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Combining Data from Incongruent Geographic Areas to Create a Common Unit of Analysis:
Examples of Combining School District Data with Census Geography

Abstract

Demographers often work with data that summarize populations living in pre-set
geographic areas (e.g., census areas and school districts).  In some cases it is necessary to
summarize data describing two different types of geography to one common geographic unit.
This is not always an easy task as geographic areas often have incongruent boundaries. For
example, it is not possible to summarize block-group population characteristics to school
districts by simply summing population characteristics of block-groups that lie partially inside
those school districts. To overcome this problem, we developed a technique (using Geographic
Information Systems) to assign population weights to the characteristics of block-groups that lie
partially within a second type of geographic area. These weighted block-group characteristics
can then be summarized to school districts reliably. We demonstrate how this is accomplished
and use a variety of data to assess the accuracy of the our geographic weighting method. 



In this paper, we describe a method of assigning data describing characteristics of school

districts with information describing census areas. In many cases, assigning information

describing the characteristics of one geographic area to a second geographic area is

straightforward. A simple example would be summarizing population information describing

census blocks to larger geographic areas (e.g., zip codes) in which they are nested. One can

easily locate census blocks neatly nested within larger areas and summarize block-level

population figures to those areas. 

Yet, there are many other examples in which the boundaries of one type of geography are

not nested neatly within the boundaries of a second type of geography. In cases where the

boundaries of one geographic type cross over the boundaries of a second geography type it is not

possible to simply sum the population characteristics of one geography to another. A simple

example of such incongruent geography illustrates why this is not possible: assume that we

wanted to determine the poverty rate within a zip code using data describing census tracts.

Portions of many census tracts lie only partially within a given zip code area. It would be

problematic to simply assign all of the poverty information of overlapping census tracts to the

zip code. However, it is reasonable to assign portions of the tract-level poverty data to a zip code

but this requires two pieces of basic information: 1) identifying the portion of the census tract

that is within a given zip code; 2) the number of people within the census tract/zip code overlap.

In this paper, we describe a method of joining incongruent data using Geographic

Information Software (hereafter, GIS). We illustrate the method using two examples that have

immediate applications for  basic demographic research. In the first example, we assign

information describing school districts (e.g., per-pupil expenditures in a school district) to Public

Use Micro Areas (PUMAs) used by the Census Bureau. In the second analysis, we determine the
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poverty rates of school attendance boundaries given the census block-groups that lie partially or

totally within those attendance zones. For this second analyses we describe in detail the technical

steps used with GIS.  After we demonstrate our assignment technique with these two examples,

we suggest a way of testing its accuracy by comparing known characteristics of geographic areas

with characteristics that are assigned using our method. For example, we will correlate the

known racial composition of school attendance zones (based upon complete count census data at

the block-level) with racial composition of school attendance zones derived from our technique.

EXAMPLE ONE: ASSIGNING DATA FROM SCHOOL DISTRICTS TO PUMAS

The techniques we describe have immediate uses in two research projects we are now

undertaking. In one of these studies, we estimate the probability that black, white, and Hispanic

children attend private school given the racial composition of the areas in which these children

live. Our data are derived from the 2000 Public Use Micro Data Sample (or PUMS Data) which

describe social characteristics for individual children, including their age, race, and whether or

not they are enrolled in private school. These data also identify the Public-Use Micro Areas (or

PUMAs) in which these children live. This makes it possible to summarize racial data to

PUMAs and use these aggregate data to assess whether the racial composition of PUMAs is

correlated with the probability that a child will attend a private school. Our hypothesis is that the

racial composition of a child’s neighborhood is causally related to private school attendance.

This analysis calls for the inclusion of control variables that could theoretically mitigate

any correlation between neighborhood racial composition and private school attendance. One

critical control variable would be per-pupil expenditures in a school district. However, school

district characteristics would need to be tabulated for PUMAs and this is not straightforward

because there is no geographic congruence between them.
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The Technique

In the United States there are 12,475 school districts with set geographic boundaries.

Some districts encompass one or more towns or municipalities, and in some southern states they

serve an entire county. In contrast to school district boundaries created by local and county

governments, PUMA boundaries are created by the federal government based upon population

figures. The Census Bureau created 2,071 PUMAs for the 2000 Census. Each covers an area that

contains roughly 100,000 people and they do not necessarily correspond to any political

geography. Although there are many more school districts than PUMAs they do not always nest

neatly within PUMAs and, in some urban areas, several PUMAs may fit with a single school

district. This makes linking school district boundaries with PUMAs a challenging process

because the two sets of geography overlap in many different ways, as shown in Figure 1. 

Figure 1 here

The left-most illustration in Figure 1 represents School District areas and the middle

illustration represents PUMAs. When the two geographic areas are layered (shown in the right-

most illustration) the result indicates school districts and PUMA are not congruent. In some

cases an entire school district lies completely within a PUMA (as shown by Intersection I3A). In

most other cases, portions of school districts overlap with portions of PUMAs. Such

incongruencies result in intersections such as I1A. 

To overcome this problem we assign a school district’s per-pupil expenditure to a PUMA

by taking the mean of per-pupil expenditures for any school district that is partially or totally

contained within a PUMA boundary. (That is, we take the mean per-pupil expenditures of all

intersections within a PUMA.) But, as we describe in detail below, we weight each school

district’s per-pupil expenditures by the number of elementary school-aged children residing
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1 Because block groups are relatively small geographic areas they fit neatly within our map of census

area/school district intersections.

within each intersection. We then sum these weighted figures and divide by the total number of

children living in a PUMA.

