is to restrain researchers from viewing the i r  
results with unrealistic enthus iasm and from drawing 
improperly qualif ied conclusions . Assumptions and pro­
cedures must be evaluated c r i t ically before conclus ions 
can be drawn , subj ective elements must be d istinguished 
f rom obj ective onesr anecdotes and specific cases must be 
treated as such . There is a need to counter the great 
temptation in fert ility research to describe factors as 
causative that have really only been established as 
cor relative ( being based on observational stud ies alone ) . 
Statistical criticism of fertility studies is not meant 
to be destructive . Rather, its call for the use of formal 
procedures for drawing conclus ions and the making of 
i nferences is meant to strengthen fertility research . 

It should be noted that fields other than statistics 
have much to offer fertility researchers in the way of 
quantitative analysis and the log ic of inference . Por 
example, econometr ics is concerned with complex multi­
var iate (economic ) systems and has developed and inves­
t igated power ful techniques for dealing with systems of 
s imultaneous equations and errors of measurement . The 
economist's supply/deaand . approach also appears pertinent 
to many fertility discussions . The field of biometr ics , .  
concerned with the descr iption and analysis o f  biological 
phenomena, uses procedures for involving theoretical 
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background (e . g . ,  genetics) in e�irical analyses that 
are worth noting . Finally, epideaiology baa bad to 
wrestle extensively with the probl ... of drawing 
conclusions froa o�ervational (versus expert.ental) 
studies and of causation veraua correlation . 

SOMB GBNBRAL S'l'ATIS'l'ICAL TOOLS 

MODBLS 

Models play an essential role in contemporary fertility 
research . The .adele e�loyed vary widely in complexity 
and subtlety and have been put to diverse uses . This 
section reviews some of the .. aninga, uses, and liaita­
tions of .adeling . 

S cientific workers attach a broad array of meanings to 
the words •.aae1• and •.oaeling . •  (Indeed, Suppes in 
1960 reviewed 16 different definitions of the scientific 
notion of .odel . )  To some, a model is si�ly a framework 
of words used to organize thoughts and facts . To others, 
it is a highly complicated c�uter prograa for simulating 
a situation of interest and may have taken years to 
develop . It is aeant to represent a real process, but to 
prove useful it must ai�lify that process, it auat 
reaellble reality, yet be JDOre easily handled . soae would 
view a flow chart or block diagraa as a .adel, while 
others would deaand a total description by precise mathe­
matical relationships . In the former case, conclusions 
are reached by thinking through the consequences of the 
steps of the flow chart1 in the latter case, conclusions 
are drawn baaed on the values of nu.erical quantities 
derived froa the .odel . Models may be deterainiatic or 
stochastic, with their eatiaation and use depending 
strongly on which sort ia at band . A .odel uy be 
generated by theoretical reaeoning or by e�irical 
analyses, although the most comaon are a coabination of 
these two . A .odel uy be static (cross-sectional) , 
referring to a single point in ti .. , or dynamic (longi­
tudinal), describing the evolution of the variates of 
interest over time . The types of conclusions produced by 
these two foraa vary greatly, ae do the techniques used 
in their developaent . 

Fertility researchers have provided descriptions in 
block diagraa form of the essential features of human 
fertility and the coaponents that affect it (see, e . g . ,  
Preedaan, 19671 WPS Central Staff, 19771 Bulatao et al . , 
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1983) . Such block diagrams help suggest data to be 
collected , exper iments to be organized , and analyses to 
be carried out , as well as the authors' opinions of the 
important causal directions and relationships involved, 
they are meant to provide some qualitative understanding . 
On other occas ions , fertility researchers have provided 
complicated analytical models of the fertility process 
through symbols and equations . These require statistical 
implementation for estimation , testing, use in fore­
casting , and so on ( see, e . g . ,  Heckman and Willis , 19761 
Mode , 19751 Hermalin and Mason, 1980 ) . 

There are a number of foraal statistical models and 
assoc iated computer packages that are of great use in 
f itt ing empirical models to data . These include multiple 
regression (see, e . g . , Mosteller and TUkey , 1977 ) , the 
log linear for contingency tables (see Bishop et al . ,  
1975 ) , the generalized linear interactive model (GLIM) 
( see Baker and Nelder , 1978) , and proportional hazards 
( see Kalbfleisch and Prent ice , 1980 ) . (GLIM is available 
from the Royal Stat istical SOCiety, the others are in 
BMDP . ) 

Models and the ir f itt ing , or identif ication, have 
inherent l imitations . Pirst , because the assumptions on 
which the models are based cannot be expected to be 
exactly true , conclus ions drawn from wor k with models 
cannot be expected to be exactly true . The model cannot 
be expected to be better than the data on which it is 
based . Effort spent auditing fertility data is well 
worthwhile since , even if the data are left unaltered, 
conclusions can be drawn with greater confidence .  
Residual plots are one elementary way t o  check a variety 
of assumptions and are part of modern regression packages . 
It may be noted that much contemporary statistical 
research is devoted to developing procedures that are 
insens itive to moderate departures from assumptions . Us e 
of such techniques as robust regression is clearly called 
for in fertility work ( see Mosteller and TUkey , 19771 
Section lOP) . Such nonsubjective procedures are needed , 
for if one s imply rej ects extreme data points , one wil l  
make the apparent inherent errors seem t oo  small . Also, 
if the data set is large , as is the case with much fer­
tility research , one cannot realistically scan the data 
for strange values . 

The next d iff iculty is with f itting a .odel a there 
may be insuff ic ient data1 the data may be autocorrelated, 
t runcated , or missing (see Dempster et al . , 197 7 ,  for a 
general method useful in addressing this last problem) ; 
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the data uy be subject to •asureMnt error r feedback 
may be presentr the .adel aay be so irregular and rela­
tionships so nonlinear that no reasonable fitting proce­
dure suggests itselfr or the .adel aay be too coaplicated 
for the computing facilities at hand . When difficulties 
such as these are encountered, the .adel is often si�li­
fied, with the conaequence that the assu.ptions are then 
farther from being true . 

