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Abstract: 

Sortition – selecting representatives by drawing lots – has played a significant part in the history and 

development of democracy. When it comes to modern more representative variants of democracy, the 

custom of sortition has, however, fallen from grace and largely vanished from the main stage of democracy. 

But how well would it work in modern parliaments, compared to current practice of electing 

representatives? The thesis undertakes a task to simulate the main functions of a plural parliament in the 

case where there are no randomised representatives present, and in the case where randomised 

representatives are present – to different extents – and ultimately contrast them to solve this research 

question. 

 

The thesis takes on the research question with the method of constructing a rather simplistic model of a 

plural parliament and its functions, generating a metric of the hypothetical quality and volume of the 

legislation produced by the parliament. The model is run and re-run thousands of times as a so-called Mont 

Carlo simulation with few randomised and many fixed variables to produce overall results dataset of the 

simulations with different fractions of randomised legislators present in the parliament. The results dataset 

is ultimately subjected to an analysis of variance (ANOVA) to determine the likelihood of the different 

fractions of independent legislators producing legislation of different quantity and quality on average. 

 

The result of the conducted ANOVA is that the produced quantity and quality of legislation produced by 

different fractions of independent legislators very probably is not equal on average. Therefore, the quality 

and quantity of legislation seems to depend on the fraction of randomised legislators in a plural parliament. 

The quality and quantity of legislation is, further, higher on average in plural parliaments with a moderate 

number of randomised legislators than it is in a plural parliament where randomised legislators are not 

present. 

 

The thesis continues to conclude that – as the quality and quantity is on average higher with a moderate 

number of randomised legislators and as the true quality and quantity of the legislation is very probably not 

equal across the simulations – the quality and quantity of the legislation is higher with a moderate amount 

of sortition, i.e., randomised legislators present in a plural parliament. The thesis goes on to briefly discuss 

the ways the conditions of the model could be enabled in real-life and the best ways to achieve the results 

that the model points towards.  
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1. Introduction 

 

It is accepted as democratic when public offices are allocated by lot; and as 

oligarchic when they are filled by election. 

Aristotle, Politics, 1294b. 

 

The European political history ranges from the considerations of absolute monarchs to 

direct democracy and beyond. More absolutist and less democratic political system have 

since fallen from grace and are progressively being replaced by more inclusive forms of 

governance (Acemoglu and Robinson 2000, 1167). Yet a distinctive feature of otherwise 

acclaimed cultural influence set by the ancient Greece has been largely neglected in 

political sphere: the custom of selecting political representatives by lot, colloquially 

dubbed sortition, rather than consciously electing them by the means of voting. The 

custom of selecting representatives by lottery is in modern times often disregarded as 

archaic and even silly, even more so than the much-derided direct democracy. It is rarely 

thought about and regarded mostly as a bizarre custom. (Manin 1997, 8–14) 

 

In a modern world that more equipped than ever to simulate and gauge the effect different 

democratic institutions, it would seem a waste to cling into the extant democratic 

institutions without ceaselessly looking for new ways to introduce a form of democratic 

governance that produces better results. This thesis contributes to the search with its 

meagre output by trying to measure how would parliament and sortition work together to 

produce results that are, on average, better. 

 

The thesis aims to explore how would the introduction of progressively more sortitioned 

– randomly selected – members of the parliament affect the dynamics of a modelled plural 

parliament. The thesis briefly describes the historical usage of sortition in politics, after 

which it moves on to map out the more general usage of randomised strategies in modern 

societal settings. 

 

The research question at hand is whether the introduction of sortition to an elected 

parliament enhances the quality and quantity of the legislation it produces. The hypothesis 
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is that it does: the introduction of sortition enhances the product of quality and quantity, 

dubbed ‘efficiency’, of legislation in a plural parliament. 

 

To convincingly solve the research question and interrogate the hypothesis, the thesis 

embarks on modelling a plural parliament. It quantitatively compares the outputs of the 

model in the case where a parliament is wholly filled by representatives that are affiliated 

with a political party, and a case where a modern parliament consist of different fractions 

of non-party-affiliated, independent, randomised, sortitioned representatives. For a 

successful comparison the thesis constructs a model of parliament, which is designed to 

produce a certain computed ‘efficiency’ of the plural parliament with only the proportion 

of independent legislators varying, therefore enabling to track the change in results ceteris 

paribus, all else held equal. 

 

The application is designed to closely track the work named Accidental Politicians 

(Pluchino et al. 2011a), which works as a certain kind of blueprint for the thesis and which 

the name of the thesis is a nod towards. In Accidental Politicians, the authors arrived on 

a conclusion that an increased number of randomly selected representatives instead of 

more normal elected representatives would increase the product of quality and quantity 

of the legislation in a bipartisan parliament. 

 

The authors of the study embark on modelling a simplified hypothetical parliament of 

two parties in two axes, one representing ‘social gain’ and the other representing ‘private 

gain’. A so-called Cipolla diagram (see section 3.2 for more thorough introduction to the 

diagram employed). The legislators of the parties propose legislation and vote on them 

based on their positions on the two axes. Ultimately, across many random iterations of 

the simplified model and party positions on its axes – so-called Monte Carlo method of 

progressive random simulations with certain fixed inputs – a set of legislation initiatives 

is passed with an associated social gain. This forms with the volume of passed legislation 

a distribution of ‘efficiency’ one can assume with a set number of parties and party 

strengths. The same is repeated with otherwise same parameters but with increasing the 

fraction of independent, randomly selected – sortitioned – Members of Parliament (MPs). 
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The original study cited above only considered the case of two parties, a bipolar political 

system of two hegemonic parties or coalitions, as is the case of for example in the United 

States and Italy, respectively. The political system in Finland cannot be characterised as 

bipolar: there are at the time of writing ten parties in the parliament and they regularly 

constitute government coalitions with varying compositions not necessarily associated 

with any stringent blocs, let alone stable ones. Therefore, the model as-is does not work 

in Finland’s case. The aim of this thesis is to expand similar analysis into a more plural 

parliament, modelled after Finnish eduskunta, by tweaking the model to fit more into the 

plural political context and nuances in Finland. 

 

Later in the thesis, the distributions of efficiency produced by different fractions of 

independent legislators are contrasted, enabling the comparison of a situation where only 

party-affiliated MPs were present and a situation where also independent sortitioned MPs 

were present. On top of visual representation, the results are analysed with analysis of 

variance (ANOVA) to obtain the probability with which the results are statistically 

significant: whether the means of each observation group with different proportion of 

independent sortitioned legislators are distinct. 

 

Lastly, the thesis discusses the ways and applications to achieve the conditions most 

closely matching that of the modelling. What decisions must be made for instance in 

initial pool of volunteers or institutional design of parliament be done for the effect of the 

thesis to take place? 

 

The main hypothesis in the thesis, as alluded above, is to confirm the findings of 

Accidental Politicians (Pluchino et al. 2011a) also in the setting of more plural 

parliament: that the increase of independent and randomly selected Members of 

Parliament increases the produced product of social gain of the legislation approved by 

the parliament and its volume, also in more plural parliament. During the construction of 

the model, few tweaks are done for it to produce more useful results in terms of 

application to real world. 
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For transparency and reproducibility, in the appendices one can find the R-code employed 

in modelling the plural parliament and deriving the results. The code has been annotated 

for increased legibility and enhanced reproducibility. The R-code can also be found from 

GitHub (Lehtinen 2022). 

 

2. Historical examples of sortition in politics 

The historical examples and the theory behind of election by lot, also known as ‘sortition’, 

are numerous. Contrary to more modern layman understanding of the term ‘democracy’, 

it has not always entailed the current model of representative government. Up until the 

17th century, especially in ancient Athens, the custom of election was by some considered 

to be aristocratic, whereas, in contrast, the custom of sortition – selecting officeholders 

by a lot – was affiliated with democracy (see for instance Aristotle, Politics, 1294b). The 

emphasis in this thinking was in the equal chance of everyone (eligible) to govern; for 

everyone to have the same chance to hold mandate and participate in the public matters. 

(Manin 1997, 4–5, 34–40) In this section of the thesis, the main historical examples of 

randomly selecting representatives by a lot are considered. 

 

Most famously, the practice to select certain representatives by a lot originated in ancient 

Greece. In the first subsection of the section (2.1), a brief attention is turned towards 

especially Athens, as the custom of sortition was in prominent use in the polity. Many of 

the executive offices, including ‘magistrates’ and ‘council’ were selected by a lot, with 

very short terms and the office holders wielding significant power in the political system. 

(Manin 1997, 15–18). 

 

Democratic considerations in overall slid to the background during the times of Roman 

Empire. The political power was vested by the wealthy and aristocratic, leaving only little 

room for popular governance. Nevertheless, sortition played a limited yet important role 

in the decision-making in deciding who gets to vote first within the upper classes. The 

importance of such concept of the ‘prerogative vote’ is discussed in second subsection 

(2.2). 
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Later, after a lapse during the hegemony of the Roman empire, the practice was 

revigorated in the medieval and early modern republican city states of Italy (2.3). In the 

subsection, attention is turned to especially city states of Florence and Venice, considered 

the most exemplary of the genre (Tangian 2014, 57). 

 

Such emphasis on equal chance of representing continued to dominate the understanding 

what it means to have democracy, rule by the people, until few centuries back. Bernard 

Manin traces the reasons behind this change in focus to series of European revolutions 

underlining the importance of consent: people ought to have a say and should be able to 

consent to who rules them. (Manin 1997, 83–86) 

 

Hence, more recently in modern times, sortition is rarely considered a realistic alternative 

and often bypassed with a shrug. Nevertheless, the concept of selection by lot is making 

a small-scale comeback with the bourgeoning ‘democratic innovations’: citizen panels 

and other deliberative bodies are sometimes selected randomly, offering a limited 

application of sortition to modern democratic representative setting. Similarly, certain 

politicians especially in France seem to be more amenable for sortition in politics, at least 

on the level of proposition. Subsection 2.4 deals with the more modern small-scale 

examples of the custom of selecting representatives randomly and proposals to implement 

such randomised strategy to politics. 

 

2.1  Ancient Greece  

Athens, perhaps the most famous polity of ancient Greece, is perhaps best known for its 

usage of direct democracy. Every (male, Athenian, non-slave) citizen was entitled and 

expected to participate in the management of public affairs, politics. Another institutional 

feature, however, is perhaps less known: the selection of the executive body, ‘council’, 

from the citizenry by the means of sortition, selection by lot. Such executive body 

functioned as a way to organise and direct the citizenry that was way too wide and 

numerous to efficiently manage its own agenda. The institutional features of the classical 

Athenian system (in roughly 500 BC) are summarised and showcased in figure 2.1.1. 

(Held 2006, 18). It is worth to notice that the precise institutional framework during the 

Athenian democracy changed many times (see for example Lyttkens 2013, 27–29 for a 
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short overview and periodisation; and Hansen 1991 for a more elaborate discussion and 

details). Nevertheless, figure 2.1.1 offers a rough blueprint of how the democratic system 

in ancient Athens was largely structured across the centuries. 

 

 

Figure 2.1.1. The institutional features of the ancient Athenian democracy, as adapted from Held (2006, 

18). 
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Indeed, almost all Athenian officials were selected for short terms from the citizenry by 

sortition (Tangian 2014, 4). According to Josiah Ober, a professor of classics and political 

science at Stanford University, the Greek recognised the centrality of a popular council 

for their democracy (Ober 2008, 73). As the members of the council were selected by 

lottery for the duration of short one-year terms from the whole body politic of Athenians 

(Ober 2008, 74), sortition might even be the solitary most salient feature of the Athenian 

classical democracy (Bouricius 2013, 2). Bernard Manin arrives to a similar conclusion 

in his 1997 book The Principles of Representative Government, which tracks and 

discusses the development of ‘representative government’ from ancient times to 

modernity. (Manin 1997, 8) 

 

This thesis starts with a quote from Aristotle, about the democracy-ness of sortition and 

oligarchy-ness of the election. The custom of sortition was indeed thought to be most 

closely a ‘democratic’ method of apportionment and selection – a sort of ‘radical 

democracy’ and especially in contrast to election (Hansen 1991, 230). Especially the 

critics of Athenian democracy connected the practice to equality, whereas supporters of 

the practice saw it to safeguard the ‘power of the people’, demos. (Hansen 1991, 84) 

 

Terrill Bouricious further contends and sums it up in his Democracy Through Multi-Body 

Sortition (2013) that because of the popular council selected by lot, the ancient Athens 

resembled more closely to a sort of sortitioned representative system than pure idealised 

direct democracy it is often portrayed to typify. He notes that ‘the meeting place of the 

People’s Assembly could hold only 6,000 and later perhaps 8,000, out of an estimated 

30,000 to 60,000 eligible citizens. Thus, the People’s Assembly was a sample of the 

demos.’ (Bouricius 2013, 2) 

 

Regardless, it is good to keep in mind and obligatory to mention that Athens nor other 

ancient Greek polities cannot be considered ‘democratic’ in the modern sense of the word. 

As they excluded women, foreign-born and slaves from the citizenship and hence political 

functions, it mostly resembles an oligarchy where the power was in the hands of an upper 

class. 
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2.2  Roman Empire 

Rarely is the Roman polity conquering the borders of the Mediterranean considered a 

democracy, even in its early republic form, even with the bar set by the classical Athenian 

tradition where women and slaves were wholly excluded from the public decision-

making. Indeed, even Greek writers during the Roman republic did not consider it a 

democracy but a ‘mixed government’ of sorts, combining monarchy, aristocracy, and 

democracy to an extent. (Manin 1997, 44–45) 

 

Further, the function of Roman legislative assemblies was distinct from both Athenian 

and modern conceptions in that it did not aim to work from ‘bottom to top’ and was not 

designed to portray the opinions of citizenry and guide the polity to direction of citizens’ 

choosing. Rather, it was meant to work from ‘top to bottom’ and secure the approval of 

the citizenry ‘for policies already determined by the section of society best fitted to rule’. 

(Caven 1973, 263) 

 

Nevertheless, in the oligarchic timocracy of ancient Rome, the custom of sortition played 

a part in deciding who is to vote first in certain assemblies, the so-called ‘prerogative 

vote’. Regarding the prerogative vote, it is again useful to remind ourselves that the 

precise custom of vote-casting and counting changed during times, as is only natural in 

the course of hundreds of years, but the custom of selecting the first voter by lot in certain 

assemblies remains a rather sure and established practice during especially towards the 

end of Roman republic, following a reform in third century BC. (Manin 1997, 48) 

 

In prerogative vote after the reform, the centuria (Romans voted by blocks in the 

assemblies, not individually, see details of the process for example in Nicolet 1980, 258–

267) voting first was determined with a lot. This happened from among privileged or 

propertied classes, which voted subsequently after the prerogative vote in hierarchical 

order. The outcome of each vote was made public and counted before the subsequent 

voters would vote, while the voting blocs of the upper classes held a number of votes 

close to reaching a majority. Further, the voting was stopped upon reaching a majority of 

all representatives, practically rendering the less wealthy and lower-class voting blocs 
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play no part in the decision-making. Only when the upper class disagreed, avenue was 

opened for the others to affect the outcome. (Manin 1997, 46–51) 

 

Whereas on surface such casting of a singular vote – even if a public one – does not seem 

like mattering terribly much, the importance was sizeable for the assembly. The Romans 

ascribed a certain religiously interpretable weight to the vote, seeing it as a divine 

guidance towards which the outcome would skew. (Manin 1997, 48–49) 

 

On top of the religiosity and divine guidance ascribed to the vote, most accounts, as 

Bernard Manin summarises in upper-referenced pages, underline the unifying effect and 

political cohesion it burgeoned in upper classes (Staveley 1972, 155) or in the specific 

assemblies as a whole (Nicolet 1980, 262). 

