
Chapter VI

MULTIVARIATE AREAL ANALYSIS

Albert I. Hermalin*

The strategy of family planning programmes is that
increasing the knowledge, acceptance and availability of
family limitation methods will lead through increased use
to the reduction of aggregate fertility levels. At the same
time, many of the countries that have introduced pro
grammes have also been undergoing socio-economic
change which raises the question of partitioning the credit
for any decreases in fertility between the programme and
modernizing factors, such as increasing levels of edu
cation and decreasing child mortality. One way of testing
for a programme effect is to determine whether among
the geographical areas within a country there is a
relationship between levels of fertility and programme
factors, after taking into account socio-economic and
demographic factors also thought to influence fertility.
This approach to the study of family planning pro
gramme effects on fertility may be termed "areal multi
variate analysis" and has been employed in several
countries, often as an adjunct to other methods of
evaluation. The purpose of this chapter is to review the
rationale of this approach, to point up its advantages and
limitations and to provide a detailed example of its
application.

A. STRUCTURE OF MULTIVARIATE AREAL ANALYSIS

The following features of an areal multivariate analysis
as applied to the study of family planning programme
effects on fertility have been identified:

"(i) for all or some subset of local areas within a
country or other territorial unit, one has a series
of characteristics whose influence on fertility is
to be determined (these are the independent
variables);

"(ii) one or more of these measures reflects inputs
into the program, either in terms of manpower,
supplies, money, or some intermediate effect of
such inputs such as acceptances;

"(iii) a measure of fertility (or some characteristics
assumed to bear directly on fertility) as de
pendent variable, which reflects the effects of
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the program and other factors; and
"(iv) a method of analysis which enables one to

appraise the relative impact of the independent
variables on the dependent variable."!

Attention to these features highlights some of the
strengths and weaknesses of this approach.

I. Advantages of method

Contrasted with such procedures as standardization or
trend analysis, this approach produces a direct estimate
of the effect of the programme rather than inferring its
impact as a residual. At the same time, it explicitly takes
account of the effects of a range of other explanatory
factors and does not require, as does analysis of births
averted, that those factors be converted into measures of
the substitution of private methods by programme
methods or the potential fertility of acceptors, which have
been troublesome to estimate. Further, it can be applied
to both macro and micro data although, in evaluation
studies, macro applications are more common. The
method is suited for use with time-series data as well as
with indicators for different moments in time, and it can
be made to take account of time-lags.

In areal multivariate analysis, geographical areas are
the units of analysis and the focus is on observed
aggregate levels of fertility and, in so far as programmes
are intended to reduce aggregate levels of fertility, using
areas as the unit of analysis may be viewed as the
preferred method of testing for programme effects and
not simply a second-best alternative when individual
correlations are not available. In addition to the general
objective of determining whether a family planning
programme has had a significant impact on fertility, while
taking acccount of other factors, areal analysis has
various other uses. Policy decisions can be aided by
studying the returns obtained from different types of

1 Albert I. Hermalin, "Regression analysis of areal data", in
C. Chandrasekaran and Albert I Hermalin, eds., Measuring the Effect of
Family Planning Programs on Fertility, published by the International
Union for the Scientific Study of Population for the Development
Centre of the Organisation for Economic Co-operation and Develop
ment (Dolhain, Belgium, Ordina Editions, 1975), p. 247. This earlier
work, which is to be treated as a companion piece for the present
chapter, takes up some aspects of areal multivariate analysis not
covered here, treats a number of others in more detail, provides a more
complete description of previous applications and presents some
alternative models. The focus in this chapter is on providing a detailed
example of the mechanics of the technique; and for this reason, the
chapter is less comprehensive in some other respects.



inputs; the differential success of the programme in areas
with differing characteristics may suggest a reallocation
of effort.

2. Disadvantages of method

One of the short-comings of this method is that results
obtained for an areal level cannot be presumed to hold
among individuals without further testing, as is shown in
a discussion of the ecological fallacy." The statistical
interrelations between correlations on the individual and
aggregate levels have been treated by various authors. 3

Because a theory of fertility behaviour that is fruitful
for explaining variations among individuals may not
satisfactorily account for areal variation, it is necessary
for the investigator to develop a model considered
adequate at the areal level. Many of the conceptual
schemes now current, be they of a sociological,
psychological or economic nature," focus on individual
differences and few explicate fully how a family planning
programme affects the fertility process. As with other
approaches to evaluation, the absence of an accepted
paradigm of aggregate fertility represents a weakness of
the multivariate areal approach, in that findings on the
effect of the programme are likely to vary with the model
employed and there are no criteria for choosing one set of
results over another.

Areal multivariate analysis is also limited by the types
~f ~ata likely to be available. The investigator is largely
hm~ted to data from official sources-eensus, vital
registration and service statistics reports-and these data
may not contain operational measures of key concepts
required by the model. Data for certain classes of
variables, such as the biological factors which impinge on
fertility (length of post-partum amenorrhoea, level of
fecundity and the like), are rarely available on an
aggregate basis and hence must usually be omitted even if
called for by the conceptual model. As illustrated below,
however, fertility and Knowledge, Attitude, Practice
(KAP) surveys can sometimes be utilized to develop
aggregate measures of variables not otherwise available
thus permitting the testing of a wider range of theories:

2 W. S. Robinson, "Ecological correlations and the behaviour of
individuals", American Sociological Review, vol. 15 (June 1950), pp.
351-357.

3 Otis Dudley Duncan, Ray P. Cuzzort and Beverly Duncan,
Statistical Geography: Problems in Analyzing Areal Data (Glencoe, Ill.,
The Free Press of Glencoe, 1961), pp. 65-67; Michael T. Hannan,
Aggregation and Disaggregation in Sociology (Lexington, Mass., Lexing
ton Books, 1971), pp. 38-49; Howard R. Alker, Jr., "A typology of
ecologicalfallacies", in Mattei Dogan and Stein Rokkan, eds., Quanti
tative Ecological Analysis in the Social Sciences (Cambridge, Mass.,
Massachusetts Institute of Technology Press, 1969), pp. 69-86; and
Henri Theil, Linear Aggregation of Economic Relations (Amsterdam,
North-Holland Publishing Company, 1954).

4 See, for example, Ronald Freedman, "Applications of the
behavioral sciences to family planning programs", Studies in Family
Planning, No. 23 (October 1967), pp. 5-9; James T. Fawcett,
Psychology and Population: Behavioral Research Issues in Fertility and
Family Planning (New York, The Population Council, 1970);Born Mo
Chung and others, Psychological Perspectives: Family Planning in Korea
(Seoul, Republic of Korea, Korean Institute for Research in the
BehavioralSciences/HollymCorporation, 1972);Theodore W. Schultz,
ed., "New economic approaches to fertility" (Proceedings of a con
ference, 8-9 June 1972), Journal of Political Economy, vol. 81, No.2,
part 2 (March-April 1973).
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Some of the data desired for analysis may only be
available infrequently from the usual sources, as in the
case of the decennial census, and this factor constrains the
timing of family planning evaluations.

Although reliance on official statistics of the type
mentioned above may limit the range of available
variables, from another standpoint it may present
many choices for operationalizing other variables. For
~xample, the educational level may be operationalized by
hteracy level, by years of school attained by males and/or
females in certain age groups or by proportion of children
enrolled in secondary school. If the theory is sufficiently
detailed to indicate precisely how education affects fer
tility, it may point to one measure as most appropriate, but
often this is not the case and the investigator has to make a
decision on other grounds. To the extent that the various
operational measures of a concept are not perfectly
intercorrelated, the results are likely to vary somewhat
with the particular measure employed, introducing a
further note of ambiguity in the inferences drawn.

Using areas as the units of analysis limits the number of
observations so that this approach is vulnerable to the
problems that beset small sample size. Some of the
sources of variation mentioned above are more trouble
some because of the limited number of observations.
Errors in data are also likely to be a problem with this
approach because a large error in a few observations can
have a sizable effect on the correlation and regression
coefficients. Steps that can be taken to reduce errors in
data are discussed in section B.

Options may also exist with regard to the statistical
method of analysis used to obtain estimates of the effect
of the independent variables. The use of ordinary least
squares contains a series of assumptions about the
distribution of the error term, the absence of reciprocal
influence, independence of the error term and explana
tory variables etc. Where these conditions are not met, a
technique such as two-stage least squares may be called
for.