Once a .adel has been fit, difficulties frequently . 
arise that complicate its use . Por example, values of 
exogenous variates may have to be assu.ed before fore­
casts can be constructed . Provision of adequate uncer­
tainty .. asures for derived values uy be analytically 
intractable . The researcher might wish to unipulate the 
equations in a logical fashion, e . g . ,  interchanging xa 

and Ysr such aanipulations uy be inconsistent with the 
fitting procedures e�loyed . 

Finally, one all too comaon occurrence with data sets 
is that several models appear to fit the data equally 
well . This serves as a clear warning to those trying to 
interpret estiaates of specific parameters of an analytic 
model . These difficulties as they relate to the interpre­
tation of regression par ... ters are discussed further 
below . 

On the positive side, it aay be remarked that there is 
now a growing collection of results and procedures for 
use in·the validation of .adele (see, e . g . ,  Gass, 1980) . 
Many of these procedures appear applicable to analytic 
fertility .odels . 

�TA COLLECTION TBCBNIQUBS 

There are two principal types of studies through which 
fertility data are collected--observational and experi­
mental . These will be described shortly, but briefly in 
the for .. r, the aesign-.nt of treat-.nts to units is 
beyond the researcher's control . This causes substantial 
difficulties of interpretation . In the latter, the 
investigator controls treat.ent assignaent . 

The subsections below briefly describe several types 
of study, ..pbasizing some cautions that aust be exercised 
in their application . In this connection, it is worth 
repeating that most of the difficulties Mntioned below 
and found in fertility research generally are common 
features of research in the social and huun sciences . 
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Observational Studies 

If the results of an observational study are treated as 
purely descriptive, no controversies arise . However, 
researchers generally try to get beyond simple descrip­
tion in their collection and analysis of data . Their 
objective may be to explain some response in terms of 
predictor variables, perhaps providing measures of the 
importance of the various predictors . More often, they 
seek understandings of basic mechanisms, in the present 
context, the mechanisms of fertility . These aay be used 
for forecasting, for regulation, or for policy recommenda­
tions . It is important to clarify at the end of a study 
just which inferences aay validly be drawn, which are 
plausible in light of the data, and which are pure specu­
lation . In observational studies, difficulties in 
reaching strong conclusions result from causal factors 
going unmeasured, key factors being outside the 
researcher's control, and •observed• factors being 
subject to large aeasurement errors . In fertility 
research, these difficulties appear to arise often . 

In the case of human fertility, the three key sources 
of data are censuses, civil registrations, and saaple 
surveys (see National Research Council, 1981) . All of 
these have substantial limitations for the worker seeking 
to draw causal conclusions . Censuses aay aiss individuals 
in a biased fashion and aay not record pertinent variates, 
individuals aay provide incorrect information . Data 
obtained by civil registration suffer from the saae 
difficulties and can often generate conflicting inter­
pretations . Well-designed sample surveys are no panacea . 
An effect may be due to a factor of relevance, or it aay 
be due to the choice of frame . Moreover, one aust always 
keep in mind the distinction between the target popula­
tion (i . e . ,  the population to which one wishes to extend 
inferences) and the sa.ple population' these are rarely 
the same . Another important difficulty with sample 
surveys is that the results are subject to sampling 
fluctuations, and some measure of the size of these must 
be COJIIPUted before conclusions can properly be drawn . If 
the survey is complex, confidence intervals and hypothesis 
tests may not be easily constructed (though some useful 
general construction procedures are discussed below) .  

O�ervational studies may be cross-sectional or time 
s eries . They aay also be retrospective or prospective . · 

The literature of epidemiology (see MacMahon and Pugh, 
1970, for example) contains some discussion of the 
benefits and drawbacks of these various forms . 
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In their uae of observational studiea , fertility 
r esearchers want to provide suitably qualified con­
clusions couched in careful languager they want to spea k  
c learly and truthfully . O�ervational studies play an 
essential role in suggeating causal factora .  In soae 
caaea , it will be appropr iate to act as if a factor is 
causal even when this has not been eatablished rig idly 
yet (such as a .other ' s  s.oking reducing the birthweight 
of a baby) J however , the researcher needa to delineate 
theae cases carefully . 

B�rimental Studies 

In an exper i .. ntal atudy , explanatory variablea are 
choaen by the researcher , and data are generated by 
applying these trea�nts to units . The pertinent 
var iable , or var iables , aay be changed at will by th e 
investigator . The need for exper i .. nts in the fertility 
field , where one so often has questions concerning causal 
i ssues , is well illustrated by the following reaark (Box, 
1966a629)a •To find out what happena to a system when 
you interfere with it you have to interfere with it (not 
just passively observe it) . • One branch of fertility 
r esearch , namely faaily planning studies , has made exten­
s ive use of expert..nts and reached definitive concluaions 
i n  a nu.ber of cases . 

The pr iaary difficulty with observational studies is 
that changes aay be resulting from aome outside factor 
that is also causing corresponding changes in a proposed 
explanatory variable . By changing the explanatory var i­
able independently , one can break that connection . 

Another potential problem is that naive exper iments in 
which trea�nts are not ass igned randoaly have a high 
r isk of being invalid if bias or self-selection enters 
into the asaignment of trea�nts to units . A class ic 
example of this is provided by the Lanarkshire milk 
exper i .. nt ( Student , 1931), in which the value of g iving 
ailk to children at school was studied . In the course of 
the exper iaent , the teachers apparently tended to g ive 
the leas robuat children the ailkJ the value of the ailk 
treat.ant hence reaained in doubt . If the units to which 
the treat.ents were applied were identical , randomization 
would not be neededJ however this is seldom if ever the 
case . By applying treataents to units in a formal random 
faah ion ,  biaaea are avoided on average. An investigator 
may then be willing to infer causation because many indi-
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vidual factors have been controlled , and because random i­
zation has eliminated systematic effects due to uncontrol­
led factors . Gilber t  et al . (197 5 )  describe many med ical 
and social experiments ,  some randomized , some not . They 
f ind that even well-executed nonrandomized studies often 
have conflicting interpretations , even after large , 
expensive , time-consuming evaluations . On this basis , 
they argue forcefully for the practicality and necess ity 
of randomized studies . 

