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Executive Summary

The purpose of this report is to provide a detailed list of geocoder user requirements based on a re-
view of past, recent and emerging geocoding technologies to the Division of Cancer Prevention and
Control (DCPC), Centers for Disease Control and Prevention (CDC), and to examine trends in
these requirements such that the best possible recommendations are made for the future. To ac-
complish this, three geocoding surveys of the cancer registry and research communities are analyzed
and synthesized to tease out the common needs of the cancer registries. This is the second in a series
of three reports which documents geocoding best practices for the DCPC and CDC.

The surveys used include a Geggraphic Information Systems (GLS) Survey conducted by the North Ameri-
can Association of Central Cancer Registries (NAACCR) GIS Committee in 2005 (NAACCR
2008b), a Geocoding Best Practices Survey conducted by the University of Southern California (USC) GIS
Research Laboratory in 2006 (Goldberg 2008a), and a follow up Geocoding Capacity Survey also con-
ducted by the USC GIS Research Laboratory on behalf of NGC and the CDC in 2008 (Goldberg et
al. 2008b). While each of these surveys and respondent sets are unique, taken together they serve to
capture distinct snapshots of the current geocoding practices at moments in time throughout the
past several years. Each of the surveys also surveyed (for the most part) a separate set of cancer reg-
istries and cancer-related organizations. In combination, these distinct user groups provide a com-
prehensive view of the many different opinions and needs present throughout the diverse cancer
community.

A set of minimal geocoding needs is derived from the results of these three surveys in this particular
report. This list of needs is by no means complete with regard to the specific needs of any specific
registry. These needs represent what should be minimally included in a geocoder to serve the largest
possible audience in the best possible manner. These are based upon what has been successful for
those using geocoding processes in the past, and trends that have been identified as the most prob-
able pathways the cancer registries will want to pursue in the future.

vi
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1 Introduction

The member registries of the Centers for Disease Control and Prevention (CDC) National Program
of Cancer Registries (NPCR) and North American Association of Central Cancer Registries
(NAACCR) continuously collect and utilize spatial information in epidemiological research. To carry
out these research activities that require geospatial mapping and/or analysis, many cancer registries
perform the process of geocoding or utilize third party services (vendors) to perform the geocoding
for them. This process of geocoding typically requires input data, reference data, and a methodology
for generating geocoded output data (Goldberg et al. 2008a).

In general, most of the input data required for geocoding is reported in the form of postal addresses
which are usually collected at cancer diagnosis or treatment facilities. These data are subsequently
submitted to and processed by individual cancer registries. Typical address information includes the
street address, city, and province or state of a patient at the diagnosis of their disease (dxAddress,
dxCity, dxState). Geocoding is typically performed using software systems called geocoders, the
primary purpose of which is to convert textual descriptions of postal street addresses into valid,
computer-usable geospatial data. The end result is that information which originally had no geo-
graphically computer-compatible reference can subsequently be used for spatial analyses in epidemi-
ological research.

Presently, different registries have vastly different priorities in terms of geocoding services, depend-
ent upon the individual goals or intended uses for the geocoded data, staffing, available resources,
and the type of registry (e.g. level of government, size of registry). In order to best address current
user needs and the most likely future requirements with respect to geocoding activities, this docu-
ment assembles a list of minimized user requirements based on a review of all available surveys re-
lated to geocoding practice, both academic and anecdotal. Currently this information includes the
Geographic Information Systems (GLS) Survey conducted in 2005 by NAACCR (NAACCR 2008b and c),
the Geocoding Best Practice Survey conducted by the USC GIS Research Laboratory in 2006 (Goldberg
2008a) to support the preparation of the Geocoding Best Practices Guide (Goldberg 2008b), and the Geo-
coding Capacity Survey conducted in 2008 by the USC GIS Research Laboratory on behalf of Northrop
Grumman Corporation (NGC) and the CDC during the creation of this document (Goldberg et al.
2008b).

By identifying what is most important to cancer registries in regards to geocoding services, this
document will assist the CDC in their progress toward the development of a standardized and cen-
tralized geocoder, freely available to the cancer research community. Thus, the primary purpose of
this research report is to present the results of past and recent geocoding related surveys of local,
state and national cancer registries and cancer-related organizations. The results of these surveys are
summarized as sets of priorities geared toward the level of geocoding expertise of the various regis-
tries that participated in the user requirements studies. The priorities, in turn, are summarized ac-
cording to what geocoding services are actually used, what processes the services perform, who in
fact carries out geocoding activities, and how the results are utilized. It is important to recognize that
trends in user needs may be influenced in the near future by improvements in the quality and acces-
sibility of reference data, advancements in geocoding methodologies, and increased utilization of
geocoding across all levels of governmental, academia, and non-profit agency research and practice.

The geocoding user requirements developed and presented in this document identify what the most
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important aspects of the geocoding process are to cancer registries, noting that those who utilize
geocoding services vary in experience from novices to advanced users. These requirements will ulti-
mately be utilized to enhance the design and functionality of a standardized and centralized geocoder
designed specifically to serve the needs of the cancer research community.

2 Cancer Registries Surveyed

The research results presented in this report are based on three separate geocoding surveys. The first
two surveys were conducted to specifically survey NAACCR member registries, the first in 2005 by
the NAACCR GIS Committee (NAACCR 2008b and c), and the second in 2006 by Goldberg
(20082). The third survey was focused on the CDC NPCR member registries, some of whom are
also members of NAACCR. Documentation of the 2005 study can be obtained from the NAACCR
website (NAACCR 2008b and c), while the results of the 2006 and 2008 surveys are original, previ-
ously unpublished observations.

The difference between the two NAACCR surveys is that the 2005 survey questions were more gen-
eral in nature, while the 2006 survey asked specific, detailed technical questions of the respondents.
A list of the individual cancer registries that participated in the 2006 survey is provided in Table 1.
Represented in this list are organizations ranging in scale from local to national, some of which are
commercial enterprises, federal government organizations such as the CDC and the National Cancer
Institute (NCI), and professional as well as academic and philanthropic organizations. Note that
some of the largest state cancer registries are included, i.e. the New York State Cancer Registry, as
well as some of the smallest, i.e. the Alaskan Cancer Registry, and that both rural and urban regions
are represented.

Table 1 Organizations that participated in the 2006 Geocoding Best Practices Survey

Name Level of Government
Alaska Cancer Registry State
American Cancer Society National
American College of Surgeons National
Baystate Medical Center Local
California Cancer Registry State
Cancer Data Registry of Idaho State
CancerCare Manitoba Provincial
Centers for Disease Control and Prevention National
Florida Cancer Data Systems State
IMPAC Medical Systems, Inc Local/State/National
Massachusetts Cancer Registry State
National Cancer Institute National
North Carolina Cancer Registry State
New Jersey Cancer Registry State
New York State Cancer Registry State
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Name Level of Government

University of Southern California State

Wisconsin Division of Public Health - Cancer Reporting System State

The Geocoding Capacity Survey (Goldberg et al. 2008b) was specifically developed to be compatible
with the Geocoding Best Practices Survey (Goldberg 2008a). To do so, the questions present on the Geo-
coding Capacity Survey represent a subset of those from the original Geocoding Best Practices Survey. How-
ever, these questions were re-arranged and re-categorized to overcome limitations in the survey in-
strument design that became apparent upon an analysis of the results from the original Geocoding Best
Practices Survey.

In contrast to those who responded to the Geocoding Best Practices Survey (Goldberg 2008a), the re-
spondents that participated in the Geocoding Capacity Survey (Goldberg et al. 2008b) form a far more
cohesive cohort (Table 2); they are all state level cancer registries. Of the 17 participants in this sur-
vey, three registries also participated in the Geocoding Best Practices Survey (Goldberg 2008a). Again
note that these registries range in size from large, e.g. the California Cancer Registry, to small, e.g.
the District of Columbia Cancer Registry, and that both rural and urban regions are represented
across the continental US.