In summary, areal multivariate analysis is congruent in
many ways with the problem of determining the effect of
family planning programmes on fertility. As such, it
represents a useful approach to evaluation. At the same
time, note has been taken of a number oflimitations: the
results obtained will vary with the conceptual model
employed; for a given model the results will vary with the
operational definitions of the concepts; and for a given
model and set of definitions, variation can arise from the
statistical method of estimation used. In addition, the
nature and frequency of the available data may limit the
analysis. These impediments are not unique, of course, to
the evaluation of family planning programmes nor to the
areal multivariate analysis method, but are common to
many attempts to analyse social behaviour. Also, the
level of sensitivity which has been stressed in this section
must be compared with that of other evaluation ap
proaches. It may be that other techniques of evaluation
appear more robust because they have not yet been
subject to the same type of sensitivity analysis as has the
multivariate areal approach.



B. INITIAL STEPS IN THE ANALYSIS

The logical starting-point of an areal multivariate
analysis would be a conceptual model that identifies the
factors that determine aggregate fertility levels and their
interrelationships. It is the operationalization of these
concepts that points to the data desired, governs the
assumptions and determines the mathematical model
most appropriate for estimating the effect of the factors.

As a practical matter, however, it may be wise to begin
with a preliminary investigation of the data base, since it
is known that certain kinds of information on an areal
basis will be required. Initial interest should centre on
identifying the areal units of interest. Often the area of a
country will be subdivided into a relatively small number
of primary geographical divisions, such as regions, states
or provinces, with these divisions further subdivided into
secondary and tertiary subdivisions, such as countries,
townships and districts. (The number of subdivisions and
their titles will, of course, vary from country to country.)
The number of units at each level and the types of data
available for each will, as a practical matter, determine
the level of aggregation to be used.5

Because the multivariate analysis will involve the
simultaneous treatment of a number of variables, it is
advisable to avoid the largest levelof aggregation, such as
the states ofIndia, as these divisions may provide too few
cases for reliable estimation of the effects." Sometimes
the structure of the family planning programme may
suggest the level of aggregation .. For example, where
decisions about personnel or budgets are made on the
basis offactors at a particular areal level, if other needed
data are available, that levelmay be the most appropriate
for analysis. As a first step, then, one determines whether
relevant data are available for a sufficientnumber of areal
units at an appropriate level of aggregation. If such data
can be obtained only for primary subdivisions and these
units number fewer than 20, the analysis is likely to be
severely limited.

A secondary consideration might be the frequency and
timeliness of the data. Ideally, one would like to repeat
the analysis at several points in time both to study the
trends in effects and because the reasonableness of the
patterns over time will increase confidence in the results.

, There is also a theoretical question here centring on whether an
analysis conducted at one level of aggregation willcoincide with that of
another: for example, whether one will obtain the same results from
primary subdivisions as from secondary or tertiary subdivisions.
Generally speaking, this will not be the case. For the relation between
the correlations at two different levels of aggregation, see O. D.
Duncan, R. P. Cuzzort and B. Duncan, op. ctt., p. 110;and for further
discussion of this issue, A. I. Hermalin, loc. cit., pp. 275-276.

• However, note should be taken of three examples of studying
variation in acceptances in an areal multivariate framework using the
states of India as units of analysis: S. N. Agarwala, "A study of factors
explaining variability in family planning performance in different states
of India"; and O. P. Vig, "An application of path analysis to study
variation in acceptance of the family planning programme in India,
1966-71", both papers presented at the AlI India Seminar on Family
Planning Problems in India, Bombay, International Institute for
Population Studies 1972 (mimeographed); and S. K. Srikantan, The
Family Planning Program in the Socioeconomic Context (New York, The
Population Council, 1977).
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Inaddition, data over time are necessary if first-difference
models (discussed below) are to be developed.

1. Types and sources of data needed

Types of data

Assuming that these initial steps are encouraging, a
closer look may be taken at the specific types of data
needed and their likely sources. In the previous section, it
was stated that in an areal multivariate analysis data of a
demographic, socio-economic and family planning pro
gramme nature will usually be required. Always keeping
in mind that the data to be sought are dictated by the
conceptual model, the following list of specificvariables 7

indicates those which may be available by area and
relevant to a wide number of models:

(a) Demographic and ecological variables:

(i) Fertility: crude birth rates; general fertility ra
tes; age-specificfertility rates; total fertility rates;
child-women ratios;

(ii) Nuptiality: marital status by sex and age or
proportion married by age; marriages, number
and/or rates; marriages by age;

(iii) Migration and mobility rates, migration
streams;

(iv) Mortality: crude death rates; infant mortality
rates; other age-specific mortality rates;

(v) Population: total number; sex and/or age distri
bution; sex ratio;

(vi) Density: Population potential; distances to ur
ban centres; levelof urbanization; land-use mea
sures (agricultural population per unit of arable
land).

(b) Socio-economic and related variables:

(i) Economic activity status (labour force)-by sex
and age; occupational distribution (detailed or
agricultural versus non-agricultural); other job
characteristics;

(ii) Adult educational level (percentage literate; de
tailed educational attainment-by sex and age);

(iii) Ethnic group, religious characteristics, tribe;
(iv) School attendance measures-primary, secon

dary;
(v) Income measures-per capita, family or house

hold;
(vi) Housing characteristics, ownership of specified

objects;
(vii) Commercial activity, manufacturing and agricul

tural production; number of establishments, tax
revenues;

(viii) Communication and transportation measures
(postal service volume, number of telephones
etc.);

(ix) Health and welfare measures: number of physi
cians, hospitals, clinics etc.; health budgets;
health services-maternal and child care (pro
portion of births in hospital, with doctor in

7 A. I. Hermalin, loc. cit., pp. 262-263.



attendance); number ofexaminations for specific
diseases, incidence and prevalence rates; social
service budgets; public work expenditures;

(x) Civic measures, such as proportion of adults
voting;

(c) Family planning programme characteristics:

(i) Programme inputs: number of field-workers and
other personnel; number of clinics and other
facilities; physicians and other medical per
sonnel employed or under contract; man-hours
of efforts; number of contacts; expenditures;
promotional efforts (number of posters, screen-
ings etc.); '"

(ii) Number and characteristics of acceptors of
contraceptive service, type-of contraception ac
cepted, first contacts versus subsequent contacts.

T~e fo~eg~ing list is not exhaustive nor does it typify
the situation 10 anyone country. Few countries will have
data on all these characteristics by areal subdivision.
Since fertility is typically the key dependent variable, the
availability of a suitable measure is a pre-condition for
undertaking the analysis. Among the possible fertility
measures, the crude birth rate with its dependence on the
age structure is, quite obviously, a less satisfactory
measure than some of the others mentioned; but given
age and sex population data, standardized measures can
be developed. It should be noted, however, that a set of
areal indirectly standardized rates does not strictly con
trol for age-sex compositional differences."

Sources of data

It will be necessary for the investigator to consult a
number of statistical sources for the country of interest in
order to obtain the required data. Census, vital statistics
and/or household registration system publications should
yield information on some of the characteristics listed
under categories (a) and (b) given above. Information on
the characteristics listed under (c) are generally derived
from the service statistics reports of the agency re
sponsible for the family planning programme. Beyond
these more obvious sources, one may have reference to
general statistical compendia of the country or to the
reports of specific departments and ministries, such as
those for transportation, health and education, in search
ing for data on the socio-economic characteristics in
category (b). Occasionally data for each areal subdivision
will not have been compiled centrally but may exist in the
reports of the local governing units.

In assembling the information, care should be taken to
assure that the variables of interest relate to the same
geographical classification. Although many countries
have a well-established system of classification of geo
graphical areas, one may still find special areal de
finitions, such as health districts or school districts, for
which the boundaries differ from those applicable to the
other variables. In compiling a time series of the relevant

8 Evelyn Kitagawa, "Standardized comparisons in population re
search", Demography, vol. 1, No.1 (1964), pp. 296-315.

100

variables, one should be alert to changes in the system of
geographical classification as well as to changes in the
boundaries of individual areas.

