
the health of both normal and diabetic persons.
Exercise can ameliorate coronary risk factors, im-
prove sense of well-being and self-esteem, and may
contribute to an increased awareness of personal
health and safety (1,3). Until the relationship
between exercise and other preventive health behav-
iors is better understood, perhaps health promotion
programs, which include exercise, should target
other known health risks as well.
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Synopsis....................................

Recent evaluation studies have described the
benefits accruing to low-income women and chil-
dren who participate in the Special Supplemental
Food Program for Women, Infants, and Children
(WIC). However, participation is not uniform
among all groups of eligible persons. This study
examines the geographic variation in WIC partici-
pation rates of eligible pregnant women in Rhode
Island to determine whether the program is effec-
tive in reaching the neediest segments of the
population.

Eight groups of small geographic areas in Rhode
Island (census tracts) were formed on the basis of
need for maternal and child health services, as
determined from a statistical method employing
factor and cluster analysis of existing health and
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sociodemographic data. Among these eight groups,
participation rates in WIC during 1983-84 ranged
from 46 percent to more than 100 percent of
estimated eligible pregnant women. The rates were
positively correlated with measures of need,
strongly (r = 0.92) with an index of maternal risk,
and less strongly (r = 0.79) with an index of birth
outcomes. The results of this study have enabled
the Rhode Island WIC Program to direct its
outreach efforts more specifically to geographic
areas where the needfor the program's assistance is
greatest.

The procedures described in this report comprise
a technique that can be generally applied tar mea-
sure program effectiveness in marketing and out-
reach where relevant data are available by small
geographic areas. The data requirements are (a)
population-based estimates of program need and
(b) program utilization measures. If these data can
be aggregated to a common set of small geographic
areas, the use of marketing analysis techniques
becomes possible, and program benefits in the area
of outreach and recruitment can be realized.

THE SPECIAL SUPPLEMENTAL FOOD PROGRAM for
Women, Infants, and Children (WIC) was estab-
lished in 1972 as a national effort to improve birth
outcomes and early childhood development through
the provision of nutritional supplements and nutri-
tion education to high-risk groups in conjunction
with appropriate health care (1). The program is
operated at the State level by State health agencies
under regulations established by the U.S. Depart-
ment of Agriculture. The target groups include
pregnant, breast feeding, and other post-partum
women; infants; and children up to age 5. To be
eligible, members of these groups must live in
households with incomes below 185 percent of the
Federal poverty guidelines and must be at nutri-
tional risk as defined by the program. Those
accepted into the program receive free food or
food instruments (for example, vouchers, checks,
coupons, and so forth) on a monthly basis and are
instructed regarding how to meet their own nutri-
tional needs and those of their children.

Recently, the National WIC Evaluation (NWE)
addressed the issue of whether WIC participation
provides a net improvement in the health status
measures that the program was designed to address
(2-5). For the most part, the NWE and previous
studies (6) have shown that WIC has been effective
in improving birth outcomes and in avoiding nutri-
tion problems among women and children who
participate in the program. Generally, the greatest
demonstrable improvements have come among
those who have participated in the program the
longest.
However, not all those who are eligible for WIC

participation based on income and nutritional as-
sessment are accepted for participation. To deter-
mine which applicants to accept, each applicant is
ranked on the basis of the target group she (or he)
falls into (pregnant woman, breast feeding woman,

infant, and so forth) and her (his) level of nutri-
tional need. (In a few States, income levels below
the eligibility cutoff help to determine the rank-
ings.) Applicants are then accepted in order of
ranking until all available funds are allocated.
Furthermore, WIC Programs in the various States
are required to prepare and act upon outreach
programs of their own design that are supposed to
improve participation among those most in need of
their services.
The outreach efforts of individual State pro-

grams should be subjected to the same scrutiny as
the program's effectiveness in improving partici-
pants' health status. Given that WIC is effective in
ameliorating poor birth outcomes and developmen-
tal deficiencies in childhood, it is clearly important
that it reach those most at risk of adverse effects.
A major purpose of this study was to examine the
performance of Rhode Island's WIC Program in
serving persons at highest risk among WIC eligi-
bles.
The analysis we present consisted of two stages:

* Small geographic areas were grouped on the ba-
sis of the level of need for maternal and child
health services, as determined by a combination of
health and demographic measures.
* WIC program penetration was examined for
these groups of areas and compared with need
levels to determine whether the program was reach-
ing those in greatest need.