Table 2 Organizations that participated in the 2008 Geocoding Capacity Survey

Name Level of Government
California Cancer Registry State
Cancer Data Registry of Idaho State
Colorado Department of Public Health and Environment State
District of Columbia Cancer Registry State
Florida Cancer Data Systems State
Indiana State Department of Health State
Louisiana State University School of Public Health State
Maryland Cancer Registry State
Michigan Department of Community Health State
North Dakota Cancer Registry State
Oklahoma State Department of Health State
South Carolina Department of Health and Environmental Control State
South Dakota Cancer Registry State
Vermont Department of Health State
Virginia Cancer Registry State
Washington State Department of Health State
Wyoming Cancer Surveillance Program State

To develop the geocoder user requirements compiled in Section 7 an analysis was performed com-
paring the results of the NAACCR (2008b), Goldberg (2008a), and Goldberg et al. (2008b) surveys.
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The following sections provide the detailed results for each of these surveys. Taken together, these
surveys represent all available quantitative data regarding the usage and practices of geocoding in the
US cancer registry community and other related organizations.

3 2005 NAACCR Geographic Information Systems Survey

According to the NAACCR website, the NAACCR GIS Committee was formed to “address the
appropriate uses of geographic information systems (GIS) in cancer registry practice” (NAACCR
2008a), including the use of geocoding services and geocoded data. Consequently, the 2005
NAACCR Geographic Information Systems Survey NAACCR 2008b) was created by the NAACCR GIS
Committee specifically to assess the GIS capabilities and training needs of the NAACCR member-
ship. This survey was posted on the NAACCR website and distributed to the membership via email.
The results in this section present a compressed version of the original findings available in the Geo-
graphic Information Systems Survey NAACCR 2008b).

Of the 72 NAACRR registries surveyed, a total of 45 participated in the survey. Forty-one were US
and four were Canadian registries, giving an overall response rate of 63%. Specifically regarding geo-
coding, 82% of the respondents actually geocode patient addresses at the location of diagnosis.
When asked who specifically performed the geocoding tasks, the 45 registries responded:

Central registry staff (27%)

Private vendor (26%)

Non-registry staff within each organization (19%)

A combination of central registry staff and others within their organization (19%)
A combination of central registry staff and a private vendor (7%)

X/ X/ X/ X/ X/
R X X S X R X QI X4

In terms of address quality control or cleaning prior to geocoding, 70% of the registries reported
performing this task in-house. When asked specifically what address cleaning tasks are performed,
the registries responded as follows:

% When a street address cannot be matched to a feature, the match is made to a centroid of a

geographic area (i.e. town or ZIP code) (78%)

Standardization of the street format (70%)

When a street address cannot be matched to a feature, use manual interactive geocoding for

feature matching (57%)

Separate non-geocodable addresses (such as PO Boxes) from geocodable ones based on in-

dividual project criteria (54%)

Manually adjust the matching criteria of their geocoding software (51%)

Use address parsing [and normalization and standardization] techniques to increase the

probability of an address match (such as changing “Northgate Way” into “N Gate Way”)

(46%)

% Perform an automated comparison of more than one geocode source (i.e. reference data-
set)for a given address (27%)

X/
°e

X/
°e

X/
°e

X/ X/
L X X4

According to the NAACCR 2005 Geagraphic Information Systems Survey, the number of geocodes at-
tempted each year is 1.7 times the annual case load, on average. In addition, 16% of cases fail batch
geocoding, and 7% cannot be geocoded at all, on average per year. In addition, 18% of the registries

4
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assign exiting geocodes to repeat incoming addresses, and 26% link external address data to their
registry database for updating or confirming patient addresses.

4 2006 USC Geocoding Best Practices Survey

As previously stated, a Geocoding Best Practices Survey (Goldberg 20082) was conducted in 2006 by the
USC GIS Research Laboratory to aid in the preparation of the Geocoding Best Practices Guide (Gold-
berg 2008a and b). This survey was organized as a series of categories of questions and administered
via a website hosted at USC. The survey was sent to 46 individuals representing 32 organizations. 20
individuals responded (an individual response rate of 43%), representing 17 organizations (an orga-
nizational response rate of 85%). The results of each are presented in the following sub-sections.

4.1 Reference Data Sources

In terms of reference data used in the geocoding process, eight of 10 respondents use road (vector)
reference data sources, while two use imagery, and two use parcels (Figure 1). As for having control
over the reference data sources used, four out of 10 reported having control, while four out of 10
reported not having control, and two out of 10 reported not knowing. Also, one out of nine respon-
dents are able to control which reference data source was used by spatial extent and accuracy re-
quirements. Six out of 10 respondents use multiple sources of reference data, and three out of 10
use only a single source of reference data. When asked if they choose reference data sources based
on characteristics of completes, accuracy and temporal compatibility with input data, five out of nine
respondents always choose the most complete reference data sets, while four out of nine always use
the most accurate. One out of nine respondents uses the reference data that is temporally closest to
the input data, whereas One out of nine simply let the software decide for them. Regardless of how
they reported they would choose their data sources, only two out of seven of the respondents indi-
cated that they know exactly how their geocoder chooses a reference data source, while two out of
seven, the majority, do not know how the software chooses reference data sets.

In terms of the specific sources of linear reference datasets most often utilized by the respondents,
five out of nine use TIGER/Lines data (US Census Bureau 2008), two out of nine use “Enhanced
TIGER/Lines data”, Tele Atlas (Tele Atlas Inc. 2008) or NAVITEQ (NAVTEQ 2008), and two out
of nine utilize local reference data sources (Figure 2). In addition, two out of eight respondents use
historical reference data because their input data are historical. While seven out of eight of respon-
dents indicated that they change or update reference data sources over time, six out of seven an-
swered that they change sources as soon as new sources become available, and one out of seven in-
dicated that they change only after a new source has been used and tested by others.

[62]
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Don't Know
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Figure 1 Different types of reference data sources used in geocoding

Local Data
Tele Atlas | I
Navteq | P
Enhanced TIGER | b
TIGER | J
Don't know . )
0 1 2 3 4 5

Figure 2 Different linear reference data sources used in geocoding

Subsequently, the survey asked the respondents to report what reference data sources they consid-
ered most versus least accurate, most versus least complete, and which of these metrics is more im-
portant (Figure 3). In regards to TIGER/Lines data, two out of seven respondents believe that it is
the most accurate reference data source, whereas four out of seven feel it is the least accurate, and
three out of seven consider it to be the most complete reference dataset, versus two out of seven
that indicated it is the least complete. As for NAVTEQ), Tele Atlas and the “local data” reference
sources of the participants, one out of seven respondents believes these datasets are among the most
accurate and complete available. Concerning using parcels as reference data, two out of seven re-
spondents feel that parcel data is the most accurate and one out of seven the most complete. Con-
versely, another two out of seven indicated that they believe it is the least complete. Lastly, multiple
respondents indicated that they did not know which of these reference datasets are their most accu-
rate (two out of seven), most complete (three out of seven), least accurate (four out of seven), or
least complete (three out of seven).

6
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Figure 3 Perceptions of linear reference data source accuracy and completeness
4.2 Input Data Sources

Three out of 11 respondents allow relative spatial locations, postal ZIP code delineations, and cen-
sus delineations as input data. In addition, four out of 11 encounter street intersections and eight out
of 11 PO Boxes. Nine out of 11 respondents accept named places, rural addresses, addresses with
unit indicators, and urban addresses as input data. (Figure 4). It is interesting to note that four out of
eight respondents use the same geocoding method regardless of the type of input data, while three
out of eight choose their geocoding methodology based on the type of input data (Figure 5). In
terms of classification of input data types, one out of eight use an automated SQL technique to iden-
tify input data types, while four out of eight respondents classify input data types manually (Figure
6). And, regarding whether or not they process historical address data, four out of seven of respon-
dents accept historical address data, and one out of four handle historical addresses differently than
they do current address data (Figure 7).

