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by Philippe Finès

In most instances, however, it is not
easy to determine if the selective
approach is valid, and it is important
to know if the selected UAs adequately
represent the PI; that is, whether the
PI is highly concentrated in those UAs
and rare in the UAs that were not
selected.  This article offers a method
of determining if these conditions exist.

A detailed description of the proposed
method is presented, along with an
illustration of how it applies to studies
of the Aboriginal peoples of Canada,

specifically, Inuit and Métis living in
rural areas. The method is compared
with related classification methods,
and other considerations are discussed.

Definitions
For situations in which the selected
UAs are known,

• “proportion” (for a given UA) is
defined as the number of PI
individuals divided by the total
number of individuals;

In ecological studies, individuals are
 grouped into units of analysis (UAs) rather

than being considered separately. In certain
instances, a researcher may wish to employ UAs
to make inferences about a population, but there
is a potential for error if the population of
interest (PI) is not sufficiently represented in
those UAs.  A selective approach is used when
the aim is to choose a subset of UAs and produce
interpretations about a PI based solely on those
UAs.  If the selected UAs contain only PI
individuals, and if PI individuals are present only
in those UAs, the selective approach is obviously
valid in that it yields results from which it is
possible to draw conclusions about the PI.

Abstract
Background
A selective approach may be used in an
ecological study where the aim is to choose a
subset of units of analysis (UAs) and produce
interpretations about a population of interest (PI)
based solely on those UAs.  The results for the
PI will be reliable if that population is
concentrated in the selected UAs and rare in
other UAs.  This article presents a graphical tool
that helps determine whether these conditions
are satisfied.
Data and methods
Data on the Inuit and Métis ancestry populations
from the 1996 Census of Canada are used for
illustrative purposes.  Based on a classification
statistics table, a concentration-coverage curve
can be created for a given PI.  The shape of the
curve indicates whether it is possible to choose
a threshold that will yield both adequate
concentration and adequate coverage of the PI.
Results
The concentration-coverage curve shows that,
among Aboriginal peoples living in rural areas,
the Inuit population is classifiable, but the Métis
population is not.
Interpretation
This method can be applied to any ecological
study focussing on the proportion of individuals
sharing a single characteristic defined by a
binary variable.
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• “concentration” is the number of
PI individuals divided by the total
number of individuals in the selected
UAs; and

• “coverage” is the number of PI
individuals in the selected UAs
divided by the total number of PI
individuals.

Based on these concepts, a PI is
“classifiable” (and therefore, the
selective approach is valid) if a threshold
α (between 0 and 1) can be chosen
such that selecting only UAs in which
the PI makes up a proportion at least
equal to α yields both high concentration
and high coverage of the PI.   For
purposes of illustration, two Aboriginal
groups—Inuit and Métis—are
considered as the PI, and Census
Enumeration Areas (EAs) as the UAs.

Preliminary steps
The method of determining if a PI is
classifiable is based on the complete
list of UAs, sorted in ascending order
according to the proportion of their
population who are members of the
PI.  Each line in the list corresponds
to one UA and contains:  the number
of PI individuals in the UA, the total
population of the UA, and the proportion
of the total who are members of the
PI.  (Because Canada contains 42,926
Census Enumeration Areas, it would
be impractical to include the entire
list in this article.  It is available from
the author on request.)  The procedure
is as follows:

• Choose a line, i, from the list.
• Add the number of PI individuals

from line i to the bottom of the list
and divide that sum by the total
number of PI individuals.  The result
is the coverage of the PI given by

all the UAs in which the PI proportion
is at least equal to the proportion
in line i.

• Divide the same numerator (the
number of PI individuals from line
i to the bottom of the list) by the
total number of individuals in the
UAs from line i to the bottom.  The
result is the concentration,
determined by all UAs in which the
PI proportion is at least equal to
the proportion in line i.

• Consider another line, j, from the
list such that line j has a higher PI
proportion than line i (that is, line
j is further down the list). By design,
line j has lower coverage but higher
concentration than line i.