Most of the data used will be published statistics from
primary or secondary sources so that typically the
investigator will not have any control over the procedures
involved in collecting, tabulating or preparing the in
formation. In these circumstances, there is sometimes a
tendency to accept the data as given and not be concerned
with measurement error. Because measurement error can
bias the results of the analysis, it is important that the
investigator minimize it to the extent possible." For the
type of information typically employed in an areal
analysis, the following steps to keep the bias to a
minimum might be undertaken:

(a) Review any published information on the com
pleten~ss and reliability of the data utilized. Many
countnes conduct evaluations of their censuses in accor
dance with United Nations recommendations. The
Demographic Yearbook published annually by the United
Nations offers a broad appraisal of the vital statistics
system in each country;

(b) The investigator may employ analytical tests of
data adequacy using various demographic techniques
designed for that purpose;

(c) Familiarization with the procedures used to collect
and process the information may provide guidelines as to
likely sources of error as well as afford further under
standing of the meaning of the data. Knowing the
definitions of the events, the degree of local autonomy in
collecting information and whether the data are tabu
lated locally or centrally is helpful in making proper use
of the data;

(d) Where data are available for each area on a regular
basis, consistency checks can be made to help detect such
things as typographical errors and transpositions of data
between areas. In one simple procedure, the annual
percentage change in an item is computed for each area
and an examination made of the instances of large
deviations from the national average, taking into account
the nature of the item and the size of the area. (An area
with a small population, for example, might show large
percentage changes in the crude birth rate.) Where both
the detail and total are shown for a characteristic, it is
simple to check on the addition, rates and other measures
can be recomputed when the appropriate "raw" data are
given. The errors thus found can often be corrected from
internal evidence; in other instances, it may be necessary
to inquire of the responsible agency. The experience of
the present author is that "even data of generally high
quality may contain a large number of such errors and
that many of them can be detected by these simple
procedures". I 0

9 In a simple regression, random measurement error in the inde
pende~t variable will lead. to an underestimation of the regression
coefficient which IS a function of the measurement-error variance in
relation to the true-value variance; see J. Johnston, Econometric
Methods (New York, McGraw Hill, 1963), pp. 148-150.

10 A. 1. Hermalin, loco cit., p. 267.



2. Conceptual model

Having considered the types, sources and quality of
data, one can return to the question of the conceptual
model to be employed. Due to the absence of a well
developed theory of the determinants of aggregate fer
tility, most applications ofareal multivariate analysis have
adopted a general framework that views fertility as a
function of other demographic characteristics, the level of
development or modernization and inputs from the
programme. This broad approach II characterizes the
analyses of Simmona'? for India; of Riew':' for the
Republic of Korea; of Jones'" for Barbados; of Taucher
and Bocaz'" for Chile; and of Hermalin.l" There have
also been recent studies 17 in which countries were units of
areal analysis and in which the hypothesis was that
fertility is interrelated with other demographic character
istics, the level of development and programme inputs.
The precise indicators of development used in these
analyses vary widely but centre around educational
measures, labour force characteristics (proportion in non
agricultural occupations and/or proportion of women
economically active), child mortality, the proportion in
urban areas and percapita income. For measures offamily
planning programme input, these investigators have util
ized the number of clinics, the number of workers or
doctors, or hours of effort by field personnel. Some of the
demographic characteristics, such as density, proportion
urban or child mortality, are taken as indicators of
development; others are used to control the dependent
variable for non-fertility factors. For example, if the total
fertility rate or an age-specific fertility rate is the de
pendent variable, a measure of age at marriage or the
proportion married in a keyage group should be included
with the independent variables to control for the effect of
nuptiality on those fertility measures. The particular
fertility measure used as dependent variable will ofcourse
determine whether any demographic variables are needed
as controls, and if so, which ones to select.

In contrast to these generalized development models,
Schultz!" employs a more detailed model of fertility

11 Within this broad approach there are still differences among the
investigations. Some were begun with a more explicit model; others
took a more heuristic approach.

12 George B. Simmons, The Indian Investment in Family Planning
(New York, The Population Council, 1971);

13 John Riew, "The family planning programs in Korea-an analysis
of achievement and cost", University Park, Pennsylvania State Uni
versity, 1971 (mimeographed).

14 Huw W. Jones, "Fertility decline in Barbados: some spatial
considerations", Studies in Family Planning, vol. 8, No.6 (June 1977),
pp. 157-163.

15 Erica Taucher and Albino Bocaz, "Application of methods of
measuring the impact of family planning programmes on fertility: the
case of Chile", in Methods of Measuring the Impact ofFamily Planning
Programmes on Fertility: Problems and Issues (United Nations publi
cation, Sales No. E.78.xm.2), pp. 107-135.

1610c. cit.
17 S. K. Srikantan, op. cit.; Ronald Freedman and Bernard Berelson,

"The record of family planning programs", Studies in Family Planning,
vol. 7, No. I (January 1976), pp. 1-40; and W. Parker Mauldin and
Bernard Berelson, "Cross-cultural review of the effectiveness of family
planning programs", in International Population Conference, Mexico
1977(Liege, International Union for the ScientificStudy of Population,
1977), vol. 3, pp. 163-186.

18 T. Paul Schultz, The Effectiveness of Population Policies: Alter-
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determination based on the environmental constraints
and opportunities that influence the number of surviving
children parents want, the level ofchild mortality and the
family planning activities viewed as assisting the avoid
ance of unwanted births. For example, the level of adult
education is taken as indicative of the demand for higher
quality children as well as of the ability to avoid unwanted
births, and the level of secondary school enrolment
reflects the cost of child-rearing. Although areal variables
are used, the model is individualistic in formulation and
the results are often interpreted on that level, which raises
questions as to the appropriateness of areal data for
testing and estimating this model.

The explication ofa conceptual model will often lead to
a number of equations. That is, the model will not only
specify the determinants of fertility but may indicate
independent-dependent relationships among other char
acteristics. In this case, it is important that the full system
be developed, because the appropriate technique for
estimating any equation that is part ofa system must take
into account the nature of the assumptions about the
correlation of error terms across equations. 19

It is assumed that, at this point, the potential user of
areal multivariate analysis has determined that appro
priate data exist and has some conceptual models in mind.
Section C provides a detailed example of this approach
which will allow introduction of a number of additional
issues as well as illustrations of those discussed earlier.

C. ApPLICATION OF METHOD

1. General development model

The detailed example of areal multivariate analysis
presented in this section is applied to a general develop
ment model of fertility. Table 92 provides the data set to
be used. It lists for 56 areas of a country in East Asia
(Country C) 25 variables of a demographic, socio-eco
nomic and family planning nature. The 56 areas are a
subsample ofa larger number ofareas for which such data
are available. In this first model, concern is with the first 18
variables. The variables are taken from the sources
described in the previous section and are defined in table
93. Note that, for convenience, decimal points have been
omitted from table 92, and the definitions are in accord
with the form in which the data are shown.i"

Figure VII displays the model to be estimated. The
diagram uses the conventions of path analysis, a multi
variate technique useful in explicating linear causal mo-

native Methods of Statistical Inference, report P-4663 (Santa Monica,
Cal., Rand Corporation, 1971).

19J. Johnston, op. cit., p. 231.
20Most of the variables are rates or proportions and require no

further elaboration. Note should be taken of variables IS and 16, the
child-schooling index. This index has as its numerator all those in school
above age 12 or 15 (depending upon the year in question) and in the
denominator the population of just one age group (12-19 or 15-19).
Hence, this index can go above 1,000, which happens in two areas. It
might be noted also that Country C has a fairly late age at marriage, so
that the proportion married at ages 20-24 well captures differentials in
age at marriage across areas. In another study it was found that this
variable correlates -0.90 with the singulate mean age at marriage.



dels. Path analysis bears close affinities to multiple
regression analysis but helps make explicit the underlying
assumptions and interrelationships." The variables in
figure VII are arranged in a temporal and/or presumed
causal sequence. Each variable occurs earlier in time than
those appearing to the right of it and later thanthose to
the left of it, and can be affected by all the variables that

precede it. The direct or net influences from one variable
to another are represented by the one-way straight arrows
and the curved, bi-directional arrows represent the cor
relations between the exogenous variables which are
unanalysed in the model. It will be noted that, in the
interest of clarity, not all of the possible curved arrows are
shown in figure VII.

Figure VII. Path diagram of factors affecting total fertility rate

Density Xa

Child
mortality X b

Agriculture
and fishing Xc

Child
schooling X

d

Adult
education X

e

Worker input X,

Note: The signs and magnitudes associated with the straight arrows are path coefficients (see text for
definition and table 96 for values). The path coefficients from the residuals R., R,.and R•.are calculated as
J 1 - R2

, where R2 is the coefficient of determination for the respective endogenous variables, as given in
table 96.

The model displayed in figure VII posits that the total
fertility rate of an area is affected, among other things, by:
(a) the percentage married at ages 20-24; and (b) the
cumulative acceptance rate lagged nine months (since
acceptances beyond March of the given year cannot affect
that year's fertility). The proportion married serves as a
control for nuptiality differences among areas which
affect age-specific rates and hence total fertility. In
addition, the total fertility rate is viewed as being affected
by four of the exogenous variables-density, child mor
tality, the proportion of the labour force in agriculture
and fishing,and the index of secondary-school enrolment.
Note that it is assumed that the level of adult education

21 For detailed expositions of this technique, see Otis Dudley
Duncan, "Path analysis: sociological examples", American Journal of
Sociolog.\', vol. 72, NO.1 (July 1966), pp. 1-16: and Kenneth C. Land,
"Principles of path analysis", in Edgar F. Borgatta, ed., Sociological
Methodology (San Francisco, Cal., Jossey-Bass lnc., 1969), pp. 3-37.
The presentation in this chapter draws heavily on the work of Duncan.
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influences fertility only indirectly, through its effect on the
percentage marriedr" similarly, it is assumed that the
amount of worker input influences fertility only through
its effect on the level of acceptances.