 

The ‘prerogative vote’ by the sortitioned voter had a clear effect on the ultimate vote cast 

by subsequent voters, and therefore the system had a degree of randomness embedded 

into it, despite the extent of the degree being limited due to the very nature of 

undemocratic-ness of the Roman political system. 

 

2.3  Medieval and post-medieval Italy 

After classical Greece, the very concept of democracy faded somewhat from the view. 

The concept meagrely stayed alive during the Roman republic and empire – as discussed 

above – but was revigorated in more complete manner in the medieval Italian city states, 

especially in Venice and Florence. (Tangian 2014, 57) 

 

From the viewpoint of sortition, the medieval city states of Italy also offered a partial 

resurfacing of the lottery custom. Even though executive representatives or coordinating 

chambers were no longer selected directly by a lot from the whole eligible populace, the 

custom of brevia and scrutiny implemented even partially the principle of randomness 

into the democracy practiced in the polities. (Dowlen 2008, 67–68) 

 

In brevia, the basic principle was that a group of electors were selected from the populace 

by lot, who subsequently elected the officeholder in various systems. The system as 
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consistently used by for example Genoa, Pisa, and Parma (Dowlen 2008, 67, 76). Perhaps 

(sort of) pinnacle of this custom can be found from Venice, the republic which stood the 

test of time the longest from the self-governing republics of the area, over a thousand 

years and all up until the late 18th century. Venice employed a complex system of 

alternating rounds of sortition and elections to select the highest officeholder of the 

republic: Doge. As paraphrased by Andranik Tangian in his Mathematical Theory of 

Democracy (2014), the process variously included drawing papers from an urn and 

progressively (s)electing fewer and fewer names to proceed in the process, ultimately 

culminating in selection of the new Doge. (Tangian 2014, 62–63) 

 

In scrutiny – an inversion of brevia – the final officeholders are selected by lot from a 

pre-elected pool of candidates (Dowlen 2008, 68). The polity of Tuscany – where the 

concept of scrutiny was devised (Dowlen 2008, 79) – experienced a relatively tumultuous 

path to democracy and the end it was supplanted by hereditary monarchy (Tangian 2014, 

64). Before the hereditary monarchy, Oliver Dowlen recounts in his The Political 

Potential of Sortition, the concept scrutiny was employed to select multiple of the 

officeholders in the polity (Dowlen 2014, 86–89; for a detailed timeline and elaboration 

of the Florentine institutions, see Mann 1997, 55–63; and Najemy 1982). 

 

As in the case of ancient Greece, the franchise was still limited to the male half of the 

populace at the very best and did not often consider those in servitude or without sufficient 

property. The female suffrage – and by extension political office by sortition – was not 

deemed possible in the medieval city-states of Italy. 

 

2.4  From early modern times to current day 

After the medieval city-state polities in Italy, the concept of sortition at the service for 

democracy faded away little by little and is rarely truly considered in democratic setting 

at large scale. It still featured somewhat in the writings of Montesquieu and Rousseau in 

the eighteenth century, but from this point onwards there is a notable absence in debates 

and writings about the usage of lottery in democratic context, even with conjunction with 

other institutions in representative political systems of post-medieval era. (Manin 1997, 

67–79) 
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A mention or three survives in the context of debates surrounding the drafting of the 

constitution of the United States, as well as during the French revolution of 1789 but, to 

quote Bernard Manin, ‘neither in England, nor America, nor France, did anyone, 

apparently, ever give serious thought to the possibility of assigning any public function 

by lot’ (Manin 1997, 80–81). 

 

Reasons for this change of heart is usually attributed to conditions that have changed since 

small polities of the antique and medieval times – especially in contrast to the mass 

democracies of representative system – (Guéniffey 1993, 122) or to the purported 

impracticability of the custom of lottery (Schmitt 1928, 284). Bernard Manin finds neither 

explanation completely persuasive, as the situation was not in reality as completely 

impractical as it is often presented and a myriad of the custom of sortition could have 

been used in combination with other institutions or locally. (Manin 1997, 82–83)  

 

Manin, then, continues to map the change in the attitude towards sortition to the concept 

of consent of the governed, and to the way such concept played a role in several 

revolutions of the era: the right of the subjects to consent on who exercises power over 

them; the power to acquiesce to and choose their representatives. As lottery couldn’t 

exhibit such conscious consent of the governed but worked in random, such ordination of 

representatives was not simply deemed adequate in the atmosphere of underlining consent 

of the governed. (Manin 1997, 83–91) 

 

Oliver Dowlen comes to a related conclusion after recounting the history of usage of 

sortition from Athens to medieval times and beyond: sortition or selection by lottery ‘was 

never a central part of the northern polity in the way that it had been in Athens, Venice or 

Florence’ (Dowlen 2008, 137). 

 

Despite the long exclusion of the practice from democratic settings, there have in modern 

times been initiatives of deliberative democracy more in line of the tradition of 

randomness, be it in selection of citizen assemblies for deliberating issues, or otherwise 

(see for instance Carson and Martin 1999; Gastil and Richards 2013). 
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The most common minor scale application of modernity, then, devolves around 

deliberative polls, citizen panels or citizen juries in the spirit of deliberative democracy. 

Such panels or juries are often selected at random via means or another to safeguard a 

representative subset of the population. (Held 2008, 247–249) 

 

Coming from a mainly American perspective, James Fishkin and Robert Luskin discuss 

the idea of deliberative polls in their Experimenting with a Democratic Ideal: 

Deliberative Polling and Public Opinion (Fishkin and Luskin 2005). They argue that 

progressive emancipation of more and more people, while good and for political equality, 

has diminished true deliberation of issues and weighing pros and cons of them. (Fishkin 

and Luskin 2005, 284–286) 

 

Fishkin and Luskin proceed to propose a combination of deliberative ethos and 

randomised mechanism of polling to increase deliberation of issues. The polling 

component – selecting a random subset of the public – would ensure the representativity 

of deliberative polls, while the deliberative component would arm them with ‘carefully 

balanced’ briefing materials on pros and cons of policy positions for and against. (Fishkin 

and Luskin 2005, 287–289) 

 

Such formulations have been employed for example in European-wide usage (Fishkin 

and Perangelo 2014), in Uganda (Fishkin et al. 2017) and in China (Fishkin, He and Siu 

2006). Perhaps the most notable and one of the earliest usages of randomised citizen 

assemblies – working roughly similarly to above when it comes to deliberating and 

deciding matters – happened in British Columbia, Canada, in 2004. Similar blueprint was 

replicated in Canadian Ontario and Netherlands a few years later (for an overview of the 

practices employed and their produced lessons, see Fournier et al. 2011). 

 

Sortition has also gradually been making a comeback in more visible political spheres 

lately. In Iceland in 2010 and in Ireland in 2013, constitutional conventions for drafting a 

new constitution or amending the existing one were convened fully or partially in the 

method of drawing lots (Farrell 2014). Likewise, the French left-wing politician and 
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presidential candidate Jean-Luc Mélenchon implemented a rather similar proposition to 

his manifesto for French Presidential election of 2017. More in detail, Mélenchon 

proposed to convene a constitutional assembly partly by sortition to draft a constitution 

for forming the sixth republic of France (Mélenchon 2016). 

 

The concept of sortition received relatively much coverage in overall in the French 

Presidential elections of 2017, compared how much it usually does. The method of 

drawing lots to fill political organs, even parliament, featured prominently in public 

discourse and even in the platforms of several frontrunner candidates, albeit apart from 

Mélenchon and Hamon in relatively minor roles. It was argued that the method of drawing 

lots could help repair the argued broken link between the public and the politicians, to an 

extent. (Decroix 2017; my gratitudes to Adèle Stebach for kindly alerting and introducing 

me to the extent of the discourse about sortition taking place at France during the 2017 

elections) 

 

For the ultimate winner Emmanuel Macron, the inclusion was of the most modest 

proportion of the three. He proposed to draw lots yearly to determine a group that would 

have an audition with the president. For the candidate of the main centre-left party of the 

country, Benoit Hamon, sortition played a somewhat bigger role. Like Mélenchon, he 

wished to draw lots in order to draw the outlines of the sixth republic, but on top of that, 

he wished to introduce partial sortition to the senate of France, the upper chamber of the 

French parliament. (Cambier 2017; Decroix 2017) 

 

French left-wing politician Jean-Luc Mélenchon has – as the only major candidate – 

implemented a variant of sortition to his manifesto and campaign of the French 

Presidential election of 2022. In Mélenchon’s latest variant, French parliament of two 

chambers would be reformed into a singular chamber of which part would be elected 

normally and part would be randomly drawn. In the latest iteration of his scheme, 

Mélenchon, too, would dynamically tie the amount of sortitioned legislators present in 

the parliament to how eligible voters behave. The critical variable determining the amount 

of sortitioned legislators would not be those not voting, but those voting null or blank 

instead of the candidate at the ballot box. (Mélenchon 2022, 10) 
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It is intriguing and even indicative that Mélenchon’s conception of sortition and its 

application to French political system has evolved along the years. In 2017 the proposal 

aimed to form a sixth French republic by convening a constitutional assembly, 

participants of which were to be selected by sortition. (Mélenchon 2016). In 2022, then, 

the thinking on employing sortition had changed to the variant of mixed singular chamber, 

in contrast to earlier leftist formulations of having a separate chamber like in 2017 

(Mélenchon 2022, 10). 

 

A vast literature exists to combine sortition with modern electoral representative 

democracy by introducing a bicameral system where chambers of elected and sortitioned 

representatives are separate. These applications have been considered for the United 

States in Mueller et al. (1972), McCormick (2006), O’Leary (2006), Callenbach and 

Phillips (2008), and Zakaras (2010). For the UK, a similar task on application has been 

researched by Barnett and Carty (2008), and Sutherland (2004). And in the European 

Union, see Buchstein and Hein (2009). 

 

It is, however, rather noteworthy that empirical support – at least in Belgium – among the 

populace and elected MPs is lower for such bicameral schemes, compared to mixed-

chamber where part of the representatives is selected with lot and part of them are elected 

in one chamber. Being electorally disaffected is further correlated with support for 

sortition, as is being a leftist. The later variant of Mélenchon would hence have therefore 

instituted a model of sortition which has garnered more empirical support, at least in 

Belgium, as discussed above. (Jacquet et al. 2020) 

 

Sortition and randomised strategies have been used in a political setting relatively little 

in modernity, compared to elections. And when employed, their scope and scale has so 

far been rather minor, working more in advisory and commentative role or gauging the 

opinions of a representative subset of people. Clearly, then, it is in order to widen the 

scope a little and look for applications where randomness has played a bigger role in 

society and think of ways that could transfer those to different political settings. 
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3. Applications of randomness and theoretical background 

Applications of randomness by no means is limited to the sphere of democratic decision-

making. In the following section, the theoretical background of randomness in social 

settings and the application will be explored in length, after which sortition in more 

academic spheres and its application to functioning of democratic bodies is discussed. 

 

First, earlier examples of randomness in societal setting are considered and explored. 

Second, I turn my attention to application of sortition to modern democracy and 

parliament in more academic setting: is there a way to somehow measure how would, for 

instance, a sortitioned parliament perform vis-à-vis the more ‘normal’ elected one? For 

this purpose, a Cipolla diagram is introduced in its original form at length. Afterwards, in 

subsection three, it is considered how the Cipolla diagram has been applied to a political 

and a parliamentary setting before in Accidental Politicians (Pluchino et al. 2011a).  

 

From Pluchino et al. (2011a) a satisfactory framework to gauge numerically how would 

sortition function in a parliament of a modern democratic polity is found. Later the thesis 

proceeds to construct a model of a parliament largely along the lines of the cited paper, 

with a few but important modifications. 

 

And finally, the general outline of the Finnish political system, especially parliament, is 

set out and explored especially in the context of Cipolla diagram. The main question is 

how the functions of a Finnish parliament can be satisfactorily modelled in the bounds of 

a Cipolla diagram. 

 

3.1  Earlier applications of randomness in societal settings 

Randomness is a no foreigner to society. There would be no way to systematically 

catalogue all of the ways in which randomness affects our lives. Accordingly, below is 

but a sketch of few different ways and applications that randomness seeps its way into 

avenues of life which you would it find not so prevalent, in order to better demonstrate 

the spread and commonness of randomness. 
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One of the better-known instances where employing randomised strategies produced 

better than expected results in society is the case of four-year old girl named Tia and a 

chimpanzee named Ola, both of whom managed to beat professional financial analysts in 

stock markets. 

 

In his Quirkology (2008), Richard Wiseman recounts how he was at the turn of Millennia 

invited by The British Association for the Advancement of Science (BAAS) to produce 

a scientific experiment for an occasion. He had read about a so-called financial astrology, 

back then in vogue, and contacted an astrologist and a financial analyst who both agreed 

to bet on stock markets by buying shares of hundred largest companies in the United 

Kingdom’s Stock Exchange according to their preference. For the purposes of this thesis, 

the most important part is that there was a third competitor: a four-year old girl named 

Tia. (Wiseman 2008, 8–9). 

 

The purchases of Tia were engineered to be random: Wiseman climbed on a ladder and 

threw a hundred papers – with each having a company name inscribed to them – upwards 

and Tia proceeded to grab four of them as they fell down. In the end of the experiment, 

the random purchases of Tia were shown to result in a better balance sheet than those 

either of the two others. The result, according to Wiseman, was also corroborated by a 

similar framework study in Sweden, where a chimpanzee named Ola managed to beat an 

experienced financial analyst in the stock market by purchasing shares by throwing darts. 

(Wiseman 2008, 10–12) 

 

A similar feat of betting on stock markets by throwing darts was also conducted regularly 

by The Wall Street Journal during the last decade of the 20th century and analysed more 

scientifically and rigorously in the article of Gary E. Porter (2005). The article arrived at 

roughly similar though more varying results: ‘investors who bought and held the 

securities selected by darts achieved the greatest terminal wealth and risk-adjusted return’ 

(Porter 2005, 52). 

 

Apart from stock markets, one can scarcely consider the usefulness of randomness and 

its produced results in modern day without discussing the concept of opinion polling of 
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the public. Polities of today – especially in the west – are nigh completely punctuated by 

the prevalent use of opinion polling in gauging the support levels of political parties. One 

only needs to take a look at Italy with its political party poll a day (see for instance Europe 

Elects 2022 for the magnitude) to grasp simply how permeated the polity is of the effect 

of randomised opinion polling. 

 

As was alluded in previous section of the thesis, the power of random sampling and 

probability of it to result in representative sample of a whole has been deemed so potent 

that it has been employed also in the context of deliberative polls (Fishkin and Luskin 

2005). 

