Understanding Statistical
Data for Mapping Purposes

By Aileen Buckley, Esri

Many maps portray statistical or numerical data. If the map is effectively

executed, you will intuitively and correctly understand the statistic mapped.

Judging the effectiveness of a statistical map is easier if you understand the

data being mapped and the method used to map it. This article explores

issues related to mapping statistical data.

Qualitative versus Quantitative
Fundamentally, maps display only two
types of data: qualitative and quantitative.
Qualitative data differentiates between
various types of things. Quantitative data
communicates a message of magnitude.
While either type of data can be ex-
pressed in a map using points, lines, poly-
gons, and raster cells, the methods for map-
ping these two types of data are somewhat
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different. The categorical differences in
qualitative data can be shown with symbols
that vary by color hue (e.g., red, green, blue)
and shape (e.g., circles, squares, triangles).
Quantitative data can also be effectively
portrayed using symbol variations such as
orientation and pattern spacing, but hue,
shape, lightness, and size are most often
used because they are the most easily and

correctly understood symbols.

A number of mapping methods have
been developed that combine various map
features and symbols. Choropleth map-
ping uses lightness to symbolize polygons.
Proportional symbol maps display results
as points that vary in size based on their as-
sociated values.
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Number of People (In Thousands)
Area (Square Miles)
Denisity (Number of People/Area)

1372.4
363.2
3778.74

M Figure 1A shows statistics for the number of persons, area, and
density (people/area) for five enumeration units. Figure 1B shows
the units arbitrarily divided into 10 new units.
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A. Counts: Original Data

B. Counts: Recalculated Values

C. Density: Original Data

D. Density: Recalculated Values

M Figure 2: Itis correct to use the chloropleth method to map densities but not counts.

quantitative in nature, this article focuses
on mapping quantitative data. However, to
appropriately map quantitative data, you
must understand it. Not all methods work
equally well for all quantitative data.

Demographic data provides an example.
It shows the statistical characteristics of a
population and is one of the most common
types of statistical data shown on maps.
Demographic data, which can include data
for race, gender, age, employment status,
and other factors, is tabulated over enu-
meration units such as counties, census
tracts, ZIP Code areas, or school districts.
The tabulations include the count of fea-
tures, such as persons, households, hous-
ing units, or students, within those units.
They can also include characteristics that
describe those features, such as age, race,
and income to describe people or age and
type of housing unit.

Counts and characteristics can be used

to derive measures that express either
summarizations (e.g., mean, median) or
relationships (e.g., densities, proportions).
Tabulations and derived values for enu-
meration units are assumed to be uniform
across the area and change at unit bounda-
ries (i.e., they do not blend from one unit
into another).

Landscape indicators for watersheds or
subwatersheds and tax values in cadastral
parcels are two examples of data collected
for the unit as a whole that are assumed to
be distributed uniformly across the unit and
change at unit boundaries. In addition to de-
termining whether the data being evaluated
has these characteristics, there is another
thing you need to know before mapping it.

Spatially Extensive versus
Spatially Intensive Data

You must also consider whether the sta-
tistic being mapped depends on the size
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of the unit. Counts or totals and measures,
such as area and perimeter, are summary
statistics for the unit and are only true when
they represent the unit as a whole. These
statistics are said to be spatially extensive.
The statistic is the sum of the properties of
elements that make up the unit. For exam-
ple, totals are the sum of the items counted
in the unit. Perimeter is the sum of the
length of line segments that make up the
boundary of the unit. If you change the size
of the unit, these statistics will change.

In contrast, values such as population
density or cancer rates can describe any
part of the unit (if the unit is assumed to
be homogeneous). These statistics are spa-
tially intensive and do not depend on the
size of the unit. If you divide the unit, the
value will stay the same. However, values
for spatially extensive data cannot stay the
same.

Spatially intensive data can be derived
from spatially extensive data. For example,
dividing counts by area yields density or di-
viding the count for one unit by the sum of
counts for all units yields a proportion.

