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Purpose

interactions of demographic, socio-economic and population variables
are very complex and not, as yet, well understood. Analytical research

remains to be done to determine the nature, strength and spatial-temporal patterns
of these linkages in highly populous but underdeveloped countries.

In this context, the present paper aims to provide an analytical framework,
a working model, which may enable us (i) to define the multi-dimensional rela-
tionships of demographic change and effects of population policies, with reference
to inter-regional variations within India, and (ii) to analyse which population
policies most influence demographic behaviour, taking into account the socio-
cultural and economic systems in India. It presents a conceptual and analytical
means to determine multivariate linkages between socio-cultural matrix and
population policies, on the one hand and change in demographic behaviour on
the other, in different parts of India. Emphasis here is on methodology and
so, data and results are not presented.

250 Demography India r Vol. VI. J&2



The Need for Research

' On the occasion of the first World Population Conference in 1954, attention
was called to the different gaps which still existed in the knowledge of demo-
graphic, economic, and social relationships (UN, 1955, p. 176). These included
"the limited ability to predict demographic consequences of particular economic
and social changes, even less ability to predict economic and social consequences
of population change or to trace a sequence of inter-related demographic, eco-
nomic and social changes. After 18 years, a 1973 UN study reports that these
gaps in knowledge of 1950's are only partly filled and "imagination and vision
have not yet penetrated into the intricate web of individual and socio-cultural
behaviour to determine the basic nature of their interactions with the economic
growth and social progress" (UN, 1973, pp. 7-9). It maintains that it has not
been possible, for instance, "to determine the relative influence of different eco-
nomic and social factors which contributed to the long-term decline of fertility
in now industrialized countries. Nor have satisfactory explanations been
found for the fact that fertility differences exist among the developing countries
that do not appear to be related to the level of economic development" (Ibid.,
P. 8).

It further states that "conditions conducive to fertility decline in developing
countries are not known with sufficient precision. For example., what kind and
how much education is required to initiate important changes in attitudes to-
ward family size and motivation with respect to reproductive behavior. Can
couples be successfully motivated to adopt small-family patterns in the absence
of a significant measure of other social changes in the society"? (Ibid., p. 8).

Many demographers recently have expressed doubts about the effectiveness
of family planning programs alone for securing fertility decline. As Glass (1965),
notes "direct programmes for spreading the use of birth control are only a small
part of the action in which developing societies will require to engage. The
largest part of the action will have to consist of planned economic and social
development". A broader approach has thus emerged in recent years to the
question of population control, which has been called "beyond family planning"
(Berelson, 1969, pp. 533-543). Included here are measures like higher legal age
of marriage, greater educational, recreational and employment opportunities for
women, non-pregnancy bonus, tax incentives for not having children, tax penal-
ties for too many children, abortion, sterilisation, etc.
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Nevertheless, "support and encouragement of research on population policy
other than family planning (sterilisation) is negligible. . .. The specific measures
required for developing (attractive) substitutes are not easy to determine in the
absence of research on the question." (Davis, 1967, pp. 730-32). There is lack
of research on the relative effectiveness of different policies on the demographic
processes, "Statistical tools and data for measuring, with reasonable accuracy,
the effects of family planning programmes on fertility levels in the community
or nation as a whole are as yet insufficiently developed." (UN, 1973, p. 656).
However, some methodological work has been done, especially by Butz (1972)
and Stillman (1974). But their methods either use simultaneous equations or
simple correlation analysis, and thus, often are unable to isolate the effects of
particular policies or programmes from that of socio-economic development.
In this respect, the proposed analytical design, as it treats these factors as separate
dimensions, is deemed to mark an advance.

The Social Field and Demographic Behaviour

"To understand, explain and affect demographic variables require placing
them within a complex web of social, political and cultural forces within which
they operate, and untangling their complex and multi-dimensional relationships."
(Rummel, 1974, p. 1). Seldom has the field of social processes and institutions
been geared into demographic research and even less has comparison across
communities been made. As a result, many population studies have accounted
for a small variation and have produced unrealistic solutions. As Hauser(1962)
puts it, "changes in fertility behavior cannot be produced through efforts to
change attitudes, values or motivations, except in the context of changes in the
social order."