Although the omission of the direct path to fertility
from worker input might be postulated on theoretical
grounds, it should be stressed that the omission here of the
direct path from adult education is based on prior testing
of this model for a series of years and a larger number of
areas, which showed that the direct influence was negli
gible. This point illustrates one approach to theory de
velopment which Heise'" calls "theory trimming": one
begins by postulating all the possible direct influences and

22 Figure VII also indicates that adult education would have an
indirect effect on fertility through its influence on the cumulative
acceptance rate.

23 David R. Heise, "Problems in path analysis and causal inference",
in Edgar F. Borgatta, ed., Sociological Methodology (San Francisco,
Cal., Jessey-Bass Inc., 1969), pp. 38-73.



then deletes those which are negligible in order to achieve
the most parsimonious model.

The exogenous (or predetermined) variables shown on
the left side of figure VII, which the theory does not seek
to explain, are demographic and socio-economic meas
ures which reflect the level of urbanization and develop
ment in an area. However, this statement does not apply to
the worker-input measure which is included to test for the
relation of programme input to programme output, i.e.,
acceptances. This approach is in keeping with the general
development approach discussed earlier. Though other
socio-economic measures are available, they were ex
cluded from the model to avoid the problem of multicollin
earity, which makes it difficult to estimate reliably the
individual effects of highly intercorrelated variablesr'"
and the problem of redundancy, arising from the ten
dency of a cluster of intercorrelated variables to divide
their joint effect and thereby reduce the apparent in
fluence of anyone characteristic." The socio-economic
measures used in figure VII have been lagged two to three
years behind the date of the fertility variable on the
presumption that there is a delay before developmental
changes affect fertility.

The relationships shown in figure VII may be set forth
in a series of equations, in accord with the conventions of
path analysis:

YI = P12 Y2 + PI3 Y 3 + PlaXa + Plb Xb + PlcXc
+PldXd+PluRu (1)

Y2 = P2aX, + P2bXb + P2cXc + Pld x, + P2e x,
+P2w Rw (2)

Y3 = P3bXb+P3cXc+P3dXd+P3eXe+P3/Xf
+P3vRv (3)

In the equations, each variable is in standard form; the
1'; variables are considered endogenous, those which the
model seeks to account for; the Xi are the exogenous
variables, which the theory does not attempt to explain;
and the R, are the residual effects of unmeasured vari
ables, which are uncorfelated with the other determining
variables in each equation. In this system, each dependent
variable is treated as completely determined by some set of
variables in the model, including where necessary the
unmeasured residuals. The Pij in the equations are the
path coefficients which represent the direct effect on
variable i from variable j.

The model in figure VII does not postulate any
reciprocal causation or feedback between variables. This
point is also established by the equations of the system in
that there is no instance where both Pij and Pji appear.
Such a system is termed "recursive" and under the
assumption that the residual effects are uncorrelated with
each other and with the exogenous factors in the model,
the system of equations can be solved equation by
equation by ordinary least squares.:" In this case the path
coefficients will be equal to the partial regression coef-

24 J. Johnston, op. cit., pp. 201-207.
2S Robert A. Gordon, "Issues in multiple regression", American

Journal of Sociology, vol. 73, No.5 (1968), pp. 592-616.
26 More precisely the model given by equations (1)-(3) is not fully

recursive because no influence is posited from Y2 to Y, or vice versa.

ficients in standard form, or the beta coefficients, of the
multiple regression equation. For example, for equation
(2)given above, P2a = PZa'bcde; P2b = PZb'acde; P2c = PZc'abde;
Pld = P2d'abce; P2e = PZe'abcd' obtained from the regression
of Y2 on x; x; x; x, and x;

One may also solve for the unknown path coefficients
by making use of the "basic theorem of path analysis",
which may be written generally as

rij = LPiqrjq
q

where i and j are two variables and q runs over all the
variables which have paths leading directly to variable i.2 7

Application of this relationship leads to a set of simul
taneous equations which can be solved for the path
coefficients by using the observed correlations contained
in the equations.i" The following example illustrates a
multiple regression, the standard partial coefficients of
which are identical to the path coefficients in the formula
given above.

An illustrative example

The model set forth in figure VII and equations (1), (2)
and (3) is applied below to the data in table 92 for two
points in time: 1966, shortly after the programme began;
and 1972, when the programme was well under way. For
1972, two versions of the model are estimated: the first
maintains the exogenous development indicators at their
pre-programme levels; the second advances those in
dicators in time to maintain the same lag established for
the 1966 model. Table 95 defines the variables entering
each of these models in terms of the variable numbers and
specifications identified in tables 92 and 93. The first
approach to the 1972 model is labelled "fixed" in table 95
and the second "moving". The point of two regressions is
to allow examination of the effect of slightly different
specifications on the estimates obtained, in keeping with
the earlier discussion of the sources of sensitivity in areal
multivariate analysis.

Table 94 presents the correlation (2) matrix of the 18
variables entering these models as well as the mean and
standard deviation of each variable. The correlation
matrix forms a useful intermediate step between the data
and the regression results. From table 94 it can be seen, for
example, that there is a high positive correlation between
the total fertility rates in 1966and 1972 (variables 1and 2),

Hence, certain of the residuals may be correlated, namely, Rwand Rv.
Knowledge that the assumption of independence among residuals is
unwarranted may come from information on the nature of these
unmeasured factors and their presumed influences or by tests on the
correlations of estimated residuals. In addition, if a model posits
reciprocal influencesbetween two or more endogenous variables, it can
be shown that the conditions for using ordinary least squares are not
met. If for any of these reasons the assumption of independence of
residuals is not maintained, then a technique such as two-stage least
squares or another alternative is called for. For further discussion of
these points, see A. I. Hermalin, loco cit., pp. 284-286; and for a
description of alternative techniques, see J. Johnston, op. cit., chap. 9.

27 O. T. Duncan, loco cit., pp. 5-6.
28 An example of developing these simultaneous equations is pre"

sented in A. I. Hermalin, loco cit., p. 282.This source also illustrates how
the implied correlations from the model can be derived by use of tbe
basic theorem for comparison with the observed correlations and how
to explicate the indirect effects inherent in the model.
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TABLE 92. DATA FOR 25 DEMOGRAPHIC, SOCIQ.ECONOMIC AND FAMILY PLANNING VARIABLES FOR 56 AREAS-0
.j:>. Variable

Area / 1 3 4 5 6 7 8 9 JO JJ /1 13 J4 /5 /6 /7 /8 /9 10 1/ 11 13 14 15

1 ............ 4645 3680 54 49 62 400 901 958 13 122 58 62 783 330 517 533 10 85 49 256 0 128 656 10 8
2 ............ 4035 3385 50 46 153 744 802 849 20 172 63 67 765 425 696 752 28 130 132 179 45 119 666 13 24

3 ............ 5215 4330 54 45 90 572 703 723 26 232 52 58 989 536 491 326 0 196 85 74 37 86 1002 28 0

4 ............ 4820 3395 60 51 111 694 729 767 13 106 54 61 1359 450 614 610 26 163 86 143 57 130 957 5 19

5 ............ 5440 3445 70 54 84 668 664 731 36 185 50 58 1402 450 423 511 12 152 71 173 19 138 1254 6 11

6 ............ 4100 3105 48 40 193 749 769 819 25 277 47 56 1 173 635 531 467 32 162 153 150 75 150 887 38 28

7 ............ 5365 4100 71 55 165 649 573 584 72 579 27 36 1568 773 411 305 61 255 145 225 150 157 1422 33 53

8 ............ 5280 3670 76 54 91 638 655 687 44 320 47 57 1 171 626 532 638 9 151 77 83 0 135 714 42 9

9 ............ 5565 4035 60 47 136 691 614 629 84 726 36 49 717 508 601 368 42 219 99 267 53 140 557 53 36
10 ........... 5160 3925 54 46 56 402 626 638 69 462 34 45 1683 835 351 246 17 164 39 132 0 151 889 71 11

11 ........... 4080 3210 50 39 180 648 723 753 26 162 62 67 829 587 824 767 35 169 161 239 43 132 859 46 33

