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Abstract

The Demographic and Health Surveys (DHS) program routinely collects information about the local availability of
family planning services in a separate survey in which the sample clusteré are the units of analysis. This paper
proposes analytical and statistical models for using this information and illustrates the models with data from rural
Guatemala. In most of the analysis, clusters are the units of analysis. The number of women in the cluster, the
number of current users of modern methods, and the means and proportions of socioeconomic indicators such as
literacy are attached to the cluster data. Then follows an assessment of the impact, upon contraceptive prevalence,
of the presence of family planning facilities, the degree of access to these facilities, their quality, and the existence
of a local distribution program. It is found that both distance and travel time to facilities are quite important and
that a few indicators of quality are also significant, but specific coefficients are difficult to interpret because of
missing data and the substitution of facilities. When the socioeconomic environment is taken into account, the effects
of service availability are substantially reduced. Travel time and distance to facilities remain critically important,

but the quality indicators lose their statistical significance.







Introduction

Research to identify the determinants of fertility levels, their differentials, and changes over time has been conducted
with a wide range of perspectives and kinds of data. Some of this work has dealt with the consequences of
exogenous influences; some has dealt with explicit policies and interventions to alter fertility levels. In recent years,
as family planning programs have become widespread in developing countries, a variety of programmatic approaches
have been taken to reduce the demand for children and to improve access to family planning, This paper will focus
on one small piece of a larger puzzle: the importance of variation in access to modern contraception as a determinant
of the current use of a modern method. In working with this small piece of the puzzle, the larger picture will be
kept in mind, and, to the extent possible with the available data, non-programmatic influences on fertility will also

be taken into account.

This specific type of evaluation research can be traced back to at least two kinds of origins, One of these is a
broader interest in community or contextual influences on fertility: the local community, after all, provides a social
and economic environment that affects the costs of children and of fertility regulation through a wide variety of
mechanisms. Beginning in the mid 1970s, Ronald Freedman and colleagues at the University of Michigan designed
and analyzed survey modules, first applied in Malaysia, that measured indicators of community modemity and
development. These included the presence of health facilities and clinics, schools, cinemas, and other media

influences; economic centrality; the extent of electrification; and the types and diversity of economic activities.

The second point of origin, also dating from the mid 1970s, came as part of the World Fertility Survey (WFS). In
selected countries, women were asked about the presence of contraceptive supplies in the home. This information,

which was relatively easy to collect, was taken as a reflection of the household’s access to contraception,

It is now standard procedure for the Demographic and Health Surveys (DHS) to administer an additional
questionnaire in each country that will be referred to here as the Service Availability Module (SA Module). The
SA Module has been piggy-backed onto the basic cluster sample design of DHS surveys. In this design, the Primary
Sampling Units (PSU) are clusters of adjacent households; a specified fraction, such as a third, of all eligible women
within each cluster are interviewed. The SA Module is not part of the individual questionnaire. It is a separate
inquiry into conditions prevailing throughout the cluster as a whole, is administered by other trained personnel, and
usually is carried out at a somewhat later date. The information is collected by a combination of discussions with
local informants and actual visits to local facilities. The purposes of the SA Module are (1) to describe service
availability, particularly in rural areas and in terms of quality, and (2) to assess the impact of services on

contraceptive use.




The cluster usually occupies a small enough geographical area that it is reasonable to suppose that all households
in the cluster have the same service environment. However, in urban areas the cluster’s environment is often much
more diverse than can be measured by the SA Module. For that reason this study will be limited to rural areas, and

its conclusions should not be extended to urban areas.

The SA Module collects information about the local standard of living, the community’s integration with the rest
of the country, and the local availability of health and family planning services, including contraceptive distribution
programs. Compared to the earlier WES community surveys, much less data is collected about local development,
modernity, and standard of living, and much more data is collected about the range and quality of health and family

planning services.

Although the collection of such data is now routine and the SA Module has recently been expanded for the second
phase of surveys (DHS-II), there has been little actual analysis of the data. There are at least two reasons for this.
First, there are some technical considerations in working with multi-level data, namely the linking of data files and
the statistical nature of the data, that lie outside the realm of standard data processing and survey analysis. Second,
multi-level data—particularly information about service availability—raise non-trivial conceptual problems. For
example, there is the question of possible circularity. If modem contraception is not available anywhere, then there
can be no users. If there are users, then obviously there must be some access. Moreover, local services are both
a stimulus and a response to local demand. The family planning services in question were not established as part
of an experimental design, and there is only the single cross-sectional measurement. Given these limitations and the
likelihood of reciprocal effects, is it possible to describe the impact of services? What kind of causal model is

appropriate? Can these data be used to project the consequences of expanding services or altering their quality?

The purpose of this paper is to demonstrate how the SA Module can give readily understandable estim'ates of the
importance of service availability, in its various dimensions, to the current use of contraception. For this purpose,
both an analytic strategy and specific statistical methods will be proposed. A range of specific problems and
weaknesses in the data will be pointed out, and ways of confronting those problems will be illustrated. Finally, some
recommendations for questionnaire design and data collection procedures will be made in an effort to reduce the

seriousness of these problems in the future.

This approach will be illustrated by linking the individual and SA data collected by the DHS in Guatemala in 1987.
Guatemala was selected in part because its SA Module has not yet been analyzed, except for some relatively simple
comparative analysis (Tsui and Ochoa, 1989). Also, prevalence of modern methods is low in rural Guatemala, a

condition that characterizes the African countries where major use of the extended SA module is now planned.

The final report for this survey was published in 1989 by the Instituto de Nutricidn de Centro América y Panam4

and the Instimte for Resource Development (1989), and readers are referred to that report for a description of the
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survey and its results. Appendix A reproduces the SA questionnaire for Guatemala, while Appendix B gives a

detailed description of the data processing steps and statistical procedures used in this analysis.
Statistical Issues

It is essential to understand the structure of the data at hand. As actually collected, multi-level data is far different

from how it might be conceptualized in the abstract.

DHS surveys, like WFS and most other large surveys requiring personal interviews, are conducted in two stages.
In the first stage, primary sampling units (PSUs) are drawn from a nationwide list of such units. (Of course, this
process itself is typically broken down into stages or strata leading up to the final selection). The PSUs are referred
to as segments or, the term preferred here, clusters. The quality of the sample hinges almost completely upon the
representativeness of the clusters. All households in the clusters are visited, and the eligible women are identified.
Then, during the second stage of the survey, a subsample of the women are interviewed. A cluster design has the

advantage of far lower data collection costs per respondent than a simple random sample.

Most standard statistical procedures and software assume that individual respondents are part of a simple random
sample and thus were selected independently of one another. A cluster design is less efficient than this ideal: the
effective sample size is often about 30 percent less than it would be for a simple random sample, and the standard
errors of estimates are correspondingly greater. (Standard errors are inversely proportional to the square root of the
effective sample size.) The corrected standard errors for the principal estimates reported in the DHS surveys are
calculated and published in the country reports (for Guatemala, see INCAP and IRD, 1989: Appendix III). Despite

this fact, virtually all analysts use software that ignores this design effect.

In Guatemala, for example, the design effect for the proportion of women currently using a modern method of
contraception is reported as 2.153, a particularly high value (INCAP and IRD, 1989: 81, Table II.1). The design
effect can be interpreted as the ratio of the sampling variance in the actual survey to what it would have been in a
simple random sample of the same size (Kish, 1965: 193). Alternatively, the reciprocal of the design effect can be
interpreted as the ratio of the effective sample size to the actual sample size. Thus, the effective sample size for this
variable in the Guatemalan survey was 1/2.153 or 46.4 percent of the actual total of 5,160 interviews. This paper
will offer a behavioral interpretation of the similarity of women within a cluster on this variable, but regardless of

its sources, the similarity invalidates the assumption of a simple random sample.

Consider now the information gathered by the SA Module. This information is not obtained independently for each
woman,; rather, it is collected at the cluster level and attributed to the woman as a description of her environment.

Therefore, the number of observations equals the number of clusters, not the number of women. The cluster data




may (improperly) be inflated by the number of women in the main survey, but this action does not enhance their

accuracy. The importance of this fact for the statistical analysis cannot be over-emphasized.

For example, the SA Module in Guatemala asked, "Is this cluster covered by a program for community distribution
of contraceptives?" Of the 116 usable rural clusters in the country, 33 (or a proportion p=.2845) were covered by
such a program. The standard error of this proportion is the square root of p(l-p)/n, where n is 116; this is
calculated to be .0419, with a 95 percent confidence interval of .2024 to .3666. That is, the 95 percent confidence
interval for the proportion of all rural clusters in the population that are covered by a community distribution program
ranges from 20.2 to 36.7 percent. To construct an interval for the percentage of women living in such areas, which
would be of more interest, the clusters are weighted in proportion to size; the result is an interval ranging from 25.5
to 42.5 percent, centered at 33.4 percent. The interval is as broad as the one for the clusters, because there are only

116 data points.

Since this analysis is interested in individual women—they are the end point of the sampling scheme—it would seem
natural to employ women as the units of analysis and attribute to them the characteristics of the cluster where they
reside. Suppose that the variable under discussion, the presence of a community distribution program, was added
to the data for individual women. The proportion of women who live in a rural cluster with a program would be
p=.3342, and every standard computer package would calculate the standard error as the square root of p(1-p)/n,
where n is the number of rural women: 3,043. That is, the standard error of the proportion would be .0086, and the
95 percent confidence interval would range only from 32 to 35 percent. Not only would the computer package
ignore the design effect mentioned earlier; much more importantly, it would not recognize that there are only 116

data points, or pieces of information, distributed across the 3,043 women.

Estimates of means, correlatiohs, and regression coefficients that are calculated by attaching cluster data to individual
records are subject to this kind of misinterpretation. No one would consider conducting a national fertility survey
with only one or two hundred women. It is all too easy, however, to succumb to the fallacy of attaching general
information about the clusters to the specific data gathered on each of the women and then to proceed as if the data

had the same statistical accuracy as several thousand independent observations.

To overcome this problem, the method used here partitions or allocates the available information into two levels:
one for clusters and another for individuals. In contrast, other procedures all attach the macro (or cluster) data to
the micro (or individual) data records and, from that point onwards, treat the macro predictor variables in the same
way as the micro predictor variables. For example, in predicting contraceptive use, the usual statistical procedures
do not differentiate between a macro level predictor, such as presence of a secondary school, and a micro variable,
such as the woman’s own level of education. (Empirical Bayes procedures take account of the error structure of the
data—that is, of the fact that cluster-level variables do not vary within clusters—but they differ from our approach

in important ways. See Appendix B for a description of alternative statistical approaches.)
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The method used here takes advantage of the hierarchical character of the data, namely the "nesting" of individuals
within areas. It will allow conclusions about how important a given predictor variable is in explaining variation
between clusters or in explaining variation within clusters; moreover, it recognizes that (except as indicated below)
a predictor at the cluster level can only explain variation beiween clusters. The presence or absence of a pharmacy,
for example, is a constant for everyorie within a given cluster and cannot explain why one woman uses contraceptives
while another woman in the same cluster does not. The method could be extended to utilize multi-level data in
which clusters are nested within districts, districts are nested within regions, and predictors are available at each of
these levels. The statistical literature would describe the procedure as hierarchical analysis of covariance with

random effects (because the clusters are sampled at random).

The partitioning procedure is analogous in logic to the manner by which a "total” sum of squares is broken into a
"between groups" sum of squares and a "within groups" sum of squares in the analysis of variance. In that familiar
decomposition, the two sums of squares are statistically independent of one another and contain no overlapping
information, because, within each group, the dependent variable is stated as a deviation from the group mean. In
this analysis, there is a binary dependent variable (the current use of contraception) and logit regression is used

instead of analysis of variance, but the reasoning is almost completely parallel.
Analytical Model

Most earlier analyses fail to provide a theoretical model to guide the statistical analysis, perhaps in part as a
reflection of the inappropriateness of the statistical procedures. In this model, blocks of one or more variables are

conceptualized and labelled as follows:

+ Y is the mean of a dependent variable within a cluster;

+ Y’ is the within-cluster deviation of a dependent variable from the cluster mean;
« X is the mean of a predictor variable within a cluster;

« X’ is the within-cluster deviation of a predictor variable from the cluster mean;
« W is a cluster-level socioeconomic variable; and

» 7 is a cluster-level intervention variable.

In this study, for example, Y will be the proportion of women in a rural Guatemalan cluster wﬁo currently use
modern contraception. Y’ will measure the extent to which an individual woman departs from that proportion. Y
is built up from individual responses and, in fact, is just the mean of a binary (0/1) response. In other analyses, Y
could refer to the intention to use contraception, to current breastfeeding practices, or to other outcomes that might

be affected by local services.