Relative Spatial Locations
Postal Zip Code Delineations

Census delineations

Street Intersections J

Post Office Boxes

Named places

Rural Addresses

Addresses With Unit Indicators
Urban Addresses
|

Figure 4 Different types of input data used in geocoding
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Use the Same
Methods Regardiess
Input Data Type

Choose Methods
Based Input Data Type

Don't Know

Figure 5 Influence of input data type on choice of geocoding methodology

Use the Same Method
for All Input Data

Manual Classification

Automated SQL
Technigue

Dont Know

Figure 6 Methods used to classify input data

Don't Process Historical
Locations

Yes

Don't Know

|l Process Historical Input Differently @ Process Historical Input Diff erently |

Figure 7 Utilization and processing of historical addresses
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In terms of standardization of input data, six out of nine respondents indicated that they always
standardize input data, and one out of nine reported doing it “sometimes”. All seven of these re-
spondents standardize to the USPS format. Of those that standardize, three out of seven use CASS
certified software (US Postal Service 2008), two out of seven non-CASS certified software, two out
of seven custom software, and one out of seven use manual techniques (Figure 8). Out of eight re-
spondents which allow them, the standardization techniques include abbreviation replacement
(seven), tokenization (three), attribute correction (eight), missing attribute imputation (three), and
probabilistic methods (one). One out of seven respondents validates input data using reference data
sources.

CASS certified [
Software

Non-CASS Certified
Software

Custom Software

Manual Techniques

Don't Know

Figure 8 Input data standardization processes

Detailed data investigations using additional data sources are performed by eight out of nine re-
spondents when input data are incomplete or ambiguous, with seven out of nine subsequently able
to geocode successfully “most” (i.e. 285%) of the time, and one out of seven subsequently able to
geocode successfully “some” (~30%) of the time. This process takes 30 minutes for four out of six
respondents, while the other two respondents answered that it takes 5 minutes (Figure 9). All nine
respondents reported that current input data are the easiest to investigate, and eight of nine respon-
dents find urban addresses easier to geocode than rural addresses. The attributes most commonly
altered after an investigation include address name and number, and directional prefix and suffix
(Figure 10). The survey included a question about whether or not the respondents revert to lower
resolution address when they are unable to track down the required missing information that pre-
vents an address from being correctly geocoded. Four out of six respondents indicated that they do
resort to a lower resolution if a match fails, while two out of six do not.
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30 minutes per record

5 minutes per record

Don't Use Altemative
Data Sources

Street Name

Number

Directional Prefix

Directional Suffix

Figure 10 Address input data attributes most commonly updated after investigation
4.3 Geocode Output

All six respondents produce geographic points as their geocoding output, with two linking geo-
graphic metadata with the output, with one recording the geodetic datum and coordinate system that
was used. When asked if “non-geographic” data is reported as opposed to specifically “geographic
metadata”, only one out of six respondents gave an affirmative response. However, four out of five
responded that “geocode process information” is associated with the output, and three out of five
answered that “accuracy information” is associated with the output. No respondents reported re-
turning demographic data with geocodes, but five out of five stated that if they did, they would use a
point-in-polygon method to obtain it, while one out of five would also use text-based linkages to
other data sources. In addition, four out of seven respondents store their output as spatial data, and
four out of seven store the output as text. In terms of specific formats, six out of eight respondents
maintain their geocoded data in non-spatial databases, three out of eight in ESRI shapetfiles, and one
out of eight in ESRI geodatabases. Also, one out of seven respondents transfer data between differ-
ent formats or storage types.

The last question in the survey related to determining who actually used the output. Eight of the

10
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nine respondents reported having academic researchers as consumers. Government researchers,
government officials, the general public, and corporate researchers were reported to be users of geo-
coded data by six, four, two and one of the respondents, respectively (Figure 11).

-« | | | | [ | |
Academic researchers |[ ‘ | | | | | J
Government Researchers | ‘ | | | I

Government Officials |f )

i
Comporate researchers S

pont know [C——B

General Public

Figure 11 Types of users of geocoding results identified by the respondents to the 2006
survey

4.4 Accuracy

Five of seven respondents reported associating the term “accuracy” with the likelthood that a match
is correct, one considers “accuracy” to be the percentage of address attributes which match, and the
final respondent considers “accuracy” to be the spatial distance between the output geocode and the
position on the ground. It is interesting to note that the percentage of attributes which matched can
and should be used as a basis of support within the calculation of the likelihood that a match is cor-
rect.

With respect to actual accuracy reporting, eight of nine respondents specified that they report accu-
racy along with their geocode output, with five of these same respondents specifying the accuracy
value for the process as a whole and two specifying it for each component of the process. However,
in response to a later question about whether or not accuracy values are associated with each com-
ponent of the geocoding process, only one of five respondents states they follow this procedure (for
the feature matching algorithm). When asked if they report accuracies per geocode, six out of eight
respondents stated that they do while the other two respondents stated instead that they report ac-
curacies for the geocoding process as a whole (in contrast to the four out of seven just cited).

Of the eight (of nine) respondents who produce an accuracy estimate, seven report the level of ge-
ography matched to (the match type), and one reports the accuracy of the reference data. Four out
of seven of those describing accuracy know what metrics the accuracy is reported in. Of these, two
out of four specify accuracy as spatial distances, one out of four report probabilities, and one out of
four report spatial areas. Five out of eight respondents indicated that the accuracy they associate
with a geocode is computed during the geocoding process. In more detail, two out of eight use the
accuracy values reported from the components of the geocoding process, and one out of eight use
the accuracy values associated with the reference data alone. In terms of accuracy guarantees, four
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out of seven responded that their geocoding method does not provide any guarantees. But, in re-
sponse to a separate question, six out of seven respondents report that their geocoding platform is
capable of providing feature match certainty as a guarantee, while only one out of seven respondents
thought their method provided any type of spatial accuracy guarantee for their geocode output. It is
believed that this discrepancy is a reflection of inconsistency in the respondent’s knowledge or un-
derstanding regarding accuracy in geocoding.

When asked for minimum acceptable levels of reference data sources spatial accuracy, one out of
four respondents each responded 5, 10, 1,000 m, and that “it will depend on rural versus urban clas-
sifications”. Six out of eight of the respondents do not know the accuracy of their reference data,
while two out of eight claim to know, but of the seven who responded to a separate question, one
simply knew what the vendor tells them, and one claimed to verify their reference data by using geo-
codes produced from another source. Six out of eight respondents indicated that they are aware the
spatial accuracy of reference data is not uniform across large areas.

Nonetheless, four out of six respondents base the accuracy of their geocode results on the accuracy
of the reference dataset, although none of these reported knowing what the accuracy of their refer-
ence data were. In addition, these four respondents include the single respondent who the spatial
accuracy of their geocodes was guaranteed, yet this one participant does not know the accuracy of
their reference data, nor have they ever checked the spatial accuracy of the reference dataset or the
resulting geocode. Two out of four respondents have checked the spatial accuracy of their non-
guaranteed data, with one respondent using GPS measurements and the second of these respon-
dents comparing with different geocodes, while five out of six respondents stated that they are con-
cerned about the temporal accuracy (age) of their reference data, six out of six reported acceptable
ages for their reference data. These were 5, 10 and 20 years reported by three out of six, one out of
six, and two out of six respondents, respectively.

Regarding what most affects the accuracy of the geocoding process, eight out of nine respondents
reported that reference data is the component which most significantly affects the accuracy, and
seven out of nine, two out of nine, and one out of nine believe that input data, methodology, and
standardization also affect the output accuracy, respectively. As for what has the largest effect on the
accuracy of the results, five out of eight respondents think that reference dataset completeness has
the greatest effect. In addition, two out of eight respondents specified reference source spatial accu-
racy as having the greatest effect on its own, while one out of eight think that attribute accuracy in
conjunction with spatial accuracy most affects their outcomes. At the same time, six out of eight re-
spondents indicated that input data completeness alone has the largest effect on the accuracy of the
results. One other respondent indicated that input data ambiguity has the most effect, while one fi-
nal respondent thought that input data completeness and ambiguity together most affect the geo-
code output.