12 ........... 5245 4015 50 45 104 577 592 601 76 648 33 41 1 196 805 . 444 250 45 226 85 45 45 158 846 30 38
13 ........... 4440 3580 50 40 208 830 555 563 76 690 45 55 1096 361 553 386 102 228 178 146 63 137 883 30 94

14 ........... 4500 3120 53 45 182 648 607 ~22 56 571 54 62 1 136 564 423 423 16 124 156 182 45 130 854 28 16
15 ........... 4455 3390 52 38 77 518 672 686 57 476 54 52 1383 408 432 380 9 163 70 279 23 151 1014 9 9
16 ........... 4730 3720 47 36 76 533 680 697 57 447 43 49 1662 468 504 423 11 155 67 75 9 169 935 2 10

17 ........... 4870 3530 58 49 157 648 676 696 64 521 47 58 1395 561 407 332 43 259 138 132 57 142 1013 17 33
18 ........... 5045 3790 62 54 222 788 577 591 79 804 49 52 1 163 489 510 293 91 316 198 133 144 127 819 24 79
19 ........... 4840 3795 54 44 90 481 659 665 83 669 42 49 1944 674 390 191 14 231 83 77 0 180 1350 10 14

20 ........... 4105 3645 56 45 117 484 657 662 90 812 23 33 1 150 427 325 246 15 171 85 132 13 173 894 44 12
21 ........... 4340 2990 55 46 142 725 627 615 51 480 45 53 949 465 520 404 21 156 118 179 71 142 744 50 18
22 ........... 4505 3225 61 49 118 490 531 545 64 545 38 49 1290 556 502 384 36 172 102 160 32 158 971 55 32
23 ........... 4695 3435 52 46 170 618 520 522 74 633 46 46 1 130 576 462 309 39 241 113 175 53 150 809 54 32
24 ........... 4615 3385 67 60 129 558 594 574 57 475 60 49 1239 716 352 387 52 229 109 130 III 142 904 58 43
25 ........... 4505 3165 58 42 139 605 713 722 39 374 43 49 1424 508 564 453 65 265 125 140 100 166 1059 63 56



26 ........... 5395 3585 77 61 118 669 583 599 82 798 18 23 1787 655 357 194 4 153 99 128 115 175 1013 66 4
27 ........... 4030 2850 53 38 128 506 810 830 13 123 50 57 939 487 648 656 25 123 110 330 71 129 755 59 17
28 ........... 5060 3085 67 51 138 604 594 604 80 790 25 35 1382 912 306 237 73 271 116 17 51 175 1223 51 64
29 ........... 4820 3060 75 60 178 618 551 561 84 744 33 43 1208 913 429 290 70 221 141 78 94 157 966 56 62
30 ........... 4220 2800 57 44 74 478 627 630 71 674 31 41 1147 648 584 419 5 124 64 220 20 154 965 46 5
31 ........... 4345 2980 64 53 110 590 784 828 18 109 46 54 844 461 634 664 26 124 101 276 86 141 633 15 25
32 ........... 5845 4475 59 59 66 579 702 739 68 371 19 28 1399 652 406 244 49 231 60 117 25 155 975 27 47
33 ........... 5730 4145 62 55 69 262 525 527 91 808 24 30 583 273 298 187 87 195 63 0 0 152 620 21 87
34 ........... 4455 3950 47 46 110 555 682 690 55 389 25 34 I 151 645 431 311 69 318 72 182 23 154 783 15 56
35 ........... 5040 4025 54 46 15 514 737 753 56 512 21 32 1437 863 279 175 8 198 12 140 18 161 1257 16 5
36 ........... 3975 2605 57 41 136 484 764 784 19 151 48 56 851 441 757 714 17 108 122 50 109 136 772 18 15
37 ........... 4690 3415 63 55 160 619 651 664 68 685 28 36 811 433 445 334 44 166 136 118 108 152 784 25 38
38 ........... 4910 2940 57 44 94 558 643 655 70 609 52 58 I 176 432 424 447 107 335 87 176 59 135 952 29 93
39 ........... 4300 3370 55 46 133 669 663 670 58 520 40 46 818 613 593 476 105 373 114 229 0 170 892 30 87
40 ........... 6585 4820 72 64 62 440 434 451 81 710 31 40 1778 691 384 228 81 319 39 75 19 163 1421 95 59
41 ........... 4745 3260 56 46 96 457 646 752 26 220 52 59 1417 644 393 555 6 130 86 174 72 131 903 96 4
42 ........... 6670 3975 81 71 52 550 486 508 74 728 60 61 2083 1209 281 152 65 307 45 91 109 140 1855 122 53
43 ........... 5425 3680 71 57 85 623 467 480 80 752 "42 49 1396 1020 298 262 55 269 73 261 87 99 1244 100 44
44 ........... 3375 2510 44 31 71 386 959 1002 4 30 75 77 483 383 1065 1514 24 105 58 392 52 107 356 0 20
45 ........... 4515 3330 57 46 82 542 977 1014 8 29 56 66 832 344 451 642 23 116 72 304 51 131 653 0 19
46 ........... 3370 2685 42 31 66 494 1085 1081 2 7 65 70 652 216 760 797 23 150 52 273 45 114 640 0 17
47 ........... 3795 3035 45 36 91 498 1042 1053 6 22 61 65 706 336 688 680 26 133 61 333 39 126 548 0 20
48 ........... 5000 3590 66 51 118 555 840 857 3 42 43 50 1499 636 696 530 32 143 100 235 59 122 982 0 26
49 ........... 4830 3710 65 48 147 612 772 803 7 73 43 52 1493 586 578 543 72 213 132 179 107 116 1058 0 67
50 ........... 4350 3075 62 41 131 556 792 820 4 46 46 55 928 350 886 814 39 188 105 433 33 114 843 0 32
51 ........... 4165 3035 56 38 190 601 878 901 II 94 58 63 1065 486 605 713 44 176 174 178 22 119 751 0 37
52 ........... 3655 2700 50 39 172 520 911 939 10 100 61 68 901 453 961 1042 39 150 145 317 III 138 565 0 31

..... 53 ........... 3845 2620 52 39 132 650 796 846 13 82 53 61 850 389 928 840 15 103 117 340 21 124 721 0 IO
0 54 ........... 4100 2955 55 44 151 565 872 897 5 53 52 56 795 391 733 688 21 132 117 391 43 134 564 0 15VI

55 ........... 3090 2520 33 30 117 545 1057 1067 2 23 65 70 649 356 916 866 24 140 102 500 16 116 451 0 19
56 ........... 4355 3205 60 50 65 437 850 875 17 187 46 55 790 487 668 522 33 141 50 170 19 141 618 0 25

._--_•..----------~.



a common finding when studying variations in fertility
over time among areas. Fertility at each point in time is
highly correlated positively with the proportions married,
as expected (variable 1 versus 3; and variable 2 versus4).
There is a modest negative correlation between accep
tances and fertility at the earlier time point (variable 1
versus 5) but almost no relation at the later date (variable 2
versus 6). At each point in time, fertility is negatively relat
ed to density, the level of education and the child-school
ing index and is positively related to the proportion of the
labour force in agriculture and the level ofchild mortality.
All of these relations are in accordance with expectations
about the influence ofurbanization and modernization on
fertility. Table 94 also shows that many of the socio
economic indicators are highly intercorrelated. For exam
ple, the correlation between density (1963) and the
agricultural labour force (1964) is - 0.86 (variable 7 versus
9); between agricultural labour force (1964) and adult
education (1964), it is -0.67 (variable 9 versus 11); and
between adult education (1970) and the child-schooling
index for (1970), it is +0.76 (variable 12 versus16). Lastly,
note should be taken that the correlation of the same
indicator at two points in time is very high: it is 0.99 for
density (variable 7 versus 8); 0.98 for agricultural labour
force (variable 9 versus 10); 0.96 for adult education
(variable 11 versus 12). Only for child mortality, among
the five socio-economic indicators, where the correlation
is 0.68 (variable 13 versus14),does the intercorrelation fall
below 0.90.

Table 96 presents the results of carrying out the
multivariate areal analysis displayed in figure VII and
equations (1), (2) and (3). The top panel shows the direct
effect of the various factors on the total fertility rate. The
numbers shown are the standardized partial regression
coefficients, or beta weights, which in this case are the
same as the path coefficients defined in equation (1). They
were obtained by linear multiple regression, in which the
total fertility rate was regressed against the variables given
in equation (1), omitting of course the residual. These are
the variables with direct paths to fertility in figure VII.

