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Abstract

Participatory Budgeting (PB) is a democratic process that offers an alternative to
conventional budgeting, where elected officials select projects to be funded. It al-
lows community members to directly allocate a portion of the public budget toward
projects of their choice. Offering a range of budget allocation rules, each with dif-
ferent fairness, effectiveness and complexity. Through the visual examination and
analysis of voting rules, we facilitate the understanding of intricate voting rules for
non-mathematical or technical users. This consequently shows the increased fairness
and transparency in PB public fund allocation. Specifically, we have developed visual
explanations outlining how the Method of Equal Shares (MES) and Greedy Utilitar-
ian Welfare voting rules select projects. They work on elections of any size, ensuring
they are applicable to past and future PB elections carried out in various municipal-

ities worldwide.

Our solution is publicly available, building upon the existing Pabutools Python li-

brary, a complete set of tools for working with PB instances.

Keywords: Participatory Budgeting, Pabutools, Visualisation, Method of Equal Shares,
Voting Rules, Elections
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Chapter 1

Introduction

1.1 Introduction to Participatory Budgeting

Participatory budgeting (PB) is a democratic initiative where community members
directly influence how a public budget is allocated. This contrasts the more popu-
lar and widely adopted process of electing representatives, who then choose how to
allocate the public budget. The diagram in Figure 1.1 illustrates this distinction:
in representative systems, the public elects officials who select projects, potentially
leading to outcomes that do not reflect the community’s interests. In PB, citizens
vote directly on projects, ensuring alignment with community needs. This innovative
approach empowers citizens by engaging them in the decision-making process that
impacts their lives and communities. Originating in Porto Alegre, Brazil, in 1989,
PB has since spread globally, with the latest estimates suggesting over 1500 imple-
mentations of PB, finding diverse applications in cities, schools, and public agencies

across different cultures and government structures [1].



Pariticipatory

The Standard Budgeting

The Public
Votes

Elects

Representatives

Selects

\ 4

Projects

Figure 1.1: Comparative Diagram of Conventional Budgeting vs. Participatory

Budgeting Processes

The core of PB involves community members taking on the role of decision-makers
tasked with identifying, discussing, and prioritising public spending projects. The
process typically follows several stages: ideation, where community needs are identi-
fied; proposal development, where ideas are transformed into feasible projects; voting,
where citizens choose which projects to fund; and implementation, followed by mon-

itoring and evaluation of the funded projects.

Following its inception in Porto Alegre, PB has been adapted to various global con-
texts with notable successes. For instance, in Tower Hamlets, London, the ‘You De-
cide!’ initiative engaged local residents in allocating resources for community projects,
enhancing local participation and satisfaction [2, 3]. Similarly, in Govanhill, Glasgow,
PB has been instrumental in addressing local priorities through direct community in-

volvement, showcasing the adaptability of PB across different urban settings [4].



A key benefits of PB is its direct impact on community engagement. By involving
community members in decision-making, PB helps demystify budgetary processes,
making government operations more transparent and accountable. It often leads
to more equitable public spending, with funds more likely to be directed towards
high-priority community needs, which may be overlooked in the traditional budget-
ing process. Moreover, PB can significantly enhance local infrastructure and services
by aligning them more closely with the community’s actual needs and desires. For
instance, in Porto Alegre, citizens used PB to fund the construction of new schools
and healthcare facilities, as well as the improvement of public transportation, where
citizens increased the health and education budget from 13% to almost 40% of the
total city budget from 1985 to 1996 [5]. This alignment can increase public trust in
government and improve participation rates, as individuals see tangible results from

their involvement in government decision-making.

1.2 Voting Rules

Voting rules in PB elections determine how participants’ preferences are translated
into decisions about which projects get funded. The choice of voting rule significantly
impacts the fairness and outcomes of the budget allocation, influencing how effectively
community needs are met. The following subsection will explore various voting rules
employed in PB, detailing how each method functions and their implications for

project selection and community engagement.

1.2.1 Utilitarian Welfare

Utilitarian welfare refers to a framework where the budget allocation decisions aim
to maximize the community’s overall happiness or utility. This approach prioritises
funding projects that provide the greatest total benefit to all participants, thus opti-

mising collective satisfaction.



1.2.2 Greedy Utilitarian Welfare

Utilitarian welfare maximisation is NP-hard [6]. A solution to this issue is the Greedy
Utilitarian Welfare algorithm. The Greedy Utilitarian Welfare is an approximation
of the utilitarian welfare. It selects projects in rounds, each time selecting a project

that leads to the highest increase in total satisfaction divided by the project’s cost.

1.2.3 Method of Equal Shares
Methodology

The main idea of the Method of Equal Shares (MES) voting rule is that each voter is
assigned an equal part of the total budget. The voter’s budget can only fund projects
for which they have voted. The method iterates through all project proposals, starting
with the projects with the highest number of votes. If a project can be funded using
the budget share of those who voted for it, it is selected. The method divides the
project’s costs evenly among those who support it. The method can be used with

two distinct types of inputs:

e Approval Voting: Where each participant votes for some of the projects with

the same strength.

e Utilities: Where each voter can designate the amount from their personal

budget that they want to allocate to each project.

