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Measuring Resource Inequality: The Gini Coefhcient

Abstract

This paper stems from work done by the authors at the Mathematics for Social Justice Workshop held in June
0£2007 at Middlebury College. We provide a description of the Gini coefficient and some discussion of how it
can be used to promote quantitative literacy skills in mathematics courses. The Gini Coeflicient was
introduced in 1921 by Italian statistician Corrado Gini as a measure of inequality. It is defined as twice the
area between two curves. One, the Lorenz curve for a given population with respect to a given resource,
represents the cumulative percentage of the resource as a function of the cumulative percentage of the
population that shares that percentage of the resource. The second curve is the line y = x which is the Lorenz
curve for a population which shares the resource equally. The Gini coefficient can be interpreted as the
percentage of inequality represented in the population with respect to the given resource. We propose that the
Gini coeflicient can be used to enhance students’ understanding of calculus concepts and provide practice for
students in using both calculus and quantitative literacy skills. Our examples are based mainly on distribution
of energy resources using publicly available data from the Energy Information Agency of the United States
Government. For energy resources within the United States, we find that by household, the Gini coefficient is
0.346, while using the 51 data points represented by the states and Washington D.C., the Gini coeflicient is
0.158. When we consider the countries of the world as a population of 210, the Gini coeflicient is 0.670. We
close with ideas for questions which can be posed to students and discussion of the experiences two other
mathematics instructors have had incorporating the Gini coefficient into pre-calculus-level mathematics
classes.

Keywords
Mathematics, Quantitative Literacy, Inequality, Gini Coefficient, Calculus, Social Justice, Inequity, Lorenz
Curves, Energy, Energy Resources, Resource Allocation
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Introduction

Today, there is a huge disparity between the technology, ed-
ucation, health care and agricultural methods that are avail-
able in the developed and developing world. The principal
challenge we face is to close that gap ... The countries, busi-
nesses and individuals that are on the right side of the divide
have to think hard about what kind of world they want us
all to live in 20 years from now. Narrowing the gap benefits
everyone, and we have the means to do it. If we don’t, we
will have missed an amazing opportunity.

— Bill Gates (Hofheinz 2000)

Inequality, or disparity using Gates’ terminology, is a recurring topic
within political and social discourse. Whether it is technology, educa-
tion, health care, or (most importantly in most peoples’ minds) money,
we know that some have more and some have less, the latter sometimes
arguably having not enough. How unfair the inequality is with respect
to any particular resource is a matter of debate. However, before en-
gaging in the fairness debate, there is the matter of how one actually
measures inequality. The Gini coefficient, introduced by Italian statis-
tician Corrado Gini in 1921 (Gini 1921), has been used in a wide variety
of resource allocation contexts to measure inequality including income,
wealth, credit availability, health care, and energy (Berndt et al. 2003).

The Gini Coefficient and Quantitative Literacy

In this article, we describe the concept of the Gini coefficient, demon-
strate how to calculate it, and provide examples involving energy con-
sumption inequity. We discuss how this material can be used to en-
hance calculus courses in particular, but also include some ideas for
the pre-calculus level, for example, algebra and modeling courses. Our
goals in undertaking this project were to develop and disseminate a set
of examples that could be used to promote awareness of social justice
issues among students taking mathematics classes, as well as provide
opportunities for students to learn and practice quantitative literacy
skills.

Given this latter goal, it might be appropriate for us to say how we
conceive of quantitative literacy and what role it might play within the
calculus curriculum. Quantitative literacy is not a well-defined concept,
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nor is there consensus within the mathematical community on what
constitutes quantitative literacy. However, we consider the following
skills to be part of what it means to be quantitatively literate:

1. The ability to understand quantitative information within a va-
riety of real-world contexts, including the relevance and meaning
of the given quantitative information in that context.

2. The ability to use mathematical and statistical methods to in-
crease understanding, solve problems, and reach conclusions within
a variety of real-world contexts. This would include being able
to use techniques from different areas of mathematics within a
single context.

3. The ability to critique the reasonableness of statements that in-
clude quantitative information or have quantitative information
as support.

4. The ability to use and develop appropriate representations of
quantitative information and use these within the context of writ-
ten and oral communications.

5. The ability to understand mathematical and quantitative content
from a conceptual standpoint, not simply as a set of algorithms
or procedures.