The standardized partial regression coefficients can be
interpreted as the amount of change in the dependent
variable in standard deviation units, associated with a
one standard deviation change in the independent vari
able, while controlling for the other variables.?" For
example, in the results for the total fertility rate in 1966,
one finds that an increase ofone standard deviation in the
percentage married would be associated with a 0.371
standard deviation increase in the total fertility rate,
while a rise of one standard deviation in the cumulative

29 The relationship between the standardized regression coefficient
and the unstandardized or metric coefficient can be expressed SImplyas

s,
Pij = bij-2.

s;

where p.. = the standardized coefficient;
b~J = the unstandardized coefficient;

s, and ~~ = the standard deviations of the independent and dependent
viriables', respectively. .,
Situations where one may prefer the unstanda~dlZed coefficient are
discussed in A.I. Herrnalin, loco cit., pp. 287-288, WIthfurther citauons to
the literature given there.

acceptance rate would be associated with a 0.232 stan
dard deviation decrease in the total fertility rate.

Associated with each regression coefficient is its stan
dard error, and the ratio of the coefficient to its standard
error has a r-distribution, Coefficients shown with an
asterisk in table 96 are two or more times their standard
error, indicating a 5 per cent or less probability of
obtaining a coefficient of this magnitude, if the coefficient
of the parent population were zero. Table 96 also presents
the coefficient of determination (R 2

) for each equation,
which indicates the proportion of variance in the depen
dent variable accounted for by the independent variables.

Focusing on the total fertility rate for 1966, one sees
that the independent variables together account for 78
per cent of the variance. Nevertheless, only three of the
coefficients are statistically significant, in the sense de
fined above. As expected, the percentage married has a
strong positive effect; density, reflecting urbanization,
has a strong negative effect on fertility. From the
standpoint of the evaluation of the family planning
programme, particular interest centres on the sign and
magnitude of the family planning variable which, in this
case, is the cumulative acceptance rate. For 1966, the
coefficient is negative, of substantial magnitude (in re
lation to the other coefficients) and statistically signifi
cant. This result is thus consistent with the view that the
programme helped to reduce fertility even after taking
into account the modernizing trends ongoing in the
country. It should also be noted that although some ofthe
other 1966 coefficients are of from moderate to large
magnitude, they are not statistically significant, which
illustrates a point made earlier about the limitations of
small sample size. When this same equation was carried
out for the larger number of areas for which these data
are available, the coefficients for child mortality and child
schooling were statistically significant. The regression
equation for 1972 total fertility labelled "fixed", with the
socio-economic indicators kept at their pre-programme
levels, further highlights this point. Although the inde
pendent variables in total account for about half the
variance, none of the coefficients is statistically
significant.

The sensitivity of the results to the precise definition of
the variables employed is brought out by the comparison
of the "fixed" and "moving" forms of the regressions. In
a number of instances the regression coefficients of a
given variable vary widely from one specification to
another, even though the interannual correlation among
the indicators is very high, as mentioned in the discussion
of the correlation. Though part of the problem can be
attributed to small sample size, the same regressions with
a larger number of areas still showed some lack of
stability. It is likely that multicollinearity among the
variables, also apparent from an inspection of the
correlation matrix, contributes substantially to this type
of instability. In so far as the inferences one would draw
about the effect of the programme and other factors
would be altered by changes in model specification of the
sort illustrated here, it would be good strategy to estimate
effects from a number of different models and use a
weight-of-evidence approach in drawing conclusions.
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Variable
No. Description

TABLE 93. DEFINITIONS Of VARIABLES GIVEN INTABLE 92

Variable
No. Description

1 Total fertility rate, per 1 000 women, 1966
2 Total fertility rate, per 1000 women, 1972
3 Percentage of women currently married, ages 20-24,

1966
4 Percentage of women currently married, ages 20-24,

1972
5 Cumulative acceptances of loops from programme

through March 1966, per 1 000 married women, ages
20-44

6 Cumulative acceptances of loops from programme
through December 1971, per 1000 married women,
ages 20-44

7 Density: logarithm (to base e) of population per
square kilometre (multiplied by 1(0), 1963

8 Density: logarithm (to base e) of population per
square kilometre (multiplied by 1(0), 1970

9 Percentage of male labour force (aged 12 and over)
engaged in agriculture and fishing, 1964

10 Percentage of male labour force (aged 15 and over)
engaged in agriculture and fishing, 1970 (multiplied by
10)

II Percentage offemales aged 12 and over, not in school,
who are primary-school graduates or higher, 1964

12 Percentage of females aged 15 and over, not in school,
who are primary-school graduates or higher, 1970

13 Child mortality measure: weighted average of death
rates, ages 0-4, in 1961 and 1963 (multiplied by 1(0)

14 '" Child mortality measure: death rate at ages 0-4,
1970 (multiplied by 1(0)

Note: KAP = Knowledge, Attitude, Practice.

15 Child-schooling index: population aged 12 and over
still in school per 1000 persons aged 12-19, 1965

16 Child-schooling index: population aged 15 and over
still in school per 1000 persons aged 15-19, 1970

17 Family planning worker input measure: cumulative
number of woman-months of programme field-work
through March 1966 per 10000 women aged 20-44

18 Family planning worker input measure: cumulative
number of woman-months of programme field-work
through December 1971, per 10 000 married women
aged 20-44

19 " ..... '" .. , Cumulative acceptances of loops from programme
through December 1965 per 1000 married women
aged 20-44

20 Users of non-programme contraception per 1 000
married women, 1965, from 1965 KAP survey

21 Users of programme contraception per 1 000 married
women, 1965, from 1965 KAP survey

22 Average number of months last-but-one child was
breast-fed according to 1967 KAP survey (multiplied
by 10)

23 Child mortality measure: weighted average of death
rates, ages 0-4, in 1964 and 1965 (multiplied by
1(0)

24 Distance to nearest of five largest cities (kilometres)
25 Family planning worker input measure: cumulative

number of woman-months of programme field-work
to end of December 1965 per 10 000 married women
aged 20-44.

TABLE 94. CORRELATlON (2) MATRIX Of VARIABLES USED FOR GENERAL DEVELOPMENT MODEL

Variable
No. 4 6 /0 lJ /2 13 J4 /5 /6 /7 /8

I ............. 82 73 82 -29 01 -72 -69 62 57 -51 -53 65 59 -72 -72 29 50
2 ............. 38 58 -28 -02 -55 -54 55 48 -54 -56 51 40 -65 -70 22 47
3 ............. 88 -05 12 -59 -56 40 41 -39 -42 51 54 -49 -45 23 29
4 ............. -12 10 -65 -63 53 52 -46 -52 51 59 -64 -62 30 40
5 ............. 67 -09 -09 -01 06 12 13 -18 -12 23 II 32 II
6 ............. -20 -19 09 12 03 05 07 08 01 -09 22 23
7 ............. 99 -86 -85 56 61 -57 -59 70 75 -38 -56
8 ............. -88 -88 58 63 -55 -58 70 76 -41 -59
9 ............. 98 -67 -71 47 50 -74 -80 38 59

10 ............. -64 -68 44 50 -72 -79 41 59
II ............. 96 -39 -38 59 72 -20 -35
12 ............. -42 -41 65 76 -22 -40
13 ............. 68 -62 -61 05 40
14 ............. -56 -54 18 47
15 ............. 90 -19 -46
16 ............. -26 -54
17 ............. 80
Mean........... 4666 3412 58 47 118 573 707 728 45 392 45 52 1150 556 540 484 38 190
Standard

deviation ...... 705 509 9 8 45 105 149 155 30 274 13 12 358 192 186 253 28 67

Notes: Correlations are shown to two places with decimal points omitted.
For definition of variables, see table 93. Means and standard deviations are shown in the units defined in table 93.
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Dependent variable: Cumulative acceptance rate

TABLE 95. DEFINITIONS OF VARIABLES USED IN

REGRESSIONS OF TABLE 96

TABLE 96. STANDARDIZED PARTIAL REGRESSION COEFFICIENTS (BETAS)

AND COEFFICIENT OF DETERMINATION (R2) FOR SPECIFIED

COMBINATIONS OF VARIABLES (N = 56)

Dependent variable: percentage females married, aged 20-24

Adult education. . . . . . . . . -0.192 -0.132 -0.133
Agriculture and fishing.. . . -0.630* -0.455* -0.345
Child schooling. . . . . . . . . . -0.190 -0.418 -0.262
Child mortality. . . . . . . . . . 0.166 0.039 0.280 *
Density. . . . . . . . . . . . . . . . -0.793 -0.655 * -0.488 *
R2 .. . . . . . . . . . . . . . . . . . . 0.47 0.54 0.52
Percentage married:

Mean. . . . . . . . . . . . . . . . 57.8 46.9
Standard deviation. . . . . 9.3 8.3

arity mentioned above accounts in part for this effect.
The equations in which the cumulative acceptance rate is
the dependent variable indicate that worker input has a
positive effect on acceptances, even after controlling for
other factors, though the coefficient is statistically signi
ficant only for 1966.