Effective Vote Count

When identifying the winning projects of MES, it is essential to calculate what’s
known as the effective vote count. A key principle here is the exclusion of voters who
have exhausted their budget share from the count. This rule operates on the principle
that if a voter has already spent their entire budget share, then they have already
been satisfied by the projects that were selected. Consequently, priority is given to

funding projects that appeal to the remaining voters.

Voters with remaining funds but not enough to finance the project when its cost

4



is equally divided will count as a partial contribution. The effective vote count for
a participant is calculated as their remaining budget divided by the maximum funds
a participant will have to pay to fund the project. Figure 1.2 demonstrates how the
effective vote count is calculated for a project. Suppose we have five project support-
ers, each with a different remaining budget (10, 10, 10, 20, 30 respectively). To fund a
project that costs 75, the first four voters must pledge their entire remaining budget,
whilst the fifth voter must allocate 25. The effective vote count of each participant
is then the amount they will spend to fund this project divided by 25. In the case in
Figure 1.2, the effective vote counts are 0.4, 0.4, 0.4, 0.8, 1, respectively. The effective
vote count for the project is calculated as the sum of all effective votes of supporters;

in our case, the effective vote count is three.

£30
10
ro B 10
04 04 04 08 1 3
Cost: £75

Figure 1.2: An Example Computation of the Effective Vote Count for a Project
Which Costs £75



Figure 1.3 illustrates a simple example of a PB election outcome employing the MES
voting rule. Initially, the total budget is distributed evenly among all participating
voters. In this scenario, each voter receives an equal stake of €150 to allocate. Voters
assign their allocated funds to various projects of their choosing. The projects are then
funded with the shares of those who voted for them. This visualisation exemplifies
the PB process, where the collective input of community members directly influences

the financial support of community projects.

Step 1: The budget is divided equally Step 2: Projects are funded with the shares
among the voters of those who voted for them

City

£1200 Voter 5 I ‘ “

Project 4
£150

Figure 1.3: Visual Representation for the Method of Equal Shares Voting Rule [7]

Benefits

The MES voting rule amplifies the democratic aspect by ensuring each vote carries
equal weight in budget allocation decisions. Consider, for example, that 51% of the
population supports ten educational projects, 49% supports ten community projects,
and the money suffices only for ten projects. The classical election method will
choose the ten educational projects supported by 51% and ignore the 49% altogether.
In contrast, MES would pick five of each of the project types. The MES voting rule
has the following benefits:

e Increased and More Equitable Voter Satisfaction: Simulations indicate

that this method results in higher approval rates for winning projects, and a



more evenly distributed satisfaction across the voter base.

e Reduced Bias: Unlike traditional methods, which tend to favour projects
in specific categories at the expense of others, the MES voting rule minimises
these biases. This ensures a representation that more accurately reflects the

preferences of the entire population.

1.2.4 Additional Rules

Completion Rules

Since not all rules return exhaustive budget allocations, further methods are required
to render the outcome exhaustive. Completion methods further increase satisfaction

as a larger proportion of the budget is assigned.

e Exhaustion by Budget Increase: One method is to increase the budget
limit in the hope that the rule returns an exhaustive budget allocation for the
original instance. If, at any point, the rule returns a budget allocation that is
not feasible for the original budget limit, then the previously returned budget

allocation is returned.

e Exhaustion by Rule Combination: Another strategy involves applying a
sequence of voting rules until an exhaustive budget allocation is achieved. The
rules are implemented in a specific order, and the process continues until an

exhaustive budget allocation is reached, or all rules have been applied.

Other solutions to resolve remaining funds include the flexible option of saving the
money to be included in the available budget for the following year. Another option
is to spend the money on an amicable backup solution, for example, to fund the
maintenance and improvement of existing infrastructure or public amenities such as

road works.



Tie-Breaking

In executing the MES voting rule, a tie can occur when two or more projects have the
same effective vote count. In isolation, ties are unlikely to occur in large elections.
An experiment on election data on Pabulib, a PB library [8], found that only 0.6%
of elections resulted in a tie-breaking rule [9, 10]. One method of breaking ties is as

follows:
e The project with the lowest cost is selected.

e If two or more tied projects have the same lowest cost, then the project with

the highest initial vote count is selected.

e If two or more projects have the lowest cost and the same initial vote count,

the tie is broken uniformly randomly.

Rule Composition

Another method is composing the previously mentioned methods by computing the
outcome of several rules and returning the most preferred by the most extensive set

of voters, according to a given satisfaction measure.

1.3 Aims and Motivation

For almost all cities’” PB elections, the Greedy rule is the standard rule used [11].
This is because, compared to modern voting rules such as MES, the Greedy rule is
simpler and more transparent. These properties make it easier to understand how
Greedy works and why this voting rule chooses to accept or reject different projects.
Because of this, modern voting rules are less likely to be trusted and used. This can
happen even when these voting rules provide benefits that may be highly desirable for
specific elections. For example, MES is able to guarantee proportional representation
to groups of voters with common interests [12], which can help with ensuring that

minority groups are properly represented in an election’s outcome, encouraging them



to participate in further elections.