This analysis assumes that individuals within clusters have a common environment, including one another, and that
there are many reasons why they should behave similarly. Therefore, information about these similarities is used
to predict the mean outcome, and information about their differences is used to predict differences in outcomes.
Patterns initially are identified using means at the highest level of aggregation; then the analysis works downward
in steps to identify differences at progressively lower levels of aggregation; and finally individuals become the

analytic units.

The variable, X, will describe the means or distributions of literacy, the source of household water, the number of
children, and several other predictors drawn from the survey of individual women. The analysis first asks, for
example, "How does the level of literacy in a cluster affect the level of contraceptive use?" The next question is,
"How does an individual woman’s deviation from the prevailing level of literacy affect her deviation from the
prevailing level of contraceptive use?" In combination, the statistically independent answers to these two questions
tell how an individual woman’s literacy will affect her personal use of contraception, but the hierarchical partitioning

allows us to determine just how internally homogeneous—or heterogeneous—the clusters are.

Variables labelled W are drawn from the SA Module and are intrinsically macro-level indicators that indicate the
socioeconomic climate, modernity, or relative development of a community. Included are the presence of a post
office, regional centrality, or major economic activity. However, they do not encompass either program or
intervention variables; like the X variables, they must be controlled statistically to evaluate the impact of the
intervention variables. The SA Module contains few variables of this type, so it is a particular advantage of the

procedure used here that they can be supplemented by summaries of individual-level predictors.

Finally, Z refers to the specific variables in the SA Module that are postulated to affect the level of contraceptive
use, such as distance or time to services and the quality of services. Specifically, it is hypothesized that the presence
of services, especially those of higher quality, will increase contraceptive use even after other determinants have been

controlled.

Figure 1 illustrates the hierarchical approach followed by this analysis. The dashed line indicates the division
between the cluster-level and individual-level analyses—or, more precisely, the "between clusters” and "within
" clusters” analyses. Solid arrows indicate postulaied effects between variables of different types. There are no arrows
from Y to Y’ or from X to X’ because the cluster means (Y and X) are statistically independent of the within-cluster
deviations (Y’ and X’, respectively). Effects from X and W to Z are postulated because it scems likely that services
will be better developed and utilized in or near clusters that have higher literacy rates, are more central, and are more
developed, than in clusters that are poorer, more remote, and less developed. This is an empirical question; one can

imagine government policies that would intentionally place hospitals and health centers in the least modern locations.




Figure 1 Conceptual model of the analysis

W ,
< Z——— Y (Clusters)
X %/'

X M — Y (Individuals)

The model shows an arrow coming from Z that intersects the arrow from X’ to Y'. This represents possible
interactions, such that the effect of X’ upon Y’ may vary according to the level of Z. It is not possible for Z to have
a direct effect upon the within-cluster deviation Y’ (because Z is a constant within each cluster), but it would be
possible and of considerable interest for such interactions to be present. Other interactions could be postulated and
represented in the same way (for example, the effect of X’ upon Y’ might also vary according to the level of W or
X), but such effects would be less relevant. The curved arrow connecting the W and X blocks of variables simply

indicates that a causal direction has not been assigned to their relationship.

There are possible reciprocal relationships. For example, it could be postulated that the level of services is partly
a response to demand and that current use is a lagged indicator of carlier use, which stimulated the growth of
services. This effect could be partly captured by an arrow directed from Y back (o Z, although it could also be
expressed by using information in the survey about desired family size and past contraceptive use. Such complexities
will be overlooked. The model could be expressed more elaborately in terms of latent variables and multiple
indicators (and perhaps estimated with LISREL), but such refinements will be deferred to future applications if they
appear justified.

There are several distinct ways in which the effect of service availability on contraceptive use can be described
within this framework. A complete analysis would have the following four phases, although this paper will

concentrate on the first two:




(1) Fit or predict Y using Z alone, obtaining unadjusted effects of service availability on current use.

(2) FitY using W, X, and Z, estimating effects for Z that are adjusted for, or net of, the covariates W and X.
(3) Fit Z with W and X, and then estimate the indirect pathways from W to Y and X t0 Y via Z. The effects of
W and X may be expressed through, or implemented by, service availability. For example, if better quality facilities
tend to be located in communities where the standard of living is higher, then the facilities will be a mechanism by
which a higher standard of living leads to the improved use of contraception.

(4) Finally, at the micro level, the fitting of Y’ with X* may be improved by including interactions between X' and
Z.

Baseline Model: Partitioning into Two Levels

Total unexplained variation in current contraceptive use can be divided into two independent components: that
between clusters and that within clusters. With an interval-level dependent variable, the total unexplained variation
would be the familiar sum of squared deviations about the mean. In the theory of generalized linear models
(McCullagh and Nelder, 1983), the total sum of squares is just one element in a larger class of measures of fit,
namely the element appropriate for interval-level variables with normally distributed errors. The general term for
measures of fit is called the "deviance,” always calculated as -2 times the natural logarithm of the likelihood function
for a specific model. Deviances for logit models, like sums of squares, have chi-square sampling distributions with

specified degrees of freedom.

Table 1 shows the deviances for all of Guatemala and for just the rural portions of the country. In addition, it shows
the allocation or partitioning of the deviance into two components: between and within clusters. The SA Module

was administered mainly to rural clusters in Guatemala, so this partitioning forms the starting point for the analysis.

Table 1 Partitioning of the deviance in current use of modern contraceptive methods in Guatemala (1=Yes,
0=No) into portions between clusters and within clusters

Deviance Deviance Total
Between Clusters Within Clusters Deviance
All of 818.0, 241 df 3249.3, 4918 df 4067.3, 5160 df
Guatemala (20.1%) (79.9%) (100.0%)
Rural 426.7, 121 df 1417.7, 3119 df 1844.4, 3240 df
Guatemala (23.1%) (16.9%). (100.0%)

As can be seen from Table 1, there are a maximum of 121 usable degrees of freedom for the clusters (there were

122 rural clusters in Guatemala; six will be omitted in the main analysis because the SA module was not




administered to them). This is a rather small number of observations relative to the many variables in the SA
Module. It is a mathematical inevitability that any 121 pieces of information about the 122 clusters would
completely explain the variation between clusters, and it is likely that the bulk of the \)ariation could be explained
by a much smaller number, pérticularly if some of these variables are categorical. Just a few variables, whether they
deal with service availability or anything else, can provide a fingerprint for a cluster. The saturation of the degrees
of freedom would not be readily apparent under the conventional approach, which would attach the cluster data to

the file of individuals—of whom there are 3,241 in the rural areas.

The second major observation to be drawn from Table 1 is that 23.1 percent of the total variation is between clusters
rather than within clusters. This is the upper limit of what can be explained by characteristics that vary from one
cluster to another. On the one hand, this can be described as just a fraction of the total; clearly, the great majority
(76.9 percent) of the variation occurs within clusters and cannot be explained by service availability or any other
cluster-level characteristics (except, as noted above, through the secondary effect of interactions with within-cluster
deviations on individual-level characteristics). On the other hand, the variation between clusters is highly significant.
Calculating the between-cluster deviance per degree of freedom (426.7/121) and dividing it by the within-cluster
deviance per degree of freedom (1844.4/3240), an F ratio of 6.2 is obtained. If there were no tendency for women
in the same cluster to be similar, the clusters would only account for 121/3240 or 3.7 percent of the deviance. Per

degree of freedom, clusters are over six times as important as individuals as a source of variation.

A final important piece of introductory information is the level of current use of modern methods. Y is a binary
variable with a binomial distribution; logit(Y) = log[Pr(Y=1)/Pr(Y=0)] is to be analyzed with linear additive models.
When there are no covariates, the best-fitting model for data from all of Guatemala is logit(Y) = -1.865. The
proportion currently using a modern method is then exp(-1.865)/[1+exp(-1.865)] = .1341 or 13.41 percent. This
number can be verified in the final report (INCAP and IRD, 1989: 48, Table 5.5) by adding the percentages using
the pill, IUDs, injectables, diaphragms, foam, condoms, and sterilization. Pills and female sterilization are the leading

methods by far in Guatemala, accounting for 20 percent and 56 percent, respectively, of all current use.

In rural Guatemala, logit(Y) = -2.410, and the corresponding proportion of women currently using modern
contraception is .0824 or 8.24 percent. This is a low level of use, making it more difficult to obtain significant
effects than if the level of use were higher. Put simply, the focus of interest is on how 267 users, in a sample of
3,241 rural women, are distributed across 122 clusters. On average, each cluster consists of about 27 women, 2 of

whom are current users.

The analysis will include rural women regardless of marital status, age, parity, pregnancy status, and the like. A case
could be made for removing some non-users because they are not at risk of conceiving. However, there are some

users in nearly every category of marital status, age, or parity. Some women are not currently in a union but were




sterilized at an earlier time, and they reflect the determinants of use. Rather than make arbitrary exclusions, all the

women will be retained and covariates will be employed to adjust for risk factors.

At this point the rural sample will be reduced by dropping the six clusters that were omitted from the SA survey.
There is no evidence that the omitted clusters were unrepresentative. The reduced sample consists of 116 clusters,
including 3,043 women, of whom 252 are current users (for an overall prevalence rate of 8.28 percent). The baseline

logit regression coefficient is -2.405, and the baseline deviance between the clusters is 410.18.

Across the 116 clusters, the percentage of current users ranges from 0.0 to 37.5 percent. As Table 2 shows, this is
a very skewed distribution, with no users at all in 51 clusters representing 36.9 percent of the women and a

prevalence rate of 20 percent or more in only 15 clusters which contain 15.6 percent of the women.

The 116 clusters vary in size, with the number of women interviewed for the individual survey ranging from 7 to
55. At the first quartile, about 19 women per cluster were interviewed; the median number is 26; while at the third
quartile, about 33 women per cluster were interviewed. The actual number of users was 0 in 51 clusters, but it

ranged as high as 15 in a single cluster,

Table 2 Distribution of clusters according to prevalence
rate and percentage of the sample in those clusters

Range in Percentage
Prevalence Number of of
(percent)! Clusters Women
0 51 36.9
0-4 16 16.0
5-9 18 16.0
10-14 10 9.2
15-19 6 6.3
20-24 6 6.0
25-29 4 3.8
30-34 3 4.1
35+ 2 1.7

1 The range "5-9 percent" includes exactly 5.0 percent and
ranges up to, but does not include, exactly 10.0 percent.
All other intervals are constructed similarly, except that
"0-4 percent" does not include exactly 0.0 percent.

In this model, n is used to refer to the cluster size and x to refer to the number of users within the cluster; x can take
any integer value from O to n. The statistical model postulates that x is binomially distributed around its expected ¥

value, with denominator or base n. The model attempts to fit x using n and other information that is provided in
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a linear logit format. If, for example, there are no covariates, the model would calculate the overall proportion of
users across all clusters (the sum of x divided by the sum of n). Within a specific cluster, the predicted value of
x would then be obtained by multiplying n by this proportion. The overall measure of fit is a summary of the
difference between the observed x and its fitted or predicted value. An individual-level analysis is formally
equivalent to this procedure except that n=1 for each individual and x can only take the values O or 1. More details

are given in Appendix B.

Socioeconomic Indicators from the Survey of Women (X Variables)

As described earlier, three sets of variables may account for the between-cluster deviance of 410.18. The first set
of indicators, called the X variables, are drawn from the survey of individual women and comprise the means and
distributions of data collected at the individual level. These compositional variables will be interpreted as indicators
of the demographic, social, and economic environment of the cluster. It is postulated that they affect the

predisposition to use contraception, the availability of services, and the impact of those services.
Like most DHS surveys, the Guatemalan survey contains a rather limited number of such variables. For the purposes
of this illustrative analysis, this number will be limited even further, to just five, based on a preliminary screening..

These variables are listed in Table 3.

Table 3 Reductions in deviance by type X variables after screening

Reduction
in

Variable Deviance!
Measure of Risk and Demographic Composition

Marital status (6 categories) 96.30
Measures of Devélopment

Source of household water (4 categories) 98.70

Literacy (3 categories) 88.42

Has electricity? (No/Yes) 108.24

Has TV? (No/Yes) 173.13
All five variables combined 266.46

Note: The within-cluster proportion in each category of these variables is
coded onto the record for each cluster and used as a predictor of the propor-
tion of women in the cluster who are currently using modern contraception.
1 The reductions in deviance are against a between-cluster baseline deviance
of 410.18. All reductions are highly significant.
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Table 3 shows the reduction in between-cluster deviance that can be attributed to each of the five variables, Marital
status provides a control for the women’s exposure to the risk of childbearing and thereby the need for contraception;
it reduces the deviance by 96.30 points. The number of living children is important for explaining variation on an
individual level—mainly, in Guatemala, in distinguishing between women with no children and women with at least
one child. However, the parity distribution of a cluster is not statistically significant for predicting current
contraceptive use when the other variables are present. Neither parity nor age shows large variation from one cluster

to another once marital status is controlled.