Rhode Island WIC Program

The Rhode Island WIC Program is administered
by the Rhode Island Department of Health (7).
Because there- are no city, town, or county health
agencies in the State, local operating agencies,
consisting of community health centers and hospi-
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tal putpatient clinics, contract with the department
of health to screen and accept applicants, distribute
food instruments, and provide nutrition counseling.
During the period that the performance of WIC
was examined, 1983-84, 15 such agencies together
served a typical caseload of 2,700 women (pregnant
and post-partum), 3,000 infants, and 8,300 chil-
dren. The caseload included approximately 47 per-
cent of the income-eligible women, infants, and
children in the State.
There are two programmatic ways in which the

Rhode Island WIC Program can target those popu-
lations that are at high levels of risk for poor birth
outcomes and nutritional inadequacies. First, the
program's administrators determine the funding
allocations among agencies that serve enrollees in
different geographic areas. By adjusting these allo-
cations, they can alter the proportions of eligible
recipients that are accepted into the program at
each site, thereby responding to different levels of
need among the areas served. Second, since 1981
the program's outreach efforts have been focused
on geographic areas where populations have been
characterized as high-need, according to various
indicators related to program objectives. For both
purposes, the program's administrators desired the
ability to identify high-need areas more precisely
than was possible with the ad hoc indicators, many
of which were based on small numbers of events
per area. Ideally, need for the program's services
would be determined on the basis of a wide range
of risk and outcome measures of maternal and
child health. A second purpose of this study,
therefore, was to provide the Rhode Island WIC
Program with an improved basis for selecting
geographic areas in which to concentrate its future
outreach efforts so that it can reach the neediest
segments of the population it serves and maximize
the effectiveness of its limited resources.

Method

Creation of census tract groups. In the first phase
of the study, small geographic areas in Rhode
Island (census tracts) were grouped according to
the level of need for maternal and child health
services. The level of need for such services was
determined from existing health and demographic
data bases; all of these have been designed to
provide data aggregated to census tracts. Rhode
Island's entire land area is subdivided into census
tracts, and as census tracts are established by local
committees that aim for homogeneity of demo-
graphic, social, and economic characteristics of the

Table 1. Characteristics of census tract clusters from the
eight-cluster solution based on indexes RISK and OUTCOME,

Rhode Island

Nurnbr 1980 Number Am vdeeu
of cenaus census of btt,

CAM tuc popultIon 1983-4W RISK OUTCOME

A .......... 79 376,115 8,820 -0.56 -0.57
B .20........ 20 87,963 1,758 -0.55 -1.57
C .61........ 61 286,239 7,426 -0.34 0.14
D .......... 9 42,495 1,399 0.91 0.04
E .......... 19 70,636 2,297 0.76 1.15
F. 9......... 9 29,358 759 -0.30 1.70
G 5......... 5 11,914 606 3.89 1.80
H .......... 11 42,434 2,022 2.17 1.62

State.... 213 947,154 25,087 0.00 0.00

populations in each tract, these geographic units
are a more useful basis for analytical efforts in
public health than units defined for other purposes,
such as zip codes, cities, towns, or counties (8).
There were 213 census tracts in Rhode Island with
populations in each averaging close to 4,500 in
1980.
The grouping of census tracts based on level of

need for maternal and child health services was
accomplished with the use of an analytic method
known as "factorial ecology" (9). The application
of this method to small-area analysis was originally
described by Tyron and Bailey (10) and has been
adapted for use with census tracts in Rhode Island
in a previous study (11). It consists of three
steps: (a) selecting a number of measures that are
defined on the basis of the geographic areas used
and on which the differentiation of areas is to be
performed, (b) reducing the initial group of mea-
sures to a smaller number of composite variables,
or indexes, through principal component analysis,
and (c) grouping the geographic areas on the basis
of the values of the indexes through cluster analy-
sis.
The initial variables to be considered were taken

from three statewide data bases, the 1980 Census
of Population and Housing (12), vital statistics
birth and death files for the period 1979-83, and
hospital discharge data for the period 1979-83.
These data bases are the principal sources of
demographic, social, economic, and health infor-
mation relevant to maternal and child health in the
State. All are capable of providing summary data
at the census tract level. Vital statistics and hospital
discharge data were aggregated over a 5-year period
to improve the stability of variables based on low
numbers of occurrences per census tract.
The determination of which variables to select

