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4where am I going to from here 

1why New Zealand election 

2what is Aggregate Association Index (AAI) 

3what is the role of AAI in the NZ election 



Women vote for the first time at a polling station in the tiny South Otago settlement of 
Tahakopa, 28 Nov 1893.  

'Lady voters' approach the polling booth at the Drill Hall in Rutland Street, just off Queen Street 
Auckland, 6 Dec 1899. 



Ecological  
Fallacy 

Electorate 1 Vote 
Didn’t 

Vote Total 

Women 1,443 289 1,732 

Men 1,747 842 2,589 

Total 3,190 1,131 4,321 

Electorate 57 Vote 
Didn’t 

Vote Total 
Women 1,007 108 1,115 

Men 1,858 681 2,539 
Total 2,865 789 3,654 

NZ Election  
1893 Vote 

Didn’t 
Vote Total 

Women 126,183 21,384 147,567 

Men 88,484 87,431 175,915 

Total 214,667 108,815 323,482 



Ecological 
Inference 

Techniques 
 

Hudson, Moore, Beh & Steel 
 (2010, JRSSA) 

Assumptions ! 

P1 

P1(1) 

P1(57) 



Proposed by BEH  
(2008, JSPI; 2010,CSDA) 

A single 2x2 table  
with only marginal totals 

Determine the possibility 
of an association 
between 2 categorical variables 

Aggregate  
Association 
Index 

{AAI 



Electorate 1, 1893 

Aα,1 = 99.37  

AAI- 

Electorate 1 Vote 
Didn’t 

Vote Total 

Women 1,443 289 1,732 

Men 1,747 842 2,589 

Total 3,190 1,131 4,321 



Electorate g Vote Didn’t Vote Total 
Women n11g n12g n1.g 

Men n21g n22g n2.g 

Total n.1g n.2g ng 

𝑚𝑚𝑚𝑚𝑚𝑚
𝑛𝑛.1𝒈𝒈

𝑛𝑛1.𝒈𝒈
, 1 = 𝑈𝑈𝑃𝑃1𝒈𝒈 

n11g 
n1.g 

Define = P1g 
𝐿𝐿𝑃𝑃1𝒈𝒈 = 𝑚𝑚𝑎𝑎𝑎𝑎 0,

𝑛𝑛.1𝒈𝒈 − 𝑛𝑛2.𝒈𝒈

𝑛𝑛1.𝒈𝒈
 

Electorate g Vote Didn’t Vote Total 
Women p11g p12g p1.g 

Men p21g p22g p2.g 

Total p.1g p.2g 1 



𝑋𝑋𝑔𝑔2 =
𝑛𝑛11𝑔𝑔𝑛𝑛22𝑔𝑔 − 𝑛𝑛12𝑔𝑔𝑛𝑛21𝑔𝑔

2

𝑛𝑛1.𝑔𝑔𝑛𝑛2.𝑔𝑔𝑛𝑛.1𝑔𝑔𝑛𝑛.2𝑔𝑔
 𝑋𝑋2 =

𝑛𝑛11𝑛𝑛22 − 𝑛𝑛12𝑛𝑛21 2

𝑛𝑛1.𝑛𝑛2.𝑛𝑛.1𝑛𝑛.2
 

Reformulate the 
chi-squared statistic 

compared with DECISION 



0 1 
P1 g 

Statistically significant 
association 

AAI- AAI+ 

AAI curve for each electorate 

𝑝𝑝2. 
𝑋𝑋𝛼𝛼2

𝑛𝑛
𝑝𝑝.1𝑝𝑝.2

𝑝𝑝1.𝑝𝑝2.
 