Two of the four measures of the cluster’s socioeconomic status stand out: literacy and the proportion of women
(essentially the proportion of households) having a television set. The source of household water generally
characterizes an entire cluster, not just a specific household, and reflects the standard of living of the community.
The proportion with electricity indicates the extent of rural electrification; considerably more women have electricity
than have television. It was thought that the region in which the cluster is located might reflect other, unmeasured
status variables that tend to vary systematically from one region of the country to another, but region was not

significant when the other measures were included.

An additive model including all five measures reduces the between-cluster deviance by 266.46 points at a cost of
12 degrees of freedom. The fit could be improved further by including other covariates from the survey of individual
women or by including various interactions among the selected variables, but not by a large or statistically significant
amount (although this conclusion is based on an admittedly incomplete screening). The residual deviance and
degrees of freedom are 146.72 and 103, respectively. This block of variables reduces the baseline deviance by 65

percent, using 10 percent of the available degrees of freedom.

It is not necessary to present the coefficients or effects for these variables, because they are employed mainly as
controls for assessing service availability. However, all the coefficients have the signs that would be expected, with
current contraceptive use being more common in clusters with higher proportions of women who are currently
married, have piped water, can read easily, have electricity, and have television. For example, if E is the proportion
of women who have electricity, then the fitted equation is logit(Y) = -3.156 + 1.857E. Substituting E=0.0, E=0.5,
and E=1.0 into this equation, and making the reverse transformation, the fitted percentage of current users is 4.1
percent, 9.7 percent, and 21.4 percent, respectively. Similarly, the fitted percentage of con.traceptive users in a cluster
where no women could read would be 1.4 percent; if all women could read, but with difficulty, it would be 9.2
percent; and if all women could read easily, it would be 47.0 percent. These are statistical simulations, of course,

and do not imply that electrification and literacy would automatically and immediately induce higher levels of use.

The interpretation of these variables at the cluster level may call for clarification beyond that given earlier. They
have been described as indicators of the socioeconomic environment, but in fact they are aggregations of

individual-level variables. These aggregations simply provide a structure for partitioning the influence of an
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inherently individual-level measure into two, independent components: one which is shared or homogeneous within
the cluster and another which represents the heterogeneity of individuals within the cluster. Table 4 describes the
balance of these components. The first row of this table refers to Y, the dependent variable, and shows how its total
deviance, 1738.08, is allocated between and within clusters (the between-cluster deviance, 410,18, is 23.6 percent
of the total). This partitioning is similar to that in Table 1 for rural Guatemala, except that Table 1 referred to the
full 122 clusters, rather than the reduced set of 116. The remaining rows of Table 4 list the five predictor variables
of type X and their own deviances. As would be expected, clusters display the most homogeneity for the presence
of electricity in the household, the source of drinking water, and the presence of a television set (which, of course,
depends on the presence of electricity). Literacy shows about the same level of heterogeneity as contraceptive use

itself; marital status is the least homogeneous.

Table 4 Degree to which current use of modem contraception and the five individual-level predictors vary
between and within clusters in rural Guatemala

Percentage of Deviance

Total Between Within

Deviance Clusters Clusters
Current Use 1738.08 23.6 76.4
Literacy 6162.17 21.2 78.8
Source of Water 7699.60 50.2 49.8
Electricity 3736.34 56.1 43.9
Television 2728.66 39.3 60.8
Marital Status 7851.92 13.7 86.3

Note: If these variables did not tend to be similar within clusters, then 3.8 percent of the total deviance would
be expected to be between clusters, and 96.2 percent within clusters.

Because of the high degree of internal homogeneity of the clusters—equivalently, because of the substantial
variability between clusters—it is reasonable to characterize the means and proportions on these variables as
indicators of differences between clusters. Indeed, they are regarded in that light. However, it should be made clear
that the statistical model does not reify them in that way but simply partitions the explained variation in the manner

described above.

Socioeconomic Indicators from the SA Module (W Variables)

The next block of variables, referred to as W variables, comes from the SA Module itself. These variables are
intrinsically defined at the aggregate level. Such measures are sometimes called "integral” to contrast them with

"compositional" variables that are built up as summaries of measures taken at the individual level.
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A relatively small proportion of the SA Module consists of a general description of the community. In searching
for a set of indicators that provide a good profile of the cluster, in relation o current use of contraception, the
information that was collected was not fully explored. Nevertheless, a concise set of indicators was readily
identified. Four variables were significant. Table 5 lists the distribution of the women and the contraceptive

prevalence rates for each category.

Table 5 Distribution and contraceptive prevalence rates for type of locality, presence of secondary school,
presence of post office, and presence of theater or cinema

Contraceptive
Number Percentage Prevalence
of Clusters of Women Rate (%)

Type of Locality (Deviance reduction 92.74 with 5 d.f)

Finca 15 12.8 7.2

Aldea, nuclear 18 19.7 15.9

Aldea, dispersed - 36 28.5 5.8

Caserio, nuclear 6 4.5 94

Caserio, dispersed 36 28.6 13.2

Pueblo 5 5.9 18.5
Secondary School (Deviance reduction 36.71 with 1 d.f.)

Present 22 224 14.3

Absent 94 77.6 6.6
Post Office (Deviance reduction 1.37 with 1 d.f.)

Present 30 274 9.3

Absent 86 72.6 7.9
Theater or Cinema (Deviance reduction 62.59 with 1 d.f.)

Present 21 214 16.5

Absent 7 95 78.6 6.1

The first variable, type of locality, is a proxy for the substantive differences between a finca, dispersed aldea, and
nuclear caserio, on the one hand, and a nuclear aldea, dispersed caserio, and pueblo, on the other hand.
Contraceptive prevalence in the second set of localities is roughty double that in the first set. The importance of this

distinction rests on the unmeasured characteristics of those places.

There are interactions among the remaining three variables, presence of a secondary school, post office, or a theater
or cinema. After experimenting with possible summaries or combinations of the three, an additive model proved

to be most parsimonious. While the presence of a post office is not statistically significant by itself, in the presence
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of the other information it becomes quite important. The additive model including all four W variables reduces the
baseline deviance by 116.09 points, at a cost of 8 degrees of freedom, leaving a residual deviance of 294.09 with
107 degrees of freedom. That is, the W variables explain 28.3 percent of the deviance using 7 percent of the

available degrees of freedom.

Perhaps surprisingly, several other potentially interesting indicators were not significant. These included the size of
the local community, the distance to the nearest community of 20,000 or more inhabitants, and the presence of a

weekly market.
Program and Service Availability Indicators (Z Variables)

Next come the predictor variables of primary interest: the presence of a family planning program in the local area,
some aspects of that program, the availability of services, and the quality of those services. Again, the selection of
key indicators will be based on whether the responses significantly improve the ability to predict the number of
current users in the cluster, given only the number of women in the cluster, with an additive logit regression model.

To repeat, the baseline deviance is 410.18, with 115 degrees of freedom.

The SA Module in Guatemala asked, "Is this segment covered by a program for community distribution of
contraceptives?” A "yes" response was given in 28.5 percent (33) of the 116 clusters, encompassing 33.4 percent
of the women. The contraceptive prevalence rate in those clusters with a program was 14.6 percent; in the
remainder, the rate was 3.5 percent. This variable alone reduced the deviance by 74.02 points, at a cost of only one
degree of freedom. Additional questions about the program, such as the specific methods being promoted and the
frequency of promotional visits to the local area, did not add significantly to the basic information that a program

existed.

This variable will be kept separate from the remaining information about the service environment. That is, the block
of Z variables consists of two distinct components: the powerful binary indicator of whether there is a program or

not and the detailed description of just what facilities are locally present, their accessibility, and their quality.

The SA Module included a page of detailed questions about health services and another about family planning
services; this analysis is restricted to the latter. The questions covered five specific sources of family planning
services: hospitals, clinics, health centers, pharmacies, and private physicians. As arule, hospitals and health centers

are government facilities, and the others are private. The following data was collected:

« Presence or absence, in the locality, of a source of family planning services - Various interviewers seem to

have interpreted the term "locality” ("la localidad") in different ways, so that the stated distance to the nearest
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source was used instead. Presence was recoded into three categories: no facility named; named, but 30 km or
more distant; named and less than 30 km distant. The first of these is regarded as a reference category with
which the other two categories are to be compared. It was initially assumed that if no facility was named, then
none was located anywhere in the vicinity. However, there is evidence that this category is a mix of "none
present” and "no response". The results were substantially easier to interpret when it was kept separate rather

than pooled with the category of greatest distance.

Distance to this source, in kilometers - Distance was recoded into the following six categories: not named, 30
or more km, 20-29 km, 10-19 km, 5-9 km, and 0-4 km. Once again, "not named" is the reference category.
Subsequent questions were only answered if the source was within 30 km.

Type of transportation - Since there was little variation in the data, this variable was not used. Its main impact
is to alter travel time, which is itself estimated on the questionnaire for the most common method of

transportation, Therefore, travel time is used instead.

Travel time - This was recoded into the following six categories: not named, 120 or more minutes, 60-119

minutes, 30-59 minutes, 15-29 minutes, and 0-14 minutes.

Contraceptive methods available - The questionnaire recorded whether each of these methods was provided at
the facility: the pill, TUD, injection, condom, female sterilization, male sterilization, and other. For this analysis,
an extra code for the number of methods offered was also constructed.

Cost of each method - This information was not used.

Year in which each method was first available at this source - This information was not used.

Number of doctors involved in family planning - This and the remaining questions were only asked for

hospitals, clinics, and health centers.
Number of nurses involved in family planning

Days of the week when open for family planning - This information was compressed into the number of days

per week when open at all.

Number of hours open each day - This detailed information was not used and should be recoded and perhaps

edited if used by other researchers. Hospitals are often listed as open 24 hours a day, 7 days a week, but it is
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unlikely that family planning advice or supplies are available during all of this time. The current version of the
SA Module has revised these questions.

Detailedrthough this information may seem to be, it does not give a complete picture of the family planning
environment. The most serious flaw is that it does not describe the existence or density of multiple sources of family
planning services of the same type. This makes it difficult to examine possible substitution effects. Suppose, for
example, that a respondent wishes to purchase condoms from a pharmacy. The nearest pharmacy may not sell them,
but another one a short distance away might sell them. Information about the second pharmacy is not included in
the questionnaire. Similarly, if a woman wishes to be sterilized, it is possible that none of the nearest facilities in
each category offers sterilization, but there could be a second facility within the 30 km limit which does provide
sterilization. Such a place will not be recorded. (It is also possible that gradations of nearness are not very relevant

for a one-time behavior such as sterilization.)

Despite these shortcomings, it is possible to account for a great deal of the variation in prevalence using the

information in the module.

1. Diversity of facilities. How many of the five types of service points are available within 30 km? This diversity
index reduces the deviance by 56.96 poinis at a cost of five degrees of freedom. It would be expected that
prevalence is low in communities with no access and higher in communities with greater access, while beyond some
threshold, additional facilities might not make any difference. In fact, as shown in Table 6, no such pattern is
observed. The main function of this variable is to identify five clusters (with identification numbers 100, 183, 209,
215, and 218) that are missing large amounts of data, three of which happen to have high proportions of users. It
is suspected that these clusters are adjacent to an urban area with so many choices of facilities that the interviewers
opted to omit the information. This variable will be retained and referred to as a measure of service diversity,
because it is thought such a measure should be included. However, this indicator does not fully measure diversity;

in part, it also serves to control for non-response.

Table 6 shows that almost all women (all but 3.8 percent) live within 30 km of at least one facility. The modal

number is three different kinds of facilities out of the five possible categories.

It may be mentioned at this point that the SA data for Guatemala show several inconsistencies that suggest
incomplete fieldwork and editing. It is troubling that so much data is missing and that, as this table shows, it is not

missing at random.
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Table 6 Contraceptive prevalence rates of clusters according to the
number of different kinds of facilities (hospital, clinic, health
center, pharmacy, and private physician) stated to be within 30
km of the cluster

Number of Contraceptive
Kinds of Number Percentage Prevalence
Facilities of Clusters of Women Rate (%)

0 5 3.8 23.1
1 15 14.1 5.4
2 27 20.5 8.7
3 40 35.0 5.7
4 16 14.8 14.0
5 13 11.8 6.7

Note: Reduction in baseline deviance is 56.96 for 5 degrees of freedom.

2. Presence of specific types of facilities. Which of the five types of service points are available within 30 km?
This variable distinguishes whether or not any source was named, because, as already noted, the failure to name a
service point is likely to indicate incomplete data rather than the genuine absence of the type of facility in question.
Interpreting this information is problematic. Table 7 gives the prevalence rates for clusters in which a facility of each
type was not named, was stated to be more than 30 km from the cluster, or was stated to be within 30 km of the

cluster.

One hospital or another was named for 50 clusters, although it was located within 30 km of only 23 of them.
Examination of the data showed that these 50 clusters shared 20 different hospitals. This heavy overlap suggests

(but does not require) that the clusters are not independent of one another.