 

Garnering of public opinion started in the United States already in 19th century but started 

to get more widespread forms the next century and the practice spread to Europe and the 

United Kingdom during and shortly after the second world war. Quickly it became 

apparent that interviewing a non-random subset of the population one wants to gauge 

does not provide so accurate results. For the purposes of this thesis, accordingly, the 

interest lies in the more systematic applying of opinion polling from the late 20th century 

onwards, with the introduction of randomised sampling methods. 

 

The Law of large numbers is a theorem that, in short, describes how average result of 

repeated similar experiments converge to the expected mean of the said experiment and 

that with subsequent experiments it will converge even closely to it. In more mathematical 

notation, 

lim
𝑛→∞

∑
𝑋𝑖
𝑛

𝑛

𝑖=1

=  �̅� 

( 1 ) 

The effect, further, is more sizeable and efficient if the experiments are picked at random 

and political party poll not, for instance conducted in a lobby of the United States 

Democratic Party convention. The power and beauty of randomised interviewing of more 

and more people on, for example, party support is that it necessarily converges towards 

the average party support of the said party. As such, modern opinion polling and therefore 

random plays a rather sizeable role in the modern-day western polities. 
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Randomised strategies have been applied successfully to job markets, too. Namely, to 

with what justification do people get promoted in a workplace. Peter principle – 

elaborated, explored, and discussed at length by Laurence Peter and Raymond Hull in 

their book from 1969 carrying the same name – conveys the concept that people slowly 

rise to the ‘maximum level of incompetence’ in any given hierarchy. That is, people – or 

in this case employees – are promoted in a workplace based on their merits in the previous 

job until the situation where they attain a level in which they no longer excel and merit 

promotions. Because of this ‘Peter principle’ effect, it is found out that under certain 

assumptions and contexts promoting people by random produces better results than 

promoting people because of merit. (Peter and Hull 1969, 22–27) 

 

Pluchino et al. (2010) and Pluchino et al. (2011b) both embarked to test the Peter principle 

mathematically with different assumptions. Their first paper, published in 2010 by 

Alessandro Pluchino, Andrea Rapisarda and Cesare Garofalo, concludes that their 

 

computational study of the Peter principle process applied to a prototypical 

organization with pyramidal hierarchical structure shows that the strategy of 

promoting the best members in the PH case induces a rapid decrease of efficiency. 

(Pluchino et al. 2010, 471) 

 

Yet the authors also note that their initial simulation is ‘very unrealistic in the majority of 

real situations’ (Pluchino et al. 2010. 471). A more realistic agent-based simulation was 

conducted a year later by the same trio of authors in Efficient promotion strategies in 

hierarchical organizations (2011b). The results of the paper provided 

 

further support to our claim that a random strategy seems to be a very simple and 

interesting way to increase the efficiency of any real organization for which the 

Peter hypothesis of uncorrelated competence transmission holds. 

(Pluchino et al. 2011b, 3510) 
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Such promotion strategies and their simulated efficiency (i.e., improving the ability to 

perform a job, minimising the respective costs (Pluchino et al. 2010, 467) do not, 

however, consider the plausibly non-trivial psychological effects of random promotions 

(Pluchino et al. 2011b, 3510). 

 

For the purposes of this thesis, however, the most important application of randomness 

considers the political sphere. Specifically, Pluchino et al. (2011a) applied randomness to 

the functioning of a simple parliament model. Because the paper in question is of major 

consequence to this thesis, before continuing to Pluchino et al. (2011a), it is worth to 

briefly consider its central tool in detail: the Cipolla diagram. 

 

3.2  Cipolla diagram and its uses 

The late economic historian Carlo Cipolla conceptualised people to fall into four 

categories based on how much their decisions favour social gain and personal gain in his 

classic essay The Basic Laws of Human Stupidity (Cipolla 1976). His exact given laws of 

stupidity are not needed to be considered for the purposes of this thesis, but the two axes 

forming a cartesian diagram, which he employed in his analysis, are crucial. 

 

Every action that a person makes – Cipolla contended – can be argued to have a personal 

gain and a social gain associated with it. Personal gain refers unambiguously to the gain 

(or loss) that a person gets for a certain act of his own. Should I, for example, win the 

grand prize in a lottery, my personal gain from the act would be very positive. Should I 

be, for instance, stabbed, my personal gain from the situation would be very negative 

indeed. 

 

Social gain, then, is the gains derived from someone’s action by another person, by a 

group or other wider societal indicator depending on the applied subject-matter. What 

matters is that the social gain refers to gain of some foreign and outwards group, other 

than the one conducting the act causing effects. Consider again the stabbing example: 

social gain would be negative from the increased crime in society and its consequences, 

as well as resources needed to prevent the crime and mitigate its ramifications. 
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These two axes form a so-called Cipolla diagram, with personal gain as its x-axis and 

social gain as its y-axis. And every act can be visualised in Cipolla diagram, as every act 

has personal and social gain associated with it. 

 

Figure 3.2.1. X-axis denotes the personal gain of a given action of a person, from -1 to +1. Y-axis denotes 

the social gains of a given action of a person, again from -1 to +1. The quadrants are labelled – from upper 

left clockwise – with the first letter of the name given to the quadrant: ‘helpless’, ‘intelligent’, ‘bandit’ and 

‘stupid’. Adapted from Cipolla (1976, 31). 

 

To round it up and make it clearer let me take an example from Cipolla and refer to figure 

3.2.1 above: 

 

Tom takes an action which affects Dick. If Tom derives from the action a gain 

and Dick suffers from the same action a loss, the action will be recorded on the 

graph [figure 3.2.1] with a dot which will appear in the graph somewhere in area 

B. 

 

Gains and losses may be recorded on the X and Y axis in dollars or francs, if one 

wants, but one has to include also psychological and emotional rewards and 

satisfactions as well as psychological and emotional stresses. These are 

intangibles and they are very difficult to measure according to objective standards 
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[…]: a margin of imprecision is bound to affect the measurement but it does not 

affect the essence of the argument. 

(Cipolla 1976, 31–32) 

 

The Cipolla diagram has been successfully applied to a host of fields and subjects – 

including biophysics (Perissi & Bardi 2021), natural evolution (Tettamanzi & da Costa 

Pereira 2014) and economics (Di Mauro, Pluchino & Biondo 2018). For the purposes of 

this thesis, however, the most important application is that of to a parliamentary setting 

(Pluchino et al. 2011a), which the thesis will concentrate to in the next subsection. 

 

3.3  Cipolla diagram in parliamentary setting 

Alessandro Pluchino, Cesare Garofalo, Andrea Rapisarda, Salvatore Spagano and 

Maurizio Caserta applied the functioning and dynamics of a Cipolla diagram to a 

bipartisan parliament in their paper Accidental Politicians: How Randomly Selected 

Legislators can Improve Parliament Efficiency (Pluchino et al. 2011a). The authors 

started by placing each Member of Parliament (henceforth ‘legislator’) in to a Cipolla 

diagram (diagram, which is further explained and discussed in section 3.2). 

 

The modelling can be characterised as a few rough steps. First, parliament was modelled 

rather simply by placing each political party and their legislators randomly on two axes 

in the Cipolla diagram: according to how much they would be ready to further social gain 

and according to how much would they be willing to further personal gain, possibly to 

detriment of the society. Both quantities were defined similarly to how Carlo Cipolla did 

and explained above, in section 3.2. 

 

Chiefly, and to recount briefly, ‘social gain’ works as an aggregate of how the wider 

society will benefit. The detailed definition of social gain – while certainly interesting – 

is not so pertinent for the simulation; it would be nigh impossible to quantify and calculate 

the specific and surely multi-faceted ‘gain’ that some piece legislation would have for 

everyone. What is most important that any aggregated and computed ‘social gain’ digit 

portrays the readiness of the legislator to further the interests of the society, and such 

definition will remain the same throughout the whole simulation and varying proportions 
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of independent legislators. As such, it is possible to obtain a comparative digit of how 

ready the legislators (and hence the passed acts) were to further the interests of the society 

in a given simulation, ceteris paribus. 

 

This modelling of the parliament was dubbed Cipolla diagram, as he was the first one 

setting such configuration out in his classic paper outlining human stupidity (Cipolla 

1976). The details of the Cipolla diagram are set more elaborately in section 3.2 of this 

thesis. (Pluchino et al. 2011a, 3–4) 

 

Second, after modelling the functioning of a parliament, the model was simulated through 

with a number of legislative proposals with the same random positions of the legislators 

in order to obtain a numeric output of how much said legislation acts contributed to the 

societal gain, as well as the fraction of the approved legislative acts and the product of 

these two quantities dubbed ‘efficiency’. (See also section four of this thesis for more 

precise elaboration). Subsequently, after multiple such ‘parliamentary terms’ with 

varying randomly and uniformly computed party positions, a distribution of societal 

welfare gains was produced, and associated fraction of approved legislation, as well as 

their product, parliamentary efficiency. By taking an average of these averages, the 

authors were able to obtain a clear-cut number associated with the parameters of the 

model (party number, party strengths, fraction of independent legislators). (Pluchino et 

al. 2011a, 4–6) 

 

Third, the process was repeated with parliamentary terms of progressively more and more 

independent legislators, specifically so that they were independent from political parties 

and hence totally randomly positioned on the axes. As a result, the authors obtained an 

average digit of parliamentary efficiency associated with parameters of the model and can 

compare them to answer the hypothesis of increasing parliamentary efficiency with 

greater number of random, sortitioned independent legislators. (Pluchino et al. 2011a, 6–

10) 

 

And fourth, the authors simulated the whole process repeatedly while gradually 

increasing the fraction of independent legislators in the parliament. The authors even 
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executed the similar process with multiple parameters, including different party strengths 

and dispersion of the legislators within a party. Such additional endeavour, however, will 

be out of scope of this thesis. (Pluchino et al. 2011a, 10–12) 

 

Finally, the authors were able to answer to the hypothesis posited at the start of the paper: 

they showed that by increasing the fraction of randomised and independent non-party-

affiliated legislators in the modelled parliament the defined efficiency of the bipartisan 

parliament was higher than without independent legislators. The authors further 

computed a simple function telling how many independent legislators there should be in 

a parliament on top of the elected ones for maximum efficiency with given parameters. 

(Pluchino et al. 2011a, 10–15). 

 

The steps outlined above will be explored more in length and applied to the Finnish 

parliament below in the following section, in order to construct the more detailed 

methodology of the thesis. But first it is beneficial to describe the main outlines of the 

Finnish parliamentary system. 

 

3.4  Finnish parliament and political system 

The Finnish political system takes place in the framework of de jure a semi-presidential 

republic. The country is led by a president elected every six years and a prime minister 

leading the government coalition formed from the parliament. The parliament is elected 

from twelve electoral district with a proportional d’Hondt method for the term of four 

years. (Jääskeläinen 2020, 19) 

 

In practice, however, the powers of the president have been curtailed to a point Finland 

is often considered to be a parliamentary republic. The president has few real powers left 

and remains more of a ceremonial figurehead than the most powerful office in Finland 

that it used to be before constitutional reforms of the latter half of the 20th century 

(Nousiainen 2000). For the purposes of this thesis, most important matters of Finnish 

political system consider the functions and details of the national legislature, as the details 

of the national parliament affect how the work of Pluchino et al. (2011a) is applied to it. 
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The Finnish national parliament consists of only one chamber, which, as mentioned, is 

elected from twelve electoral district with a proportional d’Hondt method for the term of 

four years. As a result of the proportional method of electing the Members of the 

Parliment – and of consequence to this thesis – eduskunta is relatively plural when it 

comes to the political parties of the elected Members of Parliament. In national 

parliamentary election taking place in spring 2019, total of nine parties managed to elect 

a MP to the parliament. Subsequently the number of parties rose to ten upon one MP 

being kicked out of the Basic Finns (PS) party and him forming a party of his own. 

(Suomen virallinen tilasto 2019) 

 

Further, when considering the times after the 26-year presidency of Urho Kekkonen up 

to 1980s – after which the discussed constitutional reforms to curtail the power of the 

presidency and move the equilibrium towards the parliament – there has not been a 

meaningful tradition of minority governments in Finnish politics. Last minority 

government took place in the 1970s, which is indicative of the development 

(Valtioneuvosto 2022). Parties predominantly go in lengths to form a majority coalition 

from the parties elected to the national parliament – in contrast, for example, to 

neighbouring Swedish politics and its stringent bloc system (cf. Lehtinen 2019). 

 

To mention an example of the results that the modern tradition of majority governments 

at any cost, Finland was governed from the parliamentary elections of 2011 onwards by 

a coalition ranging from the centre-right National Coalition Party to the left-wing Left 

Alliance. Needless to say, such outcome was uneasy for said counterparts. 

 

The detailed procedures of the parliament need not concern us for the purposes of this 

thesis. The number of parties present in the parliament constitutes the main breakaway of 

the work of Pluchino et al. (2011a), who in their work applied Cipolla diagram and 

sortition to the simply modelled parliament of two parties or two fixed coalitions. Later 

papers and further studies might be taken to tailor the Cipolla diagram and sortition more 

precisely to a specific national parliament, in order to better understand the dynamics and 

to be more practical exercise in nature. 
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4. Research design and methodology: building a model 

As alluded already in the introduction, the aim of this thesis and the research question to 

be solved pertains to the effect of sortition to the functioning of a parliament in a multi-

party setting. The hypothesis remains – as characterised above – that the inclusion of a 

fraction of randomised sortitioned independent legislators to the parliament will make its 

legislation-producing more efficient. That is, it increases the product of quality and 

quantity of the legislation that a plural parliament passes. 

 

Now as the hypothesis and what the thesis wishes to explore is clear, the methodology 

applied requires a little further elaboration. In a nutshell, the core method goes as follows: 

first, the functioning of a ‘normal’ plural parliament is simulated in the Cipolla diagram 

introduced above and in Pluchino et al. (2011a), with a few modifications relating to the 

different nature and dynamics of plural multi party democracies. Such simulation will 

produce a baseline of how a ‘normal’ plural parliament – that is, without sortition – would 

perform in the selected metrics. 

 

Second, after modelling the functioning of a parliament, the model is simulated through 

with a number of legislative proposals with the same random positions of the legislators. 

Subsequently, the simulation is run and re-run many times with otherwise identical 

parameters but with a fraction of independent randomised legislators, and after multiple 

such ‘parliamentary terms’ with varying randomly computed party positions, a 

distribution of parliamentary efficiencies is produced. By taking an average of these 

averages, it is possible to obtain a clear-cut number associated with the chosen parameters 

of the model. Respectively, this simulation too produces a result of how the modified 

parliament would perform, enabling us to contrast the two and see how the performance 

changed when including a fraction of independent randomised legislators. 

 

And third, the process is repeated with parliamentary terms of progressively more and 

more independent legislators, specifically so that they are independent from political 

parties and hence totally randomly positioned on the axes. As a result, an average digit of 

parliamentary efficiency associated with parameters of the model is obtained and can be 
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compared to answer the hypothesis of increasing parliamentary efficiency with greater 

number of random, sortitioned and non-party affiliated independent legislators. 

 

As the selected methodology is simulating and re-simulating the main functions of the 

parliament with few randomised inputs and selected variables staying the same – a so-

called Monte Carlo method – it is useful to say a few words regarding modelling as a 

method to validate hypotheses and arrive in desirable conclusions. 