When the effects of the programme can be tested at two
or more points in time, as shown in table 96, it is also
possible to make some inferences about changes in
effects. Thus, the results presented would suggest that the
programme had more effect at an earlier stage, 1966, than
later, 1972;and that "worker inputs" were more important
in obtaining family planning acceptors at the earlier
stage. The reader is reminded, however, that the re
gressions shown in table 96 are for the purpose of
illustrating the areal multivariate approach and that the
results obtained here are somewhat different from those
obtained from the larger set of areal observations. 30 The
smaller set was chosen to facilitate presentation of the
complete data set utilized (as given in table 92), so that the
reader can replicate the results presented as well as test
other models.

The models tested up to this point have been cross
sectional in nature and dynamic inferences from such
models are severely limited. For example, despite the use
of lagged socio-economic indicators, a finding that child
schooling influences fertility does not mean that changes
in schooling within an area are associated with intra-area
changes in fertility over the time period specified; nor
does the absence of a significant effect mean that this
indicator had no influence on intra-area fertility
changes. "

When cross-sections for several years are available, a
method of utilizing pooled time series ofcross-sections, 3 2

can yield improved estimates of the dynamic relation
ships. Towards this end, one might also employ a first
difference model in order to remove area-specific time
invariant effects, which can bias the results obtained in
single cross-sections. To estimate such a model, obser
vations of the dependent and independent variables are
required at two points in time. The first 18 variables
presented in table 1 meet this criterion. In a first
difference model, the change in fertility becomes the
dependent variable; and the changes in the socio
economic, demographic and programme variables are
the independent variables. It should be mentioned that
typically first-difference models explain only a small
proportion of the variance in the dependent variable, and
few of the factors are statistically significant. This situ
ation occurs, among other reasons, because variables in
their first-difference form are likely to have much smaller

Moving

0.250
-0.099
-0.072
-0.329
-0.706*
-0.191

0.56

0.237
0.304

-0.131
0.099

-0.024
0.09

1972

3411
509

573.1
105.3

Fixed

0.259
0.114
0.213
0.132
0.082
0.08

0.271
-0.061

0.144
0.152

-0.291
0.030
0.49

Variable No. given
in table 93

1972

1966 Fixed Moving

1 2 2
3 4 4
5 6 6

13 13 14
9 9 10

15 15 16
7 7 8

11 11 12
17 18 18

4666
705

117.9
44.6

1966

0.371*
-0.232*

0.117
-0.021
-0.187
-0.340*

0.78

0.319*
0.098
0.388
0.239

-0.033
0.20

Independent
variables

Dependent variable: total fertility rate

Total fertility rate (Yd .
Percentage married (Y2 ) • • • • • • • • • • • • •

Cumulative acceptance rate (Y3 ) .•...

Child mortality (Yb) ••••••••••••••••

Agriculture and fishing (X,) .
Child schooling (Xd ) ..

Density (X.) .
Adult education (X e ) .. . . . • • . . . • . . . .

Worker input (X,) .

Percentage married .
Cumulative acceptance rate
Child mortality .
Agriculture and fishing .
Child schooling .
Density .
R2

•••••..••••••..•••••

Total fertility rate:
Mean .
Standard deviation .

Worker input .
Adult Education .
Child schooling .
Agriculture and fishing .
Child mortality .
R2 .
Cumulative acceptance
rate;

Mean .
Standard deviation .

Notes: For figures with an asterisk (*), the regression coefficient is
two or more times its standard error.

For definitions of variables, see table 95.

The regressions for the percentage married suggest
that the more modern and urbanized areas have lower
proportions married, as expected. The sign of the labour
force variable, however, is surprising and is not con
sonant with this view. It is possible that the multicolline-

30 Albert I. Hermalin, "An areal analysis of the effect of acceptances
on fertility", Studies in Family Planning, No. 33 (August 1968), pp. 7
12.

31 For illustrations of this point and further discussions of the
limitations of dynamic inference, see A. I. Hermalin, "Regression
analysis of areal data", lac. cit., pp. 292-293.

32 Described in Marc Nerlove and T. Paul Schultz, Love and Life
Between the Censuses: A Model of Family Decision-Making in Puerto
Rico, 1950-1960, report RH-6322-AID (Santa Monica, Cal., Rand
Corporation, 1970), pp. 37-42.
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variation than in their original form and hence are more
likely to be sensitive to random measurement error,
which attenuates the regression coefficient.33

2. Models based on "intermediate variables"

The models

In section A, it was stated that certain classes of
variables, often considered central to the determination
of fertility, are rarely available on an areal level. Ref
erence was made in that discussion to biological factors
or to what has been termed the "intermediate vari
ables"34-factors affecting exposure to intercourse and
conception and those affecting gestation and success
ful parturition. Clearly, most of the variables used in the
examples given of areal multivariate analysis are at some
remove from the microphysiological components of the
reproductive process which figure largely in the births
averted techniques for studying the effect of a pro
gramme. In so far as such variables as education or labour
force have effects on fertility, they do so because they
affect one or more of the "intermediate variables".
Accurate measurement of the whole set of "intermediate
variables" isdifficultto achieve at any level,and certainly
they are not available from the usual sources of areal
statistics. It was stated earlier, however, that KAP and
fertility surveys of sufficient size can be used to develop
aggregate measures for the sampling points included of
the surveys. This section illustrates this approach.

Data from two KAP surveys in the country of interest
taken in the last quarters of 1965 and 1967 are used to
form "intermediate variables" likely to affect fertility.
Interviews were conducted in the 56 areas for which data
in table 92 were presented. (Indeed, it was the knowledge
that these areas were the sampling points of the surveys
which led to their selection for the work mentioned
above.) The method of stratifying the areas for sampling
purposes assumed that these primary sampling points
were representative in terms of levels of fertility, edu
cation and urbanization. The first surveycontained about
3,700interviews and the second close to 5,000 interviews.

From the 1965 survey, a measure of non-programme
contraceptive use was developed, defined as the pro
portion of married women not using the loop (the
programme method at that time) who reported using
other forms of contraception (shown as variable 20 in
tables 1 and 2). This survey also was used to develop a
measure of programme use, based on the proportion of
women who reported using the loop (variable 21 in tables
92 and 93). The 1967 survey was used to estimate the
average months of breast-feeding in each area. Since the
question dealt with the length of lactation of the next to
last child, the reference period is indeterminate but is
used for want of a better measure as representative of the

33 N. Krishnan Namboodiri, Lewis F. Carter and Hubert M. Blalock,
Jr., Applied Multivariate Analysis and Experimental Designs (New York,
McGraw Hill, 1975), pp. 524-526.

34 Kingsley Davis and Judith Blake, "Social structure and fertility: an
analytical framework", Economic Development and Cultural Change,
vol. IV (April 1956), pp. 211-235.
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situation in 1965.These results are given as variable 22 in
tables 92 and 93. Along with these variables, use also is
made of two characteristics appearing in the previous
model which are available from the usual statistical
sources for areas: the percentage married in 1966 (vari
able 3); and the cumulative acceptance rate to the end of
December 1965(variable 19), the latter taken as another
indicator of programme contraceptive use. This set of
variables is used as determinants of the total fertility rate
in 1966 as a way of testing the adequacy of the "in
termediate" model.

Interpretation of the results

Table 97 presents the correlation matrix of the above
mentioned set of variables along with a number of socio
economic characteristics that figure in the analysis. The
matrix shows that there is a strong negative correlation
between total fertility and non-programme contraception
(variable 1 versus variable 20); that there is little cor
relation between programme and non-programme con
traceptive use (variable 20 versus 21); and that the
indicator of programme use taken from service statistics
(variable 19) is only moderately correlated with the
measure derived from the survey (variable 21). This latter
result no doubt reflectsdifferentials in continuation rates
across areas as well as measurement error in estimating
the level of use in an area from a relatively small number
of interviews.

The results of the multivariate analysis are presented in
table 98. The first two columns test whether the "in
termediate" variables developed can adequately explain
areal differentials in fertility. In these regressions, the
total fertility rate in 1966is regressed against the measure
of non-programme contraceptive use, a measure of
programme contraceptive levels, the proportion married
and the average months of breast-feeding. Two forms are
presented: in column (1) the measure of programme
contraceptive use is taken from the survey; in column (2)
the measure derived from service statistics is employed.
Both sets of independent variables do quite well in
explaining fertility differentials in that they account for 66
and 70 per cent of the variance, respectively, which is
close to the proportion of variance accounted for by the
general development model (see first column of Table
96).