The minimal spatial accuracy that respondents reported as being acceptable ranged drastically, with
5, 100, 200, and 1,000 m give as a response by one, one, two and three of the respondents, respec-
tively (Figure 12), while the final respondent indicated that “a minimum acceptable value would be
dependant on the application for which the geocode was to be used”. Two out of six respondents
reported that minimal acceptable accuracy is useful for large scale (national) spatial analysis, while
four out of six think it suitable for aggregate analysis, and one out of six thinking it suitable for rural
areas because census tracts are large. Interestingly, the respondents that gave the 5 m and 1,000 m
responses to the question about minimally acceptable accuracy both thought the data would be suit-
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able for aggregate analysis, clearly indicating the widely varying opinions on the data quality require-
ment.

In turn, the maximum required spatial accuracies were reported as 0.5, 2, 5, 50, and 1,000 m by sin-
gle respondents (Figure 13). Again one out of eight stated it would depend on the application. Four
out of six think maximum level accuracy geocodes are suitable for individual scale spatial analysis,
whereas one respondent each believes they are suitable for micro-scale (few meters) and urban spa-
tial analysis. When asked specifically “What level of accuracy do you need to be able to geocode to”,
three respondents reported 0.5, 2, 1,000 m, respectively (Figure 14). This time two out of five re-
spondents stated the need to be able to generate any user-defined level of accuracy.

5m

100 m

200 m

1000 m

Depends on the
Application

Figure 12 Minimum acceptable geocode spatial accuracy (distance)
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Figure 13 Maximum acceptable geocode spatial accuracy (distance)
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Spatially accurate to
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Spatially accurate to
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Spatially accurate to
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Any userdefined
spatial accuracy

Figure 14 Acceptable geocode spatial accuracy (distance)

Turning our attention next to the actual accuracy levels that are currently achievable, two out of six
respondents reported being able to obtain census tract level accuracy, while one out of six each
thought the capability of reaching census block and census block group accuracy levels was neces-
sary (Figure 15). Two of six respondents reported being able to achieve these rates 70% of the time,
while three out of six are able to achieve them 85% of the time. Three of four respondents do not
know the level of spatial accuracy they are able to achieve, while one out of four reported they are
able to achieve 250 m spatial accuracy 85% of the time. It is important to note that this respondent
is the same one that indicates eatlier that they rely 100% on the accuracy of their reference data to
dictate the spatial accuracy of the output, although neither of these outcomes have ever been veri-

fied by this particular respondent.

Spatially accurate to
within correct census
block group

Spatially accurate to

within correct census
tract

Depends on the
application

Don't know

Figure 15 Geocode spatial accuracy achieved (distance)
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This is a complicated picture given that four of six respondents reported that they are required to
produce geocodes or varying levels of accuracy. Three respondents base this need on the availability
of different data sources, two on the notion that different classifications of areas need more or less
accuracy (rural needs less, urban needs more), and the final respondent thought the needs of their
data consumers would drive their expectations.

4.5 Organizational Geocoding Capacity

In response to questions related to how respondents organize their staff that performs geocoding
tasks, all of the respondents reported that the staff who perform their geocoding tasks were trained
specifically to do geocoding tasks. Two staff members perform their tasks in four of the six organi-
zations. The number of persons assigned to geocoding appears to be proportional to the size of the
organization and its annual caseload. The annual number of cases geocoded also grows proportion-
ally with the size of the organization, ranging from 500 cases to more than 100,000 cases for the six
respondents.

Labor costs per year are likewise proportional and range from less than one person-month to greater
than 2 person years. In terms of where the money is spent, four out of six respondents report that
employee salaries make up most of the cost, while two out of six report the cost of commercial
firms as the largest outlay. As a final point, one respondent reported that in addition to employee
salaries, obtaining reference data is the most costly element of geocoding.

4.6 Software

In response to questions in this section, eight out of nine respondents reported that they are actively
geocoding (in comparison to the 83% reported on the 2005 NAACCR GIS Sutrvey). According to
the results of the questions on the remainder of the survey, it is clear that the one out of nine who
reported they are not presently geocoding in fact are geocoding in that they produce geographic
points for address data, they simply just do not use a commercial package to do so (even though
they report they plan to do so within the next year). Six out of nine respondents have been geocod-
ing for more than 7 years, from which we can characterize the majority of the survey respondents as
having a great deal of technical knowledge.

Six of eight respondents have not evaluated more than one geocoding option. Of those that knew
how their geocoding process was chosen, two out of seven chose the one they use based on avail-
ability, and only one respondent chose their approach based on evaluation of specific criteria (flexi-
bility and customization). Three out of six respondents change their geocoding software from time
to time, with one doing so because of managerial decisions, one because of technical improvements
(higher achievable match rates), and one because different geocoders (probabilistic vs. deterministic)
work better in different circumstances. Three out of six are able to achieve higher match rates in cer-
tain situations.

Six out of seven respondents perform their geocoding in-house. Five out of seven use a commercial
product, one out of seven uses a home-grown solution, and one out of seven uses a combination of
the two. Five out of eight commercial product users rely on ESRI’s ArcGIS products (ESRI 2008),
two use Maplnfo products (Pitney Bowes Software Inc. 2008), and two use Centrus products
(Group 1 Software Inc. 2008). One of the four in-house geocoding respondents make their software
available to other state agencies.
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Just one of seven respondents uses a commercial firm (Bamberg-Hadley), and no information is
known about cost in terms of bulk or per-record rate or the geocoding process used by the firm.
Three out of eight respondents use free online geocoding services including geocoder.us (three out
of three), maporama.com (two out of three), geocodeme.com (two out of three), mapquest.com
(one out of three), and google.com (one out of three).

4.7 General Methodology Questions

Opverall, the survey respondents were very knowledgeable about the theoretical aspects of the vari-
ous geocoding methodological issues, but there were a number of discrepancies between what the
respondents thought they understood about their own particular geocoding process and the detailed
answers they were able to provide. For instance, while six out of six respondents reported that they
knew what their geocoding process did, at least one respondent answered “I do not know” to 11 of
21 methodology questions. In response to specific questions about respondent’s perceived geocod-
ing knowledge, this particular respondent self-identified themselves as possessing “medium high
geocoding knowledge”, and also self-identified their knowledge on the topic as “I know quite a bit”.
This inability to answer methodological questions is in fact not due to the respondents’ lack of
knowledge about geocoding methodology, but instead because their geocoding was performed by
vendors who do not provide these answers.

When asked about the components within their geocoders, two out of five respondents do not
know the components of their geocoding process. One out of six reported that their geocoding
methods were not documented. Of the four out of six who do document their processes, three out
of five answered that they document the “assumptions” without specifying exactly what they are,
one out of five document the data sources used, and the remaining one out of five did not know
what was documented. Twelve out of fourteen respondents reported that they felt they could con-
trol (choose) portions of their geocoding process. The portions of the geocoding process which re-
spondents could and could not control are displayed in Figure 16.
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Confidentiality
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Figure 16 Control over various geocoding activities
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In general, the survey respondents reported using a wide range of geocoding process types, with five
out of six using manual geocoding, four out of six using linear-based interpolation, three out of six
using areal unit-based interpolation, and five out of six using a simple feature matching approach
(lookup lists of points only with no interpolation). Three out of five respondents are sure they use a
feature matching only geocoding method, and (in response to a separate question) two out of four
are sure they do not use any feature interpolation. However, later in the survey five out of five re-
spondents reported they do not know the difference between feature matching only and feature in-
terpolation-based, casting doubt on these answers. An analysis of the survey results confirms this; of
the two out of four who are sure they do not use feature interpolation, one out of two stated con-
versely that they in fact do, in both the linear-based and areal unit-based detail sections (see Sections
4.8 and 4.9, respectively), while the other one out of two stated using it in only the linear-based in-
terpolation section.