from these data bases to be included in the analysis
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was made by examination of a variety of sources.
Among these were the definition of the priority
groups for WIC applicants, previous needs assess-
ments in maternal and child health (13,14), and
other health-related studies involving geographic
differentiation in Rhode Island and elsewhere
(11,15-17). Included were variables representing a
balance among basic societal dimensions relevant to
maternal and child health, including demographic
characteristics (race, family structure, family size),
socioeconomic characteristics (income, poverty sta-
tus, education, occupation), housing characteristics
(value, size, amenities), and health measures (ma-
ternal risk, access to care, birth outcomes). The
selection process was intended to be inclusive rather
than exclusive, because subsequent analytical steps
identified redundant and irrelevant variables.
Once variables were selected on the basis of

content, measures were defined mathematically to
conform to the requirements of principal compo-
nent analysis. Computed measures were defined as
simple ratios, means, or medians for ease in
interpreting results. When multiple measures were
derived from a single variable in one of the data
bases (for example, proportions of the population
in various occupational categories), they were de-
fined in such a way as to minimize structural
correlation. If measures from different data sources
were found to be highly correlated, the redundant
items were removed from the input data set.
Measures for which there were missing data for one
or more census tracts were eliminated, as were
measures for which there was insufficient variation
among census tracts. After removal of measures
that might present computational problems, the
process yielded 38 variables for use in the principal
component analysis.

Values of the initial 38 variables for each census
tract comprised the input to the principal compo-
nent analysis. The principal components resulting

from the analysis were adjusted to meet the re-
quirements for input to the cluster analysis. Input
variables to a cluster analysis generally (a) should
be limited in number, (b) should be relatively
uncorrelated with each other, and (c) should have
comparable means and standard deviations.
The first property facilitates the interpretation of

the final clusters, and the latter two ensure that the
input variables are weighted equally in the process
of forming the clusters. The second requirement,
for minimum correlation among the input vari-
ables, effectively precludes the use of the individual
component variables identified in the principal
component analysis as input to the cluster analysis.
Therefore, the principal components were con-
verted to indexes by computing normalized scale
scores for each census tract, based on only those
component variables with high factor loadings on
their respective principal components and with each
retained variable weighted equally. (The alternative
of component scores was rejected because compo-
nent scores are based on all input variables, with
weights determined by the factor loadings produced
in the principal component analysis, and make
interpretation of the final clusters more difficult. In
addition, the use of component scores would yield
substantially different cluster results only if the
principal components were not strongly defined.)

Cluster analysis was then performed on the
State's census tracts using a subset of indexes. A
heirarchical clustering algorithm, Ward's method
(18), was employed, and the optimal cluster solu-
tion was selected according to the cubic clustering
criterion (19).

Estimating WIC enrollment penetration. The sec-
ond phase of the study examined the rates of par-
ticipation of pregnant women in the Rhode Island
WIC Program among the census tract clusters.
Pregnant women were chosen rather than one or
more of the other target groups for these reasons:

1. Pregnant women comprise the highest priority
group for WIC outreach efforts. Most WIC-eligible
pregnant women fall into the highest ranking
category for acceptance into the program. Also,
pregnancy is the earliest time when the WIC
program can influence a child's nutrition history.
Finally, women who enroll in WIC during preg-
nancy are likely to stay enrolled after giving birth
and to enroll their other eligible children.

2. The link between WIC participation and out-
come is best established for pregnant women, as
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opposed to post-partum women, infants, and chil-
dren.

3. Measures of birth outcomes are better de-
fined, more numerous, and more readily accessible
than outcome measures for other WIC target
groups.