Randomization alone is not a cure-all .  Other aspects 
of a study must be carefully controlled . Por exaaple , 
the researcher must avoid the Hawthorne effect , in which 
people who know they are being treated differently do 
•better• for that reason . Studies often need to be blind , 
or double-blind , if valid conclusions are to be drawn . A 
s ubstantial issue related to random experiments with 
humans is whether it is ethical to give an individual a 
treatment ( for example a poorer diet) when it is virtually 
certain that a better treat.ent is available ( see Gilber t 
et al . , 1975) . •anethical• experiments may be applied to 
animal and insect populations , however , the researcher 
then has the problem of the extent to which inferences 
drawn may be extended to the human case . 

On balance , it appears that fertility research could 
benefit from many more randomized controlled studies . 
Such studies appear practical in a wide variety of cir­
cumstances (more often than might be expected initially) .  
The results are bound to be clearer than the f indings 
from observational studies . 

Comparative Studies 

COmparative studies are parallel investigations of some­
what similar populations . They are both common and 
valuable in fertility research . The World Fertility 
Survey is a primary exaaple . A comparative study may be 
either o�ervational or exper imental , randomized or not . 
The issues discussed above aay all arise (see Freedman , 
197 9 J  Berquo , 1981) . 

The data used for comparative analysis are generally 
quantities computed for the units (e . g . , countries ) being 
compared ( i . e . , through higher-order analys is ) . The 
researcher must therefore adj ust for systematic differ­
ences in background variables (since the units are not 
randomly constituted . )  Comparative analyses are also 
often secondary , that is , making use of the data and 
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results of others. 'l'be priaary data collector and 

analyser thus bas the reaponsibility of apecifying the 

liaitationa of the resulta (for exa.ple, providing 
sa.pling errore), while the aecondary reaearcher baa the 
reaponaibility of not forgetting tboae liaitations. 

other Studies 

Moeteller (1977 )  lists a nuaber of other typea of atudiea 
and •thode beyond tho .. conaidered above, .,.t, if not 
all, of which have already played a role in fertility 
reaearch. 'l'bese include theory, aiaulation, aa.pl e 
aurveya, regression aodels, quasi-expert.nta, unag.-nt 
inforaation systems, guessing, data banka, and coat­
benefit analyaes. Moeteller (1977 & 13 )  co..ents that 
these .. tbocSa •have the weaknesa that they �e 
different situations as they stand but do not actually 
aake cbangea in treataent in the field and obaerve their 
effect. • In each cue, recognition ancS stat ... nt of the 
liaitations of the study technique e�loyed are neceasary 
and proper. 

SOMB SPBCIPIC STATISTICAL MB'l'BOOS 

A nuaber of specific statistical techniques and proce­
dures are especially important in fertility research. 
'l'bese are described in the subsections below. 

RBGRBSSION ANALYSIS 

The importance of linear regreasion analysis in �er­
vational and experiaenta1 studies cannot be overstated. 
Meet ca.only, the explanatory variables are asau..d to 
be •asured exactly and given in the matrix x. 'l'be value s 
of the dependent variable are asau..d given by y • Xb'+ e, 
with b an unknown paraaeter, and with the errors of •an 
o, constant variance and given by e. 'l'be entries of e are 
aasu..d independent of each other and of x. 'l'be value of 
b is estimated by ordinary leaat aquares. Bxpreasiona 
exist for estimating the variance of b and for conatruc­
ting confidence intervals and testing bypotheaea. When 

these us�tiona are aatiafied and the aatrix X' X is not 
near singular, aerioua difficultiea of estiaation ancS 

interpretation do not ariae. However, difficultiea do 
arise when one .aves outside thie fr..awork. 
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In fertility analys is and the soc ial sciences gener­
a lly , it is traditional to try to interpret the values of 
the estiaates of the individual coefficients , and if not 
the values , their s igns . The problea is that the aeaning 
of a coeff icient is strongly dependent on which other 
explanatory var iables are cons idered s iaultaneously . The 
most one can say about a part icular coefficient is that 
i t  tells about the apparent effect of its corresponding 
var iable in the presence of the particular other explana­
tory var iables that have been used . The pract ical diffi­
culty is that unused , even unmeasured ( lurking ) , var iables 
often play a role in sett ing the value of y .  Th is leads 
to nuaerous paradoxical--and incorrect--results ( see 
Mosteller and Tukey , 1977 a Cb .  l 3 J  Box , 1966 J Joiner , 1981J 
Yates , l98l a Cb .  8) . I f  the results of the regression ar e 
used to predict values of the dependent var iate , the 
problea is not too great, it is when the results are used 
for explanation and interpretation that the most trouble 
ar ises . 

Further compl ications come when the x•s are subj ect to 
measurement error (be ing proxies for some key var iable ) 
and when X and e are correlated . S iaultaneous equation 
.. tbods ( of .adern econometr ics ) exist for deal ing with 
such probleas , in par t .  It aust be remembered , however , 
that the justif ications of these methods are asymptotic 
(based on large samples ) . The est imates are not ordinary 
least squares , they can differ froa the ordinary least 
squares est iaates substantially , as can the appropr iate 
procedures for der iving .. asures of their uncertainty . 

There are other d iff icult ies as well a miss ing values , 
bad values (outliers) , autocorrelation of the errors , and 
nonlinear ity . �rtunately , a nuaber of procedures and 
computer programs have been developed recently to help 
address such problems (see Mosteller and Tukey , 1977) . 