The regression coefficientsgiven in columns (1) and (2)
indicate that both programme and non-programme con
traceptive use as well as the proportion married have
large and statistically significant effects on fertility in the
expected directions. The sign of the breast-feeding coef
ficient is in the expected direction-prolonged breast
feeding reducing fertility - but it is not significant.

Columns (3)-(6) test whether areal differentials in the
"intermediate variables" can now be accounted for by
socio-economic factors as hypothesized in the earlier
discussion. In columns (3) and (4), the two measures of
programme contraceptive use are the dependent variable
and it will be seen that a mix of worker input and socio
economic indicators explain about 20 per cent of the
variance (similar to the result obtained in table 96 for



1966). These independent variables, however, explain
about half the variance in non-programme contraceptive
use and in months of breast-feeding, as shown in columns
(5) and (6).

Although few of the coefficients are significant, the
indicators generally are in expected directions. Worker
input affects the level of programme contraception and
higher levels of development or modernization are as
sociated with higher levels of contraceptive use and
shorter periods of breast-feeding.

The results of testing the "intermediate model" are
encouraging from a number of aspects:

(a) From a methodological standpoint they illustrate
the potential benefits of using survey data to enrich the
range of variables employed in areal analysis, which
opens up the possibility of testing a wider variety of
models.

(b) They help to clarify the processes underlying the
general development model. The socio-economic in
dicators are predictive of "intermediate variables" which
one rarely can measure directly on an areal level; hence, it
makes sense to include them along with measures of
programme input in analysing areal differentials in
fertility.

TABLE 97. CORRELATION (2) MATRIX OF VARIABLES USED IN "INTERMEDIATE MODEL"

Variable
No. 3 9 II 15 19 20 21 22 23 24 25

1................. 73 62 -51 -72 -28 -60 07 28 69 54 29
3....... " ...... 40 -39 -49 -03 -42 36 20 58 49 23
9 ............... -67 -74 -03 -62 04 63 49 56 40

11............... 59 15 51 04 -67 -36 -27 -22
15............... 23 69 -02 -50 -63 -53 -20
19 ............... 02 51 -10 -14 -09 34
20 ............... -05 -49 -48 -36 -25
21 ............... -10 18 26 27
22 ............... 35 25 16
23 ............... 52 19
24 ............... 16
Mean ............ 4666 58 45 45 540 99 190 52 141 888 30 33
Standard deviation. 705 9 30 13 186 39 106 39 20 266 30 25

Notes: Correlations are shown to two places with decimal points omitted.
For definition of variables,see table 93. Means and standard deviations are shown in the units definedin

table 93.

TABLE 98. MODELS BASED ON "INTERMEDIATE VARIABLES": STANDARDIZED PARTIAL REGRESSION
COEFFICIENTS (BETAS) FOR SPECIFIED COMBINATIONS OF VARIABLES (N = 56)

Dependent variables

Programme contraceptive
use

Independent variables

Total
fertility

rate, 1966
(variable 1)

(1) (2)

From Other
From service contraceptive Breast-
survey statistics use feeding

(variable 21) (variable 19) (variable 20) (variable 22)
(3) (4) (5) (6)

Programme contraceptive use:
From survey (V 21) -0.185*
From service statistics (V 19) .

Other contraceptive use (V 20) -0.355*
Percentage married (V 3). . . . . . . . . . .. 0.653*
Months of breast-feeding (V 22) -0.040

Child mortality (V 23) .
Adult education (V 11) .
Child schooling (V IS) .
Agriculture and fishing ( V 9) .
Distance to city (V 24) .

-0.257*
-0.376*

0.570*
-0.041

0.157
0.027
0.139

-0.217
0.330

-0.031
0.144
0.323
0.193

-0.034

-0.087
0.075
0.481*

-0.183
0.075

0.103
-0.430*

0.086
0.469*

-0.123

Worker input (V 25) . 0.302* 0.366* -0.064 -0.106

R 2 0.66 0.70
Mean.......................... 4666
Standard deviation. . . . . . . . . . . . . . . 705

0.18
0.052"
0.039

0.22
0.099"
0.039

0.51
0.190"
0.106

0.53
14.1
2.0

Notes: For figureswith an asteriskt"), the regressioncoefficientis two or more times its standard error.
Numbers in parentheses represent the variable numbers as given in table 93.
a The mean and standard deviation of these variables are shown here as proportions rather than the

rates defined in table 93.
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At the same time, it should be mentioned that aggre
gated survey data will typically be possible for only a
limited number of sampling points, which might ag
gravate the problem of having only a small number of
areal observations, as discussed earlier.

D. CONCLUSIONS

This chapter has attempted to establish the rationale of
areal multivariate analysis as a technique for evaluating
the effects of a family planning programme, to point up
the limitations of this approach and to describe in detail
the mechanics of the analysis. A set of data have been
provided so that the reader can replicate the results and
test other models.

The viewpoint taken is that questions about the impact
of a family planning programme have a form which is
congruent with the structure of areal multivariate ana
lysis. At the same time, a number of limitations that the
technique shares with other multivariate studies have
been stressed. Results are likely to vary with changes in
the conceptual model, the operational definitions and the
techniques of estimation. Some promising developments
in causal analysis, of which multivariate areal analysis is a
particular example, have been mentioned. To these
developments may be added:

(a) In the general development model, socio
economic indicators are taken as indicators of the
unobserved constructs of development or modernization.
Through confirmatory factor analysis" it is possible to
incorporate these unobserved constructs into the con
ceptual model by means of their multiple indicators and
thus bring about concordance between theoretical
reasoning and analysis of observable data.'"

(b) The effect of measurement error has been alluded
to at several points. It is possible to include assumptions

J> K. G. Joreskog and D. N. Lawley, "New methods in maximum
likelihood factor analysis", British Journal ofMathematical and Statisti-
cal Psychology, vol. XXI, No.1 (1968), pp. 85-96. .

36 For a general description of this approach, see A. I. Hermalin,
"Regression analysis of areal data", loc. cit.; for further. details of the
methodology,seeOtis Dudley Duncan, "Unmeasured vanables In hnear
models for panel analysis", in Herbert L. Costner, ed., Sociological
Methodology (San Francisco, Cal., Jossey-Bass Inc., 1972),pp. 36-82;
and Charles E. Werts, Karl G. Joreskog and Robert L. Linn,
"Identification and estimation in path analysis with unmeasured
variables", American Journal of Sociology, vol. 78, No.6 (1973), pp.
1469-1484.
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about the patterns of non-random measurement error
into the model and trace their implications;"

(c) It has been pointed out here that it is possible to
aggregate survey data to develop additional areal vari
ables. Another approach is to develop cross-level models
which use both individual level characteristics from the
survey and data on the areas in which respondents reside
for evaluation purposes. Example that combine both the
individual and areal modes can be found in Duncan"
and in Rhodes.P"

It should be clear from the exposition presented here
that areal multivariate analysis is not a technique that can
be applied mechanically. The investigator should have a
close knowledge both of the data-producing procedures
of a country and of its demographic, social and economic
trends, which provide knowledge of any changes in
statistical procedures, legislation or temporary pheno
mena which can affect salient variables in the model and
thus confound the results of a short-range areal analysis.
The investigator should also seek confirmatory evidence
for the inferences developed from an areal analysis from
other sources. These confirmations can be:

(a) Alternative approaches to studying the impact of
family planning programmes, presented in other chapters
of this Manual;

(b) Testing, as appropriate, of the results from the
areal analysis on individual level data from KAP or other
surveys;

(c) Given the sensitivity of areal analysis to model,
operational definition and statistical procedure, checking
on the results from anyone specification against alter
native specifications to see if they lead to the same
inferences about programme effect.

37 Paul Siegel and Robert W. Hodge, "A causal approach to the
study of measurement error", in H. M. Blalock and Ann B. Blalock,
eds., Methodology in Social Research (New York, McGraw Hill, 1968),
pp, 28-59; John J. Chai, "Correlated measurement errors and the least
squares estimator of the regression coefficient", Journal ofthe American
Statistical Association, vol. 66, No. 335 (July 1971),pp. 478-493; and
Ronald Schoenberg, "Strategies for meaningful comparison", in Her
bert L. Costner, ed., Sociological Methodology (San Francisco, Cal.,
Jessey-Bass Inc., 1972), pp. 1-35.

38 Otis Dudley Duncan, "Residential areas and differential fertility",
EUf.enics Quarterly, vol. XI, No.2 (June 1964), pp. 82-89.

9 Lewis Rhodes, "Socioeconomic correlates of fertility in the
metropolis: relationship of individual and areal unit characteristics",
Social Biology, vol. 18, No.3 (1971), pp. 296-304.