Notice that these items say very little about what particular mathe-
matical skills should be considered a part of quantitative literacy, other
than specific mention of statistics. We believe students, at whatever
level, should be encouraged and able to use the skills they have to un-
derstand and learn about the world around them. The 20th century
artist Robert Henri described this as the student being “master from
the beginning; that is, he must be master of such as he has.”! One
implication of this perspective is that quantitative literacy need not,
in fact should not, be confined to a narrow set of quantitative literacy
courses at the pre-calculus level. It should pervade not only the college
curriculum but also, and perhaps more so, the K-12 curriculum. Many
of our college students are not going to take calculus and so it is impor-
tant for students who are only going to take a single pre-calculus level
class to be exposed to quantitative literacy. However, this does not

Ip. 12, The Art Spirit, by Robert Henri
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mean we should ignore the quantitative literacy needs of our calculus
students.

Please also note that in our view quantitative literacy is not pri-
marily about the ability to carry out particular calculations, whether
in arithmetic or algebra or calculus. While learning fundamental math-
ematical skills is a necessary prerequisite for gaining quantitative liter-
acy, it should be the means to an end, rather than the principal goal
of mathematical education. The ability to analyze quantitative infor-
mation in a real-world context is the skill that will enable a person
to navigate more successfully through life in our information society.
The knowledge of how to carry out certain calculations is not sufficient
in itself. For example, a calculus student who is quite good at taking
derivatives, but is unable to apply the concept of rate of change beyond
textbook exercises, is missing key quantitative literacy skills. In what-
ever mathematics course we teach, at whatever level of the curriculum,
if we hope to improve our students’ quantitative literacy, we must help
them move past focusing on the calculations themselves to thinking
about how their new quantitative tools can aid them in understanding
our complicated world.

In the next sections we describe how to cover the Gini coefficient
and related material in a calculus course to address items 4 and 5 above,
and to a lesser extent, items 1 and 2. As we will see when we get into
the details below, the Gini coefficient is a way to represent or measure
inequality as the area between two curves. Understanding the Gini co-
efficient requires students to have a conceptual understanding of area
as well as cumulative percentiles. Students at the pre-calculus level can
certainly appreciate the application of the concept of area to represent
inequality, even if they use non-calculus methods to calculate or esti-
mate the area. For calculus students, this material provides students
with the opportunity to study the meaning of the derivative within a
new conceptual context, and reinforces the idea that integration is a
tool that allows us to measure area between curves precisely. The man-
ner of calculation is not the central focus here; it is using the students’
current set of mathematical tools to analyze a quantitative issue arising
in the real world.

We would also like to mention the aspect of social justice in our
motivation regarding this project. Incorporating social justice into the
mathematics curriculum almost necessitates the use of quantitative lit-
eracy on the part of the students. It is one of many possible contexts in
which quantitative information arises. The use of social justice issues
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can increase the emotional investment students have in their learning,
depending on the particular issue. It allows students to make connec-
tions between their mathematical learning, what they learn in other
courses and from news and other media, and their pre-existing knowl-
edge and attitudes. We believe these types of connections can greatly
enhance the value and depth of the learning students experience in our
classes.

Introduction to Lorenz Curves and the Gini
Coefficient

We begin discussion of the details of the Gini coefficient with an il-
lustrative example involving discrete data; continuous models will be
introduced later. Suppose we have 100 tokens (each representing a unit
of energy, income, food, water, or some other resource) and we divide
them up among 10 people, giving the first 1, the second 3, etc., so that
the kth person is assigned tokens according to the distribution function
u(k) = 2k — 1. Note that in this distribution we are ranking the people
in ascending order according to number of tokens assigned. Also note
that there is considerable inequality here: one individual receives only
a single token, whereas another individual is showered with 19 tokens.

Given this distribution function, we can define the associated Lorenz
curve, L(z), as the graph of the cumulative proportion function.? In
other words, L(x) is the proportion of tokens held by the poorest 1002%
of the population. In our example, L(0.1) = 1/100, L(0.2) = 4/100,
and in general, L(z) = 2 for all z = 0,0.1,0.2,---1. So, for example,
L(0.5) = 0.25 which indicates that the bottom 50% of the population
has 25% of all the tokens. The top 10% of the population receives
1 —L(0.9) = 19/100 or 19% of the tokens.