Likewise, confusion exists as to the use of multiple reference data sources. This is apparent, because
four out of five respondents reported not using a second data source after a geocoding failure on a
first component, though all these respondents (five out of five) reported being able to geocode dif-
ferent components of an input address (street address, city, state, and ZIP) which requires at least
four different data sources (one for streets, one for cities, etc.). Again, this same confusion is evident
when three out of five respondents reported not using a geocoding hierarchy, although they all (five
out of five) also indicate that they obey the address component hierarchy just described (as discussed
in Section 4.4, where seven out of nine of those reporting accuracy specified the level of geography
matched). The one respondent who reported employing a hierarchy uses address points first, then
parcel centroids, and finally linear interpolation as a last resort.

Regarding working in batch-mode, three out of five respondents reported that their geocoding proc-
ess could work in batch-mode, one out of five reported per-record ability, and one out of five re-
ported having both capabilities. As far as being interactive, three out of five respondents use an in-
teractive geocoding process, with only one out of four respondents stating that a user is prompted
for more information when it is required. As for sub-parcel geocoding, three out of five respondents
are able to perform sub-parcel level geocoding. However, of these respondents, three out of three
assign the same geocode to all sub-units within a single address (within a single parcel).

4.8 Linear-Based Interpolation Methodology

Five respondents indicated they use linear interpolation as a part of their geocoding process, and
stated that they understand how the process works in great detail. Although three out of four an-
swered that they know the sources of error, only two out of four responded that they know how to
quantify them. All of the respondents “know the assumptions” used in linear-based interpolation
geocoding, yet four out of five indicated that they have not heard of the assumptions listed in Gold-
berg (2008b). Three out of five respondents use linear interpolation on 85% of their data, with the
remaining one out of five using it on 100% and one out of five using it on 30%. Four out of four
respondents use linear interpolation on current data, with three out of three using it on urban data,
and only one out of three using it on rural data.

Concerning the use of dropbacks in linear interpolation, three out of four respondents use a drop-
back, and of these, three out of three uses a constant distance value and two out of three constant
direction value, with one out of two using zero degrees. However, different distance values (.5, 5,
and 10 m) were reported by each of these respondents (one out of three). One of four respondents
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attempt to overcome the parcel existence assumption by utilizing the actual number of parcels along
a street segment, and/or using parcel dimensions in their linear interpolation calculation, although
none of the other respondents reported not using a corner offset.

4.9 Areal Unit-Based Interpolation Methodology

Four of five respondents reported using areal unit-based interpolation as part of their geocoding
process. It should be noted that this is in contrast to the five out of six who indicated that they use
areal unit-based interpolation geocoding earlier in the survey (see Section 4.7). Of the four respon-
dents, three apply this methodology to current data, and two apply it to urban data. However, the
amount of data it is used on varies from 15% for two of the three of the respondents, to 70% for te
third respondent. In terms of time and dollar costs, two out of three respondents performing areal
unit-based interpolation do not know what it costs, while the other one out of three report a mone-
tary cost of $0.01 per record, with it taking on average 0.01 seconds to process each record.

Concerning the use of centroid derivation in this methodology, one of two respondents using areal
unit-based interpolation reported using the centroid of the area unit as the output, with the other
respondent indicating that they do not use the centroid, but not listing what they used instead. Nei-
ther of these respondents reported using any form of centroid weighting methodology to move the
output point away from the geographic centroid. Lastly, one out of two reported that the only deci-
sion made in centroid placement was to disallow centroids falling outside of the areal unit.

4.10 Manual Geocoding Methodology

Five of six respondents surveyed indicated they are familiar with manual geocoding. In this detailed
section of the survey, three out of four reported using manual geocoding as a part of their process,
with the remaining respondent unsure if it was used or not. It should be noted that these numbers
do correlate with the five out of six respondents who reported using manual geocoding earlier in the
survey (see Section 4.7). One out of four respondents reported that 15% of cases require manual
geocoding. One out of three and two out of three respondents reported that manual geocoding is
performed on historical and current data, respectively. One out of three and two out of three re-
spondents reported that manual geocoding is performed on rural and urban data, respectively.

None of the respondents (two out of two) were able to quantify how much the manual geocoding
process costs in terms of a dollar figure, but of those performing it, one out of three reported that it
takes an average of 30 minutes per record, while two out of three indicated that the process takes
only 5 minutes per record (Figure 9). The sources of data used for manual geocoding varied from
freely available public domain information such as phonebooks (both online and paper) and staff
manually searching for websites, to official government data such as Division of Motor Vehicles
(DMV) records, census tract data and rural town names.

4.11 Feature Matching Methodology

All six respondents surveyed answered that they are familiar with the concept of feature matching.
With regard to the feature matching processes employed, two out of six respondents reported using
strictly probabilistic matching methods, three out of six using strictly deterministic methods, and one
out of six reported using both. All of those using probabilistic methods (two out of two respon-
dents) know what their uncertainty cutoffs are (70% and 80%, respectively, in these instances). Two
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out of three respondents that reported while performing feature matching they do not attempt to
break ties between ambiguous feature matching results, preferring instead to leave the record non-
geocoded.

While four out of five respondents know what the attribute relaxation process is, only one out of
four reported using it when specifically asked. However, when asked specific questions, one out of
two responded that all address components (attributes) are considered candidates for relaxation,
while one out of two reported relaxing only street type. With regard to the usage of phonetic algo-
rithms, five out of five respondents knew of the SOUNDEX algorithm, two out of four were sure
their process uses it, while the remaining two out of four indicated that they did not know if their
geocoding processes utilize it.

All six respondents reported knowing what a match rate is, and none consider it the same as accu-
racy. The respondents were split between whether a higher match rate (one out of six) or higher ac-
curacy (three out of six) is more desirable in the geocoding process, or if they are both equally im-
portant (two out of six). Of those who responded (n=5), four knew what their match rate is two re-
ported match rates of 70%, and two reported match rates of 80%. Three out of five respondents
each reported that 15% and 30% of urban and rural addresses are non-matchable, respectively.
From the reported results, current (non-historical) data represent 30%, 70%, and 85% of the data
that failed to match, each at one out of five respondents. Similarly, historical location data represent
15% and 30% of the data that fail to match, again each at one out of five respondents. In terms of
processing current and historical data, one out of four respondents reported processing current and
historical records separately.

4.12 Confidentiality

All six respondents surveyed are aware of and concerned with confidentiality, security, and privacy
issues inherent in creating, storing, and disseminating geocoded health data. These concerns cover
aspects of both data security, such as who can access the data, as well as information security, for
instance what information can be gleaned from the data once it has been obtained. In many cases,
these two distinct areas of concerns are comingled, and most respondents consider them as a single
topic, evidenced by the variety of responses within each of the two categories.

Survey questions about attitudes and practices relating to data security revealed that in order to pro-
tect access to geocoded data, five out of six of respondents store their data in what they would con-
sider “physically secure” locations, while three out of six respondents also employ some form of
authentication. One out of six respondents noted that they require contractual user agreements be-
fore data can be released, while one out of six answered that simple bureaucracy was an acceptable
method for ensuring limited access to these data.

All six respondents provide access to some sort of masked data (aggregate versions), with three out
of six also providing access to individual level data. Three out of six respondents release geocodes
directly, and two out of six allow access to the raw address data. One out of two who indicated that
they release raw data also responded that their consumers do not geocode the raw data in-house
themselves, so the utility of this practice is not clear. Respondents also reported employing a variety
of masking techniques to ensure privacy and confidentiality once the data have been released. For
instance six out of six respondents release data in an aggregated form, five out of six release lower
geographic resolution versions of geocodes, and the last respondent reported using randomization.
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All respondents (six out of six) allow researchers access to data, three out of six allow access to the
general public, and three out of six allow access to public officials. Note that one out of six indicated
they provide their data to anyone, but only at an aggregate level. Also, only one out of six respon-
dents noted an Institutional Review Board (IRB) requirement before any data could be released. All
respondents (six out of six) make the data available in a digital format, with four out of six allowing
Internet downloads, one out of six allowing email transmission, and three out of six allowing data
shipments via regular mail.

