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Chapter Seventeen

SPATIAL DIMENSIONS OF FAMILY PLANNING IN 
COSTA RICA: THE VALUE OF GEOCODING 

DEMOGRAPHIC SURVEYS

LUIS ROSERO-BIXBY

The article illustrates the value o f geocoding demo
graphic surveys and conducting spatial analyses to understand 
the sendee supply environment and contraceptive behavior. 
Three Costa Rican data sets are geocoded and pooled in a Geo
graphic Information System (GIS): a demographic survey, an 
inventory o f fam ily planning facilities, and a census. Displaying 
survey's results on maps enhances the understanding o f the spa
tial configuration o f family planning services and users' behav
ior. Trend surface analyses improves survey's estimates fo r  
small areas and pin-points spatial differences. Cartographic- 
based measures o f accessibility and o f contextual characteristics 
have an edge in objectivity, comparability and flexibility. Mul
tilevel models on contraceptive use and method choice suggest 
mixed effects o f density o f services and diffusion effects from  
neighbors. A model fo r  the choice o f fam ily planning outlet ar
rives at a classic gravity formulation in which larger and closer 
clinics are more likely to be chosen. Demographic surveys 
should consider geocoding their sampling units as a routine 
procedure.

INTRODUCTION
This chapter uses Costa Rican data to illustrate the value 

of geocoding a demographic survey and conducting spatial analy
ses to understand the service supply environment and contracep
tive behavior. The article first delineates alternative procedures 
for geocoding a survey and then illustrates five uses of this in
formation, namely: (1) visual display of spatial relations; (2) spa
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tial trends and small area estimates; (3) measuring the family 
planning service supply environment; (4) studying contextual and 
neighborhood effects; and (5) analyzing service utilization.

The last two decades have seen a substantial increase in 
the data available on population and family planning in develop
ing countries. The massive World Fertility Survey (WFS) and 
Demographic and Health Surveys (DHS) projects are examples 
of this data explosion. Data sets, however, are usually used in 
isolation from each other under-utilizing their potential. This ar
ticle addresses the issue of linking data sets in connection with:
(1) demand of family planning usually from DHS-type surveys;
(2) supply of services, including inventories of facilities, adminis
trative records and Situation Analysis-type surveys (Fisher et al.
1992), and (3) the socioeconomic and physical environment as 
described by censuses and digital cartography. The article posits 
that geocoding is a cost-effective strategy to relate these data 
sets to each other, especially when these are pooled in a Geo
graphic Information Systeiji (GIS) (Scholten et al 1991). Beyond 
data managing issues, geocoded information facilitates a multi
level strategy for studying contraceptive and other behaviors, i.e. 
a strategy that combines information about individuals or house
holds (micro data) with contextual information (macro data) 
about the community or other aggregates (Hermalin 1986).

SETTING
Costa Rica has one of the highest Contraceptive Preva

lence Rates (CPR) in the developing world: 76% according to 
the 1992-93 Reproductive Health Survey (ESR Spanish acro
nym). Its Total Fertility Rate of 3.1 births in 1991-93 is not, 
however, low. This combination of very high contraceptive 
practice and somewhat high fertility has puzzled demographers 
for decades. Contraceptive practice is high across all regions and 
social strata. The lowest CPR, which occurs among illiterate 
women and in rural areas outside the Central Valley, is about
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70%: a figure that is not substantially different from the national 
average. The major provider of family planning in Costa Rica is, 
by far, the government, through its clinics of the Social Security 
Office and the Ministry of Health. Public health facilities provide 
for more than three-fourths of all modern contraception in the 
country. Although there is a substantial overlap in the population 
served by the Social Security and the Ministry of Health, the later 
tends to be more important in rural areas and among the poor 
than the former. The four most popular contraceptive methods 
are the pill (26%), sterilization (22%), condom (22%) and IUD 
(12%) (Caja Costarricense de Seguro Social 1994: Table 9.12).

To put things in perspective, it is important to note that a 
lack of geographic variation in contraceptive practice in Costa 
Rica reduces the pertinence of some spatial analyses in this arti
cle. Costa Rica is a country with a high degree of spatial inte
gration and a good communications network. In addition, public 
health services, which include family planning, have high cover
age, reaching even the most remote areas. For example, 98% of 
deliveries occur in hospitals. Physical accessibility, therefore, 
does not seem critical for practicing family planning in this coun
try, which is well-documented in earlier studies (Rodriguez 1978; 
Hermalin et al. 1988). Moreover, the recent ESR showed that 
the median reported travel time to public family planning outlets 
is only 28 minutes, which is very short compared to the median 
of two hours and 21 minutes reported as spent in the waiting 
room of public clinics (Caja Costarricense de Seguro Social 
1994: Table 10.6. The figures are self reported times by users of 
resupply methods for the most recent visit to a family planning 
clinic).

DATA
The chapter uses mostly three geocoded data sets:
1) The Costa Rican Reproductive Health Survey (ESR), 

conducted in 1992-93 by the Social Security Office with assis
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tance from the US Centers for Disease Control and Prevention 
(CDC). The ESR's sample is nationally representative of females 
aged 15 to 49. It includes 3,618 respondents in 188 clusters 
(Caja Costarricense de Seguro Social 1994). These clusters are a 
sample of the 1984 census tracts.

2) An inventory of about 300 delivery points of public 
family planning services. Private facilities—private physicians' 
offices and pharmacies— are not considered. The only informa
tion available for each clinic in this inventory is its size, as meas
ured by an estimate of the number of consultation hours (all pur
poses and for family planning) provided in 1992. This estimate is 
based on unpublished data on outpatient consultations from the 
Department of Biostatistics of the Social Security Office and 
from the Statistics Department of the Ministry of Health.