WIC participation rates were estimated for each
census tract cluster by dividing the actual number
of WIC enrollees by the expected number of WIC
eligibles for the period 1983-84. This 2-year period
was selected because it was the first period for
which WIC enrollment data were completely
census-tract coded.
Two years of data were examined to reduce

spurious data fluctuations due to small numbers.
The number of WIC enrollees was defined as the
number of pregnant women enrolled in the pro-
gram during 1988-34 and was obtained from WIC
Program files. For reasons of comparability, en-
rolled women with dates of expected delivery dur-
ing this period were counted. No adjustments were
made for multiple births or for pregnancies not
resulting in live births, as both effects were known
to be small compared with variations in WIC
enrollment among the clusters.
The expected number of WIC eligibles was

obtained by multiplying the total number of births
in each census tract during this period, obtained
from the vital statistics birth file, by the proportion
of mothers in the tract who fell below the WIC
income cutoff. This proportion was approximated
as the percentage of children less than 5 years old
in each census tract living in households with
incomes below 185 percent of the poverty level in
1979, as measured by the 1980 census.
Enrollment figures for pregnant women were

then summed over census tracts in each cluster and
divided by the estimates of WIC-eligible pregnant
women for the same period to produce estimates of
the Rhode Island WIC Program's penetration by
cluster. These penetration estimates could then be
analyzed and interpreted in relation to various
descriptive measures for the clusters.

Results

Census tract clusters. The factor analysis of the 38
input variables produced four strongly defined
principal components. The first component exhib-
ited high levels of correlation with a group of 14
measures representing several societal and health
dimensions, such as proportions of minority popu-
lations, of persons in poverty, of families headed

Table 2. Selected measures of risk, by census tract cluster,
Rhode Island

Bths to Birhs to Birt
Ptrson i nonwhite unmarrred with ow

Ckoster poverty1 mothe mother3 caes

State ............. 9.9 8.8 16.0 12.2
A ............. 6.4 1.7 8.3 7.6
B ............. 7.0 3.3 6.7 6.5
C ............. 8.0 2.9 12.5 9.6
D ............. 19.7 15.9 27.3 18.7
E ............. 19.2 9.8 27.7 17.2
F ............. 9.8 2.8 11.3 12.6
G ............. 39.4 68.1 54.7 34.5
H ............. 27.1 44.9 38.1 29.6

1Pnta of persons living in households with incomes below poverty level in
1979 (reference 12).
2Percentage of births occurring to nonwhite mothers.
3Pecntage of births to mothers who were married at neither the time of

conception nor the time of birth.
4Pecentge of births to mothers with bss than adequate prenatal care-defined

a les than 5 visits for gestation of 37 weeks or less; ess than 7 visht for
gestation of more than 37 weeks; first visit later than the fourth month of
pregnancy; or unknown prenaal care.
SOURCE: Unpublished data from the Rhode Island vital statistics for 1979-3,

Office of Vital Records, Rhode Island Deparment of Health, for columns 2, 3, and
4.

by females, of persons receiving public assistance,
of unmarried mothers, of teenage mothers, and of
mothers with inadequate prenatal care. Many of
these are thought to be associated with the risk of
poor birth outcomes.
Normalized scale scores incorporating these 14

variables were computed for each census tract to
create an index labeled "RISK." The second com-
ponent was defined around eight variables, prima-
rily taken from the census, that measured educa-
tional level, occupation, housing costs, and
language spoken at home, and it was interpreted as
describing the variation in socioeconomic status
(SES) above the poverty level. The corresponding
index was computed in the same way as the index
RISK and was named "HIGH SES." The third
principal component was strongly associated with
three variables that measured household or family
size and accordingly was converted into an index
called FAMILY SIZE. The fourth component ex-
hibited high positive loadings on four measures of
birth outcomes taken from the vital statistics. This
component produced an index labeled "OUT-
COME." Nine of the input variables were not
strongly correlated with any one of the principal
components and were not included in any of the
indexes.
The first and fourth indexes were selected for use

in the process of differentiating geographic areas
by level of need. They comprised 18 measures,
from an initial set of 38 variables, with generally
clear and direct relevance to WIC Program objec-
tives, as well as to overall maternal and child
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Definitions of Variables Used In Computation of Indexes