 

4.1  Modelling as a methodology 

The very purpose of models is to be a simplified representation of reality; to simulate and 

model events so that they produce meaningful and relevant information about the matter. 

Even though their purpose is to reflect reality, they are not constrained by it. In other 

words, they can test a myriad of counterfactuals and ‘what if’ type of questions, which 

are not unfortunately testable in real life due to reality’s exclusionary nature. (Taber and 

Timpone 1996, 6) For instance, as is the case in this thesis, it is possible to systematically 

test the impact of different fractions of sortitioned legislators on legislative output of the 

parliament. 

 

Due to the relative simplicity, models are oftentimes easier to understand than the 

complex amalgam of different processes the world is, enabling more detailed and isolated 

analysing of components of interest. (Nummenmaa 2021, 223). The systematic analysis 

of the variables is further only possible when there are a very limited number of them 

present in the model. That is, radical simplifications are necessary (Gilbert et al. 1996, 

vii). The core of the matter is to ‘imitate a process by another process’ (Gilbert et al. 1996, 

77). 

 

Simplifying a certain event always comes with a price: the accuracy of the simplified 

model – its ability to capture all the nuances of the event or phenomenon in question – is 

reduced the more simplified one goes. On the other hand, a model too tightly fitted to the 

specific case often loses its explanatory capacity over wider but similar issues and 

generalisability to them. (Nummenmaa 2021, 223–224) 
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Consider, for instance, a Sphynx cat, with its non-existent fur coat. The most accurate 

model of a specific Sphynx cat would be another cat of same breed or even same 

individual with all its quirks and details. Yet such model would be complicated to present 

with all its nuances and would not too accurately depict cats in general. Better alternative 

is a simpler sketch of the animal; perhaps just its overall structure presented with a few 

drawn lines, which is able to capture the general outline of different sizes and types of 

cats. 

 

Every statistical model has an error term associated with it – the portion of real-life 

variation of individual events or phenomena that the model is unable to explain. In the 

cat example above, upon choosing the simpler sketch, the model would rather 

successfully predict what is a cat despite its error in variation of the fur coat of different 

cat breeds. (Nummenmaa 2021, 224–225) 

 

Accordingly, the thesis simplifies the functions of the parliament to a degree in order to 

answer the hypothesis but at the same time to have certain generalisability to myriad of 

plural multi-party parliaments. The challenge, then, is to construct a model that does an 

adequate job in simulating the main function of parliaments yet being simpler than 

capturing every little nuance of a parliament and its functions. 

 

The basic stages of computer modelling, as laid out in Computational Modelling (Taber 

and Timpone 1996, 14) are presented in figure 4.1.1 below. The thesis follows roughly 

these stages or steps in its structure. 

 

All good modelling endeavours start with a solid theoretical backing: what raises 

curiosity, what is expected (Taber and Timpone 1996, 13). So does this thesis: it leans on 

historical precedent along centuries and earlier academic formulation of a sortition in 

parliament. The thesis goes on to employ a dynamic model in its endeavour to answer the 

asserted hypothesis, whether parliament is – on average – more efficient when a fraction 

of the MPs is selected randomly, or sortitioned. 
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Figure 4.1.1. The basic stages of computer modelling (Taber and Timpone 1996, 14). 

 

The basic model of the thesis is constructed much as it exists in Accidental Politicians 

(Pluchino 2011a). As a model needs to be carefully built for it to produce meaningful 

results, it is refined on the basis of theoretical background surrounding the local 

circumstances and plural political system, and to match it to the extent possible while 

keeping it simplified. The behaviour of the model and its dynamics are explored as a 

background work, but also showcased in latter sections of the thesis. Specifically, how 

would changing a certain variable to a different value modify the results it produces. 

 

As the model is dynamic, 

[t]he set of state equations completely defines behavior in the system; once 

parameters are set, the system of equations (or algorithms) may be "run" to 

determine outcomes and time paths to the outcomes. If the computerized model is 

a reasonable representation of the real system, we may learn about the real system 

by examining the simulation runs. 

Taber and Timpone 1996, 19 

 

Further, as the simulation or model is not deterministic but features a degree of 

randomness in it – specifically in randomised positions of legislators and parties in the 

two axes in each simulation – it can be characterised as ‘Monte Carlo’ method in wider 

statistical literature. Analysing the results therefore demands multiple runs with given 
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conditions in order to determine the results and their average (Taber and Timpone 1996, 

19–20). In the thesis, accordingly, the model is run a thousand times for each fraction of 

independents. The results then in turn can be analysed with other statistical methods. 

 

And, ultimately, it is my hope that the thesis at hand succeeds in modifying or refining 

the theory about functioning of real world. How it behaves, specifically when it comes to 

sortition in parliament. The details of the construction of the model are discussed in the 

next subsection. 

 

4.2  Modelling a simple parliament 

A plural parliament can be modelled in a Cipolla diagram, roughly the same way a 

parliament is modelled in Pluchino et al. (2011a), with the notable exception of more than 

two parties present in the diagram. This is the case for example in the more multipolar 

parliamentary system of Finland. 

 

The results of the Finnish parliamentary elections of 2019 (Suomen virallinen tilasto 

2019) will be used for party strengths in the parliament (N=200) to portray the multipolar 

political scene of Finland and apply the framework to the country most accurately. 

However, due to the computational nature of the simulation and a comparatively small 

parliament, the party strengths in question will slightly be modified for the calculations 

to result in complete legislators. Halves of legislators would indeed be both a numerical 

and a physical tragedy. 

 

Party Seats, 
of 200 

Fraction 
of the seats, % 

Modified seats, 
of 200 

Modified fraction 
of the seats, % 

SDP 40 20.0% 40 20.0% 
Perussuomalaiset 39 19.5% 40 20.0% 
Kokoomus 38 19.0% 40 20.0% 
Keskusta 31 15.5% 30 15.0% 
Vihreät 20 10.0% 20 10.0% 
Vasemmistoliitto 16 8.0% 15 7.5% 
RKP 9+1 5.0% 10 5.0% 
Kristillisdemokraatit 5 2.5% 5 2.5% 
Liike Nyt 1 0.5% 0 0.0% 

Table 4.2.1. Final results of the Finnish parliamentary elections of 2019 (Suomen virallinen tilasto 2019) 

and the slightly modified seat fractions used in the model. 
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The original party strengths and – for the purposes of the model – slightly modified party 

strengths are visualised in table 4.2.1 above. 

 

In Cipolla diagram, discussed at greater length in section 3.2 above, agents or in this case 

legislators are modelled as dots in two axes. One of the axes, y-axis, denotes legislators’ 

readiness to further social gain, be it an idealised aggregation of the preferences of 

everyone or else-defined. What matters is that the definition stays identical during the 

simulation, allowing us to compare the parliaments with and without independent 

sortitioned legislators, ceteris paribus, all else being equal. The other, x-axis, denotes the 

readiness of the legislators to further personal gain, again even to the extent of being 

detrimental to the other end. Both axes are measured on a scale from –1 to +1. 

 

As the legislators or Members of Parliament in the default scenario belong to a political 

party, legislators of the same party are modelled to be in a close proximity of each other. 

More specifically, a political party in parliament is first placed randomly (from a normal 

distribution) on the two axes. The number of legislators belonging to the party – be it a 

fraction of 30% of the parliament – is then randomly (again from a normal distribution) 

placed within a selected radius of the centrum of the party. 

 

This radius shall be called circle of tolerance: the amount of deviation the party tolerates 

from its legislators in the axes compared to the centrum position of the party. Different 

radiuses or circles of tolerance determine how close does the legislator need to be to the 

party centrum, i.e., how much variation there are within the party when it comes to 

readiness to further private gain and social gain. In a parliament with multiple parties, it 

makes again intuitive sense to model the legislators of the party to be rather tightly knit 

and close to the party centrum. Such is the nature of multi-party systems trend to the 

direction of smaller or mid-sized cohesive units, as opposed to wide political tents hosting 

multiple wings like in bipolar systems. 

 

Accordingly, the radius used in the modelling is kept rather small, 0.1, for all parties. The 

decision of how large the circle of tolerance and its radius are, Pluchino et al. found in 

Accidental Politicians, does, however, have some effect to the observed results of the 
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model (Pluchino et al. 2011a, 10–12). The results of parliamentary efficiency with a 

somewhat wider circle of tolerance for parties are briefly discussed in section 6 of the 

thesis, in order to reach maximum unambiguity when it comes to modelled results with a 

smaller circle of tolerance. In short, the wider circle of tolerance would only accelerate 

the effect found in this thesis and produces even better results in terms of parliamentary 

efficiency. 

 

Notice also that as a contrast to the work of Pluchino et al. (2011a), the positions of the 

parties (and hence legislators) are randomised on the two axes on a normal distribution 

rather than on a uniform distribution. This tweak to the model aims to portray the intuitive 

phenomenon of how attributes (height, shoe size, intelligence quotient) tend to be 

distributed normally rather than uniformly. Likewise, it is plausible and conceivable that 

the amount people are willing to further personal gain or social gain, even to the detriment 

of the other attribute, are distributed normally, i.e., most people are rather close to the 

centre. 

 

Placing the parties and hence legislators to the Cipolla diagram might sometimes produce 

results that are not very intuitive and hard to conceptualise. For example, consider the 

(rare, but inevitably happening) case where legislators of a party would situate near the 

bottom of the y-axis (denoting readiness to further social gain) and near the focal zero-

point of x-axis, meaning they would all be ready to actively harm the society for little or 

no personal gain. The scenario does not sound wholly realistic: who would vote for such 

a party? Yet such a singular position of a party and its legislators in singular simulation 

is of no consequence. It simply maps out the functioning of the parliament with a given 

party supports in probable and less probable scenarios or positions in the Cipolla diagram, 

ultimately producing the average efficiency which can expected from certain parameters 

of the model. 

 

A further consideration and a slight tweak from Pluchino et al. (2011a) is that the 

legislators affiliated with parties are considered to be ever so slightly superior to 

sortitioned legislators, on average. It again would make intuitive sense that those spending 

years, even decades in participating regional and municipal politics and making their way 
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through the party ranks would have to endure certain hardships. Hence those filtering 

through the pressures to have certain expertise and qualities needed in job of Member of 

Parliament. For this reason, the legislators affiliated with a party will only take values 

from –0.9 to +1, in contrast to independent legislators who take values from –1 to +1 in 

the two axes of the Cipolla diagram. 

 

 

Figure 4.2.1. The simple modelling of a parliament as a Cipolla diagram. The political parties take a 

random position in both axes on a scale during singular parliamentary term; the legislators of a certain 

party take position within the circle of tolerance of the party. The circle of tolerance is further visualised 

for clarity as a circle around the party centrum. The strengths of the parties i.e., the number of legislators 

is derived from the seat fractions of the top eight parties of Finnish parliamentary election in 2019, with 

slight modifications as explained above. 
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In order to conceptualise the composition of a Cipolla diagram more intuitively, the 

simple modelling of a parliament with the political parties and their legislators present is 

visualised in figure 4.2.1 above. 

 

4.3  Dynamics of the modelled parliament 

During each simulated parliamentary term, a legislator can perform two things: propose 

a legislative act and vote on a legislative act. The proposing of a legislation is 

straightforward and simple: the legislative act is placed in the Cipolla diagram precisely 

at the same position as the legislator proposing the legislative act situates in the Cipolla 

diagram. 

 

So, for example, consider a legislator A being situated the Cipolla diagram at the position 

of (+0.2, +0.2), i.e., the legislator obtaining a value of +0.2 on both axes, in a scale from 

–1 to +1. Should the legislator A propose a legislative act Aj, the coordinates of the 

legislative act in the Cipolla diagram would similarly be (+0.2, +0.2). 

 

Voting for a legislative act is a bit more complicated process and depends on the 

legislator’s party membership and position in the Cipolla diagram. As a first condition, 

those legislators being a member of the same political party and of the same government 

coalition as the one advancing the legislative act always vote for the act. Should the 

legislator be a member of some other party, the approval of the legislator voting on a 

legislative act depends on relative positions of the legislative act and the voting 

legislator’s political party in the Cipolla diagram. 

 

Every legislator has an ‘acceptance window’ associated with him or her, in which the 

legislative act must situate for the legislator to vote in favour the act. The lower-left corner 

of the acceptance window of a party-affiliated legislator is fixed to the centrum position 

of the political party of the legislator and is common to all the legislators of the party. The 

lower left corner of the acceptance window of an independent legislator is simply on the 

position of the legislator. 
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Further, to consider the myriad of individual interests stemming from locality, 

personality, and such, before voting on a legislation, a slight extra consideration is 

implemented, like in Accidental Politicians (Pluchino et al. 2011a). The coordinate of the 

legislative act denoting the personal gain – the x-coordinate – is randomly extracted from 

the scale of –1 to +1 for each legislator. As the personal gain – be it derived from whatever 

source – of a certain singular legislative act is plausibly different for every legislator, it 

makes intuitive sense to model the personal gain of a legislative act differently for each 

legislator. 

 

For example: let us assume that a legislative act Aj with coordinates (+0.2, +0.2) is 

advanced by a legislator A belonging to party P, which is in opposition. Legislators 

belonging to the party P – numbering 40% of the parliament in this example – will all 

vote for the act, as the legislator proposing the act similarly belongs to party P and party 

discipline demands to vote for the acts proposed by party members. Members of Party Q 

(–0.9, –0.5) and Party R (+0.75, +0.75), amounting to 40% and 20% of members of the 

parliament respectively, now compare the position of the legislative act to their own 

acceptance window depending on the position of the party centrum. As characterised 

above, the personal gain associated with the legislative act can randomly take any 

coordinate between –1 and +1 for each legislator. (Across many simulations, this will 

regress to the mean of about half of the legislators belonging to the party not initiating the 

legislative act accepting the proposal, as the party position on average across the 

simulations is (0,0) in the Cipolla diagram, and it being as likely for a personal gain 

coordinate to be between –1 and 0 as it is to be between 0 and +1). 

 

As figure 4.3.1 below further visualises, the position of the legislative act falls within the 

acceptance window of Party Q but not of the party R. Hence, those legislators of Party Q 

whose personal gain coordinate of the legislative act exceeds the personal gain coordinate 

associated and acceptable for the party Q legislators will vote for the legislative act, as 

the act furthers social gain more than what the party deems acceptable. As the position of 

the legislative act falls outside the acceptance window of Party R, the legislators of the 

party will not vote for the act. 
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As the legislators of Party P, amounting to 40% of the parliament, and Party Q, amounting 

to 40% of the parliament, all vote for the legislative act Aj, the act hence receives majority 

of votes in the parliament and passes. The associated social gain of the act is +0.2 in the 

Cipolla diagram, as the act has an y-coordinate of +0.2. 

 

 

Figure 4.3.1. The position of the legislative act falls within the acceptance window of Party Q but not of 

the party R. Hence, those legislators of Party Q whose personal gain coordinate of the legislative act 

exceeds the personal gain coordinate associated and acceptable for the party Q will vote for the legislative 

act, as the act furthers social gain and personal gain more than what the party deems acceptable. As the 

position of the legislative act falls outside the acceptance window of Party R, the legislators of the party 

will not vote for the act. 