3) About 11,000 “segmentos” (census tracts) of the 1984 
census. A census tract comprises 50 households on the average, 
and an area of one or two city blocks or one to ten square kilo
meters in rural areas. This data set was used to estimate the 
population densities for survey clusters and the catchment popu
lations for service facilities. The Costa Rican Statistic and Cen
sus Directorate provided the original census files.

Geocoding Procedure
The ideal situation for spatial analyses would be to have 

X, Y earth coordinates for every household and health facility in 
the country. For practical purposes, however, it is sufficient to 
take sampling clusters and census tracts as single points and to 
geocode their centroid. This means obtaining the coordinates for 
about 100 to 300 points in a typical survey: hardly a daunting 
task. Geocoding all census tracts is more demanding, but it is not 
essential for most of the analyses in this article. Given the pur
pose for which a census tract is defined (convenience of enu
meration), its demographic centroid is clearly a more accurate
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representation of the location of the tract's population than a 
polygon of its entire area (Bracken 1989).

Three geocoding procedures may be considered:
1) The least expensive procedure consists of matching the 

survey or census to a data set which already contains X, Y coor
dinates. For example, in the US one could record the zip code of 
each sample unit and merge the survey to many commercially 
available geocoded data sets containing zip codes. In developing 
countries, however, geocoded data bases with an appropriate 
geographic detail are rare.

2) An alternative procedure is to locate the sampling 
points and tracts on appropriate maps and to read the coordinates 
there. These maps must be accurate, geo-referenced and of a 
large scale. If, for example, the typical error involved in placing 
the points on the map and reading the coordinates were of the 
order of one centimeter, working on maps with a large scale of 
1:10,000 would result in a typical error of 100 meters, but on a 
small scale of 1:1,000,000 the error would be a disappointing 10 
km. The costs involved in geocoding from maps are small, but 
the potential for error is large.

3) A probably more accurate, but also more expensive, 
alternative is to use “global positioning system” (GPS) devices to 
obtain the coordinates in the field from satellite signals. The ac
curacy of these measurements is usually of the order of 30 me
ters. The costs involved in this procedure come mostly from 
purchasing GPS devices and visiting every site on the field. The
11,000 census tracts (which include the 188 ESR clusters) were 
geocoded for this study by reading their centroid's coordinates 
from maps. Since Costa Rican census maps do not have earth 
coordinates, a two-stage procedure was devised. College stu
dents implemented this procedure. First, we took the earth coor
dinates of a series of reference points from geo-referenced maps 
of the National Geographic Institute. The scale of these maps is 
1:10,000 in the Central Valley and 1:50,000 in other areas. We
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identified one reference point (typically the church, a school, a 
cemetery, or the “plaza”) for each census map. Usually there 
was one or two census maps per administrative “distrito.” Sec
ond, we graphically measured X, Y plane coordinates for every 
tract's demographic centroid on census charts, taking the afore
mentioned reference point as the cartesian origin of the system. 
The scale of census charts ranged from 1:800 to 1:20,000. A 
computer merged the two sets of coordinates and maps' scales to 
compute projected earth coordinates, using the Lambert Con- 
formal projection (Inter-American Geodetic Survey 1950).

Given that data errors are critical in assembling geo
graphic information systems (GIS), these measures were vali
dated in the field for a sample of 40 tracts, which are also ESR 
clusters. Field measures were taken from satellite signals with a 
GPS device. Figure 1 shows the discrepancy between the two 
estimates, as measured by the Euclidean distance between the 
two pairs of coordinates. The median discrepancy is about 60 
meters. Discrepancies larger than 300 meters occurred in less 
than one-forth of observations. Considering that GPS-based 
measurements do have some error margin, one may say that the 
error in the great majority of our map-based measurements is 
lower than 200 meters. The probability of having errors larger 
than 500 meters is nil. Figure 1 also shows that errors tend to 
increase at smaller map's scales, especially at scales smaller than 
1:3,000 (less than 33 cm. per km. in Figure 1).

The data set of health delivery points was geocoded on 
the aforementioned maps of the National Geographic Institute at 
scales 1:10,000 and 1:50,000. These data were also GPS vali
dated for a sample of 40 points. No discrepancies larger than 
300 meters occurred.

An important characteristic of the ESR is that it recorded 
the identification of the specific facilities used by women for fam
ily planning and other purposes. This information enhances sub
stantially the possibilities of analysis, especially regarding con
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sumer behavior in choosing a family planning outlet. It also per
mits one to have cartographic measures of the distance to the 
clinics which respondents use that can be compared to reported 
travel times.

Visual Display
An obvious use of geocoded data is for survey character

istics and results displaying on maps. Maps are an important, 
although under-utilized, means for conveying information, espe
cially to statistically unsophisticated audiences. Maps are also a 
unique means for detecting spatial relations. More than a century 
ago, John Snow, the father of epidemiology, used maps to under
stand the spatial dynamics of a cholera epidemic in London 
(Haggett et al. 1977).

Map 1 displays the location of the 188 ESR sampling 
clusters in Costa Rica in relation to the distribution of the popu
lation. The clusters are heavily concentrated in the Central Val
ley around the capital city, following the pattern of the general 
population. But the clusters also appear reasonably spread all 
over the national territory. This map assures that there is a fair 
representation of Costa Rican geography in the ESR sample.

Map 2 illustrates for the Valley of “San Isidro del Gen
eral” (window marked in Map 1) the service availability environ
ment and the use of resupply family planning outlets by women in 
the sample. Outlets are connected to sampling units by black 
lines with thickness proportional to the number of users in the 
survey. The number labeling each line is the average travel time 
in minutes as reported by the respondents. The map also con
tains national roads and provincial borders. The map confirms a 
well known fact: the Health Posts of the Ministry of Health do 
not provide family planning. For example, women in cluster E 
conveniently have a health post nearby but they must travel sev
eral miles to obtain family planning from Health Centers in Bue
nos Aires or San Isidro. A Health Post is a tiny, rural facility
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(often built by the community) staffed with one or two “health 
workers” who are not allowed to prescribe contraceptives. Once 
a month or so, a physician may come to the Post to provide out
patient consultations, but he or she is too busy during these visits 
to take family planning consultations.