The first step in the process of taking a weighted average of school district information is

to create a map representing the intersections of overlapping school districts and PUMAs. This is 

shown in the left-most illustration in Figure 2. The new map of intersections associates each area

with the original school district and PUMA identification numbers. After creating a map of

intersections, we match per-pupil expenditures to each intersection that is identified with a

specific school district. Thus, any intersection that contains school district 1 is assigned per-pupil

expenditures of $1,000 (as is the case with Intersections 1A and 1B). This is depicted in the

right-most illustration in Figure 2.

Figure 2 here

Once per-pupil expenditures are assigned to each intersection, we weight expenditures by

the number of school-aged children within each intersection. To determine the number of

school-aged children in each intersection, we “overlay” the map of intersections on top of a map

of block-groups. This process is depicted in the right-most illustration in Figure 2.  Block groups

are relatively small, usually comprising roughly five to eight city blocks. 1 As shown in the right-

hand portion of Figure 2, there are 11 block groups within intersection “1A.”Because the block

group data from the 2000 Census summarizes all persons by age we are able to determine that

there are 100 children aged 5 to 17 living in intersection 1A.
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We will show the process in detail in our poster session and will have a laptop available to show interested

researchers how we complete every step.

Once we determine the number of children in each intersection, we multiply per-pupil

expenditures by the number of children in each intersection thereby weighting per-pupil

expenditures by the number of school-aged children. In the example of Intersection 1A we

multiply $1,000 by 100 resulting in a weighted per-pupil expenditure so $100,000. We sum the

weighted per-pupil expenditures for each Intersection within a given PUMA area and, finally,

divide this weighted sum by the total number of children residing within the entire PUMA.

Using the example presented in Figure 2, we would sum the weighted totals of intersections 1A

through 6A (which equals $1,080,000) and divide it by the sum of children living in all block

groups within PUMA A (which equals 450). This gives a weighted average of per-pupil

expenditures of $2,400 for PUMA A.

EXAMPLE 2: SCHOOL ATTENDANCE BOUNDARIES AND BLOCK GROUPS

We use the technique described above to accomplish a similar integration of poverty data

to school attendance boundaries. In this instance, we have census data describing poverty rates in

block groups and we want to summarize these data to school attendance boundaries. As with the

example above, some block groups are not nested neatly within school attendance boundaries

making it problematic to integrate poverty information.

In this example, we extend our demonstration by specifying how we created and

integrated our maps and data with a GIS mapping software package called ArcView. (This

demonstration assumes some basic knowledge of ArcView.)2 We start with a simple map of

some school attendance boundaries and block groups located in a section of Chicago, as shown

in Figure 3.  The map shows two “themes”–one for block groups (that contain our poverty data)
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This extension can be downloaded from the Internet for free at:

(http://www.odf.state.or.us/divisions/management/State_forests/XTools.asp)

and one of school attendance boundaries for elementary schools. We highlight one block group 

(with the identification number “1611002”)  that does not lie completely within any school

attendance zone. As the figure shows, portions of the highlighted block group lie with Belding

and Scammon school attendance zones.

Figure 3 here

Our next step is to create a single map that represents each unique school attendance

zone/block group intersection. This is completed using ArcView with an extension called

“xtools,”3 as depicted in Figure 4. The figure shows the “intersect themes” function in the

“xtools” extension. This function essentially creates a unique polygon shape for each individual

overlap between school attendance boundary and block group.

Figure 4 here

The resulting map of the “intersect themes” function is shown in figure 5. This process

produces a new map with unique intersections that contain the school identification name and

the block group number for every intersection. For example, in Figure 5 the block “1611002” is

part of two unique intersections–the first intersection with Belding and the second with

Scammon (this can be seen in the inset of Figure 5). 

Figure 5 here

After creating intersections, it is necessary to determine the number of children that

reside within each of the them. At this stage, we add a map of blocks to the map of intersections,

as depicted in Figure 6.  As shown, every block lies almost entirely within an intersection. This

allows us to geographically associate blocks with intersections, thereby permitting us to
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Preliminary results demonstrate the strength of our technique and we will show complete results at our

poster session.

determine the number children living within each intersection. The block-level geographic data

(which now include intersections identified with school boundary and block group identifiers)

are then matched in the number of children for each block (as displayed in Figure 7). We then

aggregate block-level data to each intersection which produces us the number of children per

intersection. The block-group poverty rate is multiplied by the number of children within each

intersection, giving us a weighted value for the intersection. Finally, we sum these weighted

figures and divide by the total number of children living in the school attendance boundary

thereby giving us a poverty rate for each school attendance boundary.

Figure 6 and 7 here

Proposed Evaluation of Technique

We propose a straightforward method of evaluating data produced with our technique by

comparing it with data that actually exist for the same geography.4 We do this for both examples

shown in this paper by comparing variables that we know to describe a given geography

accurately with variables that are derived from our technique. (Of course, the variables we use

come from “congruent geography,” thus allowing us to assess the validity of our technique of

combining incongruent geography.) In the first evaluation, we compare actual racial percentages

for school attendance boundaries (based upon block-level information available from the 2000

Census) with racial percentages produced with our technique in which we combined block-group

data with school attendance zones. In the second example, we compare actual racial percentages

of PUMAs with racial percentages produced by using our technique to integrate school district

level data with PUMAs.
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Summary

It is often the case that social scientists wish to create contextual variables that describe

some areal unit such as school zones, zip codes, census tracts and other types of geography.

Frequently, the variables that scholars want to use to describe one level of geography exist only

on another level of geography. This creates the need to devise a technique that can accurately

integrate data from incongruent areas. We have used to two illustrative examples to demonstrate

how to combine data from one set of geography to another using Geographic Information

Systems such as ArcView. This allows scholars to build data sets with variables derived from

multiple sources in a reliable way.
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