 

During the simulated ‘parliamentary term’, 1000 such legislative acts are proposed by 

randomly selected legislators of the parliament. Each proposed act either fails or is passed 

depending on whether it reaches a simple majority of the votes in a parliament. If passed, 
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the act produces a social gain according to its position in the y-axis of Cipolla diagram. 

If the act does not pass, the social gain is of course zero. After 1000 legislative acts have 

been simulated in the parliament it is possible to compute the average social gain of the 

passed acts during the ‘parliamentary term’, as well as the fraction of the 1000 proposals 

that were passed upon obtaining a majority. Further, by multiplying the social gain of the 

‘parliamentary term’ and the fraction of passed proposals, the so-called efficiency of the 

‘parliamentary term’ is obtained. Averaging those ‘efficiencies’ associated with a 

parliamentary term produce an average efficiency associated with the fraction of 

independents. 

 

The positions of the parties in the Cipolla diagram during each ‘parliamentary term’ are 

randomly extracted from a normal distribution, i.e., they can take the coordinates of any 

point between (–0.9, –0.9) and (+1, +1). After each ‘parliamentary term’, the positions of 

the parties in the Cipolla diagram are randomly re-computed to be (probably) unique 

during each ‘parliamentary term’. Each ‘parliamentary term’ therefore has a different 

dynamic associated with it, as the positions of the parties and hence legislators differ from 

term to another. 

 

A ‘parliamentary term’ is repeated 1000 times with differing randomly re-computed party 

positions from a normal distribution, with each repetition having a different dynamic and 

hence fraction of approved legislative proposals, average social gain of them and an 

efficiency associated with it. What remains the same throughout ‘parliamentary terms’ 

are the other parameters of the simulation: the number and strength of parties and the 

fraction of independent legislators not affiliated with any party. 

 

After 1000 repetitions, an average of the computed numbers is obtained, which hence 

functions as an average of averages regarding the three metrics in 1000 ‘parliamentary 

terms’ of 1000 legislative acts. Positions of parties in individual parliamentary terms, 

then, does not really matter, as there are 999 more simulations to consider with (probably) 

more probable party positions. It merely establishes an average of an average that reliably 

functions as an indicator what efficiency (an average social gain and fraction of approved 
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legislative acts) one can expect from certain party number, party strengths, fraction of 

independent legislators and circles of tolerance associated with a party. 

 

Let us call the whole process described above ‘Simulation 0’, as it functions as the 

baseline of the analysis and something which later results with independent legislators 

can be compared to. In Simulation 0, as was discussed, there exists no independent 

legislators in the parliament not affiliated with any party; only legislators with a party 

affiliation exist. Such is the default case, existing in more or less all parliament systems 

in the world. 

 

4.4  Answering the hypothesis: sortition in parliament 

The dynamics of an independent randomly selected legislators not affiliated with any 

political party take a bit different form. In ‘Simulation 0’, discussed above, every 

legislator in the parliament was a member of a political party and hence situated in the 

proximity of the party centrum and employed the acceptance window of the party when 

voting on a legislative act. 

 

As a contrast to the ‘simulation 0’ situation with a party affiliation, the independent 

legislators can situate randomly anywhere in the coordinate system between (–1, –1) and 

(+1, +1) regardless of the position of the parties. Further, the independent legislators are 

not bound to any acceptance window external to themselves: only the position of the 

legislator in the Cipolla diagram determines whether the legislator in question will vote 

for the legislative act. As above, the position of the legislator determines the lower-left 

corner of the acceptance window. An example of the modelled parliament with 

independents included is showcased in figure 4.4.1 below. 

 

The number of independent legislators present in a parliament lower the absolute number 

of party-affiliated legislators. If the fraction of independent legislators are 10% of the 

parliament and the original size of the parliament is 200 legislators, independents number 

200 * 0.10 = 20 legislators, while the rest 180 ae divided among parties per their support. 
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As everything remains the same in the simulation except for the fraction of the 

independent legislators in the simulation, a causality between the fraction of independents 

on the one hand and the efficiency of the parliament on the other hand can be established. 

 

 

Figure 4.4.1. The simple modelling of a parliament as a Cipolla diagram, with independent unaffiliated 

legislators present as black dots. The political parties take a random position in both axes on a scale (–0.9, 

+1) during singular parliamentary term; the legislators of a certain party take position within the circle of 

tolerance of the party. The circle of tolerance is further visualised for clarity as a circle around the party 

centrum. The independent legislators simply take a random position in both axes on a scale (–1, +1) during 

singular parliamentary term. The strengths of the parties i.e., the number of legislators is derived from the 

results of the Finnish parliamentary election of 2019 (Suomen virallinen tilasto 2019), with independent 

legislators (N=20 in the illustrative figure) being first subtracted from the total 200 before distributing the 

rest of the seats. This way the total number of legislators does not change.  
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4.5  Differences of bi-party & multi-party system and their effects 

The largest difference between a parliamentary system characterised by two big blocks 

or parties and that of more pluralised one with numerous small parties lays specifically in 

the composition of the parliament. In bipartisan parliamentary system, most if not all of 

the legislators are part of the two main parties and hence are grouped within the circle of 

tolerance of each party. Furthermore, one party alone holds a majority within the 

parliament and can pass whatever legislative acts it wishes to pass. 

 

For the more pluralised parliament with majority government coalitions and more parties 

present, a logical continuation of the above would be just to consider each party and their 

legislators in the Cipolla diagram separately; none supporting the legislative acts from the 

other party, was it not of sufficiently quality material. Yet such scheme would resemble 

more of a single-party minority government: the parties having to seek support for their 

legislation from each party separately. As was discussed in subsection 3.4, Finland does 

not have such a minority government tradition in modern era. Hence, modelling a 

parliament along the lines where one of the major assumptions underpinning it is 

inaccurate, the model would produce rather inaccurate and not useful results. 

 

To rectify this and more closely mirror the modern tradition of majority government 

consisting of multiple smaller parties in Finland, a slight modification has been made in 

contrast to the model and Cipolla diagram employed in Accidental Politicians (Pluchino 

et al. 2011a). Namely, with the strengths of parties mirroring the election result in national 

parliamentary elections of Finland in 2019, a governing party and its legislators are 

modified to accept the legislative acts from other governing parties in addition to from 

within their own party. Such change would more accurately portray the daily majority-

decision-making dimension of the majority government, while also retaining the 

relatively plurality of the multi-party parliamentary system. Such coalition government 

consists of the parties of the incumbent Finnish government, totalling (40 + 30 + 20 + 15 

+ 10 =) 115 out of 200 seats in the parliament, or 57.5%. Such is the case and assumption 

in the model too: all simulations are done with similar party strengths and also similar 

governing composition. 
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5. Analysis: sortition in plural parliament 

In the fifth section of the thesis, the methodology discussed and detailed above will finally 

be put to test and applied to the plural parliament, in our case the Finnish eduskunta. 

 

First and foremost, in the first subsection of section five, the so-called efficiency of the 

Finnish parliament with no randomised independent legislators present is gauged, 

specifically, only party-affiliated legislators are present. This happens by simulating 

many parliamentary terms with differing party positions, other variables (party sizes, 

circle of tolerance) remaining the same. Essentially, a baseline is established of what is 

the default efficiency of the parliament with only legislators affiliated to a party present. 

 

In the second subsection, only randomised legislators will be present in the parliament 

The process is similar to that of gauging the efficiency of the parliament with only parties, 

but with only independent legislators in the Cipolla diagram. 

 

In the third subsection of the section, a progressively larger portion of independent 

randomised legislators (i.e., ones selected with sortition) will be present in the parliament.  

The difference is that a progressively larger chunk of the original parliament of 200 

legislators is now occupied by the independent randomised legislators; the rest are divided 

according to the shares of seats of each party. By such process one is able to obtain the 

efficiency scores for parliaments with respective differing proportions of randomised 

independent legislators. Combining the two steps above enables us to plot out a graph 

laying out the associated efficiencies (and social gains, and proportion of passed 

legislation) of parliaments with different proportion of randomised independent 

legislators and to contrast them. 

 

As mentioned further above, the developed alternative hypothesis of the thesis is that the 

efficiency associated with at least some randomised independent legislators present is 

larger than the efficiency in the situation when only party-affiliated legislators are present 

in the parliament. Null hypothesis, of course, remains that there is no difference between 

parliaments with and parliaments without such randomised independent legislators 

present. 
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In the fourth subsection, a statistical analysis of the whole dataset will be conducted. Such 

aims to answer to the question posed above more deeply than by just visually glancing 

averages: whether the efficiencies of parliaments with and without sortition differ 

sufficiently to obtain statistically significant results. 

 

5.1  The efficiency of the Finnish parliament with no sortition 

It is first necessary to establish a baseline efficiency for a parliament as-is, without any 

independent randomised legislators and only party-affiliated ones. Such produced 

baseline can then be later contrasted to the situation where independent randomised 

legislators were present in the parliament. 

 

It is an intuitive starting point for the analysis is a parliament where no independent 

randomised legislators are present; each legislator considers the acts not only based on 

their associated values in the Cipolla diagram, but also by which of the party-affiliated 

legislators it was proposed by. If the legislative act was proposed by a someone who 

belongs to the same party or government as the legislator in question, the legislator in 

question will vote for the act regardless of its position in the diagram, as characterised 

above in section four. 

 

As visually presented in figure 5.1.1 below, the volume of approved legislation is 

regularly very high, as the governing coalition holds a majority in the parliament and 

hence regularly passes all the acts that are proposed by the members of the parties of 

governing coalition. Subsequently, also the associated social gain (y-axis position) varies 

widely as passing a legislative act is not so strictly dependent on the quality of the said 

legislative act, but who proposes it. 

 

It is worth again noting that in figure 5.1.1 average efficiency is not the product of average 

proportion of legislation passed and its average quality, even though efficiency is defined 

as the product of quantity and quality of the legislation. This is because the product of 

averages is not the same thing as the average of products and produces different results. 
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‘Average efficiency’, accordingly, means the average of efficiencies in all parliamentary 

terms and not the product of the average quantity and average quality of the legislation 

passed. 

 

 

Figure 5.1.1. The results of a simulated parliament with zero independent legislators out of 200 members 

of the parliament. 

 

Whereas the defined efficiency of the parliamentary term is a product of these two 

quantities – proportion of legislative acts passed and their associated social gain – the 

resulting efficiency is close to zero. Many legislative acts are approved during the term, 

yet with their vast volume, also the quality of the said acts varies a lot. Clearly, it seems 

preferable for the quality of legislative acts for somehow the control the volume of them, 

if such enables better legislation. 

 

More specifically, as the party discipline affects the voting to the extent where it 

jeopardises the quality of the passed legislation, could it be somehow possible to prevent 

such an end-result with a complementary electoral structure? 
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5.2  The efficiency of the Finnish parliament with only sortition 

After establishing the baseline efficiency of a parliament with only party-affiliated 

legislators, it is now possible to increase the proportion of independent randomised 

legislators and noting the efficiencies associated with such parliamentary compositions. 

 

An obvious counter position to the parliament where no randomised independent 

legislators exist is going to the other end, to a parliament where only randomised 

independent legislators exist. Specifically, and most importantly for the dynamics of the 

simulation, each legislator considers the merits of the legislation individually, without 

voting for all the acts that a fellow-party member puts forward, as there are no fellow-

party members of an independent randomised legislator. 

 

Accordingly, as presented visually in figure 5.2.1 below, only a very tiny proportion of 

all legislative acts is passed each simulated parliamentary term, as the legislative act has 

to have a social gain (y-axis position) and a personal gain (x-axis position, unique for 

each legislator when considering a singular act) acceptable for over a half of the 

parliament. And as such, those legislative acts that pass the strict filter elaborated above 

are bound to have a very large social gain (y-axis position) associated with them; close to 

the maximum of the Cipolla diagram, as roughly half of the legislators otherwise 

approving of the act based on just the social gain will vote against the law as the personal 

gain affiliated with it was not sufficient. 

 

It is, therefore, quite the contrary result of a parliament where no independent randomised 

legislators were present: volume of legislative acts passed is very tiny, yet those 

legislative acts that manage to pass the test are of a very high quality when it comes to 

defined social gain. As efficiency of the parliament is defined as the product of the two 

quantities – volume and quality – neither does this proportion of party-affiliated and 

independent legislators seem to produce a meaningful change in the quantity the thesis is 

primarily interested in: the efficiency of the parliament. The results are again presented 

visually in figure 5.2.1. 
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Figure 5.2.1. The results of a simulated parliament with 200 independent legislators out of 200 members 

of the parliament. 

 

Consequently, the thesis might be going overboard and structurally limiting the volume 

of passed legislative acts and scope of party discipline too much. The most fruitful 

distribution of party-affiliated and independent legislators seems to lay, then, between the 

two extremes, as is intuitive, enabling to reap the positive sides of both party discipline 

affecting and not affecting the voting on a legislative act. 

 

5.3  Parliamentary efficiency with different proportions of sortition 

The most intriguing part of the analysis is left. Above the limiting extreme cases of no 

randomised legislators and all-randomised legislators were explored and discussed. It 

turned out that going from one extreme to another – substituting each and every party-

affiliated legislator with an independent one – did not produce a desired change in the 

efficiency of the parliament. 

 

But is there a midpoint in all this, a proportion of randomised independent legislators that 

would limit the low-quality legislation put forward by the majority government, yet not 

almost completely obstructing all new legislation? To explore this, further simulations of 

parliamentary terms were conducted with varying proportions of randomised independent 

legislators. 
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Figure 5.3.1. The mean efficiencies of parliament with x independents, with confidence interval error bars. 

 

Results, as visualised in figure 5.3.1 above, confirm that a beneficial middle ground can 

be reached between the two extreme positions. The efficiency of the parliament – defined 

as the product of the quantity and quality of the legislation – increases as more randomised 

independent legislators is added to the parliament, but only up until around one third being 

independents. From there on the effect decreases quite drastically towards the point where 

all legislators in parliament would be randomised independents. 

 

It can be noticed that the simulated efficiency of a parliament increases somewhat rapidly 

when the majority-holding governing coalition is no longer a majority but depends on 

independents (and opposition) to pass legislation. As was discussed, them voting on a 

government-proposed legislative act requires the act to have a large social gain (y-axis 

position) associated with it. Paradoxically, then, passing of a legislative act in this case is 

mostly dependent on whether the independent legislators and those in opposition approve 

of the said legislation. 

 

It can also be noticed that the variance and hence the confidence interval of the efficiency 

of the parliament decreases as the fraction of independent legislators increase. This is 

attributable to the fact that the quality of the legislation is not so dependent on the party 
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positions as the fraction of independents go up, and to independent legislators populating 

the Cipolla diagram more evenly than party-affiliated legislators. 

 

Final observation is that the efficiency of all-sortitioned parliament full or nigh full of 

independent legislators fares significantly worse in terms of efficiency than a normal 

parliament with party-affiliated legislators. It seems, then, desirable to have at least some 

of the party discipline of party-affiliated legislators present than none at all. Keeping this 

in mind, the empirical support from Belgium favouring an application of mixed chamber 

in contrast to separate chambers (Jacquet et al. 2020, 19) seems to have it intuitively right: 

mixed chamber seems to produce better results than one chamber with no sortition and 

one chamber with only sortition. 