For each type of facility except health centers, contraceptive prevalence is higher if the nearest facility is stated to
be within 30 km than if it is stated to be farther away. However, there are very few clusters in which the nearest
health center, pharmacy, or private physician is stated as being more than 30 km away. The reduction in deviance
is not significant for hospitals and clinics. They will be retained, however, because certain characteristics of the

hospitals and clinics, when these facilities are named, will prove to be significant.
When current use is fitted with the single diversity indicator and the five presence indicators, the baseline deviance

is reduced by a total of 78.19 points, at a cost of 14 degrees of freedom (rather than 5+5x2=15 degrees of freedom,
because of an empty cell), giving a residual deviance of 331.99 with 101 degrees of freedom.

18




Table 7 Contraceptive prevalence rate of clusters according to the presence of a hospital, clinic, health
center, pharmacy, or private physician

Contraceptive

Type of Number Percentage Prevalence
Facility of Clusters of Women Rate (%)
Hospital (Deviance reduction 4.17 with 2 d.f.)

Present, <30 km 23 22.0 11.1

Present, >30 km 27 20.2 6.1

Not Named 66 57.8 8.4
Clinic (Deviance reduction 3.89 with 2 d.f))

Present, <30 km 33 28.3 9.2

Present, >30 km 33 243 6.6

Not Named 50 474 8.6
Health Center (Deviance reduction 17.33 with 2 d.f.)

Present, <30 km 108 93.7 7.7

Present, >30 km 3 1.3 10.0

Not Named 5 5.0 18.5
Pharmacy (Deviance reduction 12.92 with 2 d.f.)

Present, <30 km 97 82.9 8.1

Present, >30 km 8 59 34

Not Named 11 11.2 12.0
Private Physician (Deviance reduction 10.78 with 2 d.f.)

Present, <30 km 57 51.2 7.6

Present, >30 km 7 6.1 3.8

Not Named 52 42.7 9.8

Note: Each indicator is significant; reduction in baseline deviance for all five variables is 40.23 for 10
degrees of freedom.

3. Access to facilities. Next are added a minimal set of indicators of accessibility, based on distance and travel time,
for each of the five service points. In this case, distances below 30 km are subdivided into four categories: <5, 5-
10,10-19, and 20-29 km. Because distance and travel time are refinements of the presence indicators just described,
they are used in place of those indicators rather than in addition to them. After experimenting with the use of time
alone, distance alone, some other composite of the two (such as their sum), or a different categorization of the
indicators, the most parsimonious way to include them proved to be a simple additive model. While a couple of
individual indicators are not statistically significant here, they become significant in later models, so all of them are

retained.
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The additive model using the diversity index, the five distance indicators, and the five travel-time indicators has a
residual deviance of 174.82 with 67 degrees of freedom. Clearly, adding details of time and distance substantially

improves the prediction of the local prevalence rate.

Both the distance and the time indicators are important; each adds considerably to the other. Distance and time are
most important for the nearest health center, pharmacy, and private physician; they are much less important for the
hospital and clinic. Perhaps this is because hospitals and clinics are used more for methods that require only one
visit (e.g., sterilization) or an annual visit (e.g., the IUD), while the other facilities are used more for methods that

require re-supply. Distance and time might be less important when visits are infrequent.

The effects of time and distance are not linear and not even monotonic. With the exception of only one type of
facility (details will not be given here), prevalence is higher if the facility is 0-4 km from the cluster than if it is 5-9
km, and higher if it is 5-9 km than if it is 10-14 km distant. Beyond that distance, however, there is considerable
irregularity, with prevalence sometimes increasing at the greater distances. The coefficients for the different travel

time intervals are even more erratic.

It is suspected that the irregularity of the coefficients and several other apparent inconsistencies are due to
substitution effects or trade-offs between facilities. For example, a health center may be a source of condoms, but
a pharmacy might be preferred if available, with clients willing to go the extra distance to get to the pharmacy. Such
a scenario is only hypothetical; it would be impossible with the limited degrees of freedom and small number of
users in this study to demonstrate substitution effects conclusively, because they would require large numbers of

interaction terms.

4. Quality of facilities. What characteristics of the local facilities, other than access, are associated with local
prevalence? Here the focus is on which of six specific methods are offered, the total number of methods offered,
the number of doctors, the number of nurses, and the number of days open (ignoring number of hours per day).

Each of the following indicators was statistically significant in the final equation, and no others were significant:

« the number of doctors in the nearest hospital,

+ the number of nurses in the nearest clinic,

« the number of nurses in the nearest health center,

+ whether or not the nearest hospital offers female sterilization, and

» whether or not the nearest private physician offers pills.

When pharmacies are examined separately, it is important to know whether or not they sell condoms. However, this

piece of information is not significant in the presence of all the other indicators of the family planning environment,
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Together, the five variables listed above reduce the deviance by a further 78.49 points, at a cost of 5 degrees of
freedom. This is a substantial improvement in fit, especially considering that access has already been taken into
account. These five characteristics should be regarded simply as indicators. In particular, the number of staff in

a facility is probably a proxy for the overall size, diversity of services, visibility, and client base.

As additional evidence of substitution effects, only two of these variables actually show positive associations with
local prevalence in the combined equation: the number of doctors in the nearest hospital and whether the nearest
private physician offers pills. The other three coefficients are very significant—and negative. These patterns imply
non-additivity and the need for interaction terms. Rather than adding interaction terms, however, the model will be

stated in terms of the variables it includes and the specific parameter estimates will be de-emphasized.

The model that attempts to fit current prevalence in the clusters using the measures of diversity, presence of specific
facilities, access, and quality has a residual deviance of 96.33 with 62 degrees of freedom. These variables have

reduced the baseline deviance by 77 percent while using 46 percent of the available degrees of freedom.

The relationships described here are "zero-order” because they do not control for any of the other characteristics of
the clusters and do not elaborate the possible pathways of effects. The next section will extend the analysis to

include the other major blocks of variables.

Statisticians generally advise against models that use such a high proportion of the total degrees of freedom. When
all blocks of variables are brought together the model will use over half of the degrees of freedom. The biggest
consumer of degrees of freedom is the set of measures of distance and time, and they are so ceniral to this study

that they must be retained.
Adjusting the Importance of Service Availability for Other Influences

It is clear that service availability is strongly related to prevalence, although it is difficult to interpret coefficients
for reasons that can probably be traced to (1) non-random missing data (that is, the failure to report facilities that
are actually present) and (2) substitution effects between nearby facilities (both between the closest facilities of

different types and also between one facility and the next nearest facility of the same type).

It could be hypothesized that service availability has no incremental impact on prevalence once the total environment
has been taken into account. In this scenario, a more modern or developed community will be more likely to have
family planning services—diverse, numerous, nearby, and of high quality—in the same way that it is more likely

to have, for example, a secondary school, a post office, and a theater or cinema. Health and family planning services

21




will be an aspect of modernity itself and not an independent lever that can be manipulated separately from the larger

socioeconomic environment.

If it were found that, indeed, the SA variables do not help predict local prevalence once the socioeconomic
environment has been taken into account, it would not follow that services are unimportant. Rather, the inference
would be that the impact of services depends upon, and is part of, the whole process of development. If this were
the case, it would be most effective to place new family planning services and improve existing services in those

communities that are already the most developed in other ways.

Alternatively, it might be found that family planning services have an effect on contraceptive prevalence even after
adjustment for other influences. This would suggest that providing services has an impact independent of the stage
of local development. Facilities could be placed and improved in communities where use and development were

low, and an impact could still be anticipated.

As is usually the case when two such diametrically opposed alternatives are presented, in most countries the truth

probably lies somewhere in between.

Referring back to the causal model, assume now that the X and W blocks of variables have been taken into account
and the task is to determine whether the addition of the Z variables helps to predict Y. Essentially, this amounts
to first fitting Y with the full set of socioeconomic indicators in the X and W blocks and regarding the residual
deviance from that model as a new baseline deviance. Then the various components of service availability are added
to this new baseline model, and, as each component is added, it is examined for significant reductions in the

deviance—i.e., improvements in fit.

Table 8 presents the measures of fit for the models described above. A new baseline model, referred to as Model
X + W, is estimated using the two blocks of socioeconomic variables. The bulk of the information is clearly in the
X block, which includes the within-cluster distributions of marital status, literacy, source of household water,
electricity, and television. The W block, which comes from the SA Module and consists of type of locality, presence
of a secondary school, presence of a post office, and presence of a theater or cinema, gives a marginal reduction in
deviance of only 14.49 points at a cost of 8 degrees of freedom. This is not a statistically significant reduction. (The
95th percentile of the chi-square distribution with 8 degrees of freedom is 15.5.) Nevertheless, the W variables will

be incorporated into the baseline model because of their substantive interest.
The various components of block Z are added one at a time, separately rather than cumulatively. Only one of these

components is significant at the .05 level: the measures of distance and time to the nearest facilities. This block

reduces the new baseline deviance by 94.02 points at a cost of 44 degrees of freedom. This is less than half the

22




effect these variables had in the previous section of this paper, but is still far above the threshold of significance (the

95th percentile of chi-square with 44 degrees of freedom is 60.5). Table 8 also shows that the distance indicators

and the time indicators are highly significant separately and that each set adds significantly to the other.

Table 8 Quality of fit to the prevalence of current use of modern methods of contraception in rural
Guatemala, using the X and W blocks of socioeconomic indicators and components of the Z block
for program and service indicators

Improvement
Deviance
Model Predictors (d.f) Over: Deviance (d.f.)
Original none 410.18 (115)
baseline
Model X socioeconomic, from 146.72 (103) original 263.46" (12)
individual questionnaire baseline
Model W socioeconomic, from SA module 294.09 (107) original 116.09" (8)
Model X+W socioeconomic, from both 132.23 (95) original 271.95" (20)
questionnaires bascline
Model X 14.49 (8)
Model W 161.86" (12)
Model X+W+ socioeconomic plus diversity 128.40 (90) Model X+W 383 (5)
diversity of facilities within 30 km
Model X+W+ socioeconomic plus presence 118.78 (85) Model X+W 13.44 (10)
presence of specific facilities
within 30 km
Model X+W+ socioeconomic plus distance 38.21 (85) Model X+W 94.02 (44)
access and travel time to nearest
facilities Model X+W+  80.57" (34)
presence
Model X+W+  42.60" (19)
distance
Model X+W+  46.40° (20)
access
Model X+W+ socioeconomic plus quality 122.24 (90) Model X+W 9.99 (5)
quality of nearest facilities
Model X+W+ socioeconomic plus presence 132.20 (94) Model X+W 0.03 (1)
program of local distribution program

* Improvement is significant at .05 level




In contrast, the indicators for the existence of a program, and service diversity, presence, and quality are all
insignificant when the socioeconomic environment has been taken into account. The difference due to the five
quality measures is 9.99, which is below the critical value of 11.1 for chi-square with 5 degrees of freedom. None
of these five indicators is significant by itself. It is possible that more thorough searching would produce a
significant set of indicators, but it would appear that the very powerful block of distance and time measures would

swamp any conceivable set of quality measures.

The three models that include X + W and either or both distance and travel time have low residual deviances
compared to their degrees of freedom. All three of these models fit the data quite well, particularly the model that
includes both distance and travel time. It is, of course, possible that other measures could further reduce the deviance
by a statistically significant amount, but a chi square statistic of 38.21 with 51 degrees of freedom is so low (at

approximately the 10th percentile of the distribution) that it could easily be attributed entirely to sampling error.
Service Availability as a Mechanism for Development Effects

As was shown earlier, when there is a local distribution program in rural Guatemalan clusters, the contraceptive
prevalence rate is 14.6 percent; when no such program exists, the prevalence rate is only 3.5 percent. Clearer
evidence of program impact than this 4:1 ratio could not be hoped for. Yet after controlling for the socioeconomic
environment, the effect of a local program disappears entirely. How can this finding be interpreted? Does it mean

that programs have no impact and are a waste of money? Is it a meaningless statistical artifact?

A distribution program and family planning facilities are not placed in varions communities at random, following
some kind of experimental design. It is apparent that in Guatemala they are a part of the development process, rather
than independent of that process. In terms of the causal model, they are, to a very large degree, the mechanisms
by which the socioeconomic environment leads to variations in contraceptive use. As Mauldin, Berelson, Lapham,
and others have demonstrated in comparative analyses, the impact of a program usually reflects the cultural and
developmental setting (Mauldin, Berelson, and Sykes, 1978; Mauldin and Lapham, 1987).