Por the fertility investigator , the key point is that , 
a lthough regress ion is a most useful technique , its j us­
tif ication is based on a nuaber of cr it ical assuaptions . 
The plaus ibil ity of these assuapt ions for the situat ion 
at band aust be examined before the investigator can draw 
conclus ions with any real confidence . Regress ion is most 
useful for approxiaating a •nice• function in a reg ion 
covered by data values . Us ing regress ion to understand 
.ecbanisms and phenomena is quite another matter , however . 
In particular , it seeas that hardly any var iable can be 
taken at face value in fertil ity research . Further , i t' 
seeaa that aany of the explanatory var iates are h ighly 
intercorrelated , i . e. , x•x is near s ingular . The aethod 
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of ridge or damped regression (Boerl and Kennard , 197 0 )  
might prove useful here. 

Path analysis adds causal assuaptions (a path diagraa) 
to a regression analysis and thereby seeks to extract 
causal information from the data. The technique is dis­
cussed for fertility data by Kendall and O ' Muircheartaigh 
(1977) (see also Little , 1980 , Kendall , 1976 J Reraalin 

and Mason , 1980 ) . The difficulties of reaching causal 
c onclusions with observational data , described elsewhere 
in this paper , are paramount , however. 

INDEXES 

Special indexes have long been used in demography gener­
ally and in fer tility research in particular. Index 
nuabers are meant to measure the effects of variables 
that cannot be observed directly , but are felt to have a 
definite influence on other variates that can be observed . 
They are used to make complex situations more understand­
able. They do so by quantification . Indexes may be used 
to measure change or to compare groups among other things 
(see Cox , 1950) . 

An obvious weakness of any idex is that , being an arti­
ficial construc t ,  it may simply not be measuring the 
intended effect , but merely covarying with that effect 
for the data at hand. 

In fer tility research , indices have been constructed 
to avoid separate analyses for each age group, the index 
being a weighted average of age-specific rates of interest 
(the problea of which weights is that of standardization , 
discussed below). Because of this averaging , inforaation 
will be los t ,  and on occasion , important differences wil l 
be obscured . In other words , the phena.enon of interest 
may be so complex that there is no useful way to expres s 
i t  through a numerically defined index. 

Other less important but still signif icant problems 
a r ise with indexes. These include how to handle aissing 
values and how to attach measures of uncertainty (see 
Kish , 1968,  on the latter). 

STANDARDIZATION 

Us ers of indexes have found that difficulties resulting 
from reducing multi-dimens ional data to s ingle­
dimensiQnal , as is done in formulating an index , could be 
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alleviated somewhat by standardization. This is an 
analytic procedure , taking several forma, designed to 
improve the understandability of quantities computed froa 
data with multiple classes , especially when several 
quantities are to be ca.pared or when change with time is 
to be exaained. It is a crucial procedure in demography. 
The need for standardization results , in par t ,  froa the 
investigator ' s  inability to impose experimental controls , 
and from the desire to address differences in background 
variables with respect to what is being compared , to 
correct for i.Jabalances ,' and to reduce bias. (The back­
g round variables are assumed here not to be of interest 
themselves , but to be obscuring the relationship of 
interest . )  A n�r of standardization techniques are 
available , some foraal , some ad hoc , including direct , 
indirect , matching , analysis of covariance , and borrowing 
(see Mosteller and Tukey , 1977 a Ch .  111 Maxwell and Jones , 
1976 ' Pullum,  1978) . 

The s tandardization technique is not without liaita­
tions. Since several forma are available , the investi­
gator must decide which to use in a particular situation. 
The assumptions on which each fora is based are not clear , 
though some conaents are aade in the references listed 
above. Moreover , the technique is sometimes based on a 
•s tandard• population , the choice of which can be somewhat 
arbitrary. Also , the attacn.ent of a measure of uncer­
tainty to an end result can be complicated (Mosteller and 
Tukey , 197 7 ,  do suggest some procedures). Adjusting for 
soae background var iables aay systematically unaatch 
others .  Apparent changes with tiae aay be due st.ply to 
changes in proportions in the classes involved , not to 
fundamental changes within classes. Mosteller and Tukey 
(1977 & 238) present an example taken froa WOOdward showing 
that standardization can reverse the order of rates in an 
unsettling way. Thus the technique , though clearly 
potent , aust be handled carefully. 

CONTINGENCY TABLES 

Th e most ca.mon data structure is perhaps the table. 
Quite possibly , demographers initiated the field of con­
t ingency table analysis. In the simplest case , a table 
is rectangular , with the rows cor responding to one factor 
and the columns to a second' although multi-level tables 
have recently become common ,  difficulties in printing 
arise when more than two var iables at a tiae are used. 
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(Although the statistical package S [Becker and Chambers, 
1981] offers a useful method. ) The factors aay be 
qualitative or quantitative , ordinal or cardinal. The 
data aay be observational or experimental. The table may 
have been formed by cross-tabulation. The tables aay be 
intended to convey information or to suggest patterns of 
relationship. 

Th e analysis of contingency table data may consist 
simply of forming and scanning the table , or it may 
i nvolve fitt ing complicated and subtle models. The 
loglinear is a current popular and useful .adel (see 
Plackett ,  19741 Bishop et al. , 19751 Pienberg , 1977 ) . 
Computer prograaa are commonly available (e. g. , in BMDP 
and GLIM) . 

Difficulties in .adeling arise because the data values 
are counts , rather than continuous. Difficulties in 
interpretation and even paradoxes arise if the popula­
tions involved are not homogeneous. Wagner (1982) 
presents two eleaentary examples (magazine renewal rates 
and incOJDe tax rates) of Simpson ' s  paradox a when two 
populations are separated in parallel into a set of 
descriptive categor ies , the population with the highe r 
overall incidence of some characteristic may exhibit a 
lower incidence within each table. 