Tounderstand this better, look at Figure 1.
Data for the five enumeration units shows
the number of people, area, and popula-
tion density for each unit. Recalculating
the values based on an arbitrary division
of the original units reveals that spatially in-
tensive measures, such as density, are not
dependent on the size of the area, whereas
spatially extensive variables, such as area or
count, are spatially dependent.

You can recalculate all the statistics if you
assume the original counts to be uniform
within the units, one of the assumptions of
demographic data discussed earlier. The
area can easily be recalculated, as can the
percentage of the old area that the new
area comprises (new area/old area). To cal-
culate the new count, the old count is mul-
tiplied by the percentage of area for the
new unit, resulting in a new value. This new
value will only be correct if it is assumed
that the number of people is evenly distrib-
uted within the unit. However, recomputing
the density gives the same value as before,
because the count changes in direct pro-
portion to the area.

The maps in Figure 2 show the data
mapped using the choropleth method.
When counts are symbolized using light-
ness (noting that darker is always @
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A. Counties: Population Density
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interpreted as more), the map of recalcu-
lated values varies greatly from the map of
original values.

This violates the assumption that the
values in enumeration units are uniform
across the area. However, when density
is mapped, the distributions appear ex-
actly the same. Arbitrarily dividing the units
does illustrate the properties of spatially
intensive and extensive data, but it is not
something you would probably ever need
or want to do.

Let's look at the actual data. The data
is not evenly distributed within the unit,
as is the case with most areal data. The
original units (shown in Figure 3) relate to
counties and are further subdivided into
census tracts. Mapping population density
for these tracts reveals that for the entire
area, the population is concentrated in
the southwest. However, mapping popu-
lation by county masks this variation in
distribution.

There is also another problem with

B. Census Tracts: Population Density

M Figure 3: Mapping the population density for census tracts (B)
reveals that the people are concentrated in the southwest—a fact
obscured by the population density by county (A).

mapping counts or totals and other spa-
tially extensive data within areas using
the choropleth method. Distributions that
are uniform will be masked. The maps in
Figure4A,4B,and4Cshowdatamappedfirst
as a uniform distribution, then as two choro-
pleth maps that display feature counts and
feature density. The count ranges widely by
area, causing a range of lightnesses on the
map in Figure 4B. Although the density is
the same for all areas, this variation gives a
false sense of the way the features are dis-
tributed within the areas. In contrast, the
map in Figure 3C has the same density for
each unit. The lack of variation in lightness
between units gives the correct impression
of feature distribution.

Figures 2 to 4 demonstrate a very im-
portant caveat: counts or totals and other
spatially extensive data should never be
symbolized using the choropleth mapping
method.

Why?

Because this method does not accurately

represent the nature of the data. Mapping
spatially extensive data using a choropleth
method masks the concentration of fea-
tures within the areas because it assumes
the distribution is uniform as shown by the
maps in Figure 2. The choropleth method
also masks distributions that are uniform,
as shown by the maps in Figure 4. Different
units on the map cannot be compared be-
cause no consistent denominator has been
used to provide a basis for comparison.
Although this is just one example of the
use of a mapping method that is not ap-
propriate to the type of data, it is one that
is grievous and all too common.

Normalizing or Standardizing
the Data

Now that you understand the need to
match the mapping method to the nature
of the data, the next step is to learn how to
work with the data so that it is in the correct
form for the type of mapping method you
are using.
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To correct the problems caused by map-
ping counts using the choropleth method,
you can convert the data to the correct
type so it can be shown by lightness within
areas. This is often necessary for data rep-
resented as points, lines, or rasters and
with other mapping methods such as pro-
portional circle.

Do this by normalizing or standard-
izing the data. These two terms, often
used interchangeably, are slightly differ-
ent. Normalizing the data scales all nu-
merical values to a range from zero to one.
Standardization transforms the data so that
is has zero mean and unit variance. Both
techniques have drawbacks. If the data-
set has outliers, normalizing will scale the
normal data to a very small interval. When
using standardization, the assumption is
that the data has been generated with a
certain mean and standard deviation, al-
though this may not be the case.