Health posts aside, the map shows that, as it is usually as
sumed, most women go to the nearest outlet. There are, how
ever, important deviations from this norm. Women in cluster C, 
for example, skip the neighboring Clinic of Palmares and go fur
ther away to the health center in the city of San Isidro. Three 
explanations for this behavior may be (1) the clinic of Palmares 
(also known as Daniel Flores) was established too recently 
(1988) and some users don't know about its services while others 
are not ready to switch to this new facility; (2) that services pro
vided in this small clinic do not fulfill users' needs; and (3) users 
do multipurpose shopping trips to the city of San Isidro, which is 
the most important urban center in the zone. Models of con
sumer spatial behavior (and the contemporary success of massive 
shopping malls) show that for single-purpose shopping trips (one 
good one trip) consumers indeed go to the nearest store supply
ing the good; however, for multiple-purpose trips consumers go 
to a center supplying the whole range of goods (Bacon 1984).

Map 2 also suggests a reasonable correspondence be
tween the Euclidean distance to the outlet and reported travel 
times. Moreover, some travel times that appear excessive for the 
distance involved, become reasonable when one considers the 
lack of connecting roads. This is the case for the times between 
G and Buenos Aires (148 minutes for 10 miles) and between D 
and Pejibaye (90 minutes for 3 miles).

A different pattern of outlet use was observed on a map 
for sterilized women (not shown). Long distance trips, especially 
to hospitals in the capital city, are more frequent among these 
women - a  behavior that makes sense for a method that requires 
somewhat sophisticated surgery facilities.
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Spatial Trends and Small-Area Estimates
Sample surveys do not give stable estimates for small or 

medium-size geographic areas, in spite of the high demand for 
this information among managers. At the most, a typical survey 
can provide estimates for a few large regions. However, if one is 
prepared to accept that the variable in question (say, the CPR) 
varies smoothly across the space (or, at least, in a geographic 
neighborhood), geocoded surveys can provide improved esti
mates for any specific location as defined by its coordinates X 
and Y. These estimates are based on trend surfaces implicit in 
the data.

There are several techniques for identifying trend sur
faces, which are broadly used in disciplines such as geology, to
pography, and meteorology. Those ubiquitous weather maps are 
an example of trend-surface estimates derived from a handful of 
sampling points. Trend surface analyses aims at isolating the un
derlying “signal” or systematic component in spatial data from 
the “noise” or random component. A simple technique for esti
mating trend surfaces (which was used in this article) is by fitting 
a polynomial on the X and Y coordinates with a degree to be 
chosen according to statistical criteria. An alternative to poly
nomials are nonparametric local regression models— a kind of 
two dimensional spline that assumes a smooth surface in the 
neighborhood of each observation. In a GIS framework, it is 
also possible to spatially smooth the data using such techniques 
as a roving window to compute weighted averages with neigh
boring observations.

This article estimates trend surface polynomials for: (1) 
the contraceptive prevalence rate and (2) the choice of IUD 
among contraceptive users. Maps 3 and 3b show the resulting 
surfaces. These maps do not show the estimates as shaded areas 
or contour lines deliberately, to avoid extrapolations to uninhab
ited lands. The maps show results only for meaningful human 
settlements.
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The surface for the contraceptive prevalence rate con
firms that this rate is high all over the territory. The few centers 
with less than 60% of couples practicing contraception are lo
cated in a northern region bordering Nicaragua and in a south
eastern region (Sixaola) bordering Panama, which also is the re
gion with the largest concentration of indigenous population. 
This figure is strikingly similar to a map about the fertility transi
tion in Costa Rica published elsewhere (Rosero-Bixby and Cast- 
erline 1994).

In contrast with the diminishing gradient out from the 
center observed for contraceptive prevalence, the surface for 
IUD choice (proportion of contraceptive users who chose this 
method) shows a diminishing gradient from east to west. IUD is 
less popular in north-western regions. Since this pattern proba
bly mirrors the preferences and skills of providers, program man
agers may consider whether retraining practitioners in IUD inser
tion in north-western regions may be needed.

Are the patterns unveiled by these surfaces statistically 
significant? Do these surfaces improve significantly conventional 
survey estimates? Table 1 shows the improvement in the Log- 
Likelihood ratio for the logistic models involved in these esti
mates. As it is customary, the improvement is measured with 
reference to the null model, which is equivalent to assume that all 
clusters are identical to the national average. Table 1 also shows, 
as a contrast, the fitness of a logistic model on the probability of 
being in a consensual union, a behavior that is known for being 
strongly differentiated across spatial boundaries in Costa Rica 
(Glaser 1994). Note that third degree polynomials best fitted the 
surfaces for contraceptive use and consensual unions and a sec
ond degree polynomial fitted IUD choice. Of course, second- 
degree polynomials imply 5 parameters (X, Y, XY, X^, and Y^) 
and third degree polynomials imply 9 parameters. All the Chi- 
square statistics in the table are significant at 1%. The Chi- 
square values of comparing the estimated surface with the null
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model suggest that there is, indeed, a significant improvement 
over simply applying national estimates to every location. The 
surfaces are also a significant improvement over specific esti
mates for the 6 health regions of Costa Rica. The improvements 
in the estimates for contraceptive use and IUD choice are not, 
however, as large as those for the prevalence of consensual un
ions.