Now, if we wanted to distribute our 100 tokens as equitably as pos-
sible, we would assign each of the 10 people the same amount, namely
ten tokens. The distribution function would be u(k) = 10. The as-
sociated Lorenz curve is formed by connecting the set of discrete data
points (z, L(z)) via a piecewise linear function or best-fit curve. In
the case of a uniform distribution function, we have L(z) = x. Thus,

2The Lorenz curve is named after Max Otto Lorenz, an American economist
who published the idea in 1905 to describe income inequality (Lorenz 1905). Max
Lorenz should not be confused with Edward Lorenz who founded chaos theory,
Konrad Lorenz who studied animal behavior, or the physicist Hendrik Lorentz.
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the function L(x) = x represents perfect equality. On the other hand,
if we wanted to create more inequality than represented by our first
distribution u(k) = 2k — 1, we might instead use the distribution
u(k) = 2871 so that the first person still receives one token, the sec-
ond two, and the 10th receives 2° = 512. This will require a total of
210 1 = 1023 tokens, but that is okay since we are going to consider
the proportion of tokens anyway. For z = 0.1,0.2,---1, we have that
L(z) = 221, In this case, L(0.1) = 1/1023, L(0.5) = 31/1023 ~ .03,
and L(0.9) = 511/1023 ~ 0.5. Thus, the bottom 50% of the population
receives only 3% of the tokens, the bottom 90% receives about half, and
the top 10% also receives about half.

Graphs for all three of these Lorenz curves appear in Figure 1. Ob-
serve that increasing the disparity among tokens received by different
individuals pushed the Lorenz curve further away from the “equality
curve” y = x. One reasonable way to measure the relative disparity
of token distribution is the area between y = z and any other given
Lorenz curve. The ratio of this area to the total area of the triangle
under y = x is how the Gini coefficient is defined. Note that in defining
the Gini coefficient in this way we are implicitly expanding the domain
of our Lorenz functions L(z) to the interval [0,1]. Under this defini-
tion, the Gini coefficient will be at least 0 and at most 1. The latter
situation arises if one person within the population gets all the tokens,
and everybody else gets none.

Now imagine distributing tokens among a very large population. In
the extreme case of an infinitely divisible population, so any proportion
between 0 and 1 can be made, we can assume the Lorenz curve is con-
tinuous and apply calculus to calculate the Gini coefficient. Recall that
the Lorenz curve shows the cumulative proportion of tokens owned by a
proportion of the population. In calculus notation, the Gini coefficient
equals fol (z — L(z))dz divided by 1. This simplifies to

1
Gini coefficient = 1 — 2/ L(z)dx. (1)
0

Clearly, the uniform distribution with L(z) = x results in a Gini co-
efficient of 0, representing perfect equity (zero inequity). For the other
two examples, we can use any of the standard calculus techniques, either
numerical or symbolic, for determining the area between two curves. In
cases where L(z) itself is given only numerically, we could find an ap-
propriate best-fit curve for each example and integrate that function.
Examples utilizing these various methods are given later in this paper.
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Three Lorenz Curves
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Figure 1: An example of three possible Lorenz curves, L(x) = x repre-
sents equality, while L(z) = z* and L(z) = (2!%* — 1)/1023 represent
two different inequality scenarios.

There are also more specialized methods, such as the numerical rule
based on quintiles developed by Leon Gerber (Gerber 2007).

For the examples shown in Figure 1,the Gini coefficients can be
calculated using calculus by treating the Lorenz curve y = L(z) as a
continuous function. For L(z) = 2%, we get a Gini coefficient of

! 1
1—2/ 22dr = =
0 3

For the second example, the Gini coefficient is

1910z _ 1 210 _1q 1
1—2/ ———dr=1-2 — ~ 0.7134.
o 1023 10230In2 1023

As expected, the second example has a much larger coefficient, reflect-
ing the greater intuitive inequality. We could say the first distribution
is fairer than the second. In practical terms, however, would we say
that both of these distributions are unfair, or is the first fair and not

http://scholarcommons.usf.edu/numeracy/vol2/iss2/art4
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the second, or are they perhaps both to be considered reasonably fair
or at least not problematical?

With respect to income, the United Nations suggests that a national
Gini coefficient larger than 0.40 is considered high (People’s Daily On-
line 2006). Although they vary over time, Gini coefficients for income
within countries tend to range from a little under 0.20 to around 0.60,
with 0.40 being somewhat above the median. On the other hand, if one
calculates the Gini coefficient for the entire world considered as a sin-
gle population, the current value would be in the range of 0.65 (Palma
2006).