In analysing PB elections, the use of visual tools and data analysis is instrumental
not just for providing insights but also for enhancing public understanding and trust
in the process. Effective visualisation conveys complex data in a straightforward,
accessible manner, allowing community members to see how decisions are made and
how funds are allocated. This transparency helps demystify the budgeting process,
building trust and confidence among participants by showcasing the direct impact of
their contributions. This transparency extends to the various voting rules that can
be used in these elections, meaning that visualisations could be used to better inform
voters about how different voting rules work, as well as why these voting rules may

choose to accept and fund different sets of projects.

Taking the reasoning above into account, the three aims of this project were as follows:

e Create a product that visually explains the outcomes of different PB voting

rules.

e Build this product on the existing work implemented in the Pabutools library

(to be discussed in the next section) - a package owned by the customer.

e Offer varying levels of explanation depth for each voting rule, suitable for the

general public.

1.4 Pabutools

Pabutools is a Python library that provides tools to handle various kinds of PB
instances and a variety of voting rules to simulate the outcome of elections and provide
analysis. This toolkit enables users to parse Pabulib files, an extensive library for PB
data [8], and apply selected rules for participatory budgeting. The library is publicly
available via PyPI [13], making it accessible for anyone working with PB budgeting
data.



1.4.1 Pabulib

Pabulib (PArticipatory BUdgeting LIBrary) is a publically accessible library for Par-
ticipatory Budgeting [8] election. This website is dedicated to gathering data on
participatory budgeting elections from various global sources. The library uses a uni-

versal data format to store the files with the .pb extension [14].

Information regarding a single instance of participatory budgeting election should
be stored in a UTF-8 encoded text file with the ‘.pb’ extension. This file is organised

into three distinct sections:

e META section containing essential metadata such as the nation, budget allo-

cation, and tally of votes.

¢ PROJECTS section detailing the financial aspects of projects and other po-

tential metadata, including project category, objectives, and location.

e VOTES section recording the voting data, which may include various types of
voting. This section may also encompass voter metadata, such as demographic

information, including gender and age.
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META

key;value

description;Experimental PB on Mechanical Turk | Knapsack_7
country;Artificial

unitjMechanical Turk

instance;Knapsack_7

num_projects;20o

num_votes;s9

budget ; 500009

vote_type;approval

language;english

currency;Usp

PROJECTS

preject_id;cost;name;category;votes;description

3;27008;Computers for the community learning;Culture & community;s&d;
14;25000;Benches for a Walkable City;5treets, Sidewalks & Transit;4l;
13;24008;:Real-Time Bus arrival Monitors im bus stations;Streets, Sidewalks & Transit;4e;
12;50008;5eparate Bike Lanes from Traffic;Streets, Sidewalks & Transit;39;
2;13000;Little (book exchange) libraries;Culture & community;39;
31;8008;Fire Hydrant Markers;Environment, public health & safety;38;
VOTES

voter_id;age;sex;vote;education

512;21;F;5,13,31,33,50;College

513:49:M:41 42,47 ;College

514;36;M;13,14,21,22,31;Graduate degree
515;24;M;2,3,12,13,14,21,23,33 ,41;College
2176;26;M;3,13,31,41,47;High School/GED
2306;49;F;3,5,12,13,14,15,21,23,31,41;College

2442,33;M;3 ,8,15,21,31,33;Graduate degree
909;28;M;2,3,12,13,14,21,23,31,33,41;Graduate degree
2062;55;F;8,15,21,41;6raduate degree
1041;38;F;3,12,13,14,15,21,23,31,33,41;Col lege
50%:25:F 141,42 ,50;College

Figure 1.4: An Example PB Election in .pb Format

1.5 The Customer

Simon Rey is a recent PhD graduate from the University of Amsterdam who has
done extensive work and research in PB [15]. Our supervisor, Markus Brill, who is
also active in PB research, introduced us to Simon. Both Simon and Markus have
expressed the need for a visualisation tool to explain voting rules to the general
public. Simon is a key contributor and owner of the Pabutools Python package that
we discussed previously. Having Simon as a customer has been very beneficial because
we do not have to worry about implementing functionality that already exists within
Pabutools, such as parsing of .pb files or simulating the PB elections with different
rules. This allows us to focus on generating the visualisations which truly bring
value. Contributing to an already existing package gives our work more visibility

within the wider PB research community. However, contributing to an open source
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package also comes with additional requirements, such as a higher bar for code quality,
writing external user documentation on usage and changes, and an external PR (Pull-
Request) approval process. Fortunately, since our customer is also the package owner,

we have had the opportunity for more direct communication outside of just the PRs.

1.6 Owur Solution

Our solution builds on the Pabutools library by creating a visualisation subpackage
on top of the existing rule implementations. It