Measuring the Service Supply Environment
In measuring physical accessibility to family planning 

services, there are several issues poorly addressed by the litera
ture (Chayovan et al. 1984; Hermalin et al. 1988). Some of these 
issues may be better addressed with geocoded data. An impor
tant concern is the internal validity of subjective assessments 
about distances or travel times to family planning outlets made by 
survey respondents or “knowledgeable” informants. A DHS 
comparative study of the availability of family planning and health 
services points out several limitations derived from the subjective 
nature of the data (Wilkinson et al. 1993). Accessibility indica
tors based on objective cartographic measures may represent an 
improvement in internal validity over subjective assessments. 
Moreover, cartographic based indicators may allow to validate 
the information on reported travel time to facilities and to cast 
some light on the issues of whether to use actual vs. perceived 
access indicators or micro- vs. macro-level measurements 
(Entwisle et al. 1984).

Figure 2 plots the reported travel time against the Euclid
ean distance between a respondent's residence and the family 
planning outlet reported as used by this respondent. A “heaping” 
tendency in reported travel times is evident; i. e. responses clearly 
cluster at 5, 10, 15, 10, 30, 45 and 60 minutes. Correspondence 
between the two measures is moderately high in the logarithms 
(correlation coefficient of 0.67). A “power” model, estimated 
with Poisson Regression on the logarithm of the explanatory
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variable (McCullagh and Nedler 1989), indicates an expected 
travel time of about 15 minutes for the first kilometer and time 
increments of 0.5% for each one-percent increase in distance. 
For example, the expected travel time is 36 minutes for 5 km. 
and it is 52 minutes for 10 km. The estimated parameters seem 
to be a reasonable estimate of a conversion factor from distance 
to travel time and a fair representation o f what people usually do, 
which is to take a faster means of transportation for traveling 
longer distances.

The lack of a perfect correspondence between carto
graphic distances and travel times may arise from errors in the 
perceptions of travel times, from the use of different means of 
transportation, and, as noted in Map 2, from the lack of direct 
roads connecting two points. This article did not refine the car
tographic measure based on straight lines, although such im
provement is feasible in a GIS that includes roads and transpor
tation networks. However, to take into account this shortcoming 
in further analyses, an indicator of the relative travel time was 
computed for each cluster, as the ratio of the observed times to 
the model-estimated (the expected) times.

A preliminary analysis of the scatterplot in Figure 2 
showed a handful of outliers with reported travel times of five or 
ten minutes and cartographic distances in the order of 100 kilo
meters. These outliers came from errors made in the field and in 
the office identifying the outlet actually used by respondents. The 
cartographic information thus served to isolate and clean up this 
error.

There has been some debate about whether to use aggre
gated or individual measures of access to family planning outlets 
(Tsui et al. 1981; Chen et al. 1983; Entwisle et al. 1984). A limi
tation of individual-level indicators is that information is often 
not available (or it is unreliable) for respondents who do not use 
family planning outlets (Chayovan et al. 1984). To overcome 
this limitation, this article computed an aggregated indicator (the
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average) of reported travel time for each sampling cluster, which 
later may be applied to every individual in the cluster. The com
parison of these cluster averages with cartographic distances re
sulted in a nicer looking plot (non shown) than that in Figure 2. 
However, the estimated parameters of the corresponding model 
were essentially the same as in Figure 2.

It is important to note that the mean travel time to family 
planning outlets is not a pure supply measure. It is in part deter
mined by consumer behavior, since not everybody in a cluster 
chooses the same or the closest outlet. Moreover, the perception 
of travel times may be biased as a function of family planning 
behavior (those who are more inclined to use contraception may 
perceive shorter travel times to the outlets), which would result 
in a spurious association between these two variables. Given 
these caveats, other accessibility indicators must be explored, for 
which geocoded information is especially useful.

Traditional access measures are usually based on the dis
tance to the nearest outlet or the presence of outlets in the com
munity or within the boundaries of administrative areas. Using 
services in other communities, skipping the nearest outlet, over
lapping catchment areas, redundant services in a community, and 
competition with other potential users are issues not properly 
addressed by these traditional accessibility measures. Having 
geocoded data permitted us to compute two more refined indi
cators of the service supply environment: total and per capita 
density of services within a radius. Density indicators are not 
new (DaVanzo 1988). The novelty is in the flexibility for defin
ing these indicators with geocoded data. First, there is not the 
constraint of using arbitrary geographic units (Makuk et al. 
1991). Second, there is the freedom for defining areas of any 
shape and size and addressing the “modifiable areal unit problem” 
(Wrigley 1995). Third, it is possible to introduce distance-decay 
effects. Fourth, there is the flexibility for incorporating in access 
measures qualitative and quantitative characteristics of outlets
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and considering the presence of competing users (Rosero Bixby 
1993).

This article relies on distance-dependent calculations of 
potential access and potential population—concepts widely used 
by geographers—to determine the density of services as an indi
cator of accessibility. The concept of potential is as follows: the 
potential number of elements (clinics, people, and so forth) at a 
point i is the sum of the elements existing in all locations j  
weighted by the inverse of the distance between i and j. The cal
culation is usually limited to locations within radius r from i.

The formula used for computing the total density of fam
ily planning services A/ is:

A, -  X  - t
j d a

Ai = density of services (hours provided) for location 
i\

Hj = family planning hours provided by clinic j;
dji = distance between locations j  and i;
b = distance decay exponent,
r = radius from i for the maximum distance to con

sider in the sum.
This formula has been used to measure accessibility to 

workplaces (Duncan 1964) and to health practitioners (Thouez et 
al. 1988). It has, however, the limitation that it does not consider 
the size of the population served, i.e. the competition among cli
ents for a service. To correct this deficiency, Joseph and Ban- 
tock (1982) propose to compute per capita density considering 
the size of served populations Cj in clinics’ catchment areas:

B  _ y H j / C J c  - Y —

Bi = per capita density of services (yearly hours per 
women) for location i;
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Cj = population (women in reproductive age) served 
in the catchment area of radius r by clinic j\  as 
estimated by the population potential for loca
tion;',

Ph = population (women in reproductive age) in all 
places h within the catchment area of clinic j  .

