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Year 2024

64 national elections

2 billion people

Why study elections  ?

Largest examples of collective decision making by humans

Microscopic interactions leads to macroscopic outcome : 
                A non-equilibrium statistical physics problem

Elections represent a complex system:
           Whole      sum of parts,  unpredictable, 
           complex interactions among agents

TIME (2024)



  

Signs of complexity

whole       sum of parts

Elections as a complex system
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The Hindu, 4.6.2024

Signs of complexity

Unpredictable

Elections as a complex system
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Signs of complexity

Complex interactions 
among agents



  

What is an election ?

Electoral unit

   Polling booth
   Constituency
   County
   Precinct

N electoral units Number of Candidates

Number of voters

Number who actually
vote (Turnout)

A voter can vote 
for ONLY one
candidate

FPTP

Margin



  

Some motivation from real data :

First lesson
Margin makes sense and is useful only in the context of turnout. 

Raichur (2014 GE)

Margin                               1499

Turnout                        1661606

At some polling booth

Margin                               1499

Turnout                              1600

Closely fought election
(winner just  scraped through)

Landslide election
(winner dominates)

Same margin, but two different scenarios



  

Central result 
Distribution of scaled specific margin is universal

irrespective of when and where elections were held. 

Universality observed in data from 34 countries, for elections held over 
more than a century and for all electoral sizes.

Empirical election
data from 
34 countries

Scaled margin

RandomVoting
Model   (RVM)

Analytical result

Universality involves both margin and voter turnout

Phys. Rev. Lett. 134, 017201 (2024)



  

Despite attempts, universal behaviour not seen in election data

Scaling and universality in votes obtained 
by all the candidates in the proportional 
voting system in Italy, Poland, Brazil and 
Finland.

Phys. Rev. Lett. 99, 138701 (2007)
Phys. Rev. E 60, 1067 (1999)
PLOS One 13, e0192913 (2018)
Sci. Rep 3, 1049 (2013)

Scaling in scaled vote-share distributions
in the US at all scales.

Phys. Rev. Lett. 112, 158701 (2014)
PLOS One 12, e0177970 (2017)
Phys. Rev. E 99, 052307  (2019)

At best, only limited universal behaviour observed.

Many more models in social sciences, but not related to universality



  

Sources of data ?

Election Commission of India     www.eci.gov.in
CLEA :                   www.electiondataarchive.org
MIT Election lab :                  electionlab.mit.edu
Canada :                                   www.elections.ca
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Sources of data ?

Election Commission of India     www.eci.gov.in
CLEA :                   www.electiondataarchive.org
MIT Election lab :                  electionlab.mit.edu
Canada :                                   www.elections.ca
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Random Voting Model

Probability that a j-th candidate in i-th 
electoral unit can attract a vote is 

Each voter votes for j-th candidate 
independently with probability 

Define how
attractive a
candidate is to
a voter

Each voter makes
only one choice

Number of voters 

Is this model any good ?

no.of electoral units
no.of candidates



  

Turnout Distribution

Scaled Margin Distribution

INDIA  (1951-2019)

USA  (1788-2020)

Germany  (1871-2017)

Japan  (1947-2017)

India

USA



  

RVM can be analytically solved 
to show this result in general.

First lesson
Margin makes sense and is useful only in the context of turnout. 

Stronger claim
Turnout distribution drives margin distribution

USA (Cong Dist)

RVM / analytical



  

Turnout Distribution

Scaled Margin Distribution

Constituency scale
   Size : 106

Polling booth scale
   Size : 103

At constituency scale
(India)

At polling booth scale
(India)

Does this work at all scales ?



  

Turnout Distribution

Margin Distribution

Constituency scale
   Size : 106

Polling booth scale
   Size : 103

At polling booth scale
(India)

Does this work at all scales ?

More stronger claim
Turnout distribution drives 

margin distribution
at all electoral scales



  

Central result : Scaled margin to turnout ratio is universal

Empirical election data from 34 countries and over many elections.
Each colour represents different country.



  

Empirical election data 
from 34 countries

Aggregated empirical election data from 34 countries.

Central result : Scaled margin to turnout ratio is universal



  

Aggregated empirical 
election data from 34 
countries.

Empirical election data 
from 34 countries

RVM simulations using real turnout data

Central result : Scaled margin to turnout ratio is universal



  

RVM simulations using 
real turnout data

Aggregated empirical 
election data from 34 
countries.

Empirical election data 
from 34 countries

Analytical scaling function 
by solving RVM in the limit T>>1

As
RVM(2)

Central result : Scaled margin to turnout ratio is universal



  

Show results for many countries



  

What can we do with universality ?

        Deviations from universality indicate large-scale 
        electoral malpractice

Expected universality
based on reported
voter turnout

Empirical universal curve
from election data



  

13.8.2020

11.8.2020

9.8.2023



  

25.5.2010

25.5.2010



  



  

Summary 

Despite the noise associated with elections across 
the world, there is underlying order in fair elections.

Given the raw turnout data, Random Voting Model 
captures the margin distribution

The observed universality must be regarded as 
stylized fact of elections. Can be used to flag large-
scale election malpractices.

electioninsights.in

For lot more details, visit
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