Pinally , there are two compleaentary operations on 
tables. The first is collapsing or marginalization , 
which can lead to paradoxes like that described above. 
The second is disaggregation (also known as subclassifi­
c ation and poststratification). 

TIME SERIES ANALYSIS AND PORECASTING 

The situation of interest is often dynamic , rather than 
static. This leads to possibilities , difficulties , and 
questions. &ow should change be measured? Bow should 
one test for structural change? Is an apparent change 
due to shifts in relationships over time or in the 
relative s i zes of subgroups of the population? Bow 
should time lags of effect be dealt with? If projections 
are coaputed , how should their uncertainties be indicated? 
&ow are the data to be handled if progr- goals are 
altered in the course of the data collection? (Indeed ,  
i f  anything should alert fertility researchers to the 
limitations involved in applying statistical techniques 
to demographic data , it should be the succession of 
population-level projections that have proved badly in 
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error with the passing of tiae. Cohen [1979) present s 
graphic exaaples of this for the official projections of 
births in England and Wales. ) Nor can tiae effects be 
ignored totally in most static situations. Because 
causation has a temporal implication , causal discussion s 
are not immune. It may be that changes in the basic 
variates , not their levels , are what is affecting fer­
tility. Cross-sectional data cannot be used or inter­
preted as longitudinal without a strong assuaption that 
the situation is stationary (that is , time invariant) or 
evolving in an understood fashion. Further , the path of 
a process developing in time in the presence of delays 
and even simple nonlinearities (due to human anticipation 
and behavior) can_be exceedingly complex (see May , 19741 
Brillinger , 1981). Modeling such behavior is fraught 
with difficulties , even when high-quality data are avail­
able at many time points and the situation is stationary. 
These last conditions rarely exist for fertility data. 

Tiae series probleas are critical to fertility 
r esearch. &ow is one to detec t ,  aeasure , and understand 
change? &ow is one to prepare forecasts? Modern tiae 
series analysis does have some techniques designed to 
address these questions. However , because these tech­
niques are generally •correlational• rather than •causa­
tiona! , •  the difficulties reaain J so, too , do the probleas 
of adjustaent , aissing values , incorrect values , insuffi­
cient data , and the like. A further difficulty emerges 
froa a tiae ser ies view of a situation. The usual statis­
tical procedures , especially those for estimating the 
level of uncertainty , assume the statistical independence 
of the basic data. If the data are serially correlated , 
the construction of tests and conf idence intervals is 
greatly coaplicated , and the blind use of the procedures 
of the independent case is bound to deceive. 

Por those researchers who engage in forecasting , it is 
well worth repeating Lincoln Moses ' admonition , •There 
are no facts about the future• (from Energy Information 
Adainistration , 1978ziii). 

BYPOTHBSIS TBSTING 

TWo very coaaon features of fertility research are the 
development of hypotheses (for paraaeter values or for 
the validity of concepts) and the testing of those 
hypotheses. This is , of course , the natural way in whic h 
science progresses. 
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Besides the difficulty of dec iding which formal tes t 
procedure to use in these efforts , other problems arise. 
If a (null) hypothesis is rejected , what does one do 
next? Bow exactly is one to take note of the fact that 
typically , many tests will be made on the same set of 
data? (If tests are made at the 5 percent level of 
signif icance , then even if no effects are present , 5 
percent of the test statistics may be expected to be 
signif icant. ) The distinction between the exploratory 
and confirmatory .odes of statistics , emphasized earlier 
in this report , is pertinent here.  

If  the data are observational , then the justification 
of most tests is very tenuous and the substantial advan­
tages of having run a randomized experiment are clear 
once again. In practice , careful interpretation of tes t 
results (both significant and insignificant) is required 
in fertility s ituations. Variables are typically con­
founded , and a variable other than the obvious one may be 
leading to an apparent assoc iation. 

THE MEASORBMBNT OP ASSOCIATION 

Many of the problems of fertility research come down to 
measuring and aodeling the strengths of association among 
variates of interest . POr example , one question is how 
much of an apparent decline in fertility is associated 
with var ious socioeconomic variables such as health , 
education , economic status , and urbanization? Sometimes 
the researcher measures association with a factor totally 
outside h is or her control , such as age ,  sometiaes the 
researcher uses a factor whose values can be regulated . 
As mentioned previously in this report ,  a key distinction 
is between causal and statistical assoc iation , with the 
former being more important . Addressing causal relation­
ships in the fertility situation is extremely difficult 
because of multiple causes , complex connections , and the 
fact that some things can be regarded as both causes and 
consequences (for example , the decline in fer tility and 
changes in marriage and the faaily) . As indicated 
earl ier , the most satisfying way to establish a causal 
relationship is by means of a randomi zed exper iment. As 
noted above , however , in the absence of complete knowl­
edge , in many c ircumstances , it may be wise to act on the 
assumption that an association is causal. (Por some 
general discussion of the association/causation issue , 
see Mosteller and Tukey , 1977zCh. 121 MacMahon and Pugh , 
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19701 u.s. Surgeon General ' s  Advisory Committee on 
Smoking and Health , 19641 Wold , 1956. ) 

'l'BB PORMAL ANALYSIS OJ!' ERROR 

A principal advantage of using formal statistical tech­
niques is that a variety of procedures are available for 
e stiaating and describing the errors in results due to 
sampling fluctuations. Such quantification of the 
uncer tainty of one ' s  results is always important and 
sometimes essential. Statistical fluctuations in the 
variates analyzed have several sourcesz sampling error , 
aeasureaent error ,  and JDOdel disturbance. To begin , the 
data should be audited prior to analysis to reduce aea­
sureaent errors such as outliers. At the next stage , 
there is currently an extensive literature concerned with 
estimation of the variability of simple statistics coa­
puted for sample survey data. However , there is also 
increasingly extensive co.putation on analytically co.plex 
quantities , so that alternate procedures have had to be 
developed. These include replicated sampling (Kish , 
1965zl271 Kish and Prankel , 1974)1 the jackknife (Miller , 
19741 Brillinger , 19761 Mosteller and Tukey , 1977)1 
linearization (Woodruff and causey , 1976)1 and the boot­
strap (Efron , 1979). Once standard error estimates are 
available , one can go on to construct confidence inter­
vals , compute •prob-values , •  and carry out hypothesis 
tests. In complicated situations (such as those that are 
highly structured or involve ti .. series data) ,  standard 
e rrors typically have to be estimated in an ad hoc 
fashion , unfor tunately. 