 

5.4  Statistical analysis of the results 

The summary results indicate that the fraction of independent legislators in the parliament 

does matter and affects the efficiency associated with the parliament, purely visually 

glancing. The underlying data is, of course, way too big to showcase here, with its 

thousands of rows of simulations. For this reason, below in table 5.4.1 the means of 

efficiencies with each fraction of independents, as well as their computed 95% confidence 

intervals are presented. 

 

Yet such visual interpretation scarcely is enough. Below, the results are analysed 

statistically, with so-called analysis of variance (ANOVA). Analysis of variance enables 

us to compare the means of parliamentary efficiencies and find out whether they differ 

from each other in statistically significant way. In other words, an analysis of variance 

enables us to test whether the mean efficiencies of simulations with different amount of 

independent sortitioned legislators are equal in the data, with null hypothesis being the 

means are equal. Hence, whether the fraction of independent legislators in the parliament 

affect the average efficiency of the parliament, ceteris paribus, can be determined. 
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Fraction of 

independent 

legislators 

Average 

efficiency 

95% 

confidence 

interval 

Lower bound 

of the 

confidence 

interval 

Upper bound 

of the 

confidence 

interval 

0.0 6.50 0.57 5.92 7.07 

0.1 5.78 0.50 5.27 6.28 

0.2 8.64 0.34 8.31 8.98 

0.3 8.07 0.31 7.77 8.38 

0.4 7.18 0.24 6.94 7.42 

0.5 5.84 0.20 5.64 6.04 

0.6 4.63 0.16 4.47 4.78 

0.7 2.99 0.11 2.87 3.10 

0.8 2.29 0.08 2.21 2.37 

1.0 1.57 0.04 1.53 1.62 

Table 5.4.1. The summarised table of the data, by increments of fractions of independent legislators. 

 

 Degrees of 

freedom 

Sum of 

Squares 

Mean of 

Squares F value Pr(>F) 

Fraction of 

independents 
1 3,655 36,555 1402 <2e-16 

Residuals 9,998 260,660 26   

Table 5.4.2. The analysis of variance conducted for the whole dataset. 

 

All of the data and simulations taken into account, it is clear beyond doubt that the fraction 

of independent legislators affects the average efficiency of the parliament. More 

specifically, the probability of the null hypothesis – that the average efficiencies produced 

by a parliament associated with different fractions of independent legislators would in 

reality be equal, given the above-summarised data, and the observed variation would be 

attributable to random – happening by chance of random variation is very small. The null 

hypothesis can therefore very safely be rejected as very improbable. 

 

Seeing how the tail of the produced efficiencies by progressively more independent 

legislators rapidly drop, it makes sese to contrast only the ‘ordinary’ parliament without 
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any independent legislators whatsoever on one hand, and the case with the most efficient 

fraction of independent legislators. That is, an ANOVA between no independent 

legislators and 20% independent legislators. After all, the interest in this thesis is directed 

towards whether a sortition-embedded parliament is more efficient than a parliament 

without sortition. Below, then, is the analysis of variance of the dataset consisting only of 

simulations where the fraction of independent legislators was either 0 or 0.2. 

 

 Degrees of 

freedom 

Sum of 

Squares 

Mean of 

Squares F value Pr(>F) 

Fraction of 

independents 
1 2,309 2309.2 39.74 3.55e-10 

Residuals 1998 116,084 58.1   

Table 5.4.3. The analysis of variance conducted for the dataset subset of only either 0% or 20% of 

independent legislators. 

 

It is again rather clear that the mean efficiencies are most likely different. The mean 

efficiency produced by parliament with 20% independent legislators and the efficiency 

produced by no independent legislators are only equal in the above-simulated dataset with 

very insignificant probability. The null hypothesis of the efficiencies being equal and 

independent legislators not affecting the computed result can, therefore, again be safely 

rejected. 

 

It can, further, be deduced that on average the efficiency of sortition-embedded 

parliament is very probably higher than that of a parliament without sortition, as the mean 

efficiency of the sortition-embedded parliament was computed to be higher and according 

to the ANOVA result, the difference is statistically significant with a confidence level of 

(much more than) >99.9%. 

 

It is, therefore, established that the efficiency of a parliament with 20% randomised 

independent legislators is on average more efficient than the parliament without them, it 

produces legislation of which quality is on average better, with larger volume. This, 

further, happened while assuming that the party-affiliated legislators are somewhat better 
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than the independent legislators; the effect overcame the difference and produced a more 

efficient parliament regardless of the solitary MPs being on average a little worse. 

 

6. Discussion: implications and how to get there 

The results broadly converge with those of presented in Pluchino et al. (2011a); that the 

implementation of sortition in selecting part of the parliament will increase its defined 

efficiency. This happens also in more plural parliaments simulated above, assuming that 

the parties belonging to coalition governments vote for each others’ legislative acts. The 

effect took place even when assuming the party-affiliated legislators were on average 

slightly better at the job of a legislator than the randomised independent legislators.  

 

It should be noted, however, that the produced efficiency of the parliament was 

significantly lower when the parliament was full or nigh full of independent sortitioned 

legislators, compared to the ‘normal’ scenario of no sortitioned legislators present in 

parliament. The best results in terms of quantity and quality of the legislation are achieved 

when there is a moderate fraction, twenty to forty per cent, of sortitioned representatives 

– but not too many of them. 

 

The following discussion section of the thesis aims to discuss the ways how the results of 

the model applied above could be operationalised in real life. It embarks on mapping and 

hypothesising the conditions in which the results of the model would most completely be 

realised, Later, in section 6.2, a brief additional detour is made as mentioned in the 

methodology section, to discuss the ramifications of different circle of tolerance for the 

model. 

 

6.1  Application to real life 

So far it has been shown that in an idealised and in-vacuum context the implementation 

of randomised independent legislatives would produce hypothesised positive effects for 

the functioning of the parliament. Instantly, however, when one goes outside the model 

and tries to achieve the results in a dynamic real life, a host of considerations appear. The 
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root question is, of course, how to produce the desired conditions of the model, therefore 

enabling the positive results in real life. 

 

A crucial component in enabling the conditions of the model is the procedure with which 

the sortitioned independent legislators would be selected, and their fraction in the 

parliament. A rather logical solution would be to tie the fraction of the independent 

legislators to that of the fraction of the non-voters. For example, was the turnout of the 

election 70%, the fraction of the independent legislators would be 100%–70% = 30% of 

the parliament.  Or half of the number if it feels too drastic. Such move would – while 

offering an efficiency bonus as presented above – provide incentives for politicians and 

parties to try to keep and raise the turnout as high as possible for maximal number of 

representatives of their own to be elected. On the other hand, should the voters be 

discontent with how the elected representatives have handled their work, they would have 

a concrete avenue to express their discontent and have certain ramifications within the 

system. 

 

But among whom should the draw be conducted, from every eligible citizen or a volunteer 

subset? Should indeed the lottery be from every eligible citizen, one would have to face 

the fact that a portion of them would not be interested even upon choosing. A better 

alternative with relatively little effects and extra burden for organisation could be to 

inquire for volunteers during the voting process. A separate and optional paper sheet or 

ballot offered when voting, in which a voter can mark a checkbox and fill some sort of 

identification to volunteer in the sortition process, without tying this to the voting paper 

for obvious privacy reasons and to maintain the secrecy of the ballot. 

 

This way one would be rather guaranteed to obtain an initial pool of motivated 

participants via self-selection, from which to randomly select the independent legislators. 

A roughly similar solution was employed already in ancient Athens (Hansen 1991, 230–

231): magistrates, administrators of the Athenian democracy, were randomly selected or 

sortitioned not from the populace at large, but from volunteers. 
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But - and this deserves particular attention - only the names of those who wished 

to be considered were inserted into the lottery machines, the kleroteria. Lots were 

drawn not among all citizens thirty and over, but only among those who had 

offered themselves as candidates. 

Manin 1997, 13 

 

Further element of the arrangement was that the drawn magistrates had to face scrutiny 

of the Assembly and the courts, and also report on their doings at the end of the term. 

Respectively, an individual magistrate was able to be recalled upon Assembly and 

suspended if the majority so decided. (Manin 1997, 12) 

 

Therefore, according to Manin: 

 

In other words, when the selection of magistrates by lot is placed in its institutional 

context it looks far less rudimentary than is commonly supposed today. The 

combination of the voluntary nature of such service and this advance knowledge 

of the risks incurred must in fact have led to self-selection among potential 

magistrates. Those who did not feel up to filling a post successfully could easily 

avoid being selected; indeed, they had strong incentives to do so. The whole 

arrangement thus had the effect of giving every citizen who deemed himself fit 

for office an opportunity of acceding to the magistracies. Anyone taking up that 

opportunity exposed himself to the virtually constant judgment of others, but that 

judgment took effect only a posteriori - after the candidate had begun to act in 

office. Chance apart, access to office was determined only by the assessment each 

candidate made of himself and his own abilities. 

Manin 1997, 13 

 

While following the ancient model of having what in modern world corresponds to a 

referendum to the letter seems overblown in the era of internet and social media, such 

accountability incentives indeed would most probably cause self-selection within the 

volunteer prospects. 
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Now that the independent legislators have been selected, the objective is to keep the 

independent legislators independent for the duration of the parliamentary term, in order 

for the model’s results to apply. One of the most pertinent and relevant critique of the 

model is that selecting such independent legislators randomly could potentially have 

dynamic ramifications within the parliament, which in turn affect the parameters of the 

model. 

 

For instance, it is somewhat conceivable that majority government coalitions would seek 

to expand itself up until to the point where the size of their majority would nullify the 

effect of a given fraction of independent legislators. Subsequently the efficiency-

increasing effect of the sortitioned independent legislators would also be nullified or at 

least decreased. It is hard to predict whether the implementation of the randomised 

legislators would have such dynamic effect, but experience points to a negative answer. 

 

As the number of the parties and percentage of political field that is embedded within the 

government coalition increases, so does its political heterogeneity. Therefore, to remain 

a politically rather-tightly knit unit and to be able to agree on legislation, it is probable 

that parties would not go to absurd lengths in order to reach an absolute majority in a 

parliament where sortitioned legislators are present. A certain political proximity is 

needed for the government to remain functional. 

 

Another consideration offered as a critique of the model is the concern of independent 

sortitioned legislators joining the political group of an established party during the 

parliamentary term, forming their own with party discipline enabled or run for office for 

the next term in party lists. The last one of these would be rather easily prevented – 

following Accidental Politicians (Pluchino et al. 2011a) – by preventing the legislators 

from running to the office in next (and perhaps in later) elections. Actively recruiting 

independent legislators to ranks of the parties for a longer term would be disincentivised, 

as the legislators in question could not run in an election succeeding their parliamentary 

term and reap the benefits of relative publicity. In addition, it is improbable for the same 

volunteer to be chosen in a lottery twice, though this too could be restricted if so decided. 
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A bit tougher nut to crack is how to retain the independence of the independent legislators 

for the duration of the parliamentary term and prevent their co-optation by established 

parties and their party discipline. A worthwhile approach could be to keep the terms of 

the randomised legislators rather short, shorter than a full parliamentary term of the 

elected representatives. Such would decrease the length of the pay-out for parties that is 

the result of co-opting independents, and it would have to be done more often, increasing 

the resources needed on behalf of the parties and hence making it less frequent. Again, in 

ancient Athens the terms of the sortitioned magistrates were only one year long (Manin 

1997, 12–13). 

 

Additional tools to disincentivise such co-optation or recruitment during the term could 

be a larger re-compensation vis-à-vis elected representative to discourage at least official 

joining to an established party group. Similar methods might dissuade independent 

legislators from forming a parliamentary group of their own. In the end, though, a 

legislator votes as she or he feels correct. It may or may not align with the stances of 

parties and the ability to vote differently to a party would most certainly be held valuable 

by independent legislators. With hopes of running in an election next term in hopes of re-

election prevented, joining a party group in the parliament does not seem so alluring. 

 

All that was discussed above works as a solid potential future research question; how to 

best adapt the assumptions underpinning the model to the parliament in question and 

which choices to make in transferring it to action. It is doubtless that such choices mould 

the model and affect the results it produces. For example. The assumption on specific 

mechanism and dynamics regarding the form of government most probably affect the 

model in a meaningful way. That is, it most probably makes a difference to the output of 

the model whether the government, for instance, forms a majority in the parliament. Such 

are the nuances of a plural multi-party parliament, and additional research on this is 

warranted. 
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6.2  Wider circle of tolerance – a brief consideration 

As mentioned in the section four of the thesis surrounding methodology, it is in order for 

enhanced transparency to briefly consider the implications that the usage of wider circle 

of tolerances for the parties in the model. 

 

 

Figure 6.2.1. The mean efficiencies of parliament with x independents, with confidence interval error bars. 

Case of slightly larger circle of tolerance, 0.4 instead of 0.1. 

 

By expanding the radius of circle of tolerance – the dispersion of values that a party-

affiliated legislators of each party can take in a simulated parliamentary term and hence 

making the parties more heterogenic – does not affect the main findings of the thesis. 

More specifically, the effect of a fraction of independent sortitioned legislators in the 

parliament making it produce more and better legislation on average stays rather intact. 

 

Visual representation of the average efficiencies, as represented in figure 6.1.1. above, 

indicate that the earlier-uncovered effect of independent legislators stays, although the 

absolute efficiencies in each step have risen a little. 

 

The decision of circle of tolerance of parties, then, does not seem to affect the overall 

hypothesis and argument presented in the thesis. Again, as mere visually glancing does 
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not provide adequate measurement and certainty, below in table 6.2.1 a tabular 

representation coupled with 95% confidence intervals is presented. 

 

Fraction of 

independent 

legislators 

Average 

efficiency 

95% 

confidence 

interval 

Lower bound 

of the 

confidence 

interval 

Upper bound 

of the 

confidence 

interval 

0.0 7.50 0.57 6.93 8.08 

0.1 6.50 0.51 5.99 7.01 

0.2 10.64 0.34 10.30 10.98 

0.3 9.65 0.27 9.38 9.93 

0.4 8.43 0.24 8.19 8.66 

0.5 6.80 0.18 6.62 6.98 

0.6 5.37 0.15 5.22 5.51 

0.7 3.60 0.11 3.49 3.72 

0.8 2.68 0.08 2.60 2.76 

1.0 1.62 0.05 1.58 1.67 

Table 6.2.1. The summarised table of the data, by increments of fractions of independent legislators. Case 

of slightly larger circle of tolerance, 0.4 instead of 0.1. 

 

Further, to establish more rigorously whether the statistically significant effect extracted 

at section 5 remains, below an analysis of variance is conducted also to this dataset with 

a wider circle of tolerance. Again, the analysis of variance tests whether the means of 

different groups of observations – here fractions of independent legislators – are equal in 

the dataset and with what confidence can one state so. 

 

 Degrees of 

freedom 

Sum of 

Squares 

Mean of 

Squares F value Pr(>F) 

Fraction of 

independents 
1 52,015 52,015 1,961 <2e-16 

Residuals 9,998 265,243 27   

Table 6.2.2. The analysis of variance conducted for the whole dataset. Case of slightly larger circle of 

tolerance, 0.4 instead of 0.1. 
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The computed F-value of analysis of variance remains exorbitantly high. The effect is in 

fact even a bit more pronounced than above in the actual analysis of the thesis, both 

comfortably over any doubt in their statistical significance. 