Variable definition ' Source of data Variable definition 1

Index RISK

N:Black population
D:Total population

N:Nonwhite, nonblack
population
D:Total population

Source of data

Index RISK

. Census

}
N:Births to nonwhite mothers
D:Births to mothers with
known race

N:Births to unmarried
mothers
D:Births to mothers with
known marital status

N:Female-headed families
with children
D:Total households

N:Black female-headed
families with children

D:Female-headed families
with children

N:Female-headed families in
poverty status

D:Female-headed families

N:Families in poverty status
with I or more children

D:Families with 1 or more
children

N:Persons below 75 percent
of poverty level

D:Persons for whom poverty
status is determined

N:Deliveries paid by
Medicaid

D:AII deliveries

3

............. Census

......Birth certificates

......Birth certificates

N:Households with income
from public assistance
D:Total households

N:Births to mothers age 17
years or less

D:Births to mothers with
known age

N:Newborns of parity 5 or

more

D:Newborns of known parity

N:Births to mothers with
inadequate prenatal care 2
D:A1I births

............. Census

............. Census

}

3

............. Census

......Birth certificates

......Birth certificates

......Birth certificates

Index OUTCOME

N:Deaths before age 1 year ........Death certificates
D:Live births ..................... Birth certificates}

3

............. Census

............. Census

............. Census

.. Hospital discharges

N:Newborns weighing 2,500
grams or less
D:Newborns with known
birth weight

N:Newborns weighing 1,500
grams or less
D:Newborns with known
birth weight

N:Newborns of 37 weeks
gestation or less
D:Newborns with known
gestation

......Birth certificates

......Birth certificates

......Birth certificates

1 N - numerator, D - denominator.
2Defined as ess than 5 visits for gestation of 37 weeks or ess; Is than 7

for gestation of more than 37 weeks; first visit later than the fourth month of
pregnancy; or unknown prenatal care.
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health. The variables from which each of these two
indexes were computed are listed in the box, page
552.
For the most part, the measures comprising the

index RISK were based on substantial numbers of
occurrences per census tract and could be expected
to be stable with regard to random variations.
Conversely, each of the measures comprising OUT-
COME was based on small numbers of occur-
rences, and random variation was a potential
concern. The fact that the principal component
analysis grouped these four measures as a single
underlying construct is evidence that random varia-
tions did not overwhelm the descriptive power of
these measures. Moreover, the combination of the
four variables into a single index would tend to
ameliorate the effects of random variation in the
individual variables. The two eliminated indexes,
HIGH SES and FAMILY SIZE, showed little
overlap with the key variables of RISK and OUT-
COME and were primarily composed of the mea-
sures of least relevance to maternal and child
health concerns. Therefore, the values of the in-
dexes RISK and OUTCOME for each census tract
were the input measures for the subsequent cluster
analysis.
The cluster analysis performed on the basis of

the indexes RISK and OUTCOME produced an
optimal solution consisting of eight clusters. As
presented in table 1, the clusters ranged in size
from 5 to 79 census tracts, with accordingly wide
variation in population and number of live births.
In most clusters, the census tracts were geographi-
cally distributed around the State and generally
were not contiguous. Clusters A, B, and C con-
sisted primarily of the State's suburban and rural
census tracts. Cluster D included many established
urban residential neighborhoods. Clusters E and F
were composed mostly of densely populated tracts
in cities other than the State's largest, Providence.
Clusters G and H lay almost entirely within Provi-
dence, with Cluster G composed of five contiguous
census tracts at the center of the State's principal
urban poverty area.
The eight clusters of census tracts form three

distinct groups on the basis of their average scores
for the index labeled OUTCOME (table 1). Clus-
ters A and B exhibit lower than average rates of
adverse birth outcomes; clusters C and D are near
the State average; and clusters, E, F, G, and H
have relatively high rates of adverse outcomes.
Clusters A and B have similar levels of risk as
measured by the average scores for the index RISK
and are differentiated because of the particularly

Table 3. Selected measures of birth outcome, by census tract
cluster, Rhode Island

Brths with
Lowbirth Pemature Infant death conitl

CUSter weiht births' birth2 rate3d4

State ............. 6.3 8.9 11.6 4.6
A ............. 4.9 7.2 8.5 4.4
B ............. 3.1 4.4 4.3 4.5
C ............. 6.4 9.2 12.8 4.7
D ............. 6.9 8.6 13.1 4.7
E ............. 8.2 12.4 15.1 4.8
F ............. 8.9 13.8 16.3 4.8
G ............. 11.2 14.0 23.6 5.0
H ............. 9.7 14.4 16.6 4.9

