g A Bayesian Statistical Model to Predict American o
IifXAS PECH ENITIRSIY PreSIdentlaI EleCthnS CollengXg}TK;tI;NchRSSgencesm
onors College _ _ _

Brittany Alexander, Leif Ellingson Ph.D.

Abstract .- .
A previous Bayesian model used to predict the 2008, 2012, and General MethOdOIOgy SpeCIfIC MethOdOIOgy Of Map Of Reglons
2016 United States Presidential Elections using only poll data * The models used data from Pollster the Models
resulted in nearly identical electoral college predictions to * Only polls conducted from July 15 to the
FiveThirtyEight, and 95.329% relative accuracy to the Friday before the election with sample size, * Model 1 Prior Polls: Takes average of the
FiveThirtyEight Polls Plus model In terms of root mean square date, and the support of the two major other states in a group and uses that to predict
error of the predictions of the two_ major candidates. _The candidates was included 3 state
previous model used poll data from either other states or national » Minor candidates were excluded from the » Model 2 Polling Average: Takes average of
polls and used the Gaussian conjugate prior. The previous model . .
used the Gaussian conjugate prior calculation based on the mean pl’?dlCtIOﬂ and the Vot!ng result_s were the polls for each S_tate _
and variance of poll data. In an attempt to increase the accuracy adjusted to exclude minor candidates * Model 3 Beta Conjugate Prior: Uses poll data
of the model and further test the viability of this method, multiple » Bayesian models except the noninformative from other states as the prior
models with minor differences are used on the same data used as Beta model used a pooled collection of polls * Model 4 Gaussian lterative : Updates using
the previous model. The definition of swing states and regions from either other states in the group the normal approximation to the binomial
used to cefine the priors used are more formalized than the » Swing states were defined as a state that had distribution for each poll, uses poll data for
previous model. - The new models now pool the polls together been won by both the Democratic and other states as the prior
from other states in the regions and uses the pooled estimates as . : : . .
the prior instead of relying on poll data from one state. The new Repu_bllcan In the past four presidential * Model 5 Gaussian Poo_led Peqple: P_ools all
models compare the beta and Gaussian conjugate prior and use elections the responses together into a single giant poll, : .
three different methods to reassign undecided voters, and either » States were broken up into groups based on uses poll data for other states as the prior Comparison to Original Model
pooling all the polls together and make one calculation with the regions and the political lean of a state * Model 6 Gaussian Pooled Polls: Uses the e Only the Gaussian lterative Model, the
conjugate prior and or update the posterior with every poll. A set  Undecided and minor candidate voters were average and standard deviation of polls, uses noninformative model, and the polls average model
oofn:;o?ﬁés i\;\élfgti3eno(2;r;1;(;|irg:]at:%/gdbe?ti S%ﬁi)rfgﬂdwﬁeaIS?e\L/JiSoeSé reass|gn_ed either based on the poll results poll data for other _states as _the pr_lor. performed better than the original model, but the
model, and the proportional normalization was the best (prpportlonally), based on past votes, or were  Model 7 Beta I_\Ionlnfor_matlv_e Prior: Uses a other models were very close
split 50-50 Beta (1,1) noninformative prior e The new methods didn’t usually change the
nerformance
- - o o ®
Mathematical Backgrouna Average Error of the Models with Proportional Normalization e e original model. the newmocels correctly
e Bayes’ Theorem 1s a way to use prior information

Iterative Gaussian Average Error by State Beta Average Error by State Noninformative Average Error by State
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to find an estimate of a probability

: P(H)P(E|H | i i

e Bayes’ Theorem: P(H|E) = ( I)D(é)l L where H H H H Results and Discussion
Is the hypothesis and E Is the evidence (also called | | | e All models were worse than the FiveThirtyEight Polls
the prior). P(E|H) is called the likelihood. | | | | Plus Model in terms of RMSE, but performed the same
P(H|E) is called the posterior probability. at predicting winners

e Analysis of multiple hypotheses can be done e Polls from other similar states are not good predictors
with Bayes’ Rule: P(H|E) < P(H)P(E|H) Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 of the results in Partisan states

e |f the distribution of the prior is known a Average Error 5.9183 2.500653 2./83663 2.559477 2.526797 2.80915 2.65817 e State level fundamental modelling would likely have
conjugate prior can be used better results

e The independence assumption needs to be removed and
the polls need to be adjusted for bias in future research
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