The Gini coefficient is highly dependent on how the population is
selected. For example, Tang et al. (Chotikapanich et al. 2006) note
that the Gini coefficient for urban residents of China and rural resi-
dents of China were both roughly 0.33 in 2003. However, the index
for the country as a whole was over 0.40. This was because the dis-
parity between the groups was larger than the disparity within the two
separate groups. Gini indices are typically affected by quite a number
of hidden variables, including household size, age distribution within a
population, and discrepancies between countries on how income data
are collected. In addition, as an economy undergoes certain types of
changes, inequality can increase, even though these changes might be
beneficial to the society as a whole and possibly even for the subgroups
that are “falling behind.” For example, if a country experiences an
upsurge in high paying jobs based on the new “knowledge economy,”
inequality will increase even though potentially no one in the country
is actually worse off (Kwok-chuen 2007).

The Gini coefficient can be used to measure inequality in many
other contexts besides income, including wealth, education, energy con-
sumption (Jacobson et al. 2007), airport concentration, plant sizes and
weights, or any other measurable quantity distributed across a popu-
lation. The Gini coefficient is sometimes interpreted as the percent of
inequality within a given population, and in this context it is called
the Gini index. For further discussion of the merits of the Gini coeffi-
cient compared to other measures of inequality, see University of Texas
Inequality Project (2007) and Palma (2006). Lastly, we note that the
Thiel index (see University of Texas Inequality Project 2007) is also a
frequently used, if technically involved, measure of inequality that has
some advantages over the Gini coefficient.
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Calculus and Lorenz Curves

The use of best-fit curves to replace the discrete L(x) function allows
us to work in the calculus context, as we did previously, so we pro-
ceed with continuous functions for v and L, rather than with discrete
data. Suppose we have a continuous distribution function u(x) on [0, 1]
describing, for example, energy consumption of a population. In this
context, u(0.2) indicates the 20th-percentile energy consumption level:
the energy consumption of 20% of the population is less than or equal
to u(0.2), while that of 80% is at least u(0.2). The function wu(z) is
assumed to be nonnegative and nondecreasing, that is, u(z) > 0 and
u'(x) > 0, since we order the population from poorest to richest in
resources, as was done in the previous examples. The normalized cu-
mulative distribution function is

U,

where u,, = fol u(s)ds is the mean value of u(z) on [0, 1]. The Lorenz
curve is the graph of L(x) on the interval [0,1]. Although both the
distribution functions u(z) and the Lorenz function L(x) need not be
everywhere differentiable — for instance it is possible for L(z) to be
piecewise continuous — in practice we will usually be approximating
discrete data with functions that are differentiable. Statements regard-
ing the derivatives of u(z) and L(z) should be taken in this context.
Basic properties of the Lorenz curve:

1. L(0) =0 and L(1) = 1: This is immediate from the definition.
2. L(z) is nondecreasing: L'(z) = u(z)/u,, > 0.
3. L(x) is concave up: L"(z) = u/(x)/um, > 0.

4. The slope of the Lorenz curve will equal 1 either at a unique point
or on a single closed interval: Recall that u is nondecreasing, so
0 < u(0) <y < wu(l). This implies that 0 < L/(0) = u(0)/up, <
1 and L'(1) = u(1)/uy, > 1. Since L”(x) > 0, there must be an
interval [a, b] C [0, 1] (where a = b is possible) on which L'(z) = 1,
while 0 < L'(z) < 1 on [0,a) and L'(z) > 1 on (b, 1].

5. This point or interval where L'(x) = 1 partitions the population
in a natural way:

http://scholarcommons.usf.edu/numeracy/vol2/iss2/art4
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(a) If L'(z) < 1, then u(z) = u,L'(x) < u, (below average
resource CONSumers).

(b) If L'(z) = 1, then u(z) = u,,L'(x) = u,, (average resource
consumers).

(c¢) If L'(z) > 1, then u(x) = w,,L'(x) > u, (above average
resource consumers).

We should note that this gives a straightforward way to derive
Lorenz curves, but the more typical approach would be to use den-
sity functions, as is presented by Leslie (2007). However, the latter
approach is much more involved and potentially confusing. In fact, in
the examples we give below we will start with cumulative data, and use
curve fitting in Excel to find L(x) as a practical way to obtain Lorenz
curves.

Three Energy Gini Examples

In this section we provide three examples of calculating the Gini coef-
ficient for energy consumption.? In each of our examples we start with
cumulative data and use Excel to find a fitted curve to approximate
the Lorenz curve. We provide one data set here so that readers can
consider the example on their own using the technology of their choice.