Table 9 treats clusters as units and shows the proportion of clusters in the sample that have a distribution program
according to the type of locality and the presence of a secondary school, post office, or theater or cinema. There
is a strong relationship between each of these variables—except for a post office—and the presence of a program.
As was seen earlier, contraceptive prevalence is higher in a nuclear aldea, dispersed caserio, and pueblo, and
communities with a secondary school or theater/cinema. These also tend to be the communities that have a
program—with the notable exception of the 36 dispersed caserios, which tend not to have programs but to have

relatively high prevalence rates, a finding that would be interesting to pursue further.
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Table 9 Percentage of clusters with a contraceptive distribution program,

by type of locality, presence of secondary school, presence of post -
office, and presence of theater or cinema

Percentage
with a
Number Distribution
of Clusters Program
Type of Locality (Chi square 27.6 with 5 d.f.)
Finca 15 13
Aldea, nuclear 18 72
Aldea, dispersed 36 19
Caserio, nuclear 6 50
Caserio, dispersed 36 14
Pueblo 5 60
Secondary School ' (Chi square 6.2 with 1 d.f.)
Present 22 50
Absent 94 23
Post Office (Chi square 0.0 with 1 d.f.)
Present : 30 30
Absent 86 28
Theater or Cinema (Chi square 7.2 with 1 d.f.)
Present 21 52
Absent 95 23

There is also a strong relationship with the indicators drawn from the survey of individual women. For example,
pooling together the 33 communities with a program, 52 percent of the women have electricity in their homes and
33 percent have a television set. In the remaining 88 clusters without a program, only 20 percent of the women have
electricity in their homes and 8 percent have a television set. This is not to imply that a program will lead to higher

television ownership or vice versa, but to show that programs tend to be located in the same communities where

development and the standard of living are more advanced.

If the presence/absence of a distribution program is regressed on the full set of variables of types X and W, using
logit regression and treating clusters as units, the residual deviance is only 89.81 with 95 degrees of freedom
(reduced from a baseline deviance of 138.54 with 115 degrees of freedom). This is less than the expected value and

so low that the remaining unexplained variation in the presence/absence of a program can be attributed to sampling
erTor. '
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Similarly, it can be shown that the density of most facilities is much higher in the more developed clusters.
Although there is a risk of confusing the causal priority of these variables, it is perhaps easiest to present the
association between density of services and electrification, a good indicator of development, by giving the pooled
percentage who have electricity in clusters at specified distances from the nearest facilities. Table 10 gives these
percentages. It suggests that areas close to facilities will tend to be more modern, with especially strong gradients

for pharmacies and private physicians and weak or ambiguous gradients for hospitals and clinics.

Table 10 Percentage of women with electricity in household, by distance from nearest facility of each type

Health Private
Distance Hospital Clinic Center Pharmacy Physician
0-4 km 62 432 36 41 56
5-9 km 112 43 24 31 34
10-19 km 59 392 10 25 27
20-29 km 312 332 152 17% 192
30+ km 23 26 102 32 122
Not named 29 27 522 20 26

2 Figures based on fewer than 10 clusters.

Because the service availability variables are categorical, it is difficult to carry out a formal decomposition in which
coefficients are attached to direct and indirect pathways, as could be done with systems of linear equations.

However, after adjusting for the general socioeconomic environment, these are the general findings:

1. The presence of a program and the presence of specific facilities somewhere within 30 km are aspects of general
development. In Guatemala, local distribution programs and all types of family planning facilities tend to be
distributed around the rural areas in the same way as electrification and other community facilities, such as secondary
schools and cinemas. They tend to be found in areas where the population is better educated and better off

economically.

2. The density of services, which is assumed to be the critical factor underlying the distance measure, has a major
impact on current use that goes beyond the other characteristics of the women and their communities and remains
important in itself. The effect of density appears strongest for pharmacies and physicians, both of which are private
and which involve resupply of condoms and pills. Although this paper has not yet looked separately at different
methods and the specific use of different sources, it appears that hospitals are used more for sterilization—the
principal contraceptive method in Guatemala—and gradations of time and distance are less important for that

purpose.
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3. There is no evidence that variations in the quality of services are so great, given the other major features of the
local socioeconomic and family planning environment, that they have any additional impact on contraceptive use.
Only five characteristics have even zero-order (controlling for other variables in block Z but not for the X or W types
of variables) relationships with current use—namely the number of doctors in the hospital, the number of nurses in
the clinics and health centers, the provision of female sterilization in the nearest hospital, and the provision of pills
by the nearest private physician. However, these characteristics are closely enough related to the other variables in
the model that they have no identifiable residual impact. It is of course possible that statistical significance would

be achieved with a larger data base.
Variation within Clusters

The statistical model allows for the effect (upon Y) of interactions between cluster-level variables (Z) and
within-cluster deviations on socioeconomic variables (X'). Note that these deviations are calculated from cluster
means, rather than from grand means, as in the interaction terms found by Avery (1988). As a rule, deviations from
cluster means will be smaller than deviations from grand means. Also, as a rule, interaction effects will be much
smaller than main effects, and are rarely significant when main effects are not significant. For these reasons, instead
of proceeding to the within-cluster phase of the statistical model, this section will illustrate a different strategy for

relating variation within clusters to variation between clusters, taking individuals as the units of analysis.

The survey of individual women contained a question about the latest source of family planning services. In Table
11 this source is cross-tabulated with method used for the 252 current users in the 116 rural clusters. This table
corresponds to Table 5.14 of the main report (INCAP and IRD, 1989), except that table refers to.all of Guatemala

and this table comes from the Standard Recode File, in which sources are grouped into four main categories plus

"other".

The types of sources listed in the Standard Recode File, as well as the types listed in the questionnaire itself, do not
neatly correspond to the five types in the SA Module. As mentioned previously, the five types of facilities in the
SA Module are hospital, clinic, health center, pharmacy, and private physician ("medico particular”). In the
individual questionnaire, the woman was givén these twelve choices: private hospital, public hospital, Roosevelt
Hospital, private clinic, health center, health post, IGSS, Aprofam, pharmacy, health promotor, community distributor,
and other place. In the Standard Recode File these were compressed into the following five categories: government
clinic/pharmacy, government home/community delivery, private clinic/delivery, private pharmacy, and other. (The
headings of Table 11 are slight modifications of these labels.) In view of the lack of consistency in the minds of
the architects of these categories, one cannot help but wonder how accurately the interviewer and respondent were

able to classify specific facilities. The following strategy for analyzing method and source will be limited by these

ambiguous categorizations.
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Table 11 Distribution, by current method and source, of the 252 users of modern contraceptive methods in the
116 rural Guatemalan clusters where the SA Module was administered

Government Private

Hospital Distribution

Method Center Program Clinic Pharmacy Other Total
Pill 27 10 8 6 1 52
IUD 1 0 12 0 0 13
Injection 0 0 3 0 0 3
Foam, etc. 2 0 2 2 0 6
Condom 2 0 0 13 0 15
Sterilization

Female 54 0 92 0 3 149

Male 1 0 12 0 1 14
TOTAL 87 10 129 21 5 252

Note: Data on source are drawn from DHS survey of individual women.

Some 87 percent of the current users are located in just seven cells of Table 11, listed here in declining order of

frequency:
Number
of Women Method Source
92 Female sterilization Private clinic/physician
54 Female sterilization Govt hospital/center
217 Pill Govt hospital/center
13 Condom Private pharmacy
12 18))) Private clinic
12 Male sterilization Private clinic
10 ' Pill Govt distribution Program

Each of two methods is provided almost entirely by a single source: IUDs are limited to private clinics, and condoms
are limited to private pharmacies. Female sterilization, the leading method, is divided between two main sources,
either a private clinic/physician or a government hospital/health center. The pill is the method least concentrated
among one or two sources, but it is found mostly at government hospitals/health centers. It appears that substitution
between different kinds of facilities will be greatest if a woman wishes to use the pill and least if she wishes to use

an IUD or condoms.

How can this information be related to that in the SA Module? First comes an investigation of how the method
currently used corresponds with information in the Module about the local availability of that method. The more
methods that are available locally, the more choices the woman will have, and whatever method the woman is using

must, de facto, be available somewhere.
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Table 12 examines method choice relative to the local environment of method options for the same group of 252
users. The first column gives the number of current users for each contraceptive method. The remaining columns
list the numbers of women in each of the current user groups who are reported by the SA Module to have access
to each of the six methods within a 30 km radius. For example, 225 out of the 252 women are reported in the SA
Module to have at least one source of condoms within 30 km; only 47 of them have access to male sterilization
within 30 km.

Table 12 Contraceptive method currently used matched against availability of the method, among the 252 users
of modern methods in the 116 rural Guatemalan clusters where the SA Module was administered

Number of women for whom method is
available at one or more sources within

30 km radiusb
Sterilization

Current Number
Method?® of Users Pill IUD Injection Condom  Female Male
Pill 52 50° 18 19 50 5 4
IUD 13 13 6° 6 13 2 2
Injection 3 3 3 3¢ 3 3 1
Foam, etc. 6 5 0 2 5 1 1
Condom 15 13 5 3 13°¢ 15 12
Sterilization

Female 149 125 61 58 128 43¢ 34

Male 14 13 8 4 13 3 3¢
TOTAL 252 122 101 95 225 62 47

3 Reported in the individual survey

b Reported in the SA survey

© Indicates diagonal cell where the number who have access to the method should be compared with the number who
are using the method.

Out of the 225 women who have access to condoms, only 13 are using condoms. Clearly condoms are not a
preferred method. Of more significance, however, is that the number of current users of condoms is 15. That is,
two of the women who are using condoms do not, according to the SA Module, have a source within 30 km.
Similarly, of the 52 current users of the pill, only 50 have convenient access; the other 2 do not. Of the 13 users
of the TUD, less than half (6) have access to the method within 30 km. Likewise, only 43 of the 149 women who

are sterilized, and only 3 of the 14 women whose husbands are sterilized, have access within 30 km.
There are two plausible interpretations of this observation that a total of 128, or about half, of the women apparenily

do not have access to the method they are currently using. One interpretation is that these women (or their husbands,

in the case of male sterilization and condoms) are fully prepared to travel beyond the 30 km limit, particularly if the
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need for services is infrequent. The greatest relative gap exists for sterilization, followed by the IUD, methods
which, respeciively, require only a single or an annual visit to a provider. Methods requiring the most frequent
re-supply, pills and condoms, show the smallest gap of just two women each. Injection shows no gap, but only three

women are involved.

Indeed, Table 12 shows almost an inverse relationship between access to a method and the proportion of users who
choose that method. The methods can be ranked according to the ratio of the number of users to the number of
women with access to the method. Although this is a very crude measure, and is complicated by the fact that degree
of access is both a response to demand and a stimulus to demand, it does indicate that much more is involved in the

use of a method than access to it:

Method Ratio of Users to Access
Female sterilization 149/62 = 240
Pill 52/122 = 43
Male sterilization 14/47 = .30
1IUD 13/101 = .13
Condom 15/225 = .07
Injection 395 = .03

Female sterilization, in particular, is apparently sought out, and women are willing to travel some distance for it.
Other methods, particularly the condom, injection, and the IUD, are conspicuously rejected in favor of female
sterilization and the pill. The clear implication is that if access is to be improved, it should be improved mainly for

female sterilization and the pill.

An alternative interpretation of Table 12 is that the SA Module is not turning up service points which are in fact
within the 30 km limit or at least are close enough to be accessible to the 128 users whose method is not available
within 30 km. It is suspected that some service points have indeed been missed, because the SA Module records
only the nearest facility of each type and because of the evidence described earlier that "not named" does not always
mean "absent." It is impossible, however, to determine conclusively whether such omissions are important enough

to alter the interpretation just given.

The next step would be to investigate how the source currently used corresponds with information in the SA Module
about the local availability of that type of source—that is, to examine choice of facility within the local environment
of alternative facilities. Table 13 lists the presence of facilities and the current choice in a format analogous to that
of Table 12. A table of this sort would be revealing if the same classification system had been used in both

questionnaires. Since this obviously was not the case, no interpretation will be attempted here.
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Table 13 Source of family planning method currently used matched against access to that source, among the
252 users of modern methods in the 116 rural Guatemalan clusters where the SA Module
was administered

Number of women for whom source is
available within 30 kilometer radius?

Current Number Hospital

Source? of Users Hospital Clinic Center Pharmacy Physician
Hospital or Health Center 87 24 27 80 74 40
Community Distribution 10 2 5 10 10 7
Clinic 129 32 40 107 100 57
Pharmacy 21 3 4 18 16 11
Other 5 3 3 5 5 3
Total 252 64 79 220 205 127

3 Reported in the individual survey
b Reported in the SA survey

Conclusions and Recommendations

This paper has suggested an analytical model that views service availability as an intervening variable mediating the
impact of development upon contraceptive use. The model, however, also allows for the additional, direct effect of
service availability on contraceptive prevalence, even after the level of local development has been taken into
account. An examination of data from rural Guatemala did indeed find strong, additional effects for the nearness
to services (mainly from non-hospital sources) within a 30 km radius. Proximity added considerably to the simple

presence of such services within 30 km. In contrast, the few indicators of quality were not found to be significant.