1 Perntage of births with birth weight of 2,500 grama (5 lb., 8 oz.) or ess
2 Percentage of birft of 37 weea gestation or kees.
3 Deathe before age 1 year per 1,000 live births.
4 Percentage of hospital newboma with any congenital defect reported on the

medical record.
SOURCES: For columns 1, 2, and 3, unpublished data from the 1979-83

Rhode Island vil statistics, Ofce of Vil Records, Rhode Island Depamnt of
Health; for column 4, unpublished data from the Rhode sand Community Hospital
Dbcharge Database for 1979-3, Office of Healh Satstis, Rhode Island
Departnment of Health.

low incidence of adverse birth outcomes in the
census tracts in cluster B. Differentiation of the
individual clusters in the two other groups is due to
the variation in level of risk. Of particular interest
are clusters where the average scores for the two
indexes differ substantially. For example, cluster F
contains census tracts where the population exhibits
lower than average levels of risk but experiences a
high rate of adverse birth outcomes; conversely,
cluster D includes areas where risks are relatively
high but the frequency of poor birth outcomes falls
at the State average. Thus, the cluster analysis has
identified specifically those geographic areas where
the measures of outcome do not follow the mea-
sures of risk.

Representative measures of maternal and child
health risk and outcomes are presented in tables 2
and 3 for the eight clusters. The measures appear-
ing in the tables elucidate the patterns leading to
the creation of the principal components. Although
the values of these measures in the various clusters
parallel closely the values of the scores of the
associated indexes, when presented individually
they illustrate the magnitude of the variation
among clusters of some familiar indicators. The
extremely high levels of maternal and child health
risk in clusters G and H are apparent in table 2, as
the values for those clusters are many times higher
than the average rates for the State. The rates of
poor birth outcomes in those clusters, on the other
hand, show less extreme elevations (table 3).

WIC enroilment penetration. Table 4 presents WIC
enrollment patterns for the eight clusters defined in
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Table 4. WIC program eligibility and enrollment, by census
tract cluster, Rhode Island, 1983-84

Blths to
WIC.egble WCG-nrolld

NumbOr wowme (eSmated) preonant women

Ciater birthe Number Percnt' Number Pwee

A .8,820 2,457 27.9 1,431 58.2
B .1,758 456 25.9 209 45.8

C .7,426 2,677 36.0 1,671 62.4
D .1,399 850 60.8 719 84.6
E .2,297 1,428 62.2 1,100 77.0
F .759 291 38.3 199 68.4
G .606 511 84.3 533 104.3

H .2,022 1,417 70.1 1,426 100.6
State. 25,087 10,087 40.2 7,288 72.3

1 Bad on total number of births.
2Based on stimated number of births to WICeligible women.

this study during the period 1983-84. The items in
the table that are of specific interest are (a)%the
estimated percentage of all live births in which the
mother was eligible for WIC based on the income
criterion, and (b) the percentage enrolled in WIC
of the estimated number of eligibles. Among all
births in the State during this period, an estimated
40.2 percent of mothers were eligible for WIC
participation based on income; by cluster, the
percentage ranged from 25.9 percent to 84.3 per-
cent. Of the estimated number of WIC-eligible
pregnant women statewide, 72.3 percent were en-
rolled in WIC during their pregnancy; by cluster,
the proportion ranged from 45.8 percent to 104.3
percent.

Percentages representing greater than full enroll-
ment based on estimated eligibility may be attrib-
uted to several factors.

1. Deteriorating economic conditions locally af-
ter 1979, the year for which income data were
collected on the census, may have expanded the
proportions of births to mothers with incomes
below the WIC income limit.

2. Differential trends in birth rates after 1979
may have resulted in a larger proportion of births
to mothers with incomes below the WIC income
limit.

3. Estimated percentages of eligibles based on
census data for annual income may not be exactly
comparable with actual determinations of eligibility
made by the WIC Program, for several reasons.
The WIC Program may use the previous month's
income or even current income to determine eligi-
bility and does not routinely disqualify participants
for short-term increases in income. There may be
nonresponse bias in the income question on the

census. There are also small differences in the
poverty-income guidelines used with census data
and by the WIC Program (20).

4. Increased WIC enrollment may result from
random fluctuations in the number of births to
WIC-eligible women in individual clusters from
year to year.