The first example is per capita 2001 U.S. electricity consumption
(Energy Information Agency 2004). The data are compiled from a
sample of 4822 households. We reduce the data to the deciles in Table
1 before curve fitting. The cubic curve we get from Excel (enforc-
ing the condition L(0) = 0 via the intercept option) for these data
is Lyspop(z) = 0.64082% 4 0.03262* + 0.3116x (r? = 0.999). The
next example uses data on 2004 electricity consumption per person
by state in the U.S. (Energy Information Agency 2007a).? The 51
data points generate a Lorenz curve of Lge(x) = 0.46782% + 0.53052
(r? = 1). The last example again uses data on 2004 Per Capita
Total Primary Energy Consumption by country (Energy Information
Agency 2007b) . Here we use 210 data points to find the fitted curve
of Lyoria(x) = 7.89952° — 16.2992* + 12.358x3 — 3.42762% + 0.3221x
(r? = 0.994). In these examples the condition L(0) = 0 is satisfied but

3The data are available at www.ithaca.edu/tpfaff /sustainability.htm in an Excel
format.
4The EIA website has recently replaced the 2004 data with updated 2006 data.
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Table 1: Deciles of U.S. Household Electricity Consumption

Proportion of Population | Cumulative Proportion of

Electricity Consumption
0.0 0.000
0.1 0.023
0.2 0.060
0.3 0.110
0.4 0.175
0.5 0.254
0.6 0.345
0.7 0.459
0.8 0.588
0.9 0.754
1.0 1.000

the conditions that L(1) = 1 and that L(x) be increasing on [0,1] are
not always met. By using mathematical software like Mathematica or
Maple, one can enforce all of these conditions. However, the effect on
the Gini coefficients (listed in Table 2) is quite small, and Excel has the
advantage of being more broadly accessible.

The Gini coefficients for these three curves, calculated using (1),
are in Table 2. One should certainly ask if the relative values of these
coefficients is expected. In other words, should it be the case the
Gini coefficientsqe < Gini coefficienty gy, < Gini coefficient,,qnq and
if so why?

Table 2: Three Gini Coefficients

Lorenz Curve | Gini coeflicient
LUSpop(I) 0.346
Lstare(7) 0.158
Lworld<x) 0.670

We can also use a numerical estimate instead of curve fitting to
calculate the Gini coefficient. We will use the trapezoid rule and the
data from Table 1. From Table 3 we estimate that the area under the

http://scholarcommons.usf.edu/numeracy/vol2/iss2/art4
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curve is 0.32681 =~ 0.327. However, recall that this is not the Gini
coeflicient but an estimate of the area under the cumulative proportion
of electricity consumption data. The Gini coefficient is given by 1 —
2(0.32681) & 0.346, which happens to agree quite well with the curve-
fitting estimate.

Table 3: Trapezoid rule calculation of the Gini coefficient using
the data in Table 1.

Proportion of | Cum. Prop. of | Average of Area of
Population | Elect. Consum. | Consec. y’s | Trapezoids
0.0 0.000 0.01155 0.001163980
0.1 0.023 0.04155 0.004155
0.2 0.060 0.0850 0.00850
0.3 0.110 0.1425 0.01425
0.4 0.175 0.2145 0.02145
0.5 0.254 0.2995 0.02995
0.6 0.345 0.4020 0.04020
0.7 0.459 0.5235 0.05235
0.8 0.588 0.671 0.0671
0.9 0.754 0.877 0.0877
1.0 1.000 Sum = 0.32681

Instructors can use these data and similar data in a classroom in a
number of ways. Students can be given the Lorenz curves directly or
given the data to calculate the Gini coefficient by a numerical method
or through curve fitting and integration. Either way, there is a number
of questions and activities that can be pursued. For example students
can be asked to find a best-fit curve for given data and then determine
where the Lorenz curve has a slope of 1, along with interpreting what
this point means. For instance, using Ly gpop(7) We solve Ly, (7) = 1
to get * = —0.518 and x = 0.585. In this example the x = —0.518
has no interpretation. On the other hand we can say that, according
to this model, the bottom 58% of energy consumers are using less than
their allotted share while the top 41% are using more.
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Suggestions for Further Exploration

A few other thought-provoking exercises are the following. If two
Lorenz curves have the same Gini coefficient, must these Lorenz curves
be the same? If so, explain why. If not, sketch two different Lorenz
curves that yield the same Gini coefficient. Can two Lorenz curves in-
tersect and still give the same Gini coefficient and is there a limit on
the number of isolated intersections possible? Can you have two Lorenz
curves f(z) and g(z) with f'(x) > ¢'(z) for all z in (0,1)7
Other suggestions for further exploration include:

1. Having follow-up discussion of implications of Gini coefficients.
What types of individuals or sectors of the economy might be
using more energy than necessary? What sectors of the economy
might be targeted for energy conservation measures?

