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Comments on Boone et al., ‘‘Validation of a GIS Facilities Database:
Quantification and Implications of Error’’
To the Editor:

Boone et al. (1) contribute to a much-needed critical view of
Geographic Information Systems (GIS) databases com-
monly used in spatial epidemiology. Their analysis quanti-
fied count, attribute and positional error of a commercial
database of physical activity facilities in two U.S. communi-
ties. Their findings indicate that the commercial database
contained appreciable error, but they found no evidence
to suggest the built environment–health association would
be biased. I would like to comment on a number of method-
ological issues which may benefit future studies of a similar
nature.

First, the authors are not the first to explore such a valida-
tion study and claims that ‘‘count and attribute errors in da-
tabases of community resources .. have not been assessed’’
are incorrect. Both Patterson et al. (2) and Zandbergen and
Green (3) have characterized the errors associated with
schools and were published before Boone et al. (1) was ac-
cepted. While Boone et al. (1) characterized a larger variety
of facilities, schools represented about one third of their
sample. Patterson et al. (2) compared two national data sets
of schools and found that they both differed substantially
from a local and field-validated data set in terms of attributes
and location. Combining the two national data sets resulted
in a substantial improvement. Zandbergen and Green
(2007) characterized the positional error in school locations
using multiple geocoding techniques and found substantial
disagreement among the techniques as well as substantial
errors in the placement of geocoded locations relative to
pollution sources, resulting in significant bias in exposure
misclassification at short distances. This suggests that any
claims regarding a lack of bias should be examined very
carefully.

Second, the authors provide a relatively incomplete
characterization of the positional error of geocoded loca-
tions. It is firmly established that the positional error of
street geocoding is not normally distributed, but more
closely resembles a log-normal distribution (4–6). As a re-
sult, statistics such as mean and standard deviation are not
very meaningful, in particular for the relatively low sample
sizes employed by Boone et al (1). Instead, the use of statis-
tics such as median or percentiles (75th, 90th, 95th) is rec-
ommended, or alternative representations that capture the
error distribution more completely (e.g., cumulative distri-
bution functions or quintiles). As a result, the claim by
Boone et al. (1) that the ‘‘positional error.was larger than
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distances observed in residential geocoding validation stud-
ies’’ is not supported by the published data. The total sample
size for this part of the analysis (n Z 105) is also quite small
to support this claim, in particular because this is further bro-
ken down into urban and non-urban facilities as well as into
eight different types of facilities. A more complete charac-
terization of the error distribution would have been more
useful to support their claims in addition to serving as a more
meaningful comparison for other validation studies.

Third, the authors determine agreement of administra-
tively defined neighborhood and nearest streets for field val-
idated (using Global Positioning System [GPS]) and
geocoded locations. Census units were used as neighbor-
hoods and both field validated and geocoded locations were
spatially matched to ‘‘U.S. census geography shapefiles
(2005)’’. This form of point-in-polygon overlay technique
is widely employed but is not appropriate to assign census
enumeration unit codes (7, 8). While the analysis serves
the purpose of demonstrating the effect of positional error
on spatial overlay analysis, the use of census geographies is
misleading. The U.S. Bureau of the Census discourages this
approach to assign census enumeration unit codes (8) and
the ‘‘gold standard’’ in this case should be the use of look-
up tables provided by the U.S. Bureau of the Census (7).
For the analysis of roads, both field-validated and geocoded
locations were spatially matched to ‘‘ESRI StreetMap USA
(2004)’’ data. These data represent an enhanced version of
the U.S. Bureau of the Census TIGER 2000 files, but are
of similarly poor positional accuracy. Given the effort in-
volved in collecting differentially corrected GPS locations,
the use of such a low-quality road network is surprising and
reduces the robustness of the analysis. The ‘‘gold standard’’
in this case should have been a data set of street centerlines
from local authorities or similar high quality reference data.
The spatial matching of geocoded locations to the nearest
street segment is also confounded by the fact that no end
off-set was employed in street geocoding. Facilities at the
start or end of a specific address range could easily be snap-
ped to the intersecting street segment instead of the street
segment along which the locations were geocoded.

Fourth, the criterion measure for the location of facilities
is the ‘‘obtained curbside GPS’’ reading. As the authors
themselves acknowledge, some of the facilities are quite
large and it is debatable what the criterion location should
be. Several other studies on geocoding quality using rela-
tively small sample sizes have employed digital orthophotog-
raphy to identify building locations (2–4, 9–11) and it is
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unclear why the curbside location would be more meaning-
ful. Presumably, for the analysis of spatial accessibility, the
location of the entrance to the facility may be of most inter-
est, but this will vary with the specific objective of the sub-
sequent analysis. In any case, I question the claim that the
facilities were mapped to within an accuracy of 1 to 2 meters
because: (a) no evidence is presented to support this state-
ment (other than a reference to the equipment used); (b)
the statement lacks an accuracy metric (e.g., 68th percentile
or Root Mean Square Error [RMSE]); and (c) the criterion
location is ambiguously defined.

Finally, the authors claim that the errors found are not
likely to result in systematic misclassification, but these
claims are not supported by the findings. Most types of errors
characterized were larger in non-urban areas relative to ur-
ban areas and the commercial database consistently under-
estimated facility counts relative to field census counts.
Both these results warrant a closer examination of potential
bias introduced in subsequent analyses. Several other poten-
tial sources of error and bias, including the direction of po-
sitional error or selection bias in geocoding match rates by
type of facility or by neighborhood, were not investigated.
Sample sizes were also too small to test differences in error
between different types of facilities. Most importantly, no
specific scenario was analyzed which would allow for an
evaluation of potential biases. Presumably, the database will
be used to generate individual-level metrics of access to
physical activity facilities. However, without outlining the
specifics of this analysis and carrying out some form of error
propagation study, the magnitude of the effects of the errors
and the presence of any potential biases from using the com-
mercial database are unknown.

Any study employing spatial data in a GIS environment
should determine the ‘‘fitness for use’’ of the data prior to any
spatial analysis. The publication of Boone et al. (1) is among
a handful of studies in spatial epidemiology that attempt to
do this in a consistent manner, but the claim that ‘‘bias to
associations with health-related outcomes is probably small
and toward the null’’ is not supported by the analysis results
presented to date.

Methodological limitations aside, Boone et al. (1) pres-
ent a meaningful addition to the literature on the quality
of spatial databases of non-residential locations, but future
efforts in this area should consider refinements to the meth-
odology. As the scale of spatial epidemiological analysis
becomes finer, the demands on the accuracy of spatial data-
bases and on the robustness of spatial data processing and
analysis become greater. While the availability of commer-
cial databases and the ease of use of GIS analysis tools pres-
ent great opportunities for spatial epidemiology, the burden
remains on the researcher to ensure such databases and tools
are sufficiently robust to provide meaningful insights into
the relationships between environmental factors and
health-related outcomes.
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