While the need to imbed demographic variables in the social field has gained
recognition in recent years, the methods for achieving this are not well known.
To encompass society in its manifold aspects requires analysing scores of
Variables and their interdependence, not only for one community but for many.
And not only for one year, but for a series. Suitable methods for doing this
are the multi-variatc, multi-dimensional techniques, which include component
analysis, factor analysis, canonical analysis and multi-dimensional scaling. These
are capable of dealing with traditional, tribal or modern communities; of defin-
ing the interrelationships between such variables as fertility, mortality and mig-
ration, within the socio-cultural-economic matrix; and of unravelling the social
forces affecting demographic processes.
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To fill in this gap between need and analysis, recent studies of Russett (1967),
Adelman and Morris (1967, 1966) and Halt, et al. (1948) deal with cross-national
societies and demographic change within the socio-cultural matrix. While these
studies demonstrated the applicability of multi-dimensional techniques to cross-
cultural data involving demographic change, they were cross-sectional and dealt
mostly with the developed countries. To adequately deal with demographic
change requires analysis of a time series.

These studies did not include policy variables, and therefore, could not deter-
mine the impact of population policies on demographic change. Yet, if demogra-
phic behaviour is to be influenced by policy-makers, we must know how policies
in fact mix with the existing social situation and cultural norms and values to
Ultimately affect demographic behaviour. Population policies meant to achieve
a social goal become, when implemented a part of the social fabric and operate
within the limits of the society. Policies which are at variance with the social
milieu and social forces stand little chance of success.

One of the purposes of the present exercise is to show ways of evaluating popu-
lation policies in relation to many other social goals and interests; to enable us
to see socio-economic and demographic reforms as a system of interrelation-
ships. Inconsistencies often exist in governmental policies, as for instance, when
family allowances and other benefits to mitigate the burdens of child-rearing
are instituted for humanitarian reasons, but which also stimulate population
growth. Again, raising simply the legal age of marriage for women, without
an intensive programme for free and compulsory female education, at least up-
to high school standard, may not succeed to reduce the number of children born
per woman in the Indian society, under the existing social conditions. This
would be so primarily because, under widespread illiteracy among the Indian
women, most of them achieve their average number of desired children of 6.6
at the mean age of 32-35 years, well ahead of termination of their reproductive
period, at 45-49 years. Thus, simply increasing the legal age of marriage for
women only, without concurrently providing female education and employment,
would result in shifting their fertility schedules by a few years, but their comp-
leted fertility rates might remain still at high level of over 6 children. The diffe-
rence would be that this size of the family is achieved at 35-38 years, instead
of previous 32-35 years of age. Hence, the need to examine such inconsistencies
in population and social policies, to examine their consequences upon demo-
graphic trends, and suggest policies in tune with the social mix, and thus, most
likely to be effective in reducing fertility.
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Thus, the objective of our model is two fold: first, to show means of analysing
characteristics and changes in demographic behaviour and population policies
within the socio-cultural-economic matrix by defining their dimensions of change'
across communities and over time; and second, to show ways to determine what
population policies are most closely linked with specific demographic change
(such as, decline in infant mortality or general fertility rates) over time and
communities, holding constant the socio-cultural factors. This analytical design
was first developed by Rummel (1974) and was further developed in Rummel
and Mukherji (1976).

Analytical Design

First, since study of population change requires a longitudinal analysis of all
discreet communities, we propose to use time-series component analysis as a
more suitable mode of investigation of demographic change within the socio-
cultural matrix, than the usual cross-sectional analysis. Such a technique would
permit us to delineate over time independent components of demographic beha-
viour and population policies across regions (states, or districts, or towns or
villages) and for a number of years. This will facilitate a redefinition of demo-
graphic trends, social processes and policy changes, usually established only
cross-sectionally in demographic studies.

Second, the effect of population policy upon demographic behaviour change
may be determined through canonical (time-series) analysis. Given two sets of
data matrices (policies and socio-cultural variables as the independent set and
demographic variables as the dependent set) canonical analysis would enable
a least square fit between the two time series and uncover causal policy-demo-
graphic linkages (Figure 1).