𝑝𝑝.1 

𝐴𝐴𝛼𝛼𝛼𝛼 = 100 1 −
𝜒𝜒𝛼𝛼2 𝐿𝐿𝑃𝑃1𝑔𝑔

𝛼𝛼 − 𝐿𝐿𝑃𝑃1𝑔𝑔 + 𝑈𝑈𝑃𝑃1𝑔𝑔 − 𝑈𝑈𝑃𝑃1𝑔𝑔
𝛼𝛼

𝑘𝑘𝑛𝑛𝑔𝑔 𝑈𝑈𝑃𝑃1𝑔𝑔 − 𝑝𝑝∙1𝑔𝑔
3

+ 𝐿𝐿𝑃𝑃1𝑔𝑔 − 𝑝𝑝.1𝑔𝑔
3 −

𝑈𝑈𝑃𝑃1𝑔𝑔
𝛼𝛼 − 𝑝𝑝.1𝑔𝑔

3
− 𝐿𝐿𝑃𝑃1𝑔𝑔

𝛼𝛼 − 𝑝𝑝.1𝑔𝑔
3

𝑈𝑈𝑃𝑃1𝑔𝑔 − 𝑝𝑝.1𝑔𝑔
3
− 𝐿𝐿𝑃𝑃1𝑔𝑔 − 𝑝𝑝.1𝑔𝑔

3  

𝐿𝐿𝑃𝑃1𝑔𝑔 𝐿𝐿𝑃𝑃1𝑔𝑔
𝛼𝛼  𝑈𝑈𝑃𝑃1𝑔𝑔

𝛼𝛼  𝑈𝑈𝑃𝑃1𝑔𝑔 g g 𝐿𝐿𝑃𝑃1𝑔𝑔 𝑈𝑈𝑃𝑃1𝑔𝑔 



AAI graphical presentation of  
electorate 1, 1893 

Aα,1 = 99.37  

AAI- AAI+ 

• α = 0.05 
 

• AAI- = 76.58, AAI+ = 22.79 
• P11 is P1 of electorate 1 

P11 

Electorate 1 Vote 
Didn’t 

Vote Total 

Women 1,443 289 1,732 

Men 1,747 842 2,589 

Total 3,190 1,131 4,321 
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P1,1893 

AAIs of all electorates - 1893 



Parabola in Vertex Form 
  y = a (x - h)2 + k 

AAI curve of each electorate 

 

Parabola attributes 

  curve bounds 

  focus point 

  vertex point  

a h x 

ℎ, 𝑘𝑘 +
1
4𝑎𝑎

∼ 𝑝𝑝.1𝑔𝑔, 0 +
𝑝𝑝.1𝑔𝑔𝑝𝑝.2𝑔𝑔𝑝𝑝2.𝑔𝑔

4𝑛𝑛𝑔𝑔𝑝𝑝1.𝑔𝑔
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P1,1893 

AAIs - 1893 
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P1,1893 

Clustered AAIs - 1893 

 Clustering :  
 curve bounds, focus & vertex 
 Mclust 



y = a (x - h)2 + k 

d: distance between focus & vertex 

(h,k) are the coordinates of the vertex 

Vertex & Focus 

Calculus 



Optimal parameters for each cluster 

  curve bounds 

  average focus point 

  average vertex point 

   

Fitted average AAI curve  
  y = a (x - h)2 + k 
 

where: 
  

 

d : distance [avg. Focus; avg. Vertex] 

(h,k) : the coordinates of the average vertex 

1
𝐺𝐺
� 𝑝𝑝.1𝑔𝑔

𝐺𝐺

𝑔𝑔=1

,
1
𝐺𝐺
�

𝑝𝑝.1𝑔𝑔𝑝𝑝.2𝑔𝑔𝑝𝑝2.𝑔𝑔

4𝑛𝑛𝑔𝑔𝑝𝑝1.𝑔𝑔

𝐺𝐺

𝑔𝑔=1
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P1,1893 

Fitted average curves for 1893 
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P1,1893 

AAIs - 1893 





FUTURE 
RESEARCH 

Clustering 
methods 

R-
programming 

Sample Size 
Effect 

Odds Ratio 
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thank you 
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