This article experimented with combinations of radii 
ranging from 5 to 20 km. and distance-decay exponents of 0 and 
1. For radii larger than about 10 km, results were not sensitive 
to changes in the radius nor in the decay exponent. The second 
panel in Table 2 shows correlation coefficients larger than 95% 
between total densities computed for radii of 10 and 15 km. and 
distance-decay exponents of 0 and 1. Similar correlation’s oc
curred (not shown) for per capita densities. Thus, the calibration 
or selection of these parameters (radius and distance-decay) does 
not seem critical for computing the density measures introduced 
here.

The first panel in Table 2 compares the two density 
measures and two traditional measures of accessibility: the mean 
travel time reported by women in each cluster (a datum from the 
survey questionnaire) and the straight line distance between the 
cluster and its nearest family planning outlet (a cartographic 
measure that requires geocoded data). Correlation coefficients 
between the three cartographic measures are moderately high 
(65% to 70%) and with the right sign, indicating that there are 
both some degree of overlapping and some degree of or
thogonality. In contrast, there are only modest correlation coef
ficients between the reported travel time and the three carto
graphic measures. Reported travel time and service density thus 
appear as two distinct dimensions of accessibility in this data set. 
Since substantially different pictures may correspond to different 
indicators, careful attention must be given to the choice of indi
cators of service environment. An earlier study comparing sev
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eral'accessibility measures in Thailand also found that results are 
sensitive to the choice of indicator (Chayovan et al. 1984).

An important use of accessibility indicators is for guiding 
decision makers in the selection of sites for new clinics and in the 
expansion of services in exiting clinics. Map 4 depicts the service 
supply environment on the Costa Rican territory as measured by 
the per capita service density. Note that this density measure 
was not computed just for the survey clusters but for every 
meaningful population center in the country, using the geocoded 
data from the inventory of facilities and census tracts. Note also 
the metrics of the density indicator. For example, a figure of 
0.05 indicates the availability of about one service-hour per year 
for every 20 women in reproductive age. Managers need to un
derstand these metrics for setting minimum standards or goals for 
the provision of services. Taking, for example, a minimum ac
ceptable density of 0.05 hour-women, Map 4 shows that no town 
in the Central Valley is below this minimum. It also shows that 
priority for expanding services should be given to Southern and 
North-Western regions, where there are about 40 towns below 
the minimum.

Contextual Indicators in Multilevel Models
Multilevel models on adoption of family planning, fertility 

preferences and other behaviors often include as contextual fac
tors aggregate indicators for the community or the administrative 
unit where the individual lives. These levels of aggregation, 
however, may be inappropriate if contamination across commu
nities occur, or if the administrative boundaries are arbitrary, or if 
the aggregate area is too small or too large (Makuk et al. 1991). 
Moreover, the concept of “community” or “locality” has proved 
to be troublesome, especially in comparative studies (Wilkinson 
et al. 1993: 6). Geocoded data give flexibility in the choice of 
aggregate units and permit one to define units that are compara
ble across countries. It is, for example, possible to define a circle
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with a determined radius, which will be free of the constraints of 
arbitrary borders and will be internationally comparable.

Models of spatial diffusion and social interaction also deal 
with aggregate indicators for both the index community and for 
neighboring communities. For example, in explaining adoption 
of family planning, diffusion models may include as contextual 
explanatory factors the level of contraceptive use in the commu
nity in question and in other relevant areas for capturing the in
fluence of neighbors (Rosero-Bixby and Casterline 1994). Once 
again, geocoded data give flexibility for constructing indicators 
about the influence of neighbors.

To illustrate these uses of geocoded data, Table 3 shows 
the results from two multilevel logistic regression models, on the 
probability of using contraceptives (conditional on being in a un
ion) and of choosing the IUD (conditional on using contracep
tives). The estimates in Table 3 are in no way intended as a full 
scale analysis. Both model specification and its statistical esti
mation may improve in a full scale analysis. The two models in
clude as contextual regressors three indicators computed with 
geocoded data: (1) the percent use of contraceptives/IUD by 
women in a 10 km. radius computed as population potential with 
a distance decay correction (the index woman was excluded 
when computing these proportions), (2) the cluster's relative dif
ficulty for traveling, and (3) the per woman density of family 
planning services in a 10 km. radius as defined before.

The propensity of other women in the area to use contra
ceptives or to choose the IUD shows significant effects on the 
adoption odds of individuals. The odds of using contraceptives 
increase 11% with a 10-point increase in the contextual contra
ceptive prevalence rate. The odds of choosing the IUD increase 
by 26% with a 10-point increase in the contextual percentage of 
IUD users. These associations may be genuine manifestations of 
person-to-person diffusion, but may also be just a reflection of 
omitted variables in the models, the effects of which have been
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picked up by areal prevalence. Purging the possibility of spuri
ous effects with, for example, instrumental variables is beyond 
the scope of this article.

The cluster's relative travel time does not show any sig
nificant relation with adoption of contraception or IUD choice. 
This result suggests that using travel distances instead of Euclid
ean distances for computing access indicators will have little con
sequence for impact analyses.

Service density does not show a significant effect on 
contraceptive use. Although the effect of service density on IUD 
choice also is not significant, it is so by just a narrow margin (the 
z value of 1.5 is significant at 13% level). An increase in one 
hour per woman density of family planning services (which is a 
huge increase) would double the odds of choosing the IUD ac
cording to the model.