Methods to Derive Appropriate
Measures
In mapping, cartographers often use the
term derived data to refer to data that has
been transformed through normalization
or standardization so it can be compared
in a meaningful way. Transformations
commonly used in mapping include ratios
or rates, proportions, percentages, and
densities.

It is important to differentiate between
spatially intensive and spatially extensive
measures. Density is a spatially extensive

A. Uniform Distribution
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Transformation

Ratios express the relation of one observation to another.

Operation

Ratio or rate = n,/n,

Proportions express the relation of a single observation to

all observations.

Proportion = n,/N

Percentages express the same thing as proportions but
using values that range between 0 and 100.

Percentage = n,/N * 100

Densities express the relationship of an observation to the

size of a unit area.

Density = n,/A

M Table 1: Commonly used mapping tranformations computed using the following
operations, where na is the number of observations in one category, nb is the number of
observations in another category, N is the total of all categories, and A is the area of the unit.

measure. A proportion, generated by di-
viding the number of items in a unit by the
total number of items, is spatially extensive
because the number per unit has been
divided by a constant (the total number of
things). For derived values such as propor-
tions, percentages and rates, the resulting
numbers can only be true for the entire
unit, not parts of it. For units of intrinsic
importance (e.g., counties) mapping the
proportion of the value allocated to each
unit should not be mapped using the cho-
ropleth method. In such cases, it may be
best to use graduated symbols.

Figure 5 shows maps for some types of
derived data. Figure 5A shows two of the
statistics in the original data that were used
in the calculations—the number of stu-
dents and teachers in each unit. The area
of each unit can be calculated using GIS.

Using the formulas in Table 1, maps were

B. Choropleth Map of Counts

N Figure 4: Uniform distributions (A) are masked using the choropleth mapping method to
show spatially extensive data, such as counts (B), rather than a statistic for spatially intensive

data, such as density (C).

created that show the density of teachers
(5B), the percentage of teachers (5C), and
the ratio of students to teachers (5D) for
each unit. These very different maps would
be used to answer very different questions.

For example, knowing the density of
like,
Where are a lot of teachers concentrated?

teachers helps answer questions
This might be useful if you want to hold a
meeting at a location that will minimize
travel distance for most of the teachers
attending. Knowing the percentage of
teachers in each unit helps answer ques-
tions like, How many of all the teachers
are allocated to each unit? This would be
helpful for disbursing funds to teachers for
school supplies.

One problem is that derived values can
mask the nature of the data used in the cal-
culations. For example, the map in Figure 3
can hide the fact that not all teachers @

C. Choropleth Map of Density

Number of People per Square Mile = 0.014
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A. Original Data B. Density of Teachers

T: Number of Teachers Number of Teachers/Area of Unit
S: Number of Students

C. Percentage of Teachers D. Student to Teacher Ratio

(Number of Teachers/Total Number of Number of Students/Number of Teachers
Teachers (81,098)) * 100

A Figure 5: The original data includes counts of teachers and students. The area of the units was calculated with GIS. These spatially
extensive measures can be converted to spatially intensive data that can be appropriate to be mapped using the choropleth method.
Examples include densities (B), percentages (C), and ratios (D). (Data source: California Ed-Data website: www.ed-data.k12.ca.us)
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are employed full-time. Two half-time
teachers may count as two teachers but
together are only one full-time equivalent
(FTE). This aspect of the data is not cap-
tured unless the number of FTEs is mapped
rather than the number of teachers.

Also, quantities that are not comparable
should not be used to calculate ratios. For
example, you would not calculate (or map)
the number of teachers per school unless
all the schools were roughly equal in size.
For this ratio to make sense, the schools
have to be comparable.

Summary

Understanding more about the nature
of the statistical data used for mapping
purposes will help you better understand
the methods that can be used to map it.
Ultimately, the goal is to match appropri-
ate data with the most effective method so
that your map can be easily, quickly, and
correctly interpreted by your readers.
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