The classification statistics
table
From the list of UAs, it is possible to
produce the classification statistics table.

Table 1
Classification statistics,† Inuit ancestry population

Number of Proportion of
Enumeration Number of individuals Number of Proportion of
Areas (EAs) individuals in selected individuals individuals

selected (EAs in Total in selected EAs who in selected in selected
which proportion number of EAs who are are members EAs who are EAs who are

of individuals individuals members of of population members of members of Complement
Threshold in population in selected population of interest = complementary complementary Coverage = of

ααααα of interest ≥α≥α≥α≥α≥α) EAs of interest Concentration population population Sensitivity Specificity specificity

(1) (2) (3) (4) = A (5) = (4)/(3) (6) = (3)-(4) = B (7) = (6)/(3) (8)= A/(A+C) (9)=B/(B+D) (10)=D/(B+D)
0.00 42,926 28,454,565=N 39,845 = A+C 0.00140 28,414,720=B+D 0.99860 1.00000 0.00000 1.00000
0.05 91 54,265 35,085 0.64655 19,180 0.35345 0.88054 0.99932 0.00068
0.10 75 48,230 34,665 0.71874 13,565 0.28126 0.87000 0.99952 0.00048
0.15 68 45,135 34,300 0.75994 10,835 0.24006 0.86084 0.99962 0.00038
0.20 65 42,885 33,875 0.78990 9,010 0.21010 0.85017 0.99968 0.00032
0.25 64 41,605 33,570 0.80687 8,035 0.19313 0.84251 0.99972 0.00028
0.30 63 40,715 33,335 0.81874 7,380 0.18126 0.83662 0.99974 0.00026
0.35 62 40,145 33,140 0.82551 7,005 0.17449 0.83172 0.99975 0.00025
0.40 61 39,920 33,055 0.82803 6,865 0.17197 0.82959 0.99976 0.00024
0.45 58 37,840 32,170 0.85016 5,670 0.14984 0.80738 0.99980 0.00020
0.50 56 37,005 31,775 0.85867 5,230 0.14133 0.79747 0.99982 0.00018
0.55 56 37,005 31,775 0.85867 5,230 0.14133 0.79747 0.99982 0.00018
0.60 54 35,990 31,200 0.86691 4,790 0.13309 0.78303 0.99983 0.00017
0.65 51 33,750 29,790 0.88267 3,960 0.11733 0.74765 0.99986 0.00014
0.70 50 33,380 29,540 0.88496 3,840 0.11504 0.74137 0.99986 0.00014
0.75 46 27,975 25,585 0.91457 2,390 0.08543 0.64211 0.99992 0.00008
0.80 43 26,555 24,480 0.92186 2,075 0.07814 0.61438 0.99993 0.00007
0.85 43 26,555 24,480 0.92186 2,075 0.07814 0.61438 0.99993 0.00007
0.90 35 21,600 20,110 0.93102 1,490 0.06898 0.50471 0.99995 0.00005
0.95 4 1,275 1,220 0.95686 55 0.04314 0.03062 1.00000 0.00000
1.00 0 0 0 ... 0 ... 0.00000 1.00000 0.00000

† numbers between 0 and 1 with five decimal places
...  not applicable
Note: Letters correspond to cells in classification matrix (Table 2).
Source: 1996 Census of Canada.
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This table (shown for the Inuit
population in Table 1) is drawn from
the list of UAs (only proportions that
are multiples of 0.05 are shown).  The
rows correspond to the thresholds 0.00,
0.05, 0.10, … 1.00.  (The row for
threshold 0.00 is included for the sake
of completeness, but it is not a threshold
value that can be used).  Columns (1)
through (5) contain:  threshold α, the
number of UAs selected (that is, the
number of UAs with a proportion at
least equal to the threshold), the total
number of individuals in the selected
UAs, the number of PI individuals in
the selected UAs, and the PI
concentration in the selected UAs.
Columns (6) and (7) pertain to the
complementary population, and column
(8) shows the PI coverage.  Columns
(9) and (10) and another interpretation

of column (8) will be examined later,
along with an explanation of letters
A, B, C, D and N.