The lower panel in Table 3 shows a sensitivity analysis of 
using alternative access indicators in the logistic equation. For 
the model on contraceptive use, all cartography-based indicators 
do not show significant effects. The reported travel time 
(averaged for the cluster), in contrast, shows a significant effect: 
one extra hour of travel reduces by 38% the odds of using con
traception. Given that there may be some endogeneity in re
ported travel times, this result is inconclusive.

For the model on IUD choice, no indicator outperforms 
the effect of per capita density of family planning services.

Clinic's Choice
Contrasting with the rich literature on health service utili

zation, consumer behavior in choosing a family planning outlet in 
developing countries has seldom been studied. Geocoded survey 
data make such study possible, specially if the survey recorded 
the identification of the outlet used by respondents and if it was 
complemented with a geocoded inventory of facilities.
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Visual analyses such as that for Map 2 are a first step for 
understanding service utilization.

Statistical models are a more rigorous approach. As an 
illustration, this article estimated a model on the odds (Pij) that a 
user i of resupply methods chooses the family planning outlet j. 
The ESR contains information for about 550 users of resupply 
methods from public outlets, who combined with about 300 rele
vant outlets result in a data set with about 165,000 observations, 
one for each user-outlet pair. To avoid such a big file, a matched 
case-control design was adopted instead. Nine “controls” (non 
used outlets) were randomly selected for each user, which re
sulted in about 5,500 observations. As required in matched case- 
control designs (or in discrete-choice econometric models) con
ditional logistic regression was used to estimate the model 
(Breslow and Day 1980; Greene 1990). Table 4 shows the re
sults.

Only five explanatory variables were available for this 
analysis: the size of the clinic as measured by the number of 
weekly hours of family planning (hj), the Euclidean distance be
tween user's residence and clinic (dy), the clinics’ catchment 
population potential (cj), the proportion of outpatient consulta
tions for family planning purposes (fj), and whether the clinic 
pertains to the Social Security Office. Natural logarithms of the 
first three variables were entered in the model. The regression 
coefficients of these three variables thus measure elasticities on 
the odds of choosing an outlet. Moreover, the regression coeffi
cient for the log-distance variable is an estimate of the aforemen
tioned distance-decay effect. The model also tested selected sta
tistical interactions of these five variables with individual and 
contextual characteristics. Only one interaction (between the 
contraceptive method adopted and clinic's size) deserved some 
further consideration. The estimated model in Table 4 implies 
the following relations:
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fa Q J?
IUD users: Oy = k  J 3J ( 4 . I T  (1 .9 )Sj

h ° - 4c 0 J  f
Other users: O ff = k —' 3J (4 .1 )  ( 1 .9 )SJ

dy
where k is an unknown constant and all other symbols 

stand for the previously defined variables.
The size of the clinic and the distance to it emerged as 

strong predictors of clinic’s choice in this model. A one-percent 
increase in the weekly hours of family planning of a given clinic 
increases in 1.3% the odds of choosing it among IUD users and 
0.4% among users of other methods. In turn, a one-percent in
crease in the inverse of the distance to a clinic increases by 3% 
the odds of choosing that clinic. The distance decay exponent 
for spatial analyses of accessibility and use of family planning in 
Costa Rica is thus 3. The size of the population served by the 
clinic does not appear as an influential factor in the decision of 
using the clinic. The relative importance of family planning in a 
clinic, as measured by the proportion of consultations with this 
purpose, is positively related to the decision of using the clinic. 
Going from zero to 100% family planning consultations would 
increase the odds of adopting the clinic four times, correspond
ingly, increasing that proportion by 20 percentage points will in
crease the odds of choosing the clinic by 33% ([4. l]®-2 = 1.33). 
Social security clinics are preferred over those of the Ministry of 
Health. The odds of choosing the former are 87% higher. This 
effect, as well as that of the proportion of family planning con
sultations, is not, however, significant at the customary 5%, but 
being significant at 10% justifies some attention to them.

Overall results of the choice model resemble the classic 
gravity formula of Newtonian physics (Haynes and Fotheringham 
1984) in which the attraction between two bodies (two planets, 
earth and the apocryphal apple) is proportional to their masses 
and the distance between them. Perhaps if data on a clinic’s
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characteristics (such as those available from situation analyses) 
were available in Costa Rica, elements of quality of care would 
explain in part the choice of a clinic beyond this simple gravity 
model.

CONCLUSION
This article has illustrated the feasibility of geocoding a 

DHS-type survey and has shown some of the payoffs of this data 
collection strategy. The cost of adding geo-references to a sur
vey in Costa Rica was nil in comparison to its benefits, particu
larly for better understanding the family planning service supply 
environment. The gains from geocoding a survey increase when 
it is accompanied by an inventory of geo-referenced facilities and 
when the survey keeps track of the specific facilities used by re
spondents. DHS-type surveys should consider geocoding their 
sampling units as a routine procedure. A geocoded survey, in 
combination with an inventory of facilities that includes some 
qualitative information about clinics, seems an attractive alterna
tive to the “Service Availability Module” currently used in the 
DHS program.

The article has also shown that displaying survey results 
on maps is an effective way for conveying information on the 
spatial dimensions of family planning and for understanding the 
service supply environment. Trend surface analyses of some re
sults of the Reproductive Health Survey conducted in Costa Rica 
in 1992-93 improved survey's estimates for small areas and pin
pointed important spatial differences in contraceptive prevalence 
and IUD choice. Measuring the service supply environment, i.e. 
the accessibility to family planning services, was sensitive to the 
indicator used. Different measures give substantially different 
pictures of family planning availability. Cartographic based 
measures, however, have an edge in objectivity and comparabil
ity. A concrete result that can contribute to improve accessibility 
measures in Costa Rica was the calibration of a distance decay
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exponent of 3 per kilometer and an elasticity of distance to travel 
time of 0.53. Improved measures of contextual variables were 
used in multilevel models on contraceptive use and IUD choice. 
The results regarding the impact of service density were mixed in 
these multilevel models. In turn, diffusion from neighbors ap
peared as a significant factor for the use of contraceptives and 
IUD choice. A model for the choice of family planning outlet 
arrived at a classic gravity formulation in which larger and closer 
clinics are more likely to be chosen. These results did not come 
from full scale analyses but from quick exercises devised to illus
trate the use of geocoded information.

