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Abstract

The role of education in the geography of Brexit is usually examined using descriptive
statistics and regression, which are ill-suited to the assessment of predictive capacity.
By presenting in-sample and out-of-sample probit classification results, this paper
demonstrates that educational attainment alone can correctly classify up to 92.24% of
local authorities by voting outcome, including up to 80% of Remain-voting authorities.
These results emphasise the importance of education as a key factor in the political

geography of the Brexit vote.

Keywords: Brexit, Education, Geography.

Acknowledgements: We thank Thiemo Fetzer for comments.

*Department of Accounting, FEconomics and Finance, University of the West of England. Email:
rob.calvertjump@uwe.ac.uk.

"Department of Accounting, Economics and Finance, University of the West of England. Email:
jo.michellQuwe.ac.uk.



1 Introduction

In October 2017, the Conservative MP for Daventry wrote to the vice chancellors of British
universities to ask for the names of any professors involved in the teaching of European
affairs, “with particular reference to Brexit” (Fazackerley, 2017). Discussing this letter on
the BBC’s Sunday Politics programme, Barry Sheerman, the Labour MP for Huddersfield,
argued that, “The truth is that when you look at who voted to Remain, most of them were
the better-educated people in our country”. This observation provoked widespread debate,
with at least one Conservative MP accusing Sheerman of snobbery (Baynes, 2017).

Since this short-lived media storm, and others like it, empirical work has established
educational attainment as one of the strongest correlates of voting intention in Britain’s
referendum on EU membership. This has been found using individual-level data on attitudes
towards the EU (e.g Alabrese et al., 2018) and geographic data on voting outcomes (e.g.
Becker et al., 2017; Zhang, 2018). The association between education and Brexit is mirrored
in the wider literature linking education and Euroscepticism, including Lubbers & Scheepers
(2010) and Hakhverdian et al. (2013).

While Alabrese et al. (2018) conducts a classification exercise using individual-level data,
the existing literature on the geography of Brexit concentrates on descriptive statistics and
regression. In doing so, these studies miss the remarkable ability of educational attainment
to predict the geographic distribution of the Leave vote. The present paper fills this gap in
the literature, by using single and multi-level probit models to classify local authorities in
England and Wales into Leave and Remain areas using a variety of demographic predictors.
Both the in-sample and out-of-sample classification success of educational attainment is
remarkable, and emphasises its importance as a key predictor of Britain’s vote to leave the

European Union.

2 Data and descriptive statistics

The data are comprised of Leave vote shares and a set of demographic characteristics,
observed at local authority level in England and Wales. The latter comprise the population
shares born in the UK, identifying as ethnically white, identifying as male, median age,
and the working population share with a “lower supervisory and technical”, “semi-routine”,
or “routine” occupation. These are all standard predictors in the existing literature. The
measure of educational attainment is the adult population share educated to degree-level or
above, which is 27% on average across English and Welsh local authorities. Voting data are
taken from the Electoral Commission and the demographic variables are taken from the 2011
census. We confine our analysis to England and Wales, because data for Northern Ireland

are unavailable at local authority level and every authority in Scotland voted Remain.



3 Classification Approach

To classify local authorities into Leave and Remain voting areas, we estimate probit models

of the form,
Prly;; = 1]xij, u;] = ®(xi58 + uy), (1)

for local authorities indexed by ¢ in NUTS 1 regions indexed by j, where ® is the c.d.f. of the
standard Normal distribution, x;; are the set of demographic regressors, and u; are a set of
fixed or random regional effects. The dependent variable y;; = 1 if the local authority voted
Leave, and 0 otherwise. The models in (1) yield a set of predicted probabilities Pr. If we
define a correctly classified Leave area as one for which y = 1 and Pr > 0.5, and a correctly
classified Remain area as one for which y = 0 and Pr < 0.5, then we can calculate the
percentage of correctly classified Leave areas, the percentage of correctly classified Remain
areas, and the percentage of correctly classified areas overall. Taken together, these statistics

provide a useful summary of predictive accuracy.