The design involves two stages. Stage I primarily involves the basic evalua-
tion and data collection of all relevant demographic variables, policy variables
and socio-economic-cultural variables. In Figure 1, in the data stage, we have
shown the three matrices: demographic behaviour matrix, D (of M number of
variables, for n number of states/districts/towns, for / years), socio-cultural
matrix, S (of Q number of variables, n observations, and / years), and popula-
tion policy matrix, P (of R number of variables, n observations, and t years).
These data would then have to be analysed to determine the dimensions (or
factors or components) of demographic change, population policies and the
socio-cultural matrix for the specified / year period (say, 1951-7J).
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In regard to each matrix, actual computation involved in the principal com-
ponents factor analysis are as follows (Figure 1): (1) transformation of an n X t-
observation by M-behaviour variable data matrix D into a standard score matrix
Z (not shown); (2) calculation from Z of an (M by M} simple correlation
coefficient matrix RD; (3) resolution of RD into an (M by K") factor loading
matrix AD (not shown), where K" equals the number of principal components
or basic dimensions in descending order of magnitude of eigen values and pre-
dictability; (4) rotation of AD to normal varimax position, to approximate an
(M by k') simple structure matrix FD, where k' equals the number of significant
factors or dimensions with eigen values greater than unity (or any other criterion
chosen); (5) computation of an (n x t by k') matrix XD (similar to matrix XD»
but not shown) of normalized factor scores for the observations. The above
discussion refers only to demographic behaviour matrix, but the same steps are
also involved in factors analysing the social-cultural matrix and population policy
matrix.

Instead of analysing separately, when the three matrices (of demographic,
social and policy variables) are analysed jointly in the same manner as above,
then we may achieve fulfilment of step one of the design. This is shown in
Figure 2. Here, the diagram shows that from innumerable number of data
on/social, demographic, and policy variables across different communities or
regions, we can generate a multi-dimensional composite space which is defined
and delineated by a finite number of general space-time components, each des-
cribing multi-variate inter-relationships between the social variables, demographic
behaviour, and population policy variables. In this space, each region (or com-
munity or population) can be projected as a vector (with length and direction)
to represent a region's specific location, relative to all others. Thus, both the
general characteristics of the Indian society and of individual region (or commu-
nity) can be untangled in this manner. Analysis upto this stage will achieve
fulfilment of purpose I, as outlined in the beginning.

Stage II (purpose II) will require to focus on further refinement of dimensions
and indicators for policy purposes, specifically involving collection of more re-
fined data, hopefully to capture the essence of change in the three matrices on
the basis of refined indicators ensued from reiterative analysis. It could be that
the initially selected indicators lose their value in the light of the more complete
and continuous time-series data. Therefore, the indicators should be reanalysed,
and this step involves going back and forth between data collection and reana-
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equations. The canonical analysis, then, simply attempts to maximise the corre-
lations between pairs of weighted combination of A"s and 7's. Within each equa-
tion weighted combination of F's is termed as the new vector, U, and that of
the A"s as the newvector, V. Within each equation, these new pair of vectors
t/and /(called canonical variates) are matched in a way such that the cor-
relations between them is maximised (see Figure 1).

Canonical analysis gives mainly four kinds of statistics for assessing the statis-
tical significance of the relationships. First is the trace correlation, already des-
cribed, which indicates the statistical overlap between demographic-policy sets.
The second is the canonical correlation, corresponding to each matched pair of
variates, showing the degree of association between the independent set (policy-
social variables) and the dependent set (demographic variables). The square of
canonical correlation times 100 indicates the amount of variance explained in the
variate of dependent set by the variate of independent set. The third feature is
the Chi-square statistic. This indicates the statistical significance of these canonical
correlations between each matched pair of variates or linear combinations of
variables. The fourth feature is the canonical co-efficients which relate each in-
put variable to a canonical variate. Examination of such co-efficients permit
precise interpretation of a canonical veriate in terms of those input variables
(here indicators) which constitute that specific variate and indicate high loadings.
Jn other words, precisely these canonical co-efficients enable us to indicate the
causal Policy-Demographic linkages, with reference to socio-cultural system. And,
these coefficients identify which policy-social variables are less or more important
in determining fertility behaviour, or mortality decline, or migration-urbanisation
rate. Precisely, in this sense, the present design helps to identify those socio-
economic mechanisms which need more emphasis in order to bring fertility dec-
line, apart from on-going family planning programs and population policies
purported to do so. This also permits to isolate the separate effects of policies
on the demographic behaviour change, controlling the effects of socio-economic
forces.

Suggested List of Variables

The demographic variables which may be tentatively suggested include :

1. infant mortality rate;
2. crude birth rate;
3. population growth rate;
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4. intrinsic growth rate;
5. net reproduction rate;
6. percent of population in cities of more than 20,000 population;
7. proportion of expenditure on food;
8. tuberculosis death rate;
9. heart disease death rate;

10. typhoid death rate;
11. calories consumed to required;
12. life expectancy at birth;
13. general fertility rate;
14. total fertility rate;
15. male/female ratio;
16. labour force population;
17. dependency ratio;
18. females in the labour force;
19. mean birth interval;
20. net migration rate for males;
21. net migration rate for females.