As the threshold increases, the number
of UAs selected decreases.  For example,
when the threshold is 25%, the set of
UAs in which the PI constitutes at least
25% of the population would be selected.
A higher threshold would be more
selective in that a smaller subset of
UAs (all of which were included in
the previous subset) would be selected.
This new subset contains fewer
individuals who are members of the
PI, but also fewer individuals who are
not members.

This reasoning can be summarized
as follows:  moving down the rows
of the classification statistics table
increases the threshold, which lowers
coverage (from a maximum of 1) and

increases concentration (up to a value
less than or equal to 1).  Consequently,
if the threshold is too high, coverage
of the PI may be insufficient; if the
threshold is too low, a large number
of individuals who are not members
of the PI may be included, and
concentration would then be reduced.

Constructing and interpreting
the concentration-coverage
curve
For a PI to be classifiable, it must be
possible to choose a threshold that yields
both adequate concentration and
adequate coverage of the PI.  To
determine if these criteria are satisfied
for a given PI, concentration is plotted
in relation to coverage—the
concentration-coverage curve (CC
curve).

Figure 1
Concentration-coverage curve, Inuit and Métis populations living in rural areas, 1996

Note: The dots on the curves indicate threshold (α) values.
Source: 1996 Census of Canada.
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The CC curves for the Inuit and Métis
populations are shown in Figure 1:
the dots on each curve represent a
specific row in the classification statistics
table.  For the sake of clarity, the
threshold value is indicated for some
of the dots on the curves.  (The
classification statistics table for the
Métis population is not shown in this
article, but is available from the author
on request).  For the Inuit population
CC curve, two pairs of thresholds
(α = 0.50, 0.55 and α = 0.80, 0.85)
correspond to the same number of EAs,
so two pairs of dots have the same
coverage (.80 and .61).

The upper left part of the Inuit
population CC curve is almost horizontal
and runs more than half the length of
the X-axis:  this part of the curve
represents EAs with both high
concentration and high coverage.
Therefore, the shape of the curve
indicates that selecting these EAs is
sufficient for good classification of
the Inuit population.  For example,
if the goal is 50% coverage, only EAs
that yield a concentration of more than
about 93% would be selected; in Table 1
and Figure 1, those are the EAs in which
the proportion of the PI (that is, the
Inuit population) is greater than or equal
to a threshold of 0.90.  A lower threshold
is not necessary.  (For 75% coverage,
EAs that yield a concentration of 87%
would be retained; this corresponds
to a threshold of 0.60).  Thus, according
to the criteria stipulated above, the
Inuit population is a classifiable PI.
For example, the threshold used by
Wilkins et al.1 in their analysis of life
expectancy in Inuit-inhabited areas was
33%, which  resulted in both
concentration and coverage around 80%.

The Métis population presents a very
different picture.  Unlike the Inuit
population curve, the CC curve for
the Métis population drops off sharply
on the left and then flattens out
(Figure 1).  The shape of the curve
indicates that it is impossible to find
a threshold that yields both high
coverage and high concentration of
the Métis population:  50% coverage

would require a relatively low
concentration of 11% (obtained with
a threshold of 0.05); at concentration
of around 40%, coverage would scarcely
reach 16% (with a threshold of 0.20).
Therefore, unlike the Inuit population,
the Métis population is not a classifiable
PI, even though it is considerably larger
(199,235 versus 39,845).

Classification matrix
Table 1 demonstrates that as the
threshold rises, the number of UAs
that are selected declines, and the
contents of column 3 (total population
in the selected UAs), column 4 (number
of PI individuals in the selected UAs)
and column 6 (number of people in
the selected UAs who do not belong
to the PI) decline. At the same time,
the average proportion of PI individuals
in the UA increases.

