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Introduction

Our data was retrieved from the Australian Senate website, available at https://www.aph.gov.au/. The timeframe chosen for this analysis began from the first vote of the 45th Australian Senate, until the parliamentary eligibility crisis beginning on July 14th, 2017 4 . Our reason for selecting this period in particular is that it contains the largest crossbench since the expansion of the Senate in 1950 5 and that it was a period of relative stability of the Senate composition.

Due to the rules of Senate proceedings, the nature of the votes on parliamentary matters are only delivered at the party level-as such, only party level data is officially made available. Each party within the Senate was assessed on their propensity to vote alongside the incumbent LNP government. We used this measure to determine whether the party was left-(voting against the right-wing government) or right-wing (voting with the right-wing government).

Our analyses were performed via our R package BoltzMM-The package implements the MM algorithm for maximum pseudolikelihood estimation of FVBM models, as presented in Nguyen and Wood 6 , and uses the asymptotic normality results of Nguyen and Wood 7 to conduct inferential computations.

Method

Analyses revealed an interesting pattern of voting behaviours amongst parties. Firstly the Australian Greens, Jacqui Lambie Network, and Family First Party voted significantly in opposition to the LNP government. On the other hand, the Derryn Hinch Justice Party voted in concordance with the LNP. These results are somewhat surprising, given the reputation of parties such as the Family First Party to be right-wing, thus would be expected to vote in concordance with the LNP. However, it is unknown whether this is due to the Family First Party voting differently to the LNP, but perhaps more right-wing on several issues than the existing LNP government, as votes were coded only as voting with or against the LNP.

In terms of the relationship between parties, many parties were found to be significantly related-in both negative and positive directions, similarly to Desmarais & Cranmer 2 . Most notably, there were large, significant positive relationships found between independent Senators and the Nick Xenophon Team, the independent Senators and Pauline Hanson One Nation, the Jacqui Lambie Network and Pauline Hanson One Nation, and Derryn Hinch's Justice Party and the Nick Xenophon Team. This has provided us with further insight as to how each party votes on the political spectrum. As the parties that have clustered together seem to have similar ideologies, we can then further investigate whether this implies similar voting patterns with the LNP government. In the case of the independent Senators, who voted in concordance with both PHON and NXT, all of these parties had voting patterns that are concordant with the LNP government. This also applies to DHJP and NXT, with DHJP being the most significantly concordant party, when compared with the LNP government. This would indicate that these parties could be placed on a conservative axis, in accordance with the right-wing LNP government.

In contrast, the negative relationships of voting between parties were found between parties with most contrasting values. In this case, we observe that AG and PHON are significantly discordant. This fact is supported by their respective biases against and towards the voting patterns of the LNP. This result is expected given the opposing values of each party, and their self-identification on different sides of the political spectrum (Australian Greens identifying as left, Pauline Hanson One Nation as right) 8,9 .

Discussion

In summary, our research found distinctly different voting patterns from the LNP for the Australian Greens, Jacqui Lambie Network, and Family First Party. We also found a pattern of concordance with the government and the Derryn Hinch Justice Party.

Our analyses revealed the voting relationships between each party in the Australian Senate. We found a pattern of relationships amongst several right-wing identifying parties (such as the Pauline Hanson One Nation Party and the Jacqui Lambie Network). Furthermore, we found a pattern of negative relationships (that is, voting against one another) between parties on extreme ends of the ideological spectrum-such as the left-wing Australian Greens party, and the right-wing Pauline Hanson One Nation party.

For future research, we would like to investigate the labeling of each individual voting item as being progressive or conservative. This will allow us to better measure the left-to-right wing spectral position of each of the political parties, instead of using the LNP as a proxy variable, as in our current study.

In conclusion, there are many complex interrelationships between the parties of the 45th Australian Senate. Using the inferential tools from the BoltzMM package, we have been able to examine the positioning of each individual party on the political spectrum, as measured by their voting patterns in relation to the right-wing LNP government. Our inferential tools have also allowed us to compare the concordances and discordances among pairs of Senate parties. In the election of the 45th Australian Senate, 20 of the 76 Senators elected were from minor parties (the Australian Greens, Nick Xenophon Team, Jacqui Lambie Network, Pauline Hanson's One Nation, Liberal Democrats Party, Derryn Hinch's Justice Party, and Family First Party), or were elected as independent Senators (Rod Culleton and Lucy Gichuhi). As such, this is a particularly interesting and dynamic voting period to analyse, as there is a great deal of complexity regarding the numerous ideological and interacting stances of arising from the crossbench.

Conclusions

The Australian Senate is one of the two houses that compose the Australian Federal Parliament. The Senate shares the power to make laws with the House of Representatives, and all proposed federal bills must be passed by the Senate and House of Representatives 1 . As such, the Senate has great influence over federal law-making. Despite this power over law making, very little research has been conducted on how parties vote in the Senate. Moreover, to the bet of our knowledge, no significant research has been conducted that uses the rich amount of information from the large number of crossbenchers of the 45th Australian Senate. As such, we seek to conduct a proof-of-concept study by analysing the voting patterns of the 45th Australian Senate via the use of a fully-visible Boltzmann machine, implemented via the BoltzMM R package. This allows us to estimate the relative ideological positions of each individual senate party relative to the incumbent Liberal National Party based on their voting data, as well as the association and interaction between each pair of parties.

In the United States of America, similar research has been conducted on the voting patterns of the Supreme Court 2 . In the cited study, the authors used a Boltzmann Machine to estimate the ideological positions of each Supreme Court Justice. Their results found that there were significant interdependences between the voting patterns of the Justices and also that the Justices each had significant political biases along the left-to-right wing political spectrum.

Martin & Quinn 3 also sought to explain the voting patterns of Supreme Court Justices in the United States, and the extent to which the ideological points of shifted for each justice during their careers . In this case, the authors found that the justices did not have consistent ideologies or voting patterns throughout their career, and that their ideological points shifted over time.

For our analyses, we first examined the voting patterns of each party in contrast to the right-wing LNP government in order to place them on the ideological left-to-right wing spectrum. Secondly, we examined the pairwise relationships between each of the Senate parties.

Results

Table 1.Each Senate party's propensity to vote with the LNP. Boldface indicates significance at the 0.05 level. The BoltzMM package is available on CRAN and can be installed via the command:

> install.packages('BoltzMM')

The BoltzMM package allows for computation of probability mass functions of fully-visible Boltzmann machines via the functions: pfvbm and allpfvbm. Random data can be generated using the function: rfvbm. Maximum pseudolikelihood estimation of parameters via the MM algorithm can be conducted using the function: fitfvbm. Computation of partial derivatives and Hessians can be performed via the functions: fvbmpartiald and fvbmHessian. Covariance estimates and normal standard errors can be computed using the functions: fvbmcov and fvbmstderr.
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 1 Figure 1. A network plot of the relationships between each party's voting patterns. A red line indicates a negative relationship, and a blue line indicates a positive relationship. A solid line indicates a significant relationship, and a dashed line indicates an non-significant insignificant. The thicker the line, the greater the concordance/discordance.
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