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1 Introduction

After the 2015 general election in the UK, media commentators noticed that the UKIP won

13% of the national popular vote, but has only one representative (BBC News, 2015). The mis-

match between votes share and seats share has been a rising concern in democracies recently.

The UK uses first-past-the-post (FPTP), plurality voting with single member districts (SMDs),

so the total seats distribution in parliament can be considerably different from the popular

vote.

In the US, one of the reasons of a possible increase in electoral disproportionality is in-

creased clustering of people into urban areas. This self segregation phenomena causes single-

member plurality constituencies to be inefficient for a party’s seat-votes ratio. The debate has

mostly focused on the legal workings of the US electoral systems. Comparatively, there is scant

attention paid to the UK.

Representative democracy not being representative is an important problem. The division

of space decides control of parliament, either through ignorance or malicious intent. This is

important to not just politicians, but in fact the very opposite of that – the people deserve to

know whether they are picking representatives or are politicians picking voters.

2 Literature review

Partisan gerrymandering is the intentional manipulation of constituency boundaries to serve

a partisan goal. Gerrymandering can also happen unintentionally, through self-sorting or self-

segregation of the population along ethnic, racial, or political lines (Wang, 2016).

The most plentiful literature in a wider scope is from an American legal perspective (Is-

sacharoff, 2002) because because most states leave redistricting power to the partisan state

legislatures rather than an independent body (Rakich et al., 2020). They include political im-

plications for incumbents (Gelman et al., 1994), the impact on political parties (Erikson, 1972),

the tactics and strategies that can be used (Owen et al., 1988) (Yoshinaka et al., 2009), or math-

ematical measures and indicators of gerrymandering (Horn et al., 1993) (Niemi et al., 1990).

More recent works has studied the effect of gerrymandering on polarization (McCarty et al.,

2009) (Pildes, 2011). Stephanopoulos et al. (2018) presents criteria for a good gerrymandering

indicator, but the arguments are based on the efficiency gap, which only works for two-party

systems, and one of the criteria is past elections in the US. This is by no means universal and

there is a sore imbalance in where the academic debate has focused on.

Within the smaller circle of electoral disproportionality in the UK, there are only a few

unique geographers, focused on the direction and magnitude of bias over time. Johnston

(2002) found that while the Conservative party has benefited from malapportionment more in

the 1950s and 1960s, the bias flipped to favour the Labour party from 1992. Labour has main-

tained their advantage until 2017 (Johnston, 2015) (Johnston, Rossiter, et al., 2017). Labour
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could not keep its surplus votes efficiently distributed and the Conservatives started to waste

less votes (Thrasher et al., 2016). While the parties’ benefit has fluctuated, the Liberal Democrats

has consistently suffered from plurality voting (Johnston, Borisyuk, et al., 2012). There is a

considerable gap in literature about self-sorting and self-segregation of the population, lead-

ing to unintentional gerrymandering.

The fluctuations in electoral bias in the UK suggests that electoral disproportionality is

based on wider political factors. However, the need for redistricting is due to the popula-

tion growth and its ever-changing distribution. In the United States, Johnston, R. et al. (2016)

found an increase in spatial polarization and Chen et al. (2013) found that support for the

Democratic Party were concentrated in urban areas, gerrymandering themselves and making

it difficult to draw maps that reflect the popular vote. There is no parallel for such works for

the UK, which is where we aim to cover with this research paper. This paper aims to clarify

the relationship between urbanization and self-gerrymandering in the UK, because there are

contradictory knowledge between the UK and the US. Based on the few literature for the UK

we expect that there is little to no correlation between electoral disproportionality and ur-

banization as it is dominated by politics, while the debate in America suggests that there is a

relationship.

3 Methodology

American researchers and lawyers has used the efficiency gap to measure partisan gerryman-

dering, but it only works for a two-party system (Stephanopoulos et al., 2015). After the rise of

the SNP and the UKIP/Brexit party, it is no longer clear whether the UK is a two-party system

or a three party system (Thrasher et al., 2016) (Borisyuk, Johnston, et al., 2010). The Gallagher

index works for multi-party democracies so there is no need to make assumptions, such as

considering only the Labour-Conservative vote and seat share.

The Gallagher Index was proposed by Michael Gallagher (1991) to measure electoral dis-

proportionality, given by equation 1. The Gallagher index and the Loosemore-Hanby index are

the most commonly used in literature (Borisyuk, Rallings, et al., 2004). Unlike the Loosemore-

Hanby index, large discrepancies are weighed more than many small ones. The Rae index

measures disproportionality by party, so multi-party democracies will score better only be-

cause there are many more small parties. In contrast, Gallagher’s method measures dispro-

portionality by election. The Gallagher index ranges from 0 to 100, which is important because

the Saint-Laguë index is unbounded, making it difficult to interpret values.