The spatial analyses in this article confirmed that accessi
bility to family planning services is not a likely factor in the use of 
contraception currently in Costa Rica. It may, however, influence 
the contraceptive method mix. In turn, accessibility to a clinic 
seems crucial in the decision to use its services. This is a some
what trivial result. It is very unlikely that a user will travel 100 
km. for a family planning consultation if she can get it from a 
neighboring clinic. What is not trivial is the calibration of this 
distance decay effect.

Understanding consumer behavior for choosing a family 
planning outlet seems an important and promising study field, 
especially in countries like Costa Rica with a high contraceptive 
prevalence rate. It will help in fine tuning service supply, to im
prove the indicators of accessibility, and to assess the impacts of 
quality of care. Spatial analyses are essential in such studies, as is 
geocoded information about users and clinics.

ACKNOWLEDGEMENTS
The research was supported by grants from the Mellon 

Foundation to the Office of Population Research of Princeton 
University, and the Swedish Agency for Research Cooperation 
with Developing Countries (SAREC) to the University of Costa 
Rica.



Rosero-Bixby 519

REFERENCES
Bacon, R.W. 1984. Consumer Spatial Behaviour. Oxford: 

Clarendon Press.
Bracken, I. 1989. The Generation of Socioeconomic Surfaces 

for Public Policy Making. Environment and Planning B, 
16(4): 307-316.

Breslow, N.E., and N.E. Day. 1980. Statistical Methods in 
Cancer Research, Vol. 1. Lyon: International Agency for 
Research on Cancer.

Caja Costarricense de Seguro Social. 1994. Fecundidad y 
Formación de la Familia. Encuesta Nacional de Salud 
Reproductiva 1993. San José, Costa Rica: Reprinted by 
the US Department of Health and Human Services, CDC.

Chayo van, N., A. Hermalin, and J. Knodel. 1984. Measuring 
Accessibility to Family Planning Services in Rural 
Thailand. Studies in Family Planning, 15(5): 201-211.

Chen, C.H.C., R. Santiso, and L. Morris. 1983. Impact of 
Accessibility of Contraceptives on Contraceptive 
Prevalence in Guatemala. Studies in Family Planning, 
14(11): 275-283.

DaVanzo, J., C. Peterson, J. Peterson, D. Reboussin, and 
Starbird, E. 1988. “What Accounts for the Increase in 
Contraceptive Use in Peninsular Malaysia, 1956-757- 
Development vs. Family Planning Effort.” Paper 
presented at the Annual Meeting of the Population 
Association of America, New Orleans.

Duncan, B. 1964. Variables in Urban Morphology. In E. W. 
Burguess, & D. J. Bogue (Editors.), Contribution to 
Urban Sociology, (pp. 17-30). Chicago: University of 
Chicago Press.

Entwisle, B., A. Hermalin, P. Kamnuansilpa, and A. 
Chamratrithirong. 1984. A Multilevel Model of Family 
Planning Availability and Contraceptive Use in Rural 
Thailand. Demography, 21(4): 559-574.



520 Demographic Diversity and Change

Fisfrer, A., Mensch, B., Miller, R.A., I. Askew, A.K. Jain, C. 
Ndeti, L. Ndhlovu, and P. Tapsoba. 1992. Guidelines 
and Instruments fo r  a Family planning Situation Analysis 
Study. New York: The Population Council.

Giggs, J.A. 1983. Health. In M. Pacione (Ed.), Progress in 
Urban Geography. London: Croom Helm.

Glaser, K. 1994. Determinants and Fertility Consequences of 
Consensual Unions in Costa Rica. Ph.D. dissertation, 
University of Michigan, Ann Arbor.

Greene, W.H. 1990. Econometric Analysis. New York: 
Macmillan.

Haggett, P., A. Cliff, and A. Frey. 1977. Locational Analysis in 
Human Geography. New York: John Wiley.

Haynes, K.E. and A.S. Fotheringham. 1984. Gravity and Spatial 
Interaction Models. Beverly Hills: Sage Publications 
(scientific geography series).

Hermalin, A.I. 1986. Chapter III. The Multilevel Approach to 
Family Planning Program Evaluation. In Addendum to 
Manual IX: The Methodology of Measuring the Impact 
of Family Planning Programmes on Fertility, Population 
Studies. No. 66 (pp. 15-24). New York: United Nations.

Hermalin, A.I., A.P. Riley, and L. Rosero Bixby. 1988. A Multi
level Analysis of Contraceptive Use and Method Choice 
in Costa Rica. In A.I. Hermalin, & J. Casterline (Principal 
Investigators.), Effects o f Contextual Factors on Fertility 
Regulation in Costa Rica and Egypt. (NICHD Contract 
NOI HD-62902). Ann Arbor, MI: Population Studies 
Center of the University of Michigan.

Inter-American Geodetic Survey. 1950. Proyección Lambert 
para Costa Rica. Washington D.C.: Army Map Service.

Joseph, A. E. and P. Bantock. 1982. Measuring Potential 
Physical Accessibility to General Practitioners in Rural 
Areas: A Method and Case Study. Social Science and 
Medicine, 16(1): 85-90.



Rosero-Bixby 521

Makuk, D. M., B. Haglund, D.D. Ingram, J.C. Kleinman, and J.J. 
Feldman. 1991. The Use of Health Service Areas for 
Measuring Provider Availability. The Journal o f Rural 
Health, 7(4): 347-356.