The population policies to be analysed may include :

1. population control policy;
2. abortion (extent of practice);
3. family planning assistance;
4. scope of family planning assistance;
5. population policy campaign;
6. child support;
7. unemylopment compensation;
8. welfare measures, if any;
9. old age security policy (if any);

10. medical support;
11. population research support;
12. in-migration restriction, if any;
13. out-migration restriction, if any;
14. promotion of female equality;
15. effective age at marriage for women;
16. freedom to divorce;
17. widow remarriage practices, if any;
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18. tax exemption policy;
19. voluntary family planning organisations, if any;
20. funding for urban versus rural development support.

On the other hand, the socio-cultural-economic matrix may include a multitude
of variables defining a region's (districts/states/towns/villages/communities) level
of economic development, energy consumption and production, size, culture stabi-
lity, ethnic, linguistic, religious groups, level of literacy, family structure, female
labour force, per capita income, consumption expenditure, and so forth. The
above lists are however not exhaustive. The details of their measurement are
given in Rummel and Mukherji (1976).

Usefulness of the Analytical Model

At the outset, the model should have important methodological and policy
outcomes. First, it provides a framework for dealing with the whole communities
and the role of various societal forces (levels of living, organised versus informal
labour sector) as they bear upon fertility, mortality and migration and also upon
their over-time changes and processes.

Second, it provides a powerful methodology capable of connecting this frame-
work to empirical measurements of the socio-cultural matrix and forces. This
methodology is especially useful for population research, since it enables us to
analyse and disentangle the complex of social, economic, and political forces
withip which fertility and mortality variables operate and demographic changes
occur.

And, thirdly, this analytical model enables us to indicate whether existing
population policies work along or contrary to the major aligned social trends and
what policy alternatives must be sought in the future.

At more substantial level, the model is capable of generating fourfold out-
comes, listed as follows:

I. Definition of general space-time components of demographic, population
policy and economic-social-cultural changes in all regions of India (or
any country) over a long period of time (if data are available). This
design is capable of delineating independent, component time series, and
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untangle complex multivariate relationships between the social matrix,
demographic change and population policy.

2. Delineation of time-series components separately for social, demographic
and policy indicators. These components/indicators may define empirical
inter-relationships within each set and thereby identify the major lines of
forces operating in social system, population dynamics, and policy for-
mulation.

3. Isolation of indicators of social, demographic and policy dimensions
which are capable of empirically defining independent trends in social
change, demographic transition, and policy inputs (see Figures 3A, 3B,
3C). Analyses of such indicators of behavioural trends are of great signi-
ficance in social sciences and policy analysis.

4. Assessment of multivariate policy-demographic linkages, within the socio-
cultural field. Such linkages, if determined, may shed light on many
important issues, such as, economic implications of rapid population
growth, interactions between social norms, the belief-value matrix and
fertility behavior; effect of female education and employment on fertility
levels; and relativeeffectiveness of different policies upon fertility/mortality.

An example will bring the point home. In Figure 3 (A, B, C), hypothetical
indicators of social, population policy and demographic dimensions are shown,
respectively. In Figure 3 A, the dimensions are economic development, population
size and diversity, and joint-versus-nuclear family structure and cultural diver-
sity. These are clusters of inter-related variables, which are called dimensions
or factors (or components). On this multi-dimensional space, three regions (here
three states are shown, but districts can also be taken) Uttar Pradesh, West
Bengal and Punjab states are shown to have their own specific locations, relative
to all others. Each are represented by a vector (with length and direction). Each
of these vectors share a specific combination of the dimensions which span the
space. The vectors' shares of the general dimensions are shown by projections •
on the axes, which represent the dimensions. Thus, for instance, again hypo-
thetically speaking, the state of Punjab shows more economic development and
less population size and less cultural diversity than the state of Uttar Pradesh
which is characterised by a larger population size and diversity and more people
in joint family and relatively less economic development. Position of West
Bengal can similarly be explained. Thus, these figures (3B and 3C) represent
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Fig. 3. Step Two— Method of Assessing three sets of Indicators (and Policy demographic
linkages.
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