2. Finding other data to analyze, for example, petroleum consump-
tion, residential use versus industrial use, comparison using states
in US as the individuals. The Energy Information Administration
website has lots of pertinent data to explore.

3. Finding other areas where Gini coefficient might be applicable
(income disparity, basketball salaries, portfolio analysis, etc).

4. Asking what might be sensible thresholds for reasonably equitable
energy distribution and for extremely skewed energy consump-
tion.

5. Reflecting on ramifications of inequalities in energy consumption.
What might be advantages and disadvantages of inequality?

Other exercises and activities can be found in Cheung et al. (2005),
Leslie (2007), Teague (2004), University of Texas Inequality Project
(2007), and Zorn (2005).

Pre-calculus Possibilities

While the discussion above has focused on calculus, one can certainly
bring the Gini coefficient into pre-calculus-level courses. Co-author
Catalano has incorporated the Gini coefficient into a college algebra
text that is under development.® The major adaptation is students will

®This work has been supported by an NSF CCLI-EMD grant, DUE-0442979.
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need to use an alternative method to estimate the area between the
curves. There are several ways this can be done:

)

In many cases, inequality data of various sorts are available by
quintiles or deciles, as in our energy examples. Students could
use trapezoids (essentially the trapezoid rule from calculus) to
estimate the area between curves based on data in either of these
formats.

A more intuitive, if less accurate, method would be to have stu-
dents create graphs on Excel including appropriately scaled grid
lines. Students could then estimate the area by “counting grid
rectangles.”

A second intuitive method would be to have students create a
triangle that has roughly the same area as the given area based
on the Lorenz curve. The base of the triangle would be along the
x-axis from zero to a given cumulative population percentile p and
the second two sides would run from the endpoints of the base to
the point (1, 1). The triangle would thus have height one and the
length of the base would equal p. The estimated Gini coefficient
would then be twice the area of this triangle or 2(1/2)bh = p.
For example, in considering a curve like the exponential curve in
Figure 1 above, students would reasonably run the base of the
triangle from 0 to 0.7, giving an estimated Gini coefficient of 0.7.
Recall the coefficient calculated via calculus is 0.7134.

Catalano has had students utilize both methods 2 and 3 in his college
algebra courses. In using method 3, students are asked to actually
draw in a triangle on the graph of the Lorenz curve. Most students are
able to understand the idea of equivalent but differently shaped areas
and use the area formula for the triangle to make reasonable estimates.
In general, students who make errors tend to overestimate the area,
sometimes drawing triangles which include the entire area between the
Lorenz curve and the equality line.

Other activities Catalano has had students work on have included:

)

Create a Lorenz curve where the bottom half of the population
receives none of the resource and the top half of the population
shares the resource equally.
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2) Create a Lorenz curve where one person uses half of the resource
and the remainder of the population shares half of the resource
equally.

3) Create a Lorenz curve where the bottom half of the population
shares p% of the resource equally and the top half of the popula-
tion shares the remainder of the resource equally.

4) Estimate the Gini coefficient in each of the three scenarios above.

Since these examples all involve piecewise linear functions, the area
calculations can all be done via triangles and elementary geometry.

Concluding Remarks

Catalano has found that working with the Gini coefficient certainly
presents students with a use of area that is novel for them. Most
students can appreciate the idea of inequality and the sharing of per-
centages of a resource. Students are often astonished at how small of
a percentage the poorest fifth of a population shares, and how large a
percentage the top fifth obtains. When presented with other examples
of Gini coefficient data or Lorenz curves, students appreciate under-
standing how these data are determined. Especially in a course where
various types of indices (Dow Jones Industrial Average, Consumer Price
Indices, etc.) are discussed, exposing students to how such indices are
developed provides a deeper quantitative literacy education. Certainly
having students understand the advantages and limitations of a given
numerical measure is an important quantitative literacy goal.
Although unrelated to our present work on energy resources, we
would also like to mention the experiences of two colleagues. The first
is Charlie Hadlock, who has used the Gini Coefficient in a mathemat-
ical modeling course at Bentley College.® In addition to having stu-
dents collect information and calculate Gini coefficients for collections
of countries with respect to wealth and income, Hadlock also engaged
students in discussion of what an acceptable threshold of inequality
might be, both with respect to ethical considerations and from the
standpoint of avoiding social unrest. Students considered how vari-
ous factors (inheritance rules, level of economic trade, etc.) affected