5 2008 USC Geocoding Needs Assessment Survey

Similar to the Geocoding Best Practices Survey (Goldberg 2008a), the Geocoding Capacity Survey (Goldberg
et al 2008b) was organized as a series of categories of questions. This survey was administered
through a website. It was disseminated to 44 individuals each from a different organization. Seven-
teen individuals responded, giving a response rate of 38%. The results are presented in the following
sub-sections.

5.1 General Questions

Almost all of the survey respondents reported that their organizations presently perform some type
of geocoding (15 of 16 respondents). The majority of the respondents (eight) have been geocoding
their registry for five or more years (Figure 17). Geocoding is performed by a single person at
roughly half of the registries (seven out of 13), while one out of 13 reported that geocoding is per-
formed by five or more people. The same respondents who reported a single person performing the
geocoding also reported that this single person comprised 15% of their registry staff. Two out of 16
respondents are not presently geocoding. One out of 16 stated they do not currently do so because
they lack the time, money, and knowledge of how to, and that they do not know when they plan to
start geocoding.

Seven of 15 respondents reported that their organization evaluated multiple geocoding solutions,
and seven out of 15 also reported that their organization has not. Of those who had, the reason
most often cited for the decision was that the organization chose the geocoding solution that gave
the best match rate (three out of seven registries), followed by availability (two out of seven regis-
tries), and highest accuracy (two out of seven registries) (Figure 18). One respondent noted that they
are in the process of evaluating other options, but have not yet found one that would produce com-
parable results at a similar price without creating more work for individuals within their organization.
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Figure 17 Length of time respondents have been geocoding
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Figure 18 Reasons for choosing current geocoding process

5.2 Caseload Questions

The number of cases geocoded by each of the respondent registries varies greatly from 500,000
cases per year (five registries) to 1,000 cases per year (three registries) (Figure 19).

The scatter plots in Figure 20 and Figure 21 show the total cost in terms of dollars spent on geocod-
ing and cost per-geocode versus the numbers of cases geocoded at each of the seven registries where
the respondents knew the cost of their geocoding process. The scatter plot in Figure 22 shows the
cost in terms of time (person months) spent on geocoding versus the number of cases geocoded at
the four registries who reported these costs. From these figures, it is clear that there is no simple re-
lationship between the number of cases geocoded and either the total cost or the cost per-geocode.
Respondents stated that the most costly parts of the geocoding process are commercial firm charges
(four out of 11), employee salaries (three out of 11), and the development of custom geocoding ap-
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plications (one out of 11). The remaining three respondents do not know what the most costly as-
pects of their geocoding process are.

1ormaore
100 or more |8
500 or more |f
1000 or more |C
5000 or more '
10000 ar more |
20000 or more C
25000 or mare |
50000 or more |C
100000 or more |
250000 or more i
500000 or more 8
1000000 or more |L

L\J-\-

Figure 19 Number of cases geocoded per year
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Figure 20 Total geocoding dollar cost vs. number of cases geocoded per year
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Figure 22 Total time cost per geocode (months) vs. number of cases geocoded per year

5.3 Training Questions

Nine of 15 respondents reported that members of their organization have been trained for geocod-
ing. However, one respondent qualified their answer that even though “training” has been per-
formed, it was “not formal”. Half of the respondents (four out of eight) stated that only one person
has been trained, while three respondents reported two people and one reported that ten or more
people have been trained. Of those that could quantify it, six out of seven registries placed this level
of training at 15% of their organizational staff, while one out of seven reported it was greater than
1%, but less than 15%.
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5.4 Online Geocoding Questions

Survey respondents were almost evenly split between whether or not they use free online geocoding
websites (Figure 23). The online geocoders that are utilized by the seven respondents who answer
this question “yes” are listed in Figure 24.
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Figure 23 Usage of free online geocoding websites (n=16)
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Figure 24 Free online geocoding websites utilized

5.5 In-House Geocoding Questions

Three-quarters of the registries surveyed (n= 16) responded that they perform in-house geocoding.
Only three registries are sure that they do not perform geocoding in-house, while the remaining re-
spondents did not know. Of those performing in-house geocoding, nine reported that they use
commercial software to do so, reported they do not, and one respondent did not know. The com-
mercial geocoding software utilized by the nine respondents who answered “yes” is listed in Figure
25.
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Only four out of 11 registries responded that they have written their own custom geocoding soft-
ware. Five out of 11 registries were positive they have not, while the other two did not know. One
of the four respondents who said that they had written their own software qualified their response
by adding that they perform “hybrid geocoding combining multiple commercial products and refer-
ence data”, and one stated that they make their software available to other organizations.
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Figure 25 Commercial geocoding software utilized

5.6 Commercial Geocoding Questions

The majority of registries (nine out of 16) responded that they do not use a commercial firm to per-
form their geocoding, but six responded that they do, and one did not know. The six out of 16 who
responded that they included one registry who reported that their geocoding process “had been per-
formed by their database vendor in the past, but were now in the process of setting up a geocode
arrangement with a commercial geocoding vendor” in responses to an earlier question asking “Does
your registry perform any type of geocodingr”. Three reported using the commercial firms Geo-
code.com (Tele Atlas), Claritas, and “Local Vendors”.

Of the four respondents who knew about costs, two reported that the commercial firm they use
charges per-record, and two reported that they do not. One respondent noted that “there is one
charge for batch submittal [and] another for console-level match”. Of the two registries that re-
ported a value, one indicated that their commercial firm charges $20.00 per 1,000 records ($0.0two
out of record), while the other indicated being charged $0.50/record.

Two of four registries reported that their commercial vendor charges them lump-sum, and two out
of four indicated they do not. Of the two that are charged lump-sum, one indicated that they are
charged $1000 or more and the other one out of two indicated being charged $500 or more. Note
that these costs for the registries who reported paying their geocoding firm lump-sum are equivalent
to the costs reported in Figure 20. Thus, these two respondents validated their responses again, and
from these responses the per-geocode can be calculated to be $1.00 and $0.50 for each of these reg-
istries, respectively. Also note that of the four registries who answered both questions about per-
record and lump-sum charges, the two registries who responded affirmatively to either question re-
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sponded negatively to the other and vice versa (i.e. if a registry is charged lump-sum they are not
charged per-record).

5.7 Methodology Questions

The majority of respondents (11 of 16) indicated that their organization has a geocoding process
(methodology). Of the five who responded that they do not, two qualified their response by stating
that they use a commercial firm. Those who have a geocoding process reported “knowing how their
geocoding process works”, although two out of 10 qualified their response by stating they know
“the general idea, but not all the techniques the primary individual uses”. Three out of 10 stated that
they would characterize their knowledge about their geocoding process as “High — I know every-
thing”, while three out of 10 characterized it as “Medium High — I know quite a bit”, and four out of
10 “Medium — I am familiar”. Five out of eight reported that they know the components of their
geocoding process, and seven out of nine indicated that they know the stages of their geocoding
process that could introduce error/uncertainty.

Nine out of nine respondents reported using address list-lookup based geocoding (i.e. no interpola-
tion), with the majority (seven out of nine) performing manual geocoding, and less than half (four
out of 9) performing some type of interpolation-based geocoding (Figure 26).

Address lookup list-based |l J

Areal unit-based intempolation

Linear-based intempolation

Manual geocoding |L )

| do not know S

Figure 26 Geocoding methodology utilized

Eight of nine registries reported that their geocoding methodology attempts to match (i.e. find the
correct reference feature in a reference dataset) with multiple reference data sources (in the case
when a match is not found in the initial one). These same eight registries also reported that a set hi-
erarchy is used in these cases where multiple reference datasets are employed. Five of these eight

registries know the hierarchy (order) used for their reference sources although they all use a different
order (Table 3).