 

Below a respective analysis of variance is conducted to a dataset of only either 0% or 

20% of independent randomised legislators present in the parliament, as was done in the 

actual analysis part of the thesis. 

 

As with the analysis of variance considering the whole dataset with a wider circle of 

tolerance, the computed F-value is easily statistically significant. It again turns out to be 

in fact a bit higher than in the respective portion of actual analysis, and one can exert a 

very high confidence in the result. 

 

 

 Degrees of 

freedom 

Sum of 

Squares 

Mean of 

Squares F value Pr(>F) 

Fraction of 

independents 
1 4,909 4,909 84.69 <2e-16 

Residuals 1,998 115,807 58   

Table 6.2.3. The analysis of variance conducted for the dataset subset of only either 0% or 20% of 

independent legislators. Case of slightly larger circle of tolerance, 0.4 instead of 0.1. 

 

The decision of what circle of tolerance to use seems in the end to be of no consequence 

to the thesis and its hypothesis. The effect holds also with a wider radius and even seems 

to increase in magnitude as the party-affiliated legislators are made more heterogeneous. 

As mentioned in the methodology section of the thesis, it makes intuitive sense that 

individual parties are largely homogeneous and rather tightly knit units in a pluralised 

multi-party parliament with several parties present. It is conceivable that parties are more 

cohesive and intra-similar units when the parties are small and there are numerous of them 

– as opposed to so-called big tents or major blocs in more bipartisan parliamentary 

systems. 
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7. Concluding remarks 

In the preceding sections of this thesis, I have sought to demonstrate that the defined 

efficiency of a multi-party parliament can be increased by employing a degree of sortition. 

It is clear from the analysis section of the thesis that the quantity and quality of a 

legislation produced by parliament is dependent on fraction of independent legislators 

present, ceteris paribus. Further than being dependent, the efficiency is measured to be 

higher on average in simulations that have a moderate amount of randomised, sortitioned 

independent legislators – yet decreasing gradually but significantly when larger and larger 

fraction of parliament are randomised legislators. 

 

The thesis recounted the use of sortition in historical democratic settings, especially those 

pre-modern, and gauged the relatively minor modern examples in politics. It further 

sought to portray a slate of different strategies of randomisation employed in non-political 

usage and situations, like investing in the stock market, opinion polls and promotion in 

the workplace. And, arriving to a more salient matters, the thesis presented and discussed 

randomisation in context of modelling the main functions of a parliament, as in Pluchino 

et al. (2011a), as well as introduced the reader to the plural context of Finnish political 

scene. 

 

The thesis succeeds solidly in constructing a useful modelling of a parliament and its main 

functions with a Cipolla diagram, largely along the lines of Accidental Politicians by 

Pluchino et al. (2011a), but with several important tweaks as discussed above. It contrasts 

how well parliaments with and without sortition do when it comes to quantity and quality 

of the passed legislation – arguably the single most important function that a parliament 

has. The thesis arrives to a result where quantity and quality of the passed legislation are 

– visually glancing – better with a moderate fraction of the parliament randomly selected 

with sortition, as showcased in figure 5.3.1. 

 

The results, then, were subjected to an analysis of variance in order to resolve the 

statistical significance of the results. In the end, it was deemed with an extremely high 

confidence that the quality and quantity of legislation passed by a parliament with a 

moderate amount of sortition (namely, a fraction of 20% of the representatives) would be 
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higher than those passed by a wholly elected parliament. The effect is statistically 

significant. 

 

The thesis went on to discuss and explore the possible applications to real life. 

Specifically, how could the conditions most realistically emulate the input variables and 

surrounding context of the model be implemented when it comes to sortition. This 

included certain assumptions and propositions considering the nature of selection and its 

practicalities, as well as keeping the independent legislators independent also for the 

duration of the parliamentary term. 

 

Empirical support for different modulations and alternatives for implementing sortition 

in parliament was briefly discussed, from Belgium, in the earlier parts of the thesis. It was 

found out that the support for mixed chamber – one with both elected and selected by lot 

– was bigger than for distinct sortitioned chamber. In this light, too, the model in the thesis 

considers a salient topic. 

 

The thesis further briefly considered the effect that wider circle of tolerance would have 

to the modelled parliament and changes the results to a meaningful degree. It was found 

out that the effect persists and even increases with a wider circle of tolerance. 

 

The nature of multi-party coalitions is that there necessarily exists certain friction between 

then constituent parties when it comes to policy preferences; it would be naïve to not 

think so. On the other hand, similar problem exists within bipartisan systems, it just 

happens within the majority bloc as opposed to between governmental coalition parties. 

The possible dynamic consequences of internal disagreements within a governing 

coalition still remain something this thesis did not account for and is a plausible object of 

forthcoming research. 

 

The exact results of the model most likely vary somewhat according to the strengths of 

the parties in government and in parliament, as the dynamics of the simulation are affected 

by how much exactly the parties have to rely on independent legislators to pass the 

legislative act. Different configurations of party strengths and majority governments 
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assembled from them should not, however, affect the overall argument meaningfully. 

During the exploration of the model and testing it with various variables, the underlying 

effect on the efficiency of the plural parliament that this thesis has established did not go 

away. Further studies could, nevertheless, be conducted with varying party compositions 

and governments to establish a more robust understanding of the effect. 

 

Likewise, further studies would be beneficial on how to construct the model to mirror 

specific national parliaments best, and hence produce more accurate results in the specific 

national context. Especially in light of the empirical support measured for different 

variants of sortition in parliamentary representative democracy in Jacquet et al. (2022), 

the results of the thesis seem encouraging. The model of sortition which received the most 

support from populace and representatives alike was a mixed chamber where both elected 

and randomly selected legislators would be present, and the results of this thesis point 

towards such configuration of mixed chamber producing better results than separate 

chambers of elected and randomly selected representatives. 

 

The direction to which the measured empirical popular opinion, Accidental Politicians 

(Pluchino et al. 2011a) and this thesis all point toward seems, then, to be a rather fruitful 

avenue to pursue in further studies touching the issue of sortition.  
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Appendices 
R code for generating the parliamentary model and simulations: 

 
# R-code for the Master's thesis of Julius Lehtinen 

 

# The main part of the code of the model is organised into three 

nested loops.  

# Innermost loop controls the individual legislative acts and their 

approval, and repeats the number of 

# times that there are legislative acts in the parliamentary term. 

Second-innermost aggregates the acts 

# and controls one simulation with many parliamentary terms, with a 

certain fraction of independent 

# randomised legislators, and repeats as many times there are 

parliamentary terms in one simulation. 

# The outermost loop aggregates the simulations with a given fraction 

of independents into a data frame, 

# and runs ten times, for each 0.1 increment of independent 

legislators. 

 

 

# Installing and loading libraries needed for the code 

# install.packages("tidyverse") 

# Sys.sleep(3) 

library("tidyverse") 

 

# Defining few functions needed in the code  

randp <- function(n = 1, r = 1) { 

  if (n < 1 || r < 0) return(c()) 

  x <- rnorm(n) 

  y <- rnorm(n) 

  r <- r * sqrt(runif(n)/(x^2 + y^2)) 

  if (n == 1) U <- data.frame(x, y) 

  else        U <- cbind(r*x, r*y) 

  return(U) 

} 

 

rand2 <- function(n, r) { 

  x <- rnorm(n) 

  r <- r * sqrt(runif(n)/(x^2)) 

  U <- cbind(r*x) 

  return(U) 

} 

 

sumfun <- function(x,start,end){ 

  return(sum(x[start:end])) 

} 

 

# Defining variables used in the model and setting seed for 

reproducibility 

n_simulations <- 1000 

n_acts <- 1000 

rad <- 0.1 # Circle of tolerance of political parties 

lower_bound_party_reps <- -0.9 # lower bound of values taken by the 

party-affiliated legislators in the Cipolla diagram 

 



 
 

fraction_a <- 40/200 

fraction_b <- 30/200 

fraction_c <- 20/200 

fraction_d <- 15/200 

fraction_e <- 10/200 

fraction_f <- 40/200 

fraction_g <- 40/200 

fraction_h <- 5/200 

original_parliament <- 200 

 

seed <- 197 

set.seed(seed) 

 

independents_df <- 

as.data.frame(c(0,0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,1)) # fractions of 

independent legislators 

names(independents_df) <- c("frac") 

 

totaldf <- NULL 

finaldist <- NULL 

 

# Loops 

for (i in 1:length(independents_df$frac)) { 

   

  # The third-innermost loop controlling all the simulations of 

fractions of independent legislators 

   

  fraction_ind <- independents_df$frac[i] 

  n <- original_parliament - (fraction_ind*original_parliament) 

  dist = NULL 

   

  pb <- txtProgressBar(min = 0, max = n_simulations, initial = 0, 

style=3, width=50) # Progress bar for running the simulation 

  stepi <- 0 

   

  for (i in 1:n_simulations){ 

     

    # The second-innermost loop controlling individual simulation, 

aggregating the legislative acts 

     

    ## Generating the parties and their legislators, loop for each 

    party_a <- NULL 

    if (fraction_a>0 & n > 0) { 

      circle_a <- as.data.frame(randp(fraction_a*n,rad)) 

      names(circle_a) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 



 
 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_a <- data.frame(x0, y0, r) 

      partycircle_a$party <-  "a" 

      x <- x0 + circle_a$x 

      y <- y0 + circle_a$y 

      party_a <- data.frame(x, y) 

      names(party_a) <- c("x", "y") 

      party_a 

      for(i in 1:nrow(party_a)){ 

        while(party_a[i, 1] > 1 | party_a[i, 1] < -1 | (party_a[i,1] - 

partycircle_a$x0)^2 + (party_a[i,2] - partycircle_a$y0)^2 > rad^2){ 

          party_a[i, 1] <- (partycircle_a$x0 + rand2(1,rad)) 

        } 

      } 

      for(i in 1:nrow(party_a)){ 

        while(party_a[i, 2] > 1 | party_a[i, 2] < -1 | (party_a[i,1] - 

partycircle_a$x0)^2 + (party_a[i,2] - partycircle_a$y0)^2 > rad^2){ 

          party_a[i, 2] <- (partycircle_a$y0 + rand2(1,rad)) 

        } 

      } 

      party_a$party <- "a" 

    } 

     

    party_b <- NULL 

    if (fraction_b>0 & n > 0) { 

      circle_b <- as.data.frame(randp(fraction_b*n,rad)) 

      names(circle_b) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_b <- data.frame(x0, y0, r) 

      partycircle_b$party <-  "b" 

      x <- x0 + circle_b$x 

      y <- y0 + circle_b$y 

      party_b <- data.frame(x, y) 



 
 

      names(party_b) <- c("x", "y") 

      for(i in 1:nrow(party_b)){ 

        while(party_b[i, 1] > 1 | party_b[i, 1] < -1 | (party_b[i,1] - 

partycircle_b$x0)^2 + (party_b[i,2] - partycircle_b$y0)^2 > rad^2){ 

          party_b[i, 1] <- (partycircle_b$x0 + rand2(1,rad)) 

        } 

      } 

      for(i in 1:nrow(party_b)){ 

        while(party_b[i, 2] > 1 | party_b[i, 2] < -1 | (party_b[i,1] - 

partycircle_b$x0)^2 + (party_b[i,2] - partycircle_b$y0)^2 > rad^2){ 

          party_b[i, 2] <- (partycircle_b$y0 + rand2(1,rad)) 

        } 

      } 

      party_b$party <- "b" 

    } 

     

    party_c <- NULL 

    if (fraction_c>0 & n > 0) { 

      circle_c <- as.data.frame(randp(fraction_c*n,rad)) 

      names(circle_c) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_c <- data.frame(x0, y0, r) 

      partycircle_c$party <-  "c" 

      x <- x0 + circle_c$x 

      y <- y0 + circle_c$y 

      party_c <- data.frame(x, y) 

      names(party_c) <- c("x", "y") 

      for(i in 1:nrow(party_c)){ 

        while(party_c[i, 1] > 1 | party_c[i, 1] < -1 | (party_c[i,1] - 

partycircle_c$x0)^2 + (party_c[i,2] - partycircle_c$y0)^2 > rad^2){ 

          party_c[i, 1] <- (partycircle_c$x0 + rand2(1,rad)) 

        } 

      } 

      for(i in 1:nrow(party_c)){ 

        while(party_c[i, 2] > 1 | party_c[i, 2] < -1 | (party_c[i,1] - 

partycircle_c$x0)^2 + (party_c[i,2] - partycircle_c$y0)^2 > rad^2){ 

          party_c[i, 2] <- (partycircle_c$y0 + rand2(1,rad)) 

        } 

      } 



 
 

      party_c$party <- "c" 

    } 

     

    party_d <- NULL 

    if (fraction_d>0 & n > 0) { 

      circle_d <- as.data.frame(randp(fraction_d*n,rad)) 

      names(circle_d) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_d <- data.frame(x0, y0, r) 

      partycircle_d$party <-  "d" 

      x <- x0 + circle_d$x 

      y <- y0 + circle_d$y 

      party_d <- data.frame(x, y) 

      names(party_d) <- c("x", "y") 

      for(i in 1:nrow(party_d)){ 

        while(party_d[i, 1] > 1 | party_d[i, 1] < -1 | (party_d[i,1] - 

partycircle_d$x0)^2 + (party_d[i,2] - partycircle_d$y0)^2 > rad^2){ 

          party_d[i, 1] <- (partycircle_d$x0 + rand2(1,rad)) 

        } 

      } 

      for(i in 1:nrow(party_d)){ 

        while(party_d[i, 2] > 1 | party_d[i, 2] < -1 | (party_d[i,1] - 

partycircle_d$x0)^2 + (party_d[i,2] - partycircle_d$y0)^2 > rad^2){ 

          party_d[i, 2] <- (partycircle_d$y0 + rand2(1,rad)) 

        } 

      } 

      party_d$party <- "d" 

    } 

     

    party_e <- NULL 

    if (fraction_e>0 & n > 0) { 

      circle_e <- as.data.frame(randp(fraction_e*n,rad)) 

      circle_e 

      names(circle_e) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 



 
 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_e <- data.frame(x0, y0, r) 

      partycircle_e$party <-  "e" 

      x <- x0 + circle_e$x 

      y <- y0 + circle_e$y 

      party_e <- data.frame(x, y) 

      names(party_e) <- c("x", "y") 

      for(i in 1:nrow(party_e)){ 

        while(party_e[i, 1] > 1 | party_e[i, 1] < -1 | (party_e[i,1] - 

partycircle_e$x0)^2 + (party_e[i,2] - partycircle_e$y0)^2 > rad^2){ 

          party_e[i, 1] <- (partycircle_e$x0 + rand2(1,rad)) 

        } 

      } 

      for(i in 1:nrow(party_e)){ 

        while(party_e[i, 2] > 1 | party_e[i, 2] < -1 | (party_e[i,1] - 

partycircle_e$x0)^2 + (party_e[i,2] - partycircle_e$y0)^2 > rad^2){ 

          party_e[i, 2] <- (partycircle_e$y0 + rand2(1,rad)) 