GRAPHIC METHODS 

Gr aphic techniques have long played an important role in 
population research. Early procedures include texis 
diagrams and age pyraaids. Modern computing and display 
equipment makes their use eleaentary. Indeed , graphs and 
more complicated displays lie at the heart of aodern 
statistical analysisz they are essential for checking 
assumptions (e. g. , the use of residual plots in regres­
sion analysis) , for discovering unexpected phenoaena , and 
for communicating the results of studies. The display aay 
be static or dynamic. In the case of aultidiaensional 
data , satisfying nonlinear relationships , the one hope 
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f or insightful analysis seems to be dynamic d isplays such 
as PRIM-9 (Tukey et al . ,  19751 see also Donoho et al� , 
19811 Kolata , 1982) . The statistical language •s• is 
particularly convenient for preparing eleaentary yet novel 
graphic d isplays (Becker and Chambers , 1981) .  One learns 
from an early age ,  though , that graphic aethods have 
l imitations, aislead ing graphs seem always to be included 
in works on how to •lie• with statistics . 

COMPUTING 

Computers are essent ial to aodern fert ility researchers 
who deal with large data sets and complicated aodels . 
The computer ' s  impact,  already great , can only increase. 
Computers provide nuaerous opportun ities & siaulations 
may be run , parallel analyses may be carried out easily 
and completely , complicated quantities .. Y be evaluated , 
and sensitivity studies aay be done . Large-scale ( inter­
act ive) computer packages of statist ical routines are now 
available , including SPSS , BMD ,  and ISP . Zlotnik (1981) 
has prepared a report on prograas specif ically intended 
f or demograpbic est iaation ,  and prograas are now publicly 
available for the vast aajority of the statistical tech­
n iques aentioned in this paper. The user should not 
forget , however , to inquire into the nuaerical accuracy 
of such prograas as implemented on the computer be ing 
employed . Because of the fact that computers work with a 
f inite nuaber of dig its ,  round-off error can occasionally 
make the computed results wildly incorrect . It may also 
be noted that with the opportunities arising from the 
existence of .adern computing fac ilities , there also 
arise new concerns & it has never been siapler or less 
costly to carry out inappropriate analyses . 

OTHER MBTHODS 

The preceding sections have described soate of the 
statistical aethods that seem especially useful i n  
fertility research . A few others of poss ible use aight 
also be aentioned a factor analysis , Markov processes (to 
mode l ,  for example , the stages of fertility) , spatial 
statist ics , nonparametr ic procedures , general robust/ 
res istant techniques (see Mallows , 1979) , the Cox llodel 
of proportional hazards (see Kalbfleisch and Prentice , 
1980) , and the d irect .adeling of probabilit ies used in 
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modern point process research and in risk analysis (see , 
for example , Brillinger , 1981) . 

SOMB ISSOBS AND DIFFICULTIES 

A nuaber of basic issues arise out of the preced ing d i s­
cussion : the choice of the unit of observation , the 
bas ic measureaent , and the explanatory variables, the 
selection of a design for collection and analysis, the 
specification of quant ities to be coap,·ted and graphed , 
and the assessment and analysis of variability . Several 
questions also arise : Is analysis to be micro or macr o? 
What is the sensible level of sophist ication of technique 
and analysis? What are valid and proper inferences in 
the light of the data and analyses? &ow and what are the 
results to be released? Basic diff icult ies have eaerged : 
non-normal data, missing values (nonresponse) J  outliers , 
h igh intercorrelation of explanatory variates, communic a­
t ion of results to policy makers, measurement of change, 
data release , incorporat ion of external information , data 
reliability, incorrect 80dels1 systematic biases, degree 
of generalizabil ity ,  handling of proxy variates , nonadd i­
t ivity, incorrect assumptions, control of background 
variates , allowance for variates remaining constant 
throughout the course of the study , but probably causal 
in nature , competing risks , expense ,  evaluation in the 
absence of exper imentation,  misclassi f ication ,  mult iple 
sources of variation , and the question of how far 
extrapolat ions can be pushed . 

DISCUSSION 

A review of the recent fertility literature has shown 
that a large number of statist ical techniques are used i n  
that f ield , many of which are ment ioned i n  this paper. 
The review also found that those techniques are soaetime s 
misused and , more importantly , that unjustif ied inferences 
are made based on the data collected . Several specific 
l imitations of the use of stat ist ics in fertility research 
were noted J these include the following : 

o An effect found by a correlational analys is to be 
highly associated with a variate of interest i s  
often described a s  having a causal effect. 
Although this may be true , it cannot be demon-
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strated by correlational analyses ' any causality 
c laims aust be justif ied and qualified 
appropriately .  

o !h is review further noted that in the use of 
statistical techniques , it is rare for inves­
t igators to exaaine the assumptions that serve as 
a basis for the techniques being used . 'l'bis i s  
especially d istressing for techniques (e . g . , 
mult iple regression) where there is currently a 
s ubstantial collection of procedures available for 
checking those assumpt ions . 

o Not many of the papers that construct aodels 
coaaent critically on the general limitat ions o f  
the modeling approach , some authors may even have 
preferred to reason with words , rather than 
equations , so as not to raise doubts about the 
validity of their analytic procedures . 

o Typically , there is no critical evaluation of the 
data employed in analyses , even though tbe author s 
d id not collect that data themselves . 

o Finally , all too seldom is enough inforaation 
presented about computations so that others can 
assess or duplicate the results presented .  