All nine registries responded that their geocoding process is batch-oriented. Only one respondent
reported that their process is not one-at-a-time oriented, while five respondents stated that it specifi-
cally is. However, one of these five qualified their response stating “Records failing batch match are
processed one at a time”. Also, two out of nine did not report yes or no, but instead that “When
records do not match in the batch process they may be looked up manually”, which can be consid-
ered one-at-a-time processing, thus seven of nine registries do in fact process records one-at-a-time.
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Table 3 Reference dataset hierarchies used at registries

Registry Reference Dataset Order

1 (Waiting on parcel data)
Address point data
Street vectors

ZIP code polygons
City polygons

County polygons

2 Parcel data
Street vectors
ZIP code polygons

City polygons

3 Address point data
Parcel data

Street vectors

4 TIGER/Lines 2006 streets
Parcel data centroids
County Level Streets
TeleAtlas Streets

street segment centroids
Z1P Plus4 centroids

ZIP code centroids
City/Place centroids

Post Office centroids

5 Address point data

ZIP code polygons

While only three out of nine registries responded that their geocoding process is interactive, of the
six out of nine who responded that it is not, one out of six stated that their process is in fact “inter-
active only for reject processing”. Thus, four out of 9 registries do in fact have an interactive geo-
coding process. Only one respondent reported that their interactive process will prompt the user for
more information if it is required.

None of the nine respondents were sure that they perform sub-parcel geocoding, but four reported
that they do not know. Therefore, none of the responding registries were able to say whether or not
they assign a unique geocode to distinct units at the same address, or how those distinct units were
derived.
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5.8 Documentation Questions

Ten of 16 respondents reported that their geocoding methods are documented, and three reported
that they are not. However, one who responded negatively qualified their answer to state “API is
documented. 'Internal' process not yet documented”. Also, two other respondents who declined to
answer yes or no stated “Somewhat”, and “A new mandate will necessitate this but is only first being
implemented now”. Therefore, the rate of registries who document their geocoding process should
be 13 out of 16.

Eight of nine registries reported documenting the reference datasets used in the geocoding process.
One registry reported documenting the following “Geocoding and Address Matching Primer”, “Ad-
dress Standardization”, “Proper Use of Geocoded Data”, “Software and Data Used”, “Accuracy
Issues”, “Output File Structure”, and “Return Code Sample Matrix”.

6 User Types and Trends

The analysis of results from the three surveys documented in this report provide some insight into
three distinct classes of geocode users; high-, medium-, and low-achievers. Most of the survey re-
spondents fit into the medium-achiever category, with just a few in both the high- and low-achiever

groups.

The high-achiever group consists of registries who are completely knowledgeable about every aspect
of the geocoding process. It is clear that these are the individuals who perform the geocoding and
thus have vast practical knowledge, have developed a geocoder themselves, or have spent consider-
able amounts of time researching their options. These individuals typically are mid- to lower-level
employees, and performing geocoding is usually part of their job. Members of this group (and/or
their registries) typically geocode a very high number of cases each year, have been using geocoding
processes for more than 4 years, and are from both rural and urban regions. From the survey re-
sponses, this group appears to be most concerned with geocode accuracy and the methodological
issues inherent in different geocoding strategies.

The medium-achiever group consists of users who possess detailed knowledge of many aspects of
the geocoding process, but this knowledge is, in several cases, not directly related to specifically be-
ing certain (or in some cases even correct) about the inner workings of their geocoding process,
which translates to limited practical knowledge about their geocoding process. Members of this
group come from registries that geocode both high and low numbers of records each year, have
typically been using geocoding processes for one to four years, and are from both urban and rural
areas. These individuals are typically mid- to high-level employees, and performing geocoding is typi-
cally not part of their job. The primary concern of this group appears to be the costs associated with
the geocoding process, both in terms of time and money. While also concerned about accuracy, this
group seems to be less knowledgeable and/or concerned about the methodological issues related to
the geocoding process.

The low-achiever group consists of users who are, for the most part, not very knowledgeable about
the geocoding process at their registry, and in some cases, the geocoding process at all. The registries
to which these individuals belong are typically not yet geocoding or have been using geocoding
processes for less than four years. Individuals in this group range from low- to high-level employees
and their registries are also spread across rural and urban regions. This group of individuals seems to
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be most chiefly concerned with operationalizing a geocoding process. What appears to matter to
them the most is the availability and cost of geocoding software and reference data.

7 Priorities of Registries

In terms of control over geocoding procedures, the responses submitted early on in the 2006 USC
survey were a reflection of the respondents’ original understanding of the level of control they had
over geocoding activities. Once the technical details of the geocoding process were further outlined
and the questions refined, a shift or change occurred where the registries responded that in actuality
they have less control over geocoding activities than their responses to the first set of control ques-
tions indicated. This discrepancy indicates that many of the registries may have gained a clearer un-
derstanding of the meaning of “control” over the geocoding process as they got deeper into the sur-
vey. These results emphasize the disconnect between the beliefs people have about the geocoding
process and the realities they actually face on a daily basis when performing their geocoding tasks.

Concerning the level of understanding of reference data sets used in geocoding, both the 2006 and
2008 USC survey results are indicative of the level of training and expertise of the survey respon-
dents. Many are not clear what their existing geocoders actually do with reference datasets, or for
instance how the geocoders actually choose one dataset over another. Also, though many of the reg-
istries indicate that their geocoders support all types of reference data (imagery, vector, etc.), several
don’t know actually which ones, and conversely respond that they don’t use the reference data types
they initially indicated they utilize. Such inconsistencies in the responses indicate that these survey
questions need either to be more general, or much more detailed, in order for the respondents to
fully understand them.

From these widely varying language related to geocoding accuracy, such as “most required”, “worst
acceptable”, “needed”, and “currently achievable”, it becomes clear that more discussion and re-
search is required into spatial accuracy related to geocoding. All of the registries report having ex-
traordinarily high acceptability and needs requirements; however, the accuracy of any of these com-
ponents is presently unknown and/or the levels or accuracy they “require” are currently unachiev-
able by any of the registries.

From the results of the 2005, 20006, and 2008 surveys, Table 4 identifies the minimal recommended
user requirements for a geocoder:

29



Goldberg, Swift and Wilson

Table 4 Minimum geocoder user requirements identified from available survey data

Question Category

Priority

Level of control registries have

over geocoding activities

A geocoder should enable a user to feel as if they are in control of the geocoding processing decisions

Reference Datasets and Sources

A geocoder needs to be able to support different types of reference data, from different sources

The user needs to have the ability to control the sources of reference data used by the geocoder, on a per-record basis following a set of critetia
or automatically, such as by spatial extent and/or accuracy requirements

A geocoder needs to support multiple data sources simultancously and allow the user to switch between them, so different sources can be used
as deemed appropriate during the geocoding processes

A geocoder needs to report how and why it chooses to use a given reference dataset to geocode an input address

A geocoder needs to permit users the ability to utilize their own reference data

A geocoder needs to support historical reference data

Input Data and Sources

A geocoder should support many different types and formats of input data

A geocoder should take advantage of diverse address formats by processing them differently using specialized approaches

A geocoder should maintain a set of rules for identifying types of input data

A geocoder needs to be able to standatrdize to USPS

A geocoder standardization algorithm does not need to be CASS certified, but does need to support a standard base set of deterministic opera-
tions (rules), and/or support probabilistic approaches

A geocoder should be used to validate input data after reporting using a given reference dataset

A geocoder should be able to process historical data, but does not need to process it differently

A geocoder should provide guidance on which supplemental sources of data can be used for address investigations and how to incorporate

them into the address record while notating their inclusion

A geocoder should be able to revert to a lower resolution geographic feature if one fails to match
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Table 4. Cont.

