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Part 2: A Simulated Demonstration
Part 3: US 2003 and 2023 Application




The Gini Index in Economics

® The Gini Index is a standard
metric used by economists and
policymakers to quantity economic
iInequality, with a scale from 0O to 1.

® 0 represents perfect equality.

Line of Perfect Equality .4

Gini Index
(Area A / Area A+B)

® 1 represents maximum inequality.

® The Lorenz Curve visualize it.

Cumulative Share of Income

\ Lorenz Curve
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Cumulative Share of People from Lowest to Highest Incomes
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The Gini Index in Decision Tree

® [n the field of machine learning,
decision tree algorithms use Gini AR
Index to measure impurity. (Gini = 0)

® 0 represents a “pure” node.

® 1 represents a “random” node.

Impure Node
(Gini = 0.5)
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The Gini Index Gain in Decision Trees

® Decision tree splits recursively top-down.

Parent
Node
Gini Index Gain (GIG) =
é Reduction in Impurity
(" Spliton
= FeatureX ™
Child Nodes Child Nodes
Purer Purer
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The Gini Index Gain Calculation

eLet Gini(D) be the Gini Index of a dataset D.
e | D | denotes the number of elements in dataset D.

eLet D.(i = 1,2,...,n) be the n subsets splitting the
dataset D by attribute A.

o Giniy(D) = 2",
e AG, = Gini(D) — Gini (D)
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The Gini Index Gain

® The goal of decision ; :
tree is to construct a tree Machine Learning Approach
from root to leaf that

gets purer and puret. Split A

® [he algorithm chooses

the feature split that Optimal Split
results in the max Parent Node UL (\1ax AG) selected
reduction in impurity.
® This reduction is called Split C
the Gini Index Gain.
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The Gini Index Gain in Economics

® We repurpose the Gini Index Gain to
measure the inequality contributed by
merging subgroups.

® For example, if we split a population by education

Total Population
— |ncome

(Skilled or Unskilled), the resulting Gini Index Gain Gini Index Gain (GIG) ~
reveals how much the skill-based divide contributes o w b

to overall income inequality.

Skilled Incomes Unskilled Incomes
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Part 1: Introduction to Gini Index Gain

Part 3: US 2003 and 2023 Application



A Simulated Population

® \We simulated four
distinct social groups:

(U, sigma, n) Skilled Unskilled
US-Born 100, 30, 10000 | 50, 20, 15000 " oone- = e 5o = e
NonUS-Born | 150,40,1000 30,10,5000 0002 - 0002
(b) Skill (T/F) (c) Citizen (T/F)
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A Simulated Population

® Splitting by Skill and By Birthplace leads to different results.
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Applying Gini Index Gain

® Calculating the Gini Index Gain reveals Skill drives more inequality.

Table 1—AG for the Skill. Table 2—AG for the Citizenship.
Dataset N Gini Dataset N Gini
Gini(D) 31000 0.3204 Gini(D) 31000 0.3204
Gini(Skilled) 11000 0.1808 Gini(Clitizen) 25000 0.2780
Gini(UnSkilled) | 20000 0.2516 Gini(Foreigner) | 6000  0.4237
GiniSkill (D) 0.2265 GiniCitizenship(D) 0.3062
AGgLil 0.0940 AGCitizenship 0.0142
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validation

® \We compared our splits using four established statistical metrics.

Table 3—Validation Results.

Metric By Skills By Citizenship | Passing Threshold
Premium Ratio 2.31 (pass) | 1.41 (pass) > 1.2
Distribution Overlap 0.27 (pass) | 0.46 (fail) < 0.35
Mann-Whitney U Test p-value | 0.00 (pass) | 0.00 (pass) < 0.05
Population Balance Ratio 0.55 (pass) | 0.24 (fail) 0.3,0.7]
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US Census Data 2003 VS 2023

® We applied the AG to 2003 and 2023 U.S. census data to compare
iInequality drivers across race/ethnicity, citizenship, and education.

2003 2023
B 2023
0.0020 - 2003 __________________. — Remains the primary driver
. ) and has worsened.
‘Hispanic' S
0.0015 1 T) e g Contribution from Asian
= White Asian community disparity
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(= Black — divide, while still
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0.0000 - significant factor.
Hispanic Asian Black White Citizen
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Gini Index Gains by Ethnicity

® \We compared the Gini Index
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by ethnicity.
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Gini Index Gains by Education

® We further compared the Gini Index Gains of splitting by
education within each ethnicity group.

2023-Lorenz Curve Comparison -- GIG=0.0184 2023-Lorenz Curve Comparison -- GIG=0.0275 2023-Lorenz Curve Comparison -- GIG=0.0205 2023-Lorenz Curve Comparison -- GIG=0.0228
1.0 4{ — Overall Hispanic Data (Gini=0.5815) 1.0 4 — Overall Asian (Gini=0.6055) 1.0 { — Overall Black (Gini=0.5838) 1.0 4{ — Overall White (Gini=0.5523)
—— Skilled (Gini=0.5151) ,/ — Skilled (Gini=0.5361) /’ —— Skilled (Gini=0.5007) R4 —— Skilled (Gini=0.4971) /’
—— UnSkilled (Gini=0.5919) ,,’ = UnSkilled (Gini=0.6592) ,,’ —— UnSkilled (Gini=0.6137) ,,’ —— UnSkilled (Gini=0.5688) ,,’
=== Equality Line g === Equality Line R4 === Equality Line R === Equality Line R
0.8 - 0.8 - 0.8 - 0.8 -
= [t [t
0 Q Q0 =
-t -t t -t
o o o o
& & & &
& 0.6 - & 0.6 1 & 0.6 1 & 0.6 -
L L L L
£ £ = =
o o o o
o o o o
£ £ = =
D) ) L L
g 0.4 1 g 0.4 1 E 0.4 1 5 0.4
L) 0 0 )
> = = >
£ £ £ £
= = = =
O O O o
0.2 1 0.2 1 0.2 1 0.2
0.0 1 0.0 1 0.0 1 0.0 A
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Cumulative Population Proportion Cumulative Population Proportion Cumulative Population Proportion Cumulative Population Proportion

(a) Hispanic (b) Asian (c) Black (d) White

N
ot LEHMAN i i
WY COLLEGE ‘ ﬁv 17 Di Wu, Hsien Tseng Wang & Juan J. DelaCruz




Conclusion

® The Gini Index Gain is a valid tool to measure the inequality
iIntroduced by certain attributes within a group.

® The comparison of the Gini Index gains of ethnic groups in
2003 and 2023 shows the dynamics of population.

® \We can further improve the tool by optimizing the threshold of
splitting, other metics of splitting, etc.

® Applying the Gini Index Gain to more years may result a
detalled trend analysis.
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Thank you!