        } 

      } 

      party_e$party <- "e" 

    } 

     

    party_f <- NULL 

    if (fraction_f>0 & n > 0) { 

      circle_f <- as.data.frame(randp(fraction_f*n,rad)) 

      names(circle_f) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 



 
 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_f <- data.frame(x0, y0, r) 

      partycircle_f$party <-  "f" 

      x <- x0 + circle_f$x 

      y <- y0 + circle_f$y 

      party_f <- data.frame(x, y) 

      names(party_f) <- c("x", "y") 

      for(i in 1:nrow(party_f)){ 

        while(party_f[i, 1] > 1 | party_f[i, 1] < -1 | (party_f[i,1] - 

partycircle_f$x0)^2 + (party_f[i,2] - partycircle_f$y0)^2 > rad^2){ 

          party_f[i, 1] <- (partycircle_f$x0 + rand2(1,rad)) 

        } 

      } 

       

      for(i in 1:nrow(party_f)){ 

        while(party_f[i, 2] > 1 | party_f[i, 2] < -1 | (party_f[i,1] - 

partycircle_f$x0)^2 + (party_f[i,2] - partycircle_f$y0)^2 > rad^2){ 

          party_f[i, 2] <- (partycircle_f$y0 + rand2(1,rad)) 

        } 

      } 

      party_f$party <- "f" 

    } 

     

    party_g <- NULL 

    if (fraction_g>0 & n > 0) { 

      circle_g <- as.data.frame(randp(fraction_g*n,rad)) 

      names(circle_g) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_g <- data.frame(x0, y0, r) 

      partycircle_g$party <-  "g" 

      x <- x0 + circle_g$x 

      y <- y0 + circle_g$y 

      party_g <- data.frame(x, y) 

      names(party_g) <- c("x", "y") 

      for(i in 1:nrow(party_g)){ 

        while(party_g[i, 1] > 1 | party_g[i, 1] < -1 | (party_g[i,1] - 

partycircle_g$x0)^2 + (party_g[i,2] - partycircle_g$y0)^2 > rad^2){ 



 
 

          party_g[i, 1] <- (partycircle_g$x0 + rand2(1,rad)) 

        } 

      } 

      for(i in 1:nrow(party_g)){ 

        while(party_g[i, 2] > 1 | party_g[i, 2] < -1 | (party_g[i,1] - 

partycircle_g$x0)^2 + (party_g[i,2] - partycircle_g$y0)^2 > rad^2){ 

          party_g[i, 2] <- (partycircle_g$y0 + rand2(1,rad)) 

        } 

      } 

      party_g$party <- "g" 

    } 

     

    party_h <- NULL 

    if (fraction_h>0 & n > 0) { 

      circle_h <- as.data.frame(randp(fraction_h*n,rad)) 

      circle_h 

      names(circle_h) <- c("x", "y") 

      x0 <-as.data.frame(rnorm(1)) 

      names(x0) <- c("x0") 

      x0 <- x0 %>% 

        mutate(x0 = case_when( 

          x0 > 3 ~ 3, 

          x0 < -3 ~ -3, 

          TRUE ~ x0 

        )) 

      x0 <- as.numeric((1-lower_bound_party_reps)*((x0--3)/(3--

3))+lower_bound_party_reps) 

      y0 <- as.data.frame(rnorm(1)) 

      names(y0) <- c("y0") 

      y0 <- y0 %>% 

        mutate(y0 = case_when( 

          y0 > 3 ~ 3, 

          y0 < -3 ~ -3, 

          TRUE ~ y0 

        )) 

      y0 <- as.numeric((1-lower_bound_party_reps)*((y0--3)/(3--

3))+lower_bound_party_reps) 

      r <- rad 

      partycircle_h <- data.frame(x0, y0, r) 

      partycircle_h$party <-  "h" 

      x <- x0 + circle_h$x 

      y <- y0 + circle_h$y 

      party_h <- data.frame(x, y) 

      names(party_h) <- c("x", "y") 

      if (length(party_h$x) > 1){ 

        for(i in 1:nrow(party_h)){ 

          while(party_h[i, 1] > 1 | party_h[i, 1] < -1 | (party_h[i,1] 

- partycircle_h$x0)^2 + (party_h[i,2] - partycircle_h$y0)^2 > rad^2){ 

            party_h[i, 1] <- (partycircle_h$x0 + rand2(1,rad)) 

          } 

        } 

        for(i in 1:nrow(party_h)){ 

          while(party_h[i, 2] > 1 | party_h[i, 2] < -1 | (party_h[i,1] 

- partycircle_h$x0)^2 + (party_h[i,2] - partycircle_h$y0)^2 > rad^2){ 

            party_h[i, 2] <- (partycircle_h$y0 + rand2(1,rad)) 

          } 

        } 

        party_h$party <- "h" 

      } 



 
 

    } 

     

    ind <- NULL 

    if (fraction_ind > 0) { 

      x <- as.data.frame(rnorm(fraction_ind*original_parliament)) 

      names(x) <- c("x") 

      x <- x %>% 

        mutate(x = case_when( 

          x > 3 ~ 3, 

          x < -3 ~ -3, 

          TRUE ~ x 

        )) 

      x <- (1--1)*((x--3)/(3--3))+-1 

      y <- as.data.frame(rnorm(fraction_ind*original_parliament)) 

      names(y) <- c("y") 

      y <- y %>% 

        mutate(y = case_when( 

          y > 3 ~ 3, 

          y < -3 ~ -3, 

          TRUE ~ y 

        )) 

      y <- as.numeric(1--1)*((y--3)/(3--3))+-1 

      y 

      ind <- data.frame(x,y) 

      ind$party <- "ind" 

    } 

     

    partycircles <- bind_rows(partycircle_a, partycircle_b, 

partycircle_c, partycircle_d, 

                              partycircle_e, partycircle_f, 

partycircle_g, partycircle_h) 

     

    parliament <- bind_rows(party_a, party_b, party_c, party_d, 

party_e, party_f, party_g, party_h) # Binding the party-legislators to 

a data frame to have a parliament 

     

    if (fraction_ind > 0) { 

    # Binding the independents too if their fraction is above 0 

        parliament <- bind_rows(parliament, ind) 

    } 

     

    acts <- parliament[sample(1:original_parliament, n_acts, replace = 

T),c(1:3)] # Extracting the positions of n legislative acts from the 

parliament 

 

    votesdist <- NULL 

    for(i in 1:n_acts) { 

       

      # The innermost loop controlling individual legislative acts 

during a parliamentary term 

       

      parliament$x2 <- runif(length(parliament$x), -1,1) # Extracting 

a voting point for each parliamentarian for each legislative act 

       

      # Determining which legislators votes for the act 

      parliament$supporting <- case_when( 

        (acts$party[i] == parliament$party & parliament$party != 

"ind") ~ 1, 



 
 

        (acts$party[i] == "a" & (parliament$party == "b" | 

parliament$party == "c"| parliament$party == "d"| parliament$party == 

"e") ~ 1), 

        (acts$party[i] == "b" & (parliament$party == "a" | 

parliament$party == "c"| parliament$party == "d"| parliament$party == 

"e") ~ 1), 

        (acts$party[i] == "c" & (parliament$party == "a" | 

parliament$party == "b"| parliament$party == "d"| parliament$party == 

"e") ~ 1), 

        (acts$party[i] == "d" & (parliament$party == "a" | 

parliament$party == "b"| parliament$party == "c"| parliament$party == 

"e") ~ 1), 

        (acts$party[i] == "e" & (parliament$party == "a" | 

parliament$party == "b"| parliament$party == "c"| parliament$party == 

"d") ~ 1), 

        (parliament$party == "a" & parliament$x <= parliament$x2 & 

partycircle_a$y0 <= acts$y[i]) ~ 1, 

        (parliament$party == "b" & parliament$x <= parliament$x2 & 

partycircle_b$y0 <= acts$y[i]) ~ 1, 

        (parliament$party == "c" & parliament$x <= parliament$x2 & 

partycircle_c$y0 <= acts$y[i]) ~ 1, 

        (parliament$party == "d" & parliament$x <= parliament$x2 & 

partycircle_d$y0 <= acts$y[i]) ~ 1, 

        (parliament$party == "e" & parliament$x <= parliament$x2 & 

partycircle_e$y0 <= acts$y[i]) ~ 1, 

        (parliament$party == "f" & parliament$x <= parliament$x2 & 

partycircle_f$y0 <= acts$y[i]) ~ 1, 

        (parliament$party == "g" & parliament$x <= parliament$x2 & 

partycircle_g$y0 <= acts$y[i]) ~ 1, 

        (parliament$party == "h" & parliament$x <= parliament$x2 & 

partycircle_h$y0 <= acts$y[i]) ~ 1, 

        if (fraction_ind > 0) { 

          (parliament$party == "ind" & parliament$x <= parliament$x2 & 

parliament$y <= acts$y[i]) ~ 1 

        }, 

        TRUE ~ 0 

      ) 

       

      votestemp <- sum(parliament$supporting) 

      votesdist <- rbind(votesdist, votestemp) 

    } 

     

    acts$total <- votesdist 

    acts$passed <- acts$total > original_parliament/2 # Act passes if 

over a half of the legislators votes for it 

     

    # Social gain of the legislative act 

    acts$socialgain <- case_when( 

      acts$passed == TRUE ~ acts$y, 

      acts$passed == FALSE ~ 0 

    ) 

     

    final <- data.frame(sum(acts$passed)/n_acts, 

ifelse(sum(acts$passed) == 0, 

0,(sum(acts$socialgain))/(sum(acts$passed)))) 

    names(final) <- c("acts passed", "average social gain") 

    final$efficiency <- final$`acts passed` * final$`average social 

gain` * 100 

    final$indies <- fraction_ind 



 
 

     

    tmp <- final 

    dist <- rbind(dist, tmp) 

    stepi <- stepi + 1 

    setTxtProgressBar(pb,stepi) 

  } 

  close(pb) 

  Sys.sleep(1) 

   

  dist 

  dist <- dist %>% 

    rowid_to_column("simulation") 

   

  totaldf <- rbind(totaldf, dist) 

   

  lowerbound <- mean(dist$efficiency) - 

(sd(dist$efficiency)/sqrt(length(dist$efficiency))) * 1.96 

  upperbound <- mean(dist$efficiency) + 

(sd(dist$efficiency)/sqrt(length(dist$efficiency))) * 1.96 

  grid <- data.frame(fraction_ind, mean(dist$`acts passed`), 

mean(dist$`average social gain`), mean(dist$efficiency), lowerbound, 

upperbound) 

  names(grid) <- c("independents_fraction","passed_pct", 

"social_gain", "efficiency", "lower_bound", "upper_bound") 

  finaldist <- rbind(finaldist, grid) 

  print(finaldist) 

} 

 

# Graphics 

## Quantity of the legislation passed during an individual 

parliamentary term 

volume <- ggplot(dist, aes(x=simulation, y=`acts passed`, group=1))+ 

  geom_hline(yintercept = 0)+ 

  geom_point(alpha=0.5, colour="#d95f02", size=2)+ 

  geom_hline(yintercept = mean(dist$`acts passed`), colour="#d95f02")+ 

  geom_text(aes(x=5, y=0.30), label = paste0("Mean of acts passed 

during the parliamentary term: ", scales::percent(mean(dist$`acts 

passed`), accuracy=0.01)), 

            colour="#d95f02", hjust = 0, size=6)+ 

  scale_y_continuous(labels = scales::percent_format(accuracy = 1), 

limits = c(0,1))+ 

  

scale_x_continuous(breaks=c(seq(0,1000,0.10*length(dist$simulation))))

+ 

  theme_bw()+ 

  theme( 

    text=element_text(size=20), 

    legend.box.margin = margin(20,20,20,20), 

    plot.margin = margin(10,10,10,10), 

    legend.position = "none" 

  ) 

 

## Quality of the legislation passed during an individual 

parliamentary term 

socialgain <- ggplot(dist, aes(x=simulation, y=`average social gain`, 

group=1))+ 

  geom_hline(yintercept = 0)+ 

  geom_point(alpha=0.5, colour="#1b9e77", size=2)+ 



 
 

  geom_hline(yintercept = mean(dist$`average social gain`), 

colour="#1b9e77")+ 

  geom_text(aes(x=5, y=-0.65), colour="#1b9e77", hjust = 0, size=6, 

            label = paste0("Mean of average social gain during the 

parliamentary term: ",scales::comma(mean(dist$`average social 

gain`),accuracy=0.01)))+ 

  scale_y_continuous(limits = c(-1,1))+ 

  

scale_x_continuous(breaks=c(seq(0,1000,0.10*length(dist$simulation))))

+ 

  theme_bw()+ 

  theme( 

    text=element_text(size=20), 

    legend.box.margin = margin(20,20,20,20), 

    plot.margin = margin(10,10,10,10), 

    legend.position = "none" 

  ) 

 

## Efficiency of the legislation passed during an individual 

parliamentary term 

efficiency <- ggplot(dist, aes(x=simulation, y=`efficiency`, 

group=1))+ 

  geom_hline(yintercept = 0)+ 

  geom_point(alpha=0.5, colour="#7570b3", size=2)+ 

  geom_hline(yintercept = mean(dist$efficiency), colour="#7570b3")+ 

  geom_text(aes(x=5, y=-65), label = paste0("Mean of efficiency during 

the parliamentary term: ", 

scales::comma(mean(dist$efficiency),accuracy=0.01)), 

            colour="#7570b3", hjust = 0, size=6)+ 

  scale_y_continuous(limits = c(-100,100))+ 

  

scale_x_continuous(breaks=c(seq(0,1000,0.10*length(dist$simulation))))

+ 

  theme_bw()+ 

  theme( 

    text=element_text(size=20), 

    legend.box.margin = margin(20,20,20,20), 

    plot.margin = margin(10,10,10,10), 

    legend.position = "none" 

  ) 

 

## Distribution of the efficiencies of the parliaments with a given 

fraction of independent legislators 

distplot <- ggplot(finaldist, 

aes(x=(independents_fraction*original_parliament), y = efficiency))+ 

  geom_hline(yintercept = 0)+ 

  geom_line()+ 

  geom_point()+ 

  geom_errorbar(aes(ymin=lower_bound, ymax=upper_bound), width=2)+ 

  geom_label(aes(label = round(efficiency, 2), y=upper_bound), nudge_y 

= 0.75, size=6)+ 

  labs(x="Number of independents")+ 

  scale_y_continuous(limits=c(-2,20))+ 

  scale_x_continuous(breaks=c(seq(0,200,20)))+ 

  theme_bw()+ 

  theme( 

    panel.grid.minor.x = element_blank(), 

    text=element_text(size=35), 

    legend.box.margin = margin(20,20,20,20), 



 
 

    plot.margin = margin(10,10,10,10), 

    legend.position = "none" 

  ) 

 

distplot 

 

finaldist 

summary(aov(totaldf$efficiency ~ totaldf$indies)) # ANOVA of all 

parliamentary terms 

subs <- subset(totaldf, indies == 0.0 | indies == 0.2) # Subset of 

only parliament without sortition and 20% sortition 

summary(aov(subs$efficiency ~ subs$indies)) # ANOVA of the subset 

parliamentary terms 