This conceptualization of family planning services as an intervening variable—in terms of both their presence and
their utilization—is fully consistent with prevailing theoretical frameworks for the determinants of fertility and
fertility regulation.! However, most analyses of the SA Module thus far have been limited to zero-order
relationships or have made statistical adjustments without providing an analytical framework, In their recent
comparative analysis using the module, Tsui and Ochoa (1989) found a strong impact of service proximity on
contraception, but they did not adjust for the local context or indicate how this might be done. Marcotte (1989), in
his analysis of the effect of access to a health center on DPT vaccination in Colombia, did separate analyses for
urban and rural areas, for literate and illiterate mothers, and for mothers within 4 km of a health center or farther

away, but did not have a model for integrating these determinants into a multivariate analysis. Avery (1988) took

! See, for example, Bulatao and Lee (1983, vol. 1, pp. 1-26). Jain (1989) presents an alternative in which services are
exogenous rather than endogenous.
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into account various individual characteristics but did not aggregate characteristics of the cluster. In their analysis
of contraceptive use and method choice in Costa Rica, Hermalin, Riley, and Rosero-Bixby (1989) did use
community-level, socioeconomic variables. The main distinction between their approach and ours is that they did
not partition variation into that between clusters and that within clusters, and they worked solely with individual

women as the units of analysis.

This paper’s second intended contribution has been a statistical model that takes into account the true number of data
points by examining both variation between clusters and variation within clusters. For a dramatic illustration of the
need for this, consider once more the evaluation of the importance of hospitals in rural Guatemala. The usual
strategy would be to attach the cluster-level information to the 3,043 women in the rural clusters and look for
variation in their use of contraceptives. However, as has already been emphasized, there are only 116 clusters, and
the information about hospitals is identical for all the women within any one of these clusters. Thus, the approach
has been instead to see whether knowledge of the location of hospitals helps to determine the location of the 252

rural contraceptive users.

The limitation on data about hospitals, however, is even more serious than just indicated. There are only 50 clusters
in which a hospital is mentioned, and only 20 different hospitals are named. Moreover, in the 23 clusters located
within 30 km of a hospital, only 10 separate hospitals are named! Cuilapa and Nacional hospitals each fall within
30 km of four clusters; Roosevelt and Quiche hospitals, three clusters; and Progreso, Solola, and Jutiapa hospitals,
two clusters. Escuintla and Santa Cruz are the only hospitals that are within 30 km of just one cluster.2 The data
quality measures (e.g., number of doctors and number of methods provided) should be the same for all of these
hospitals, although the consistency of the data was not actually verified. Thus there are only 10 distinct observations
on the quality of hospital services and only 23 distinct observations on variations in access within the 30 km limit.
It would be fallacious and highly misleading to proceed as if there were 3,043 independent observations and to use

statistical tests that assume such independence.

The approach taken here has almost certainly been excessively lenient in its interpretation of the independence of
clusters. It has been assumed that they are statistically independent data points, but the figures just given for
hospitals demonstrate that this is probably not a valid assumption. In a random sampling of 116 clusters of 25 to
30 households in rural Guatemala, it seems unlikely that four of them would be within 30 km of one hospital, four
within 30 km of another hospital, etc. (To assess the likelihood of this happening by chance, it would be necessary
to look at the density of hospitals and the general population in rural Guatemala.) A more thorough analysis would

take account of the clustering of the clusters, so to speak, in the sample design.

% An unnamed hospital ("sin nombre") is also located within 30 km of one cluster. If it is the same as one of the other
hospitals listed, there would be nine, rather than ten distinct hospitals.
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The most serious concerns about the SA Module involve its very design as an instrument for evaluating service
availability and its impact upon contraceptive use and other outcomes. First and foremost, the effective number of
data points for cluster-level data is the number of clusters, not the number of women. This was illustrated earlier
with a 95 percent confidence interval for the percentage of women who live in an area with a local distribution
program. Avery (1988), Tsui and Ochoa (1989), and others describe access in terms of the number or percentage
of women with various kinds of access as if this were assessed separately and independently for each woman, In
fact, the standard errors of all estimates of access depend totally upon the number of clusters, not the number of
women. To further illustrate this point, Table 14 presents estimates of the percentage of women who are within 30
km of each type of facility and 95 percent confidence intervals for these percentages. These intervals have widths

of 9.3 percent to 18.0 percent and would be considered unacceptably large for most purposes.

Table 14 Point and interval estimates (with 95 percent confidence) of the percentages of women in rural
Guatemala who have access to basic family planning services from a local program or from a
source within 30 km

Width of
. Standard Confidence Confidence

Source Coefficient Error Percent Interval (%) Interval
Local program -0.6892 0.1964 334 (25.5-42.5) 17.0
Hospital -1.267 0.2236 220 (15.4-30.4) 15.0
Clinic -0.9299 0.2055 28.3 (20.9-37.1) 16.3
Health Center 2.703 0.3788 93.7 (87.7-96.9) 9.3
Pharmacy 1.579 0.2464 82.9 (75.0-88.7) 13.8
Doctor 0.0493 0.1857 51.2 (42.2-60.2) 18.0

Note: The coefficient and standard error come from logit regression of binary variable (presence vs. absence),
with no covariates, with clusters as units and weights proportional to the number of women in the cluster.
These are converted from the logit scale to percentages.

Second, the SA Module collects more information about the nearest facility of each type than can possibly be
analyzed—there are too many variables for the number of observations—but does not accurately convey the density
of services and the degree of substitution of one facility fot another. Distance to the nearest facility is an indicator
of access, but it is also an indicator of density. Some of the resources spent on collecting detailed information about
the nearest facility of each type (and more such details are included in the plans for DHS-II than for DHS-I) would
be better invested in finding out whether there is a second or third facility in the vicinity, even if less information

were collected about such places.

Third, because of the rapid saturation of degrees of freedom and the difficulty of achieving statistical significance
for individual indicators of quality, it is suggested that an overall index of the quality of a facility be developed,

perhaps following the criteria suggested by Bruce (1990). A summation scale or other synthesis of "general quality”
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could be created that would best express the hypothesized importance of quality. There are not enough cases to use

data-based scaling procedures such as factor analysis with any confidence.

Fourth, although the cluster-level data recorded by the SA Module and the individual-level data of the basic DHS
questionnaire can be easily linked by data processing, there are no genuine links between the women in the survey
and the specific facilities mentioned. It is not known whether the woman is aware of a facility or has used it. If
she has not visited a facility, perhaps it is because she has never heard of it—not because its hours are limited. If

she has visited it but not returned, perhaps it is for reasons completely unrelated to the service quality.

It should be possible to collect the cluster-level data before the individual-level data and to provide the interviewers
in each cluster with a list of the nearest facilities. Specific questions could then be asked about the knowledge and
use of these facilities. The main survey includes questions about local providers, of course, but they cannot at
present be reliably linked with the specific facilities described in the SA Module. At the very least, the

categorization of facilities should be the same in both surveys.

Fifth, it appears that sometimes facilities were present but were not mentioned. The category "not named" in Table
6 consistently has a higher prevalence rate—sometimes much higher—than the category ">30 km." Whether due
to a flaw in the design or the execution, such omissions can completely undermine an analysis with so few units.
It is essential that the absence of a facility be distingﬁished from the failure to locate a facility.

Sixth, the basic strategy of piggy-backing the SA Module onto the DHS cluster design should be re-evaluz;ted,
particularly if the goal is to evaluate the impact of the quality of services. This goal would be better met by drawing
a sample of providers and then evaluating their ability to attract clients and retain them (for methods other than
sterilization). A provider survey would be the most direct way to learn how far and how long peoplé are willing
to travel, how they match a method with a facility, which factors lead to a first visit, and which factors lead to
continued visits. While the SA Module can shed some light on these questions, it is far from the ideal mechanism

for answering them.
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Appendix A:
SA Questionnaire for Rural Guatemala
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The Basic Statistical Model

Introduction

This section, extracted from Pullum (1989a), will describe the logic of the statistical model in terms of an
interval-level dependent variable. The next section will make modifications for a binary dependent variable, which
is the type used in the body of the paper. The body of the paper refers to variables of type W, as well as Y, X, and

Z. Here it is not necessary to distinguish between types W and Z, so only the latter will be discussed.

Individuals (within contexts) and contexts will be referred to with the subscripts i and j, respectively. The words
"micro" and."macro” will sometimes be used to describe the two levels of analysis. Three basic classes of variables

will be distinguished, two at the individual level and one at the group level.

Let Yij be the dependent variable for person i in group j, for example, desired family size or the type of

contraceptive currently used. Assume it is measured as an interval-level variable. Its mean in group j is Y.j.

Let Xij be a micro level predictor, for example, years of education, with the sole restriction that Xij does in fact vary

across individuals within each group j. Its mean in group j is X.J-.

The other class of variable assumed to be related to the dependent variable is Zj which may be described as an
integral macro variable. That is, it is an intrinsically macro-level characteristic (for example, the presence or absence

of a subsidized family planning clinic) which is not built up from individual measurements.

The unit of analysis for the statistical work is defined by the dependent variable, which is assumed to be measured
at the level of the individual. The goal is to generate predicted values which can be compared with the observed

values; this must be done for individuals.

Substantive theory guides the selection of variables and how they are ordered within classes. For example, Xij
should be regarded as a generic element from a class of variables Xlij, X2ij, etc. These various predictors can be
ordered into a causal model on the basis of theoretical reasoning and empirical evidence. Most fertility models make
no specific mention of context, and model building operates entirely within this class of variables—a severely
restricted class, it may be argued. Similarly, the ordering of variables within type Zj is a matter for more general

theory.
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Earlier Contextual Models

Existing contextual models are primarily of two types, which for convenience will simply be labelled conventional
- linear modelling (CLM) and hierarchical linear modelling (HLM).

Conventional linear modelling consists of treating individuals as the units of analysis, attaching or linking the
characteristics of aggregates to the individuals, and estimating the parameters of a single equation. The importance
of the context is indicated by the coefficient for the aggregate or group-level variables, with particular attention paid
to interactions, represented as products of the group-level and individual-level variables. The importance of the
context is also expressed in terms of the increase in the explained sum of squares when the group-level variables
are added to the model.

Specifically, in the general model for the kinds of variables described here, Yij is regressed upon X.., and upon the

ij*
group-level variables X.j and Z; and upon the interaction terms Xin.j and Xiij_ The model can include interactions
among variables defined solely at the individual level or interactions among variables defined solely at the aggregate
level, but these are incidental to the terms specified. Expressed as an estimated equation, the general model has the

form

Yl_] = bO + lelj + bZX_] + b3Z_] + b4X1_]X_] + bSXI_]Z_] + eij,

where & is a residual or error term, This model has been discussed in detail by Boyd and Iversen (1979) and by
Blalock (1984, 1985). Boyd and Iversen limited themselves to predictor variables of types Xij and X.j, severely
limiting the scope of a contextual analysis, but the inference is that if they had included a variable of type Zj, then

they would also have included an interaction term such as Xiij-

Hierarchical linear modelling has been used in contextual analysis by Mason, Entwisle, Hermalin, and Wong (see,
for example, Mason et al., 1983) and by Bryk and Raudenbush (1987). Again, specific applications vary somewhat,
but the essence of this formulation is two sets of equations, one at the micro level and the other at the macro level.

For the generic variables, the micro-level model is a set of estimated equations of the form
Yi5= 2 + X5+ 4y
with one such equation for each group j, and the macro-level model is a set of two estimated equations of the form

89§ = Coo + cmX.j + COZZJ- + £y

and 2§ = Cyo + €y X5 + CroZi + £y
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(X.j is not always included in the macro model.) When the macro equations are substituted into the micro model,

the following equation is obtained:

c12Xiij + [(dl_] + fO_]) + Xi_]fl_]]'

Here d;;, foj» and f;; are error terms. This combined equation differs from the conventional linear model in two
important ways. First, it is generated by two levels or sets of equations with their own error terms. The parameters
which are estimated in the first equation are regarded as random variables in their own right, with a specified
distribution (for example, a normal distribution) across aggregates. Second, the two-level specification requires a
miodification of the estimation procedure using special computer programs and empirical Bayes assumptions about

the prior distribution of the parameters in the micro equation.

Strong arguments can be made for either the CLM or the HLM approach, and the objective here is to build upon
both of them.

Boyd and Iversen (1979) stated their approach in terms of micro and macro equations (omitting a variable of type
Zj), but the equation they actually estimated, using ordinary least squares,-was the single-equation CLM as given
above. Their equations for the coefficients did not include any error components, so the error structure after

substitution remained simple. For that reason their work is in the CLM tradition rather than an example of HLM,

The hierarchical model is an improvement, to be sure, but its specification of the macro model, in which regression
coefficients are redefined to be randomly distributed dependent variables, is difficult to interpret. There is no clear
parallel between the micro and macro models, because the dependent variables in the macro model express the
relationships among micro variables rather than the levels of variables. There is particular difficulty interpreting the
macro level equation for the intercept term (a;), because in any estimation procedure the intercept will be a function
of the means (Y.j and X-j) and the slope (ay;; specifically, ag; = Y.j-ale.j) and is often regarded as a nuisance

parameter.