These results can be explained by
the concepts involved in classification
theory.  Classification involves two
binary variables:  UAs selected or not
selected, and individuals who are
members of the PI or who are not
members of the PI (the complementary
population). These variables can be
illustrated in a  classification matrix
(Table 2).  The N individuals in the
Canadian population are distributed
among the matrix’s four cells as follows:

- Cell A contains the individuals who
are members of the PI and live in
a selected UA - “true positives.”

- Cell B contains the individuals who
are not members of the PI, but live
in a selected UA - “false positives.”

- Cell C contains the individuals who
are members of the PI, but do not
live in a selected UA - “false
negatives.”

- Cell D contains the individuals who
are not members of the PI and do
not live in a selected UA - “true
negatives.”

With higher thresholds, the values
of A and B decrease, while C and D
rise. The values of A+C, B+D and N,
of course, remain the same. Hence,
sensitivity, which is A/(A+C) and is
simply another term for coverage,
declines (column 8); specificity, which
is D/(B+D), increases (column 9); and
the complement of specificity declines
(column 10).

Comparison with other curves
The information in the concentration-
coverage curve can be displayed
graphically in another type of curve—
the receiver operating characteristic
(ROC) curve.  Commonly used in
classification2 the ROC curve captures
the quality of a classification in relation
to all of the selected thresholds.  To
construct it, sensitivity is plotted in
relation to the complement of specificity.
When the threshold rises, sensitivity
and the complement of specificity
decrease (movement down and to the
left along the ROC curve).  In other
words, the lower left corner (coordinates

Table 2
Classification matrix

Individuals who Individuals who
are members are not members

  of population of population
of interest of interest Total

Residents of
units of analysis A B
that were selected (“true positives”) (“false positives”) A+B

Residents of
units of analysis C D
that were not selected (“false negatives”) (“true negatives”) C+D

Total A+C B+D N
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0,0) corresponds to the highest threshold
(1.00), and the upper right corner
(coordinates 1,1) corresponds to the
lowest threshold.

Figure 2 presents ROC curves for
the Inuit and Métis populations.  As
in the CC curves, some of the values
of thresholds are indicated with dots
on the curves.  Because Aboriginal
people make up a small proportion of
Canada’s population (0.1% for the Inuit
population, as indicated in row 0.00
of Table 1), very high specificity, and
therefore, a very low value for the
complement of specificity are invariably
obtained in the ROC curve. (This is
why Figure 2 shows two version of
the ROC curve: the complete curve

in the insert, and the one that excludes
threshold 0.)

The ROC curve is an intuitive
classification criterion:  the closer a
curve is to the upper left corner, the
more classifiable is the PI.  In Figure
2, the Métis population ROC curve
is farther from the upper left corner
than the Inuit population curve, which
indicates that the Métis population is
less classifiable than the Inuit population.

The CC curve, however, provides
more information than the ROC curve,
in that it is a qualitative visual means
of determining whether a PI is
classifiable.  A PI whose CC curve
remains roughly horizontal for some
distance on the upper left side of the
graph is classifiable; a PI whose CC

Figure 2
Receiver operating characteristics curve, Inuit and Métis populations living in rural areas, 1996

Note: Full graph is shaded portion of inset.  The dots on the curves indicate threshold (α) values.
Source: 1996 Census of Canada.
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curve falls sharply on the left is not
classifiable.  Also, in the case of
particularly rare PIs such as the Inuit
and Métis populations, displaying
specific thresholds values in the ROC
curve is difficult:  the highest thresholds
are stacked on the lower left part of
the curve.  By contrast, these thresholds
are scattered along the CC curve.

Curves that are generally used to
measure inequality, such as the Lorenz
curve,3 and Kakwani's income inequality
curve,4 contain an additional dimension
(usually income) and do not serve the
present purpose, which is to determine
if a PI is classifiable.  The CC curve
uses a single variable—the PI proportion.
The unique aspect of the CC curve is
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In the example in this article, the
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(Aboriginal ancestry). Clearly, this
method can also be applied to any
ecological study focussing on the
proportion of individuals sharing a single
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proportion is small.  The characteristic
could be, for example, a language, a
behaviour or a disease. 
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