The advantage of using these mathematical indices is that they are easy to calculate, as

only the overall nationwide election results are needed. Compared to conducting surveys,

interviews, and focus groups on a sample of voters, mathematical indices are also much more

time and cost efficient, more objective, is easily generalizable, and works well with statistical

analysis. On the other hand, our research will miss out on how the voters themselves feel
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Ge =

√∑
p (Vp − Sp)2

2
(1)

Equation 1: The Gallagher Index G for an election e, where Vp is the percentage of votes won

by party p and Sp is the percentage of seats won by party p.

about the electoral system, their electoral constituency and their representative.

Urbanization will be measured by the proportion of population living in urban areas. The

data is from the World Bank and starts from 1960 to 2019 for the UK (World Bank, 2018). The

election results under consideration will therefore start with the election of 1964 to the elec-

tion of 2019. The most straightforward measure for the concept of urbanization is the number

of people living in urban areas, relative to total population. It is easily accessible from a reli-

able source, but it depends on the definition of urban. The dataset uses the definition from

each country, but this is not a problem as we are not comparing between countries.

The Gallagher Index will be calculated for every election between 1964 and 2019. Parties

that make up at least 99% of the popular vote will be included for calculation. Every indice

value will be joined with the urbanization value for the year of the election. A least-squares

linear regression will be used to test if there is a correlation between proportion of population

living in urban areas and the Gallagher Index. If necessary, the data might be transformed to

improve the linear fit or normalized to satisfy three assumptions in linear regression.

4 Findings and discussion

Figure 1: Change in the Gallagher Index and urban population by year
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Figure 2: Joint plot showing a linear regression between the Gallagher indices and urban pop-

ulation. A 95% confidence interval is shaded. Histograms are shown for both variables.

By plotting the change in the Gallagher indices and urban population by year, some pre-

liminary analysis and expected findings can be reported (See Figure 1). The urban population

has steadily increased over time, but the Gallagher indices fluctuated, so there appears to be

no strong linear correlation between them, if at all. Some normalization or transformation

should be needed, if possible.

Figure 2 shows the scatter plot of the indices against urban population, with a linear regres-

sion best fit line, shaded by a 95% confidence interval. There is no linear correlation because

the correlation coefficient is too low and all assumptions are violated. The R-squared value is

0.011. The gradient is -0.209 with a p-value of 0.695 and a 95% confidence that it is between

-1.33 and 0.91, so there it is not possible to say whether there is a positive or negative correla-

tion. The histogram on the top shows the distribution of the urban population points. It is not

normally distributed as it has a positive skew and a significant cluster at higher values. The

histogram on the right shows the distribution of the indices. It is not normal, vaguely show-

ing a bi-modal distribution. The first assumption (for small datasets) that both variables are

normally distributed is violated.

The second assumption of the linear regression is that the standardized residuals are nor-

mally distributed. Figure 3(a) shows that their distribution is clearly not normal. The third

assumption is that the residuals are independent of each other and distributed with no pat-

tern according to a normal distribution. Figure 3(b) shows that the residuals has an n-shaped
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Figure 3: a) A histogram showing the distribution of standardized residuals;

b) A scatter plot showing how standardized residuals match with fitted values

pattern, therefore the assumption that the two variables has a linear relationship is also bro-

ken.

Figure 4 is another visualization of the distribution. The red line indicates what a perfectly

normal data set would look like. For both variables, there are significant deviations above and

below the red line, making normalization tricky. Neither a logarithm, reciprocal, or a box-cox

transformation were able to both reduce the skew and improve the normality for both vari-

ables, because both have bi-modal distributions (slightly for the urban population dataset,

stronger for the indices). Therefore, there is no possible further analysis or transformation to

find a better linear fit. The null hypothesis that there is no linear correlation cannot be rejected

due to very low correlation coefficient, very large p-value, very large confidence interval, the

violation of all three assumptions, and the inability to transform the data.

5 Limitations and conclusion

The aim of this research is to investigate whether urbanization has caused electoral dispro-

portionality. For every election since 1964, we found no possible linear correlation between

the urban population (as proportion of total population) and the Gallagher indices. The null

hypothesis that there is no linear correlation cannot be rejected due to very low correlation co-

efficient, very large p-value, very large confidence interval, the violation of all three assump-

tions, and the inability to transform the data.

This agrees with the debate about constituency boundaries and gerrymandering in the

UK, and disagrees with the debate in the US. One reason is because the US has a two-party

system but the UK is in between a two and three party system.
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Figure 4: A quantile-quantile plot showing the theoretical normal distribution values with

a) the Gallagher indices; b) the urban population values

The sources were limited by only having 16 data points for the urban population starting

from 1960. Ironically, the urban population is also subject to the MAUP because the UK has

to be divided into districts which are then categorized as urban or rural. The division of those

districts will affect the result.

The methodology was also limited by the narrow focus. The concept of urbanization was

represented by a single measure, the percentage of urban population. The rate of change or

number of urban centres could be considered. Further analysis could be done on different de-

mographics and different countries could show subnational differences. Furthermore, further

analysis could use different measures of electoral disproportionality. Such a statistics-focused

study also fails to capture the human experiences with the election process in full depth, the

media coverage of election results, and the responses from leaders, representatives, and vot-

ers. The issues that were pivotal to each election should be considered for further study.
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