The HLM is difficult to estimate and very difficult to extend to additional levels of aggregation. The promoters of
HLM have not indicated the sensitivity of the conclusions to alternative specifications of the underlying prior
distribution of the micro-level parameters, or the impact upon the final parameter estimates of using HLM rather than

the much simpler CLM.

More importantly, the statement of the micro and macro models, whether by Boyd and Iversen (1979) or by Mason

et al. (1983), does not lead to any kind of partitioning of explained variation into components for the micro and
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macro levels which would differ from the usual partitioning into components for different variables, regardless of

level.

Hierarchical linear modelling was initially developed by Dempster, Rubin, Laird, and other Bayesian statisticians for
reasons far removed from a desire to model contextual effects. They desired to improve or "tighten" within-group
estimates of relationships between micro-level variables when the within-group samples were small, In order to do
this, they assumed that the parameters being estimated for each group are themselves distributed systematically
according to a distribution, perhaps normal or log-normal or beta, with so-called hyper-parameters. If the
hyper-parameters were further hypothesized to be conditional upon some other variable, then a linear term for such

a variable could be included in the "macro” equation.

The empirical Bayes framework allows information about the collection of all groups to be used to adjust
within-group relationships, typically adjusting "wild" within-group estimates from a small group to bring them closer
to the overall mean estimate. In other words, the intended purpose of these procedures is to improve the estimates
of the parameters of the micro model, especially for the groups with small samples. For this purpose, the

interpretation of the macro model and its parameters is not problematic.

In contextual analysis, the main interest is in the parameters of the macro model, rather than the far greater number
of parameters in the micro model, and there is less reason to employ empirical Bayes estimation procedures. The
estimates from the CLM (the b’s) will differ very little from the corresponding macro-level estimates from the HLM
(the ¢’s) because both sets of estimates are based on the pooling of all groups. When the within-group samples are
large (for example, if they arise from separate World Fertility Survey samples), even the within-group estimates will

be affected only slightly by the use of HLM rather than separate least-squares estimation within each group.

A New Approach

We conceptualize a model which may be characterized as hierarchical analysis of covariance with random effects.
(The term "random effects” is used because in most applications, the groups for which data are available within each

level, e.g. counties or clusters, are a random sample of a population of groups at that level.)

Our first and perhaps most fundamental observation is that the distinction between micro and macro variables
compels a distinction between within-group and between-group sources of variation. Because they are, by definition,
the same for all persons in group j, a group mean or a macro variable cannot possibly be a cause of variation within
group j except through the mechanism of an interaction with a micro-level predictor. Otherwise, the effect can only
be on the mean level of Yij within group j, that is, on Y.j. This is an important assertion, which, although

elementaty, appears to distinguish our approach from most others. For example, Blalock (1984) discusses a minimal
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form of the CLM, the model Y;; =a + b, X;; + b, X + ey Since X.; is the same for all individuals in group j, it
cannot possibly be a source of within-group variation in Y. It may indeed affect the group mean Y.j, and thereby

the score Y., but that assertion should be expressed in a separate equation.

ijp
This observation implies that a model should be stated on two levels, corresponding to the two terms Yij and Y.j.

We prefer to work with the two statistically independent terms on the right hand side of the decomposition,
Yij-Y.. = (Yl_]-Y'_]) + (Y.j-Y..) =Y 1] +Y .j.

A prime (*) will be used to indicate a deviation of an individual value from a group mean and a double prime (")
to indicate a deviation of a group mean from an overall mean. First, we have the micro model, in which the
deviation Yij'Y-j = Y’ij is expressed as a function of deviations of the form Xij'x-j = X’ij. This function may bring
in interactions with Zj, which may be indicated as products but are not limited to that form. This equation is not
estimated in each context or group, as in the approach of some other researchers (¢.g., Mason et al., 1983), but once
for all contexts combined. In addition, the individual-level predictors may be stated as functions of one another and

of the aggregate varjables.

The second equation will be referred to as the macro model and states that Y".j is a function of the mean of the
individual-level predictor and the values of the other variables. It may be reasonable to specify some interaction
terms as well, corresponding to the ones in the micro model. In additional equations, the macro level predictors

(expressed as deviations from their grand means) may be stated as functions of one another.
A statistical test would work from the decomposition of the total sum of squares

S(Y3Y P =33 YR+ IN(Y Y
=S¥+ INY

where Nj is the number of cases in group j.

The basic idea of combining a micro model and a macro model is certainly not new with us. As described above,
it is the basis of the book by Boyd and Iversen (1979), although their work has the serious flaw that they actually
estimated only a single combined equation, and it is also central to the approach of Mason, Wong, and Entwisle
(1983). Boyd and Iversen sometimes express predictor variables as deviations, using the term "centering,” but they

_do not proceed to express the dependent variable as a deviation and make the decomposition given above.
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Our approach differs from those in the literature in the following important ways. First, for Boyd and Iversen and
Mason et al., the interactions between X.j and the macro predictors emerge from a substitution process. All of the
micro and macro equations are initially assumed to be linear, and the interaction terms arise when the macro
equations for the coefficients are substituted back into the micro equation. By contrast, we allow for the inclusion
of interaction terms in the basic equations. There is no loss of conceptual clarity if an interaction is assumed directly
in the initial equation rather than assumed indirectly by the form of the second equation and "derived" by a
substitution. In virtually every other use of a product or interaction term in regression, the interaction is assumed
initially rather than "derived", even though it always could be generated with an extra step which would complicate

the error structure. We also allow the interaction to be totally general, not just multiplicative.

Second, their regression equation for the Y intercept is equivalent to an equation for Y.j, because the Y intercept is
equal to Y.j minus a weighted sum of the means of the predictors (the weights being the regression coefficients).
These authors never make it explicit that this secondary regression is fundamentally a regression of Y.j on the means
of the other predictors. If the macro model of these authors is taken literally, it is totally expressed in terms of the
coefficients from the micro model and appears to ignore the more basic statistical quantities, the means. Surely, a

mean is much more interpretable than a Y intercept, and we are explicit in our use of the means.

Most important, we express variables as deviations and develop cansal models at each level of aggregation, with the

possibility of cross-overs between levels.

We shall now provide some greater specificity, using the generic variables Yij’ Xij’

Step 1. Partitioning of Variation. Assume that there are individuals labeled i and one level of aggregation with
groups labeled j; a micro level dependent variable Y

Zj.

a micro level predictor variable X..; and a macro predictor

ip i

The deviation between Yij and the grand mean Y.. is partitioned into within-group and between-group deviations:

Step 2. The Micro Model. Next, equations are developed for the components given above, beginning with the
within-group term Yij'Y-j = Y’ij. This equation is referred to as the micro equation because its dependent variable

is at the micro level, even though it contains macro predictors in the form of interactions. The model refers to all

groups, so the coefficients do not require subscripts for group j.
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The micro level equation is based on two assumptions: first, that all variables should be expressed as deviations from
their means at the next level of aggregation, as a kind of purging of main effects; and, second, that the effect of Xij
upon Yij (more precisely, the effect of X’ij on Y’ij) depends upon the level of the macro variable Zj, which for
consistency is expressed as a deviation from its mean at the next higher level of aggregation. This deviation is
labeled Z"; there is no term labeled Z’. An interaction of the form X’in“.j is also included because X".j can be
regarded as a macro variable in its own right. Because of the use of deviations, the Y-intercept in this equation will

be zero and can be omitted.

A main effect for Z is deferred to the macro model. It can be shown that if such an effect were included here, its

estimate would be zero. Therefore
Y_]=beX1_]+b Xl_]X J+beZX1JZJ+e

i yxx yij? )

yy
is the only location in which it is plausible to insert an interaction between the micro and macro predictors.

where e;; is the residual or unexplained variation in Y’;;. It is important that the interaction term be included. This

The micro model also can include equations for the individual-level predictors. In this case there is only one such
predictor, Xij‘X-j = X,ij' From the preceding discussion, it should be evident that there is no plausible source of

within-group variation in X with the variables at hand, so there can be no other equations.

Step 3. The Macro Model. Next the deviation Y.j-Y.. = Y".j is expressed as a function of the group-level

deviations:
Y .j = nyx .j + CyZZ ] + eyj . (3)

Here, ey is a residual term; it is required to sum to zero, so a constant term can be omitted from the equation. Al

of the values of variables here are specific for group j. It is possible to include an interaction between Z and the

group mean of X, but this is not necessary and would not be interpretable as a contextual effect.
A similar equation is formed for each of the micro level predictors; in this simple case there is only one:

X", = Oy + €y - (3"
Additional equations can be developed in which groups j are the units. Direct and indirect effects and the other

products of causal models are applicable exactly as if the units were individuals, except for the important distinction

that in the macro-level analysis, group j must be weighted in proportion to the size of the group, Nj.
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Step 4. The Reconstituted Equation. Addition of (2) and (3) produces an equation for Yij-Y..:

Yij-Y.. = beX 1_] + nyX .j + beXX 1JX j + CYZZ _]
+ beZX ijZ i+ Cyij + ey - @
The coefficients on the right hand side may be interpreted as the following kinds of influences on the deviation

Yij-Y.. or, equivalently, on the individual outcome Yij:

. byx is the effect of individual variation in X;

Cyx is the effect of group variation in X;

. byxx is the effect of interactions between individual variation in X, on the one hand, and group variation in X,

on the other hand;

Cyz is the effect of group variation in Z;

. byxz is the effect of interactions between individual variation in X, on the one hand, and group variation in Z,
on the other hand; and

*Cyit €y is the residual.

Except for byx (and the residuals), all of these terms can be regarded as indicating contextual effects.
Modifications to the Basic Model for a Binary Outcome
Introduction

Next to be considered are modifications to the statistical model when the dependent variable is binary—for example,
whether or not the woman is a current user of modern contraception. Many outcomes related to fertility and health
are binary in nature. For a more complete discussion and an application to the timing of the first birth in the United
States, see Pullum (1989b).

The most commonly employed transformation of a binary outcome is the logit of the conditional probability that the
criterion outcome has occurred.r If Y=1 for occurrence and Y=0 for non-occurrence, then the logit of Y is
logit(Y)=log[Pr(Y=1)/Pr(Y=0)]. This transformation will be expressed as an additive or linear function of selected

covariates and interactions among those covariates.
Here, as in virtually every analysis of individual-level data, the statistical analysis works from a measure of the

variability in the dependent variable and then expresses both the substantive importance and the statistical

significance of a predictor in terms of the extent to which the inclusion of that predictor reduces variation in the
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dependent variable. A general label for the original variation in the dependent variable, in the absence of any
predictors, is "baseline deviance." For the most familiar case of a normally distributed, interval-level variable, the

baseline deviance is the usual sum of squared deviations about the mean,

The total sum of squares can be motivated as the appropriate element (for linear models with normally distributed
errors) from a larger class of measures, referred to as deviances, for the family of exponential models (McCullagh
and Nelder, 1983). For different kinds of dependent variables and error distributions, the deviance will be defined
differently. In general, the baseline deviance is -2 times the natural logarithm of the méximized value of the
likelihood function for the baseline model in which no covariates are employed. For the most familiar models
(cursorily designated as normal) as well as for the models used in this paper (designated as logit probability), the

deviances have chi-square distributions.

Let Y be the dependent random variable, which is 1 if a woman is a current user of modern contraception and 0
otherwise. The general model allows for each woman to have a risk R of having the outcome Y=1. In fact, R is
1 for all women with this type of outcome. However, if Y were an outcome such as a child death or a contraceptive
failure, R would sometimes be set to a value between 0 and 1 to adjust for censoring. Therefore, R shall be included

in this discussion, but it should be understood that R=1 identically for all women.

For a logit probability model, Y is assumed to have a binary distribution with denominator R (0<R<1), and the logit
of the probability that Y=1 is a linear function of any covariates. In the baseline model, logit(? /R)=logD/{\/(R-?)]=b0,
where ¢ is the fitted value of Y and b, is a constant. Therefore, §=exp(b0)/[R+exp(b0)] for a woman with risk R,
and, in particular, if R=1, then Y=exp(by)/[1+exp(by)].

