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Are First Past The Post and Proportional 
Representation truly irreconcilable?

Lessons from linear programming (lpSolve) for the Westminster voting system
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About me ςnot a political scientist

ÅHead of Data Science ςAmey
https://www.amey.co.uk/amey-consulting/services/strategic-consulting/

ÅPreviously Forecasting & Optimisation ς{ŀƛƴǎōǳǊȅΩǎ hƴƭƛƴŜ

ÅDemand Forecasting Manager ςEDF Energy

ÅModelling lead, emissions trading ςBloomberg New Energy Finance

ÅPhD in elasticity imaging derived from ultrasound
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Who cares about 
the voting system?
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Which faction won most votes on 
Thursday 12 December 2019?
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Over 50 countries use First Past The Post (FPTP)

including the UK, Canada and India

646-654 seats 308-338 seats 540 seats

c 30m votes c 15m votes c 500m votes

c 6 parties 1%+ votes 5 main parties on 1%+ 15+ parties on 1%+

Analysed 2005, 2010 2004, 2006, 2008, 1998, 1999, 
2015 and 2017 votes 2011 and 2015 2004, 2009, 2014
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Voting system options ςFPTP, proportional 
representation (PR), single transferable vote (STV)
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FPTP ςAs many voters as possible get their preferred local MP

PRςDivide seats between parties in proportion to the national vote

STV
Preferred alternative of the Electoral Reform Society + many enthusiasts today
Devised by Thomas Hare 1847 ςPractical implementations are not proportional
Complex voting procedure ςDifficult to explain results
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We will focus on FPTP and proportionality
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FPTP Proportional Representation (typically)

Get your ideal local representative! Focus on the national outcome

Personal touch! But tactical voting. Impersonal parties. But authentic voting.

Erratic/random national results Governments elected by popular vote

Party wins by taking marginal seats Party wins by being the most popular

Elected dictatorship (an advantage?) Coalitions and consensual government?

Nick Hurd, my MP 
(until last Thurs)
replied to sporadic 
letters from me!

Irreconcilable?

(etc)
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Typically FPTP is not remotely proportional!
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In both 1998 and 1999 the INC won most votes in India but BJP won most seats!
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But half of voters get their preferred MP in FPTP
First Preference Constituency Representation Rate (FPCR)
= (Votes for winning candidates) / (Total votes)

FPTP maximises FPCR!  That is what it is good for!
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Simple two-party scenarios
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FPTP is the only sensible 
local representation
FPCR of FPTP = 72%

Lots of marginal seats. Small 
adjustments would raise proportionality.
FPCR of FPTP = 62.7%

3 scenarios for vote distribution of Party A.
In all cases: 60% of total vote wins 80% of seats under FPTP.

More realistic scenario 
where local representation 
requires disproportionality
FPCR of FPTP = 74%
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There are lots of marginal constituencies
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(Average across all election years in each country)

In 2017 Stephen Gethin won Fife North East by only 2 votes!
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Testing sensitivity to deviation from FPTP
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Assess First Preference Representation Rate (FPCR) under FPTP

Calculate proportional shares of seats

Reallocate seats for proportionality

Is the FPCR materially lower?
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Defining proportionality
ÅRequirement: parties with more votes get more seats / preserve rank

ÅBut there are alternatives to direct proportionality

ÅArguments for proportionality to Votes Squared or Square Root

ÅCreate consistency in votes per seat, for example UK 2005:
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direct votes squared votes cubed
356 Labour seats 234 Labour seats 290 Labour seats 321 Labour seats
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Reallocation using linear programming

Used lp_solvetool (lpSolvepackage in R)

Objective: Maximise votes for elected candidates (as FPTP)

subject to 

Equality constraint: Match a required distribution of seats between parties
(+ need to define trivial constraints: 1 seat per constituency, max 1 seat per candidate, min 0 seats per candidate)
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Single call to lpSolvefor each election analysed:
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Hit on FPCR if seats reallocated in Canada
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FPCR down 1.8%in proportional allocations (average)
FPCR down 1.8%in proportional allocations (average)

FPCR down -1.8%(average) for proportional allocations
FPCR down -1.7%for allocations by votes squared
FPCR down -4.3%for allocations by votes square-root
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India
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FPCR down -2.4%(average) for proportional allocations
FPCR down -8.7%for allocations by votes squared
FPCR down -6.8%for allocations by votes square-root
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United Kingdom
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FPCR down -3.5%(average) for proportional allocations
FPCR down -2.1%for allocations by votes squared
FPCR down -8.5%for allocations by votes square-root

Gap widened by exclusion of parties receiving <1% of vote (e.g. Northern Ireland)
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So what?

ÅSeat allocations for direct proportional results can maintain high FPCR

ÅSo proportionality and single-member representation can co-exist!

ÅDynamic reallocation as a voting reform concept?
ÅLikely hard to explain to the public

ÅBut ŀǊŜ ǘƘŜǊŜ ƻǘƘŜǊ ǇƻǎǎƛōƭŜ ǊŜǎǇƻƴǎŜǎ Χ
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Next steps?

ÅProportionality as a KPI for management of the existing system?

ÅRaise proportionality through targeted electoral boundary reviews?
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Testable system