S OME  RBCOMMBNDATIONS 

A number of suggestions for the f ield of fertility 
research can be made based on the review conducted for 
this paper : 

o More resources should be devoted to auditing data . 
o There should be reporting standards for tbe 

results of stat istical stud ies . 
o Measures of sampling uncertainty should always be 

provided . 
o Assumptions and conclus ions should be critically 

evaluated . 
o !here should be more exploratory analyses . 
o 'l'bere should be more confirmatory studies and 

randomized exper iaents . 
o Basic data should be released for independen t 

s tudy . 
o Substantial use should be aade of robust/resistant 

techniques . 
o !here should be validation of aodels constructed . 
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APPENDIX 1 ANNOTATED BIBLIOGRAPHY 

Th is appendix presents an annotated bibliography of the 
papers reviewed for this repor t J  the papers were selected 
by the panel .  

Bongaarts , J .  ( 1978)  A framework for analyz ing the 
proximate determinants of fertility . Population and 
Development Review 4 : 105-1 3 2 .  

Th e  stated goal o f  the paper i s  to present a model fo r 
analyzing the relat ionships between intermed iate fer­
t i lity var iables and the level of fertility .  A fertility 
level is parcelled out into prox imate determining c� 
ponents via the relation TFR • C�cPac iTF ,  with the terms 
appear ing est imated in ad hoc fashion . The relation i s  
c alled a model , but i t  i s  not one in the usual s tatistical 
sense . Measures of uncertainty are not provided . A 
regress ion l ine is f itJ  however , the usual summary 
statist ics are not provided , nor is there any ind ication 
that the assumptions of the regress ion were examined 
cri tically . The author states that • the model can be 
used in comparative fert ility analys is to determine the 
intermed iate fertil ity var iables respons ible for fertility 
d ifferences among populat ions or among subgroups within a 
population . • I f  all that is meant is that arithmetic aay 
be car r ied out and some quantit ies computed that is one 
thing , however any inference that those quant ities cor­
respond to biolog ically relevant entit ies requires an 
assumpt ion that many may not be prepared to make . 

Beckman , J . , and R .  J .  Willis ( 1976) Es t imat ion of a 
stochast ic model of reproduction : An econometr ic 
approach . In N .  E .  Terleckyj , ed . , Household 
Production and Consumption Studies in Income and 
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Wealth, Vol • .& o. Hew York a National Bureau o f  
Bconoaic Research . 

The goal of this work is the development of an integrated 
theoretical and econometr ic .adel of fertility behavior 
within a sequential stochastic fr ... work .  The paper 
includes some economic theory ,  a dynamic stochastic .adel , 
and some empir ical analysis ( including s ignificance 
testing and aaximua likelihood estimation) . There is . a 
fair aaount of discussion of the assumptions e�loyed . 
One can certainly quibble about aany things in the paper , 
but it does seem a good one . 

Hermalin , A. I .  ( 1978 ) Spatial Analysis of Family 
Planning Program Effects in Taiwan, 1966-72 . Paper 
No • .& 8 .  Honolulu : Bast-West Population Institute. 

•Th is paper uses regress ion analysis of areal data in 
Taiwan to examine the effects of the national family 
program on fertility • • • • Tests produce the general 
f inding that the program did contr ibute to the decline in 
fertility • • • •  • A clear assuaption of this author , 
then , is that the units (after some correction for 
covar iate& ) differ only in having the program or not . 
The traditional assumptions of regression analysis are 
apparently not examined critically for the data sets 
e�loyed . 

Bober aft , J .  , and G .  Rodr iguez (1980)  Methodolog ical 
Issues in Life Table Analysis of Birth Histor ies . 
Paper presented at the Seminar on the Analysis of 
Maternity Histor ies , London . 

Th is paper discusses methodolog ical aspects of l ife tables 
for birth histor ies based· on data from retrospective 
maternity histor ies froa surveys . Some exploratory data 
analysis (BM) 1a employed . Selection effects and cen­
sor ing are d iscussed critically and the conclusions 
offered are mainly descr iptive. Both the approach and 
conclusions seem quite reasonable. One interesting 
stat ... nt is the following & •A disadvantage of a 
model-based approach is that it raises doubts in the 
ainds of aany people about the val idity of applicability 
of the .adel . •  

Le e ,  R. D .  ( 1980) Aiming at a .aving target a Per iod 
fertility and changing reproductive goals . Population 
S tudies 3.& ( 2 ) & 205-226.  
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The author seta up a theory relating fertility targets 
and pe r iod fertility rates . A key assumption is aade a 
Fertility of a cohort is closely related to the gap 
between their desired family s i ze and the number of 
births to date. t.plicationa of the assumption are 
der ived and held up against some data . (The data studies 
referred to are not critic i zed although the analysis is a 
s econdary one . ) The contr ibutions are mainly theoretical . 

Mauldin , w. P . , and B .  Berelaon (1978 ) Conditione of 
fertility decline in developing countr ies ,  1965-1975. 

Studies in Family Planning 9 ( 5 ) : 87-147 .  

•This paper i s  a -macro-analysis of the correlates o f  
fertility decline • • • • Th e  analysis focuses on how 
much of the fertility decline is assoc iated with • • • •  • 
The analysis is based on secondary data . Regression is 
employed , apparently without check ing assumptions. Ind i­
v idual coeffic ients are recorded and d iscussed exten­
s ively , without strong warnings about their dependence on 
the var iates employed in the regress ion . (The value of a 
regress ion coeffic ient depends cr itically on which var i­
a tes are included . )  Some Em is presented. The conclu­
s ions are typically carefully qualified : • • • •  we have 
pushed them to their l imite , well beyond the sc ientifi­
cally provable • • • •  • 

Mode , c .  J. ( 1975) Perspectives in stochastic .adele of 
human reprQduction a A review and analysis. 
Theoretical Population Biology 8 a 247-29 l .  