If a binary variable Y with risk R has a logistic distribution, then its deviance (McCullagh and Nelder, 1983:25) is

Here Y; is the observed value of Y, and ?i is the fitted value for woman i. Since an observed outcome Y; can only
equal O or 1, the contribution to the deviance for a case with observed value Y;=1 simplifies to -Zln(?i), and the
contribution for a case with observed value Y;=0 simplifies to -2Ri1n(Ri-Yi). When there are no covariates,
c=XY;/XR; is the overall estimated probability of the outcome, and Yi=Ric is the estimated probability of the

outcome for woman i, who has risk R;.
The Baseline Deviance when Clusters are Units

It is well known that the maximum influence of characteristics of place of residence will be given, in the case of

an interval-level dependent variable Y, by a one-way analysis of variance on Y across the alternative places or
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contexts. The proportion of variation accounted for by this breakdown, referred to as eta-squared or E?, is the
maximum that could be due to all possible covariates at the contextual level. Our own starting point will indeed be
a breakdown by place of residence, but since our dependent variable is binary, rather than interval-level, an

alternative to one-way analysis of variance is required.

The logit probability approach uses the logit of the conditional probability Pij (for woman i in cluster j) of being a
user. The corresponding probability for a randomly selected woman in the cluster is P.j, the average of the
probabilities for the women in cluster j. The data are collapsed into a single record for each cluster, putting onto
that record the total risk R.j in the cluster (i.e., the total number of women in the cluster, for the present kind of

outcome) and the total number in the cluster with outcome Yij=1, namely Y.j.

The baseline deviance arises when the individual-level probability Pij is estimated with the overall sample proportion
and this is used to calculate a fitted value for the binary outcome Yij when the woman has risk Rij- The formula

for this deviance is
2% {Yij ln(Yij/‘? ij) + (Rij'Yij) ln[(Rij-Yij)/(Rij-?ij)] }

with ?ij equal to Rij(Y../R..), where Y.. and R.. are the overall sums of Yij and Rij’ respectively. This is precisely
the same formula given earlier for the baseline deviance, except that earlier the cluster identifier j was omitted. This
baseline deviance can be partitioned into two parts, referred to as the "within-cluster" and "between-cluster”

deviances.

The within-cluster deviance is produced by generating the fitted values from the cluster proportions, i.e., by using

the above formula with ?ij estimated by Rij(Y.j/R.j), where Y-j and R.J- refer to the sums of Yij and R.., respectively,

ij?
within cluster j. The complementary beiween-cluster deviance is produced by taking the counties as units in the

general formula, with Yij" R.., and ?ij replaced respectively with totals Y.j, R.j, and ?.j, and estimating ?'j with R.j

ij
(Y./R.). Simple algebra will verify that these two components add to the total baseline deviance.

The fact that these components are interpretable as deviances in their own right implies that the overall model can
be expressed with two sub-models, one in which the within-cluster deviance is a new "baseline" deviance to be
reduced by within-cluster sources of variation, and a parallel sub-model in which the between-cluster deviance is

another "baseline" deviance to be reduced by between-cluster sources of variation.

Now consider the partitioning of effects or coefficients for these two sub-models. To simplify the notation, assume

that there is one variable of type X and another of type Z; within cluster j, the value of the Z variable is Zj, and the
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mean value of the X variable is X.j (if there are more variables then more subscripts can be added). The

between-cluster model will be
lgt(Y.j/R.j) =¢Cy+ clx.j + c2Zj + fJ

where fJ is a residual for cluster j. It should be understood that Y.j is the quantity to be fitted. Within-cluster
variation in X cannot possibly add to the explanation of between-cluster variation in the outcome, so only means and
cluster-level variables are included as predictors in the between-cluster model. The coefficient ¢, is the constant
term, ¢, measures the effect of a unit change in the mean of X, and c, measures the effect of a unit change in the

predictor of type Z.

The generic within-cluster model is

where Yij/Rij is the ratio of use (0 or 1) to risk for person i in cluster j; 8 is a residual for person i in cluster j.

The term lgt(Y.i/R.i) is an "offset" which is treated as part of the constant on the right hand side of the equation.

In order to estimate the coefficients of the within-cluster model it is necessary to calculate the deviations of each
X variable from its within-cluster mean, and to code this deviation onto the individual-level file. The Z variables

will enter into this model as interactions with those deviations.

The ratios Yij/Rij and Y.J-/R.j can range from O to 1. At the extremes, their logits are not defined. Defaults will
cither be supplied automatically by the computer package or must be specified by the user. For example, if the ratio
is less than .0001 then it can be replaced by .0001, and if it is above .9999, then it can be replaced by .9999. As
a rule, a change in the default will have little impact on the estimates.

If the two components are added, the combined model will be given by

lgt(Yl_)/Rl_]> = (b0+CO) + bl(Xl_]_X'J) +
CIX'j + bZZJ(XlJ-X_]) + C2Zj + (f_]+g1_])
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Obtaining Results with GLIM

Although we are not aware of a better package than GLIM (the computer package "General Linear Interactive
Modelling") for getting the results presented in this paper, the micro-computer version of GLIM has several
limitations. These are the most relevant ones: (1) the maximum number of data points (variables x cases) is 25,000;
(2) the maximum record length for data is 132 columns; (3) the maximum number of variables that can be included
in a model is 31, When clusters are the units, the first limitation is not serious, but it becomes very serious if the

whole file is to be used.

The following output from a GLIM run on the cluster-level file illustrates how the models are fitted with such data
and also shows the equivalence of various alternatives. The listing shows that (1) it makes no difference whether
a categorical predictor is coded as separate dummies or is converted to a categorical variable using the "factor"
statement (it is much easier to do the latter); and (2) it makes no difference whether we attempt to fit x using
binomial denominator n and no weight, or we attempt to fit p=x/n using binomial denominator 1 and weight n. It

is crucial, however, that the number of women (n) be taken into account one way or the other.

Comments are inserted into the listing in upper case type. Prior to the listed statements, the following variables in

the 116 clusters have been read:
n number of women in the cluster
X number of current users in the cluster
el  proportion of women in the cluster who have electricity
spl presence code for service point 1 (hospitals)
1 not named
2 named, distance >30 km
3 named, distance <30 km
SP1 IS STATED TO BE CATEGORICAL
[i] $factor spl 3%

ALTERNATIVE DUMMY VARIABLES ARE CONSTRUCTED

[i] $c replace spl with three dummies $

[i1 $c spll=1 if spl=1, otherwise sp11=0$
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[il $c spl2=1 if sp1=2, otherwise sp12=08
i1 $c sp13=1 if spl=3, otherwise sp13=0%
[il $calc spli=%if(spl==1,1,0)$

[i] $calc sp12=%if(sp1==2,1,0)$

[i] $calc sp13=%if(spl==3,1,00$

[i] $c fit count x with base n and no weight$
[il $yvar x$

[i] $err bn$

N.B. THE LOGIT IS THE DEFAULT LINK FOR THE BINOMIAL SO THE STATEMENT "$link g$" (G FOR
LOGIT) IS NOT NEEDED

[i] $fit $dis e$
[o] scaled deviance = 410.18 at cycle 4
(o] df. =115

HERE WE HAVE THE BASELINE DEVIANCE AND DEGREES OF FREEDOM FOR THE NULL MODEL
WITH NO COVARIATES AND CLUSTERS AS UNITS

[o]

[o] estimate s.e. parameter
[o] 1 -2405 0.06575 1

[0] scale parameter taken as 1.000

THE OVERALL PROPORTION WILL BE EXP(-2.4050)/[1+EXP(-2.4050)]

fo]
[i] $fit el $dis e$
[0] scaled deviance = 301.94 at cycle 4

[o] df. =114

fo]

[o] estimate s.e. parameter
(o] 1 3156 0.1136 1

[o] 2 1.857  0.1809 EL

[o] scale parameter taken as 1.000
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THE FITTED LOGIT USING ¢l WILL BE -3.156+1.857¢l. GET FITTED PROPORTION BY SUBSTITUTING
el AND TRANSFORMING AS ABOVE.

(o]
[il $fit spl $dis e$
[o] scaled deviance = 406.01 at cycle 4

(o] df. =113

o]

[o] estimate s.e. parameter
(o] 1 -2387 -0.08586 1

[o] 2 -0.2781 0.1845 SP1(2)
{o] 3 0.1411 0.1570 SP1(3)

[0] scale parameter taken as 1.000

THE FITTED LOGIT IN THE REFERENCE CATEGORY (SP1=1) IS -2.387. IN CATEGORY 2 (SP1=2) IT IS
-2.387 -0.2781. IN CATEGORY 3 IT WILL BE -2.387 + 0.1411. USING PROP=EXP(LOGIT)/[1+EXP(LOGIT)],
THE CORRESPONDING PROPORTIONS ARE .0842, .0651, .0957, RESPECTIVELY.

[o]
] $fit spl2+spl3 $dis e$
[o] scaled deviance = 406.01 at cycle 4

[o] df. =113

[o]

(o] estimate s.c. parameter
[0] 1 -2.387 0.08586 1

[o] 2 -0.2781 0.1845 SP12

(o] 3 0.1411 0.1570 SP13
[o] scale parameter taken as 1.000

(o]

IN THIS FORMAT THE EQUATION FOR THE FITTED LOGIT IS -2.387 + (-0.2781)SP12 + (0.1411)SP13,
WHERE SP12 AND SP13 ARE DUMMIES DEFINED AS IN PROGRAM.

THE EQUIVALENCE VERIFIES THAT FACTOR STATEMENT CAN BE USED IN PLACE OF FORMING
SETS OF DUMMY VARIABLES; NOTE HOWEVER THAT GLIM WILL NOT ACCEPT A VALUE OF 0 AS
A CODE IN A CATEGORICAL VARIABLE AND WILL TAKE THE CATEGORY WITH CODE 1 AS THE
REFERENCE CATEGORY.
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(i]
[i]
[i]
[w]

[i]
(il
(i]
[o]
[o]
[o]
[o]
[o]
[o]
[o]
[i]
[0]
[0]
[o]
[o]
fo]
[o]
[o]
[o]
li
[o]
[o]
(o]
(o]
[0]
[0]
(o]
[o]
[o]
i
[o]
[0]

—_—

—

$c revise model to use proportion x/n with base 1 and weight n$
$calc p=x/n$
$yvar p$
-- model changed
$calc dum=1.$
$err b dum$
$weight n$
$fit $dis e$
scaled deviance = 410.18 at cycle 4
df. =115

estimate s.e. parameter
1 2405 0.06576 1

scale parameter taken as 1.000

$fit el $dis e$
scaled deviance = 301.94 at cycle . 5

df. =114
estimate s.c. parameter
1 -3.156 0.1136 1

2 1.857  0.1309 EL

scale parameter taken as 1.000

$fit sp1 $dis e$
scaled deviance = 406.01 at cycle 4

d.f. =113
estimate s.e. parameter
1 -2.387 0.08588 1
2 -0.2781 0.1845 SP1(2)
3 0.1411 0.1570 SP1(3)

scale parameter taken as 1.000

$fit sp12+spl13 $dis e$
scaled deviance = 406.01 at cycle 4
df. =113
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[o]

[o] estimate s.e. parameter
{o] 1 2387 0.08588 1

(o] 2 -0.2781 0.1845 SP12
(o] 3 0.1411 0.1570 SP13
[o] scale parameter taken as 1.000

THE EQUIVALENCE WITH THE PRECEDING OUTPUT DEMONSTRATES THAT WE CAN TAKE P=X/N
AS THE DEPENDENT VARIABLE, WITH BINOMIAL BASE 1 AND WEIGHT N, AND GET RESULTS
EQUIVALENT TO FITTING X WITH BINOMIAL BASE N AND NO WEIGHT (LE. WEIGHT 1).

We can confirm the fitted proportions for the categorical variable SP1 by simply adding up x and n for the clusters
in each category of SP1 and taking the ratio. The numbers of users (sum of x) in the three categories are 148, 40,
and 64, respectively; the numbers of women (sum of n) are 1759, 615, and 669, respectively. The proportions .0841,

.0650, and .0957 are the same as derived from the GLIM output, except for rounding error.

The Guatemalan survey was self-weighting; all the weights were 1.0. The procedures should be modified if sampling
weights are needed; otherwise, there will not be the correspondence observed in the preceding paragraph between
the logit regression coefficients and the tabulations. Let w be a case’s weight, normalized so that the total weight
is equal to the sample size. Then on the cluster record, n should be the total weight within the cluster (not the total
number of women) and x should be the sum of the weights for the current users (not the number of current users).

Any runs on individual women should use a weight option with weight w.

Some computer packages that might be considered as alternatives to GLIM, for example LIMDEP, do not allow the
use of weights. Some statisticians will argue that sample weights should not be used, but we prefer to use them so
that, as just mentioned, the logit regressions will correspond with tabulations and other simple analyses in which

weights are routinely used.

All results presented in this paper were calculated either with GLIM; with STATA, a simple micro-computer
package; or with special FORTRAN programs written by the author, mainly for file construction. Because of the
limitation on the number of cases that can be processed by GLIM, some data files were compressed by cumulating
those women who have the same combination of covariates. The deviances in Table 4 were obtained by a special

FORTRAN program to calculate baseline deviances for a multinomial outcome.
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