Question Category

Priority

Geocode Output

A geocoder should be able to output geographic points with appropriate geographic metadata

A geocoder should report metadata with its output that describes the geocoding process info as well as accuracy info about the output
A geocoder needs to be able to output text and geographic spatial geometries

A geocoder should be able to generate output in the form of text files, non-spatial databases, ESRI geodatabases, and ESRI shapefiles
A geocoder should be able to convert between it’s own output format and other formats as well

Geocode output needs to be able to meet the needs of a wide variety of consumers

Geocoder Accuracy

Geocoder Accuracy (cont.)

Investments into geocoding accuracy improvement projects should focus on reference datasets (improving the completeness, accuracy, and
how it can be utilized under uncertainty) and input data (cleaning and validation)

A geocoder should be able utilize measures of completeness and spatial accuracy of attribute accuracy of reference datasets, as well as accuracy
measures for individual regions and across regions

A geocoder needs to detive accuracy metrics from both the reference feature and other geocodes

A geocoder should report accuracy metrics for the whole process, each component, and each individual geocode

A geocoder needs to report feature match type and the hierarchy used in feature matching

A geocoder must be able to support multiple feature matching hierarchies that can be user-defined and user-selectable

A geocoder should report accuracy metrics that express the probability of a correct feature match based on the supports of the match (percent-
age of attributes matched, percentage of attributes relaxed, etc.)

A geocoder should be able to derive estimates of spatial etror based on metadata about the components of the geocoding process (probability
that a feature matched correctly, area of the matched feature, etc.)

A geocoder should enable a user to select and guarantee minimum and maximum levels of spatial accuracy based on registry requirements and
application usage

A geocoder should be able to provide a feature matching certainty

A geocoder needs to be able to operate with reference data sources that cover a wide range of spatial accuracies

A geocoder needs to allow users to utilize historical reference data
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Table 4. Cont.

Question Category

Priority

Software A geocoder should to be flexible and customizable, but for the most part people will use what is available
Multiple geocoding strategies need to be able to be employed simultaneously
Geocoding Methodology Vendors and geocoding processes need to provide detailed metadata about the internal workings of their geocoding processes with regard to

the components used and metadata about each such as the type of reference data with its vintage, lineage, and spatial accuracy estimates
Registries need to document their geocoding processes

A detailed and comprehensive list of geocoding assumptions needs to be developed and utilized within the documentation of a geocoding proc-
ess

A geocoding platform needs to support a wide range of geocoding options in terms of the types of geocoding that can be performed (manual,
interactive, interactive with prompting, batch, single, etc.), and the types of components supported such as the types of data soutces that can be
use (linear and areal) or the type of matching/interpolation (feature matching only, feature interpolation)

A user must be able to control the geocoding process in terms of the types of components used (data sources, interpolation methods, etc.) as
well as when and in which order they are applied, i.e. control the hierarchy used

Sub parcel geocoding must be supported

Linear-Based Interpolation Meth-

odology

Linear-based interpolation must be supported by a geocoding process

Dropback distance values must be used in the linear-based geocoding processes, and the distance value of the dropback must be user-definable
and modifiable

A linear-based interpolation algorithm must be able to support the inclusion of additional information to overcome the assumptions present,

such as the number and sizes of parcels along a street segment

32



Geocoding Best Practices: Analysis of Minimum Geocoding Requirements

Table 4. Cont.

Question Category

Priority

Areal-Based Interpolation Meth-

odology

Areal unit-based interpolation must be supported in a geocoding process

Areal unit-based interpolation must be at least attemptable for all classifications of input data, e.g. rural/urban, current/historical
Centroid calculations for deriving an output from an areal unit must be supported

Centroid weighting does not appear to be requited (although all indications in emerging literature recommend otherwise)

A user must be able to turn on and off centroid acceptance criteria

A user must be able to supply centroid acceptance criteria such as the constraint that the centroid has to be within the areal unit

Manual Geocoding Methodologies

Manual geocoding must be a supported geocoding option
A manual geocoding process must support user customization in terms of the data sources used

A consistent standardized protocol for performing manual geocoding needs to be developed and utilized

Feature Matching Methodology

Match rates must be reported along with geocoded data

Both deterministic and probabilistic feature matching algorithms must be supported and available, and a user must have the ability to decide
which algorithm to use when

The uncertainty cutoffs for probabilistic matching must be user-definable

The ability to use attribute relaxation approaches must be an option, and the user must be able to specify which attributes should be relaxed in
which order, if at all

The user must be able to turn on and off the ability to break feature matching ties, and the criteria used must be user-definable

The user must be able to choose whether or not to use SOUNDEX

A user must be able to choose whether or not to treat historical data separately from temporally current data

With regards to standardization of feature matching methods, all registries should use the same attribute relaxation hierarchy, and use the same

components and a single consistent match score for probabilistic matching
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Table 4. Cont.

Question Category Priority

Confidentiality Physical and logical (authentication) security of the geocoded data itself must be ensured

Confidentiality and privacy of the information contained in the geocoded data must be ensured, and support must exist for a variety of methods
to accomplish each

Both individual level and geographically masked geocodes must be provided to consumers

Multiple forms of geographic masking should be supported and available for a user to choose from including randomization, aggregation, reso-
lution lowering

Consumers must be able to securely obtain digital geocoded data via electronic transmission and standard mail services

Historical Input Data Issues regarding utilization of historical input addresses should be further investigated in follow-up user needs assessments
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8 Conclusions

This research report in the second in a series of three reports about geocoding best practices. This
particular report provides details on past, present, and future geocoding needs of the cancer registry
community throughout North America. The needs developed within this work have been gathered
though a thorough evaluation and synthesis of both published survey on the topic and the results of
a new survey. Taken together, the participants in the three surveys form a diverse group of registries
in terms of knowledge, practical skill, capacity and level of sophistication, ranging from those just
starting out to those with more than a decade of experience.

In regards to differences in responses between the 2006 and 2008 surveys, the respondents’ under-
standing of the level of control they had over geocoding activities in 2006 versus 2008 indicate that
though in the past they believed that had control over the geocoding process, they now have a more
realistic view of the process and their own level of control over it. Although 67% of the registry staff
who responded to the 2006 survey were actually performing geocoding activities, the caseload per
registry as well as the number of cancer registry staff participating in these activities has risen to 75%
in 2008. Also, the percentage of registries responding that any type of geocoding is performed, either
within the registry or using a third party vendor, has risen from 82% in 2005 to 94% in 2008.

The availability or accessibility of good quality (reliable) reference data stands out as one of the pri-
mary needs of the geocoder user community. In the near future the level of priority of this require-
ment may abate due to improvements in the availability of key reference datasets. For instance, as of
2008 TIGER/Line data is being made publicly available as shapefiles, a ubiquitous GIS data format
(US Census Bureau 2008). In addition, parcel data is becoming more freely available, largely due to
recent changes in their legal status (e.g. see Lockyer (2005) for details about recent changes in Cali-
fornia). These advancements coupled with the current interest in developing open source and ex-
tensible geocoding platforms will undoubtedly have a large impact on addressing the current and
future needs of the cancer registry and research communities.

It is recommended that additional needs assessment activities should be considered in a future phase
of this research. The activities should concentrate on obtaining more information regarding the
types of metadata typically collected by cancer registries, geared toward development of methodolo-
gies for collection, formatting and interpretation of metadata. Furthermore, it is also recommended
that in the future, research methods or protocols for defining the accuracy of reference datasets used
in geocoding be developed for cancer registries.
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11 List of Terms

Abbreviation Description
CDC Centers for Disease Control and Prevention
DCPC Division of Cancer Prevention and Control
GIS Geographic Information System
IRB Institutional Review Board
NAACCR North American Association of Central Cancer Registries
NCI National Cancer Institute
NGC Northrop Grumman
NPCR National Program of Cancer Registries
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