6Dr. Hadlock is a faculty member at Bentley College in Waltham, Massachusetts,
and provided us this information in a personal communication.
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inequality within artificial societies. Students either wrote their own
programs to do the calculations or used a previously developed Netlogo
model. Hadlock’s students found that their Gini calculations varied
depending on what assumptions were made about the behavior of the
Lorenz curves between the small number of data points typically avail-
able, eventually convincing the team of Netlogo developers to modify
their assumptions for their Gini coefficient model. Hadlock indicated
that his students appreciated the “cleverness” of the area approach in-
herent in the Gini coefficient and that they did some very worthwhile
thinking and learning in their constructions and calculations.

Secondly, Andrew Miller includes discussion of the Gini coefficient
as a measure of income inequality in a general education course at Bel-
mont University (“mathematics for liberal arts”) as part of a unit on
money and economics.” When he asked students to comment on this
material, the great majority enjoyed the unit, and its inclusion in the
course appeared to increase the number of students who believed the
course would be beneficial to their future studies or to their life after
college. Miller says that he deliberately presents the Gini coefficient
material in a neutral manner, in order to let the students interpret this
measure of income inequality for themselves. This raises an important
point: coverage of mathematics relating to social issues by mathemati-
cians is best handled in a neutral manner, presenting the data and the
quantitative analysis in an objective fashion. Reflection through dis-
cussion in class can then be mediated by the instructor, rather than
dictated by the instructor.

While the authors have not as yet tested our energy examples in
a classroom setting, we believe previous experiences show that uti-
lizing the Gini coefficient can serve to help students appreciate the
applicability of calculus techniques, as well as provide practice for stu-
dents in using quantitative literacy skills and calculating areas between
curves in a context-rich setting using both symbolic and numerical
techniques. AMATYC (1995) recommends that students “learn math-
ematics through modeling real-world situations, ...develop the view
that mathematics is a growing discipline, interrelated with human cul-
ture, ...[and] use appropriate technology to enhance their mathemat-
ical thinking and understanding and to solve mathematical problems
and judge the reasonableness of their results.” Although AMATYC

"Information provided by Dr. Miller, a faculty member at Belmont University
in Nashville, TN, via a personal communication.
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addressed pre-calculus classes, we believe quantitative literacy goals
are also appropriate for calculus classes, especially where these courses
fulfill a general education mission.

In addition, through discussion and reflection combined with the
mathematical exercises, the Gini coefficient can be effective in increas-
ing students’ awareness of the inequity of energy consumption and more
generally the distribution of wealth and resources (Staples 2005), as well
as in reinforcing the importance of mathematical metrics regarding im-
portant social issues.
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Appendix A: Energy Consumption by Country in
2004