The data in table 4 demonstrate that WIC
enrollment rates are generally highest in the four
clusters with the highest prevalence of adverse birth
outcomes (clusters E, F, G, and H), ranging from
more than two-thirds to virtually all eligible preg-
nant women. Enrollment rates are also higher in
the two clusters with average rates of adverse
outcomes than in the clusters where outcomes are
generally good. Moderate deviations from the over-
all pattern occur in the figures for clusters D, E,
and F. Cluster D, where relatively high levels of
risk and average birth outcomes prevail, shows a
higher level of WIC participation than those in
clusters E and F, where birth outcome levels range
from poor to very poor.

Figures 1 and 2 shed further light on the patterns
of WIC enrollment among the clusters. Figure 1
shows that WIC enrollment penetration, the esti-
mated percentage of eligibles that are actually
enrolled, is highly correlated with the average
values of the index RISK (r= 0.92). Figure 2 shows
that the correlation of WIC enrollment penetration
with the index OUTCOME is weaker (r= 0.79).
Simple linear regression reveals that enrollment
penetration increases with increasing values of both
indexes, and the regression coefficients for both
indexes are found to be significantly different from
zero (P<0.001 for RISK, P<0.05 for OUT-
COME).

Discussion

This effort was designed to provide the Rhode
Island WIC Program with a strong statistical basis
for examining and improving its performance in
identifying and serving the population most at need
of its services. In the process of developing indexes
of need and grouping small geographic areas on the
basis of the level of need in their populations,
several results have been produced that are of
general utility and interest for maternal and child
health programs. They include (a) the production
of empirical indicators of risk and outcome for
maternal and child health, (b) the identification of
areas where birth outcomes are poor and WIC
penetration is low, (c) the identification of areas
where low risk is associated with poor outcomes
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and areas where good outcomes prevail despite
high risk, and (d) the development of improved
methods of measuring effectiveness for WIC Pro-
gram outreach efforts.
The primary conclusion to be drawn from these

results is that rates of enrollment in the WIC
Program are generally highest in areas of the State
where high proportions of the population are at
risk for poor birth outcomes and where birth
outcomes are actually poor. Enrollment rates ap-
pear to be more strongly associated with measures
of risk than with measures of outcome, but the
relationship between risk and outcome in small
geographic areas may have been altered differenti-
ally by the effects of the WIC Program, as well as
by those of other maternal and child health pro-
grams and by differences in access to medical care.
Nevertheless, this study's findings have improved
the Rhode Island WIC Program's ability to identify
geographic areas with poor birth outcomes and
unmet need for the program's assistance. Those
areas are now being targeted for increased outreach
efforts that should improve participation rates in
the program and result in improved birth outcomes
in these high-need areas.
A second finding of this study is that the

geographic patterns of the measures of risk are
different from the geographic patterns of the mea-
sures of birth outcomes in Rhode Island. There are
many census tracts where high levels of risk do not
result in poor birth outcomes and low levels of risk
do not result in good birth outcomes. There are
enough census tracts in Rhode Island where this
divergence occurs so that the measures of risk and
measures of outcome among the initial 38 variables
separate into distinct constructs in the principal
component analysis.
The indexes for risk and outcome produced on

the basis of the principal component analysis repre-
sent a simplified way to quantify these two con-
cepts for geographic areas. The cluster analysis
solution goes further in distinguishing risk and
outcome; four clusters of census tracts are identi-
fied where the prevalence of adverse birth out-
comes is not what would be expected based on the
levels of risk observed. As mentioned previously,
one possible implication of this finding is that in
some areas where levels of risk in the population
are high, interventions such as the WIC Program
and other public health efforts are yielding im-
proved outcomes. Similarly, there may be areas
where risk is low but other factors are leading to
poor outcomes.

This interpretation leads to the final conclusion

Figure 1. Dependence of WIC enrollment penetration on index RISK

Figure 2. Dependence of WIC enrollment penetration on index
OUTCOME

of the study. It is possible that the selection of
measures from a limited number of existing data
files has resulted in the exclusion of some impor-
tant measures of risk and some key factors in
determining birth outcomes. It is also possible that
the analysis of data aggregated to small geographic
areas is insensitive to some elements of the relation-
ship between risks and outcomes. Thus, the appli-
cation of small-area marketing techniques has
yielded informative findings concerning this rela-
tionship, but at the same time it has indicated that
further investigations may be needed to answer
some of the specific questions posed in the course
of this study.
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