4 Results

Table 1 presents in-sample classification results using standard, fixed effect, and random
effect models. The fixed effects and random effects model perform similarly, and both are
more successful than the standard probit models. Remarkably, the fixed effects model with
education as its sole predictor correctly classifies 96.2% of Leave-voting areas and 80% of
Remain-voting areas. In absolute numbers, the model correctly classifies 253 of the 263
Leave-voting areas and 68 of the 85 Remain-voting areas. In comparison, the fixed effects
model using all of the demographic variables correctly classifies 96.96% of Leave-voting areas
and 82.35% of Remain-voting areas, or 255 and 70 correctly classified Leave and Remain
areas respectively. As such, the marginal gain of using the full set of demography variables
over using education as the sole predictor is two correctly classified Leave areas and two
correctly classified Remain areas.

In the machine learning literature, the validation of classification models usually involves
estimation on a training set followed by classification exercises performed on a validation
set, in which observations are randomly assigned between sets. This is the approach taken
in Alabrese et al. (2018), for example. However, because we have only 348 observations,
taking this approach is likely to result in considerable sampling variability in any measure
of predictive success. Instead, table 1 presents classification results for local authorities in
the South East predicted by standard probit models estimated on the remaining NUTS 1
regions. We use the South East for this exercise because its Leave share (51.78%) was very
similar to the overall result (51.89%), and it has the largest electorate of the NUTS 1 regions.



Table 1: Classification results

Correctly classified districts:

Overall Leave Remain
Standard probit in-sample:
Education only 90.80% 95.44% 76.47%
All demography 92.24% 96.96% 77.65%
All demography minus education 85.92% 93.54% 62.35%
Fized effects probit in-sample:
Education only 92.24% 96.20% 80.00%
All demography 93.39% 96.96% 82.35%
All demography minus education 89.94% 95.44% 72.94%
Random effects probit in-sample:
Education only 92.24% 96.96% 77.65%
All demography 93.10% 97.34% 80.00%
All demography minus education 88.79% 95.44% 68.24%
Standard probit out-of-sample:
Education only 91.04% 88.37% 95.83%
All demography 88.06% 90.70% 83.33%
All demography minus education 80.60% 81.40% 79.17%

Notes: The standard probit models do not include fixed or random regional effects. The
random effects models are estimated using meprobit in Stata. The models for the in-sample
results are estimated using all local authorities England and Wales. The models for the
out-of-sample results are estimated on all NUTS 1 regions other than the South East, which
is used for the out-of-sample classification exercise.

The model performs relatively well in comparison to the in-sample classifications, correctly
classifying 38 of the 43 Leave districts and 23 of the 24 Remain districts. Interestingly, the
model with education as its sole predictor outperforms the model with every demographic

variable, which is comparatively poor at classifying the Remain areas.

5 Discussion

The local authorities incorrectly classified by the random effects probit model are displayed
in figure 1. Misclassified Remain-voting areas include several large cities and towns with
large universities, suggesting a possible influence of education that is not captured by the
proportion of degree-educated adults. On the other hand, most of the other incorrectly clas-
sified Remain areas are geographically contiguous with areas with particularly strong Remain

votes. There is, therefore, clearly information being ignored by our models. Nonetheless,



Misclassified

. leave A
\ h leave
. remain ) .
- 50% D

4 Newcastle upon Tyne
N \ '\ - - *
Leave vote ¢ S é =Y remain

P Hambleton
70% U N T o

leave vote
rl
.t

20%  30%  40%

60% >\ degree education

50%
40%
30%

Gwynedd |

- Norwich
- (o

Ceredigion

Reigate and Banstead

Lewes

Figure 1: Map of Leave vote share, with incorrectly classified areas highlighted. Inset scatter
shows Leave vote share against degree education.

probit models using only education have remarkable predictive capacity for the geographic
distribution of Britain’s vote to leave the EU.

How should this result be interpreted in light of the various narratives seeking explain
the Brexit vote? These can broadly be divided into those emphasising cultural divergence
between socially liberal Remain voters and socially conservative Leave voters (e.g. Good-
win & Heath, 2016), and those emphasising economic drivers such as inequality, austerity,
and the effects of globalisation (e.g. Fetzer, 2018). Since educational attainment is closely
correlated with both social attitudes and economic success, our results could be invoked in
favour of either set of narratives. We therefore caution against drawing firm conclusions on
the basis of these results. Instead, the predictive capacity of education is one clue in the

larger puzzle of what drove the Brexit vote.
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