McCullagh, P. and J.A. Nelder. 1989. Generalized Linear 
Models. 2d ed. London: Chapman and Hall.

Rodriguez, G. 1978. Family Planning Availability and 
Contraceptive Practice. International Family Planning 
Perspectives, 4(4): 100-115.

Rosero Bixby, L. 1993. Physical Accessibility to Health 
Facilities in Costa Rica. International Population 
Conference Montreal 1993. Vol. 3 (pp. 185-190). 
International Union for the Scientific Study of 
Population.

Rosero Bixby, L., and J. Casterline. 1994. Interaction diffusion 
and fertility transition in Costa Rica. Social Forces, 
73(2): 435-462.

Scholten, H. J., and M.J.C. de Lepper. 1991. The benefits of the 
application of Geographic Information Systems in public 
an environmental health. World Health Statistics 
Quarterly, 44(3): 160-170.

Thouez, J. M., P. Bodson, and A.E. Joseph. 1988. Some 
Methods for Measuring the Geographic Accessibility of 
Medical Services in Rural Regions. Medical Care, 26(1): 
34-44.

Tsui, A. O., D.P. Hogan, J.D. Teachman, and C. Welti-Chanes. 
1981. Community Availability of Contraceptives and 
Family Limitation. Demography, 18(4): 615-626.

Wilkinson, M. I., W. Njogu, and N. Abderrahim. 1993. The 
Availability of Family Planning and Maternal and Child 
Health Services. Demographic and Health Surveys. 
Comparative Studies No. 7. Columbia, Maryland: Macro 
International Inc.



522 Demographic Diversity and Change

Wrigley, N. 1995. Revisiting the Modifiable Areal Unit Problem 
and the Ecological Fallacy. In A. D. Cliff, P. R. Gould, A. 
G. Hoare, & N. J. Thrift (Ed.), Diffusing Geography 
Essays fo r  Peter Haggett. Oxford UK: Blackwell.



Table 1. Logistic models for trend surfaces on the conditional
probabilities of lising contraceptives, choosing the IUD,and 
unmarried cohabitation

Ind ica to rs Using
contraceptives

IUD
choice

U nm arried
co h ab ita tio n

Conditional to be: In a  union U sing
contraceptives

In a union

N w om en/clusters 
Polynomial degree /

1957/185 1484/185 1957/185

param eters 3 /9 2 /5 3 /9

LL null model -1082.3 -528.2 -973.2
LL polynomial surface -1068.3 -519.3 -895.5
Chi2 surface 28.0 17.8 155.4

LL 6-region model -1077.7 -522.8 -920.5
LL region & surface -1064.8 -512.5 -887.1
Chi2 surface 25.8 20.6 66.8

LL = Log Likelihood ratio

Table 2. Correlation coefficients among selected measures o f family 
planning supply

T ravel Dis time e D ensity 10 km
M easures tim e to nearest T o ta l Per w om an
Mean reported
travel time 100 43 -28 -28
D istance to n eare st 100 -65 -70
Density 10 km. radius:

Total lOO 66
Per woman 100

For total density, distance
decay and rad ius Decay = 0, Decay = 1, Decay = 1,

10 km 10 km 15 km
Decay = 0, 10 km 100 96 95
Decay = 1, 10 km 100 98
Decay = 1, 15 km 100
N = 185 sam pling clusters.
All m easures are cartographic, except the m ean reported travel time



Table 3. Multiple logistic regressions on the conditional probabilities of 
contraceptive use and IUD choice

E xplanatory  variab les
Contraceptive use IUD choice
Odds
Ratio (z)

Odds
R atio {z)

Individual level
Age in  5-year groups 1.13 {3.03) 0.86 (-2.34)
Reproductive goals

W ant child now 1.00 Reference -
W ant no m ore children 5.80 (11.70) 1.00 Reference
Want to defer 6.84 (10.98) 1.19 (0.93)

Education in 5-year levels 1.38 (4.03) 1.43 (3.20)
Secularization index (1 to 4) 1.07 (1.38) 1.14 (1.88)
Contextual level
Users* w ithin 10 km. 1.11 (1.91) 1.26 (2.41)
Relative travel tim e 1.00 (0.01) 0.96 {-0.18)
FP hour-year/w om an, 10 km 1.08 (0.20) 2.02 (1.50)

Pseudo R2 (Chi2) 0.09 (191.14) 0.04 {38.21)
N observations 1,927 1,460

Sensitivity, access indicator
FP hour-year/w om an, 10 km 1.08 (0.20) 2.02 (1.50)
Same, no distance decay 1.30 (0.79) 1.20 (0.37)
Same, total FP hour-w eek 1.00 {0.07} 1.05 (1.47)
Distance nearest ou tlet (5 km) 0.89 (-1.12) 0.88 (-0.74)
Hours reported travel time 0.62 {-2.46) 0.75 (-0.84)
* OR for 10-point Increase in the contextual percentage of users.

Table 4. Conditional logistic regression on the choice o f clinic fay women 
using resupply methods in public facilities

Explanatory  variab le Coefficient Odds ratio z value P>lz<

Log distance in km.: 
Log weekly FP hours

-3.02 -13.90 0.00

IUD users 1.27 3.16 0.00
Other users 0.44 3.94 0.00

Log catchm ent population 0.13 ,,, 1.11 0.27
Proportion FP consu lta tions 1.41 4.09 1.69 0.09
Social Security 's clinic 0.63 1.87 1.67 0.09
N = 5,510. Pseudo R2 = 0.90.
Matched case-control design (9 controls per case)
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Figure 1. Distance between map's and field's measurments 
of tracts centroids by the scale of census maps
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Figure 2. Reported travel time against cartographic distance 
to family planning outlets
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