Th i s  i s  a substantial and careful attempt to .odel fer ­
t ility by means o f  age dependent branching processes. 
The model is simulated on a computer ,  but is not fit ( i n  
entirety) to any data sets . Stat istical independence is 
cruc ial in the development of results for branching 
processes , and covar iate& are not easily included in the 
model . The general approach seeaa well worth pursuing. 
However , whether it is an effective one reaains to be 
seen . 

Potter , R. G . , and J .  Phillips ( 1980)  Pitting and 
Extrapolat ing Contr aceptive Continuat ion Curves by 
Log it Regression . Paper prepared for the IUSSP 
Seminar on the Use of Surveys for the Analysis of 
Pamily Planning Programs , Bogota , Colombia . 
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Th is paper considers the spec ific problem of modeling the 
probability of a contraceptor terainating use as a 
f unct ion of duration of · usage . The .adel is logit and 
piecewise linear in duration , f itting is by maxiaum 
l ikelihood . Hierarchical hypotheses are examined , and a 
number of contraceptives are ca.pared . The data are 
observational . The log it assumption is not examined in 
any detail , and there is apparently no examination of the 
extent to which groups us ing different contraceptives 
differed with respect to other var iates J all contr a­
captors in a group are aesu.ed to have the saae 
probabilities . 

Pu llua, T .  w. ( 1978) Standardization . world Pertility 
Survey Technical Bulletin No .  3/Tech . 59 7 .  The 
Hague a International Stat ist ical Institute . 

This paper provides some critical discuss ion of stan­
dardization , prox ies , and path analys is in studying the 
iapact of education on cumulative fertility in Malaysia . 
The data are observational . Coapar isons are aade by 
standardizing with respect to aar ital duration and 
e thnicity , for example , and interactions are examined . 
Although there is discussion of causation versus asso­
c iation , one reads a •Por Chinese and Ind ians , an 
increase in education produces a decrease in fertility 
(holding duration constant ) . •  It is unclear that stan­

dardization is a suitably effic ient tcol for address ing 
the problem considered . It is reca.aended for use if 
resources are limitedJ this may be an t.provement on 
doing nothing , but leads to sc ientific d ifficulties . 

Retherford , R .  D. , and N .  Ogawa (1978)  Deca.pos ition of 
the change in the total fertility rate in the Republic 
of Korea , 1966-7 0 .  Social Biologx 25 ( 2 ) & 115-12 7 . 

Th is is an attempt to understand a sharp decline in Korean 
fertility dur ing the 1960s . The data are retrospective . 
The decline is part itioned out into several factors in a 
linear fashion , with no clear cr iter ia of selection 
presented for those factors . The partitioning technique 
is also subject to a var iety of cr iticisas a What are the 
measures of uncertainty? What about negative components? 
Moreover , unjustif ied stat ... nts are made a •changes i n  
education compos ition i n  turn largely explain the con­
tr ibution of changes in res idence ca.position to the 
decline in the TPR. • 
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Rodr iguez , G. , and J .  Cleland (198 0 )  SOCioeconomi c 
Determinants of Mar ital Fertility in Twenty 
Oountr ies a A Multivar iate Analysis . Paper prepared 
for the World Fertility Survey COnference , London . 

WOrld Fertility Survey data are used to exaaine the 
relationship of level of childbear ing to var ious aoc.io­
economic character istics of couples . 'l'hia work uses the 
technique of aultiple regression extensively . '!'here is 
some critical discussion of regression as a technique , 
yet the assumptions are not auch explored . Several .of 
the conclusions seea unjustified • • . • • the stati s­
t ical analysis has shown that the expected rural-urban 
differences in fertility is universal• and • • • •  we have 
shown the existence of a substantial effect of feaale 
labour force partic ipation on mar i tal fertility . • &ere , 
however , the authors add that • this effect reaaina after 
adj usting for all other var iables in the model and 
therefore cannot be attr ibuted to other socioeconoaic 
factors . • 

Rosenzwe ig , M. R. , and K .  w. Wolpin ( 1980) Testing the 
quantity-quality fertility .adel a  The use of twins as 
a natural exper t.ent . Bconoaetr ica 48 (l) a 227-240.  

'l'he propos ition that the quantity and quality of children 
interact is analyzed . The paper beg ins with an extens ive 
theoretical discussion . The theory is tested on twin 
data--a clever idea--by regression analys is . However , 
the conclus ion is stated too atrongly a •The results 
obtained are thus the f irst to conf ira the hypothesis 
that exogenous increases in fertility decrease child 
quality • • • •  • 

Schultz , T .  P .  ( 1974)  Birth rate changes over apace and 
t ime a  A study of Taiwan . Pp. 225-291 in T .  w. 
Schultz , ed . ,  Bconaaica of the Faaily. Chicago : 
University of Chicago Preas . 

S ix years of aggregate econaaic and d..agrapbic data for 
some 361 administrative reg ions of Taiwan are analyzed . 
Some econaaic theory is presented for a dynamic study of 
birth rates . A linear .adel with lags is set up , but ita 
under lying assumptions are apparently not checked . Least 
squares is the eatiaation technique and there is 
d iscuss ion of the probleaa of aggregation . 
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Sheps , M.  c . , and J. A .  Menken ( 1973 ) Matheaat ica l  
Models o f  COnception and Birth .  Chicago & un ivers ity 
of Chicago Press . 

The stated topic of this book is • the reaction of 
natality ind ices to var iation in the physiolog ical 
asP89tS of reproduction . • It present& a nuaber of 
elementary models for the birth process , but there is not 
much eapir ical work .  In the t ime  s ince the book was 
wr itten , the statist ical .adele described have been 
r eplaced by much broader ones , and in particular by 
aodela with covar iates . If the authors ' el ... ntary 
modele f it the data of interest , all ia well , but it is 
not clear that this is the case . 
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