Percentile | Percent || Percentile | Percent
of Country | of Total || of Country | of Total
0.005 0.00001 0.505 0.07316
0.010 0.00004 0.510 0.07520
0.014 0.00006 0.514 0.07725
0.019 0.00010 0.519 0.07929
0.024 0.00015 0.524 0.08136
0.029 0.00019 0.529 0.08345
0.033 0.00024 0.533 0.08555
0.038 0.00030 0.538 0.08776
0.043 0.00036 0.543 0.09001
0.048 0.00042 0.548 0.09230
0.052 0.00048 0.552 0.09466
0.057 0.00054 0.557 0.09705
0.062 0.00060 0.562 0.09952
0.067 0.00068 0.567 0.10211
0.071 0.00077 0.571 0.10469
0.076 0.00085 0.576 0.10728
0.081 0.00095 0.581 0.11005
0.086 0.00104 0.586 0.11284
0.090 0.00114 0.590 0.11576
0.095 0.00124 0.595 0.11868
0.100 0.00134 0.600 0.12165
0.105 0.00145 0.605 0.12467
0.110 0.00156 0.610 0.12768
0.114 0.00167 0.614 0.13074
0.119 0.00181 0.619 0.13381
0.124 0.00196 0.624 0.13704
0.129 0.00212 0.629 0.14046
0.133 0.00228 0.633 0.14391
0.138 0.00245 0.638 0.14744
0.143 0.00263 0.643 0.15098
0.148 0.00282 0.648 0.15455
0.152 0.00302 0.652 0.15839
0.157 0.00323 0.657 0.16229
0.162 0.00344 0.662 0.16620
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Percentile | Percent || Percentile | Percent
of Country | of Total || of Country | of Total
0.167 0.00366 0.667 0.17023
0.171 0.00388 0.671 0.17427
0.176 0.00412 0.676 0.17855
0.181 0.00438 0.681 0.18288
0.186 0.00464 0.686 0.18723
0.190 0.00491 0.690 0.19162
0.195 0.00518 0.695 0.19623
0.200 0.00548 0.700 0.20095
0.205 0.00581 0.705 0.20567
0.210 0.00614 0.710 0.21040
0.214 0.00648 0.714 0.21546
0.219 0.00682 0.719 0.22074
0.224 0.00716 0.724 0.22602
0.229 0.00753 0.729 0.23139
0.233 0.00794 0.733 0.23684
0.238 0.00839 0.738 0.24241
0.243 0.00886 0.743 0.24803
0.248 0.00936 0.748 0.25380
0.252 0.00986 0.752 0.25957
0.257 0.01037 0.757 0.26536
0.262 0.01089 0.762 0.27119
0.267 0.01146 0.767 0.27710
0.271 0.01202 0.771 0.28312
0.276 0.01259 0.776 0.28916
0.281 0.01318 0.781 0.29522
0.286 0.01377 0.786 0.30136
0.290 0.01436 0.790 0.30768
0.295 0.01498 0.795 0.31419
0.300 0.01561 0.800 0.32072
0.305 0.01630 0.805 0.32726
0.310 0.01698 0.810 0.33385
0.314 0.01767 0.814 0.34058
0.319 0.01836 0.819 0.34738
0.324 0.01911 0.824 0.35420
0.329 0.01987 0.829 0.36103
0.333 0.02068 0.833 0.36808
0.338 0.02154 0.838 0.37513
0.343 0.02247 0.843 0.38221
0.348 0.02356 0.848 0.38950
0.352 0.02469 0.852 0.39680
0.357 0.02582 0.857 0.40411
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Percentile | Percent || Percentile | Percent
of Country | of Total || of Country | of Total
0.362 0.02698 0.862 0.41172
0.367 0.02815 0.867 0.41935
0.371 0.02934 0.871 0.42719
0.376 0.03054 0.876 0.43512
0.381 0.03176 0.881 0.44341
0.386 0.03301 0.886 0.45188
0.390 0.03428 0.890 0.46044
0.395 0.03558 0.895 0.46952
0.400 0.03690 0.900 0.47876
0.405 0.03823 0.905 0.48845
0.410 0.03959 0.910 0.49876
0.414 0.04096 0.914 0.50933
0.419 0.04233 0.919 0.51992
0.424 0.04371 0.924 0.53076
0.429 0.04510 0.929 0.54179
0.433 0.04651 0.933 0.55303
0.438 0.04809 0.938 0.56708
0.443 0.04968 0.943 0.58424
0.448 0.05129 0.948 0.60163
0.452 0.05292 0.952 0.61936
0.457 0.05459 0.957 0.63759
0.462 0.05629 0.962 0.65686
0.467 0.05803 0.967 0.67747
0.471 0.05983 0.971 0.69989
0.476 0.06167 0.976 0.72496
0.481 0.06351 0.981 0.75379
0.486 0.06539 0.986 0.78825
0.490 0.06727 0.990 0.82619
0.495 0.06919 0.995 0.90590
0.500 0.07114 1.000 0.99795
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in 2004
Cum Cum Cum Cum
% State Rank | % Consumption || % State Rank | % Consumption

0.02 0.01 0.53 0.41
0.04 0.02 0.55 0.43
0.06 0.03 0.57 0.46
0.08 0.04 0.59 0.48
0.10 0.06 0.61 0.50
0.12 0.07 0.63 0.52
0.14 0.08 0.65 0.54
0.16 0.10 0.67 0.56
0.18 0.11 0.69 0.59
0.20 0.12 0.71 0.61
0.22 0.14 0.73 0.63
0.24 0.15 0.75 0.66
0.25 0.17 0.76 0.68
0.27 0.18 0.78 0.71
0.29 0.20 0.80 0.73
0.31 0.21 0.82 0.76
0.33 0.23 0.84 0.78
0.35 0.24 0.86 0.81
0.37 0.26 0.88 0.83
0.39 0.28 0.90 0.86
0.41 0.30 0.92 0.89
0.43 0.31 0.94 0.91
0.45 0.33 0.96 0.94
0.47 0.35 0.98 0.97
0.49 0.37 1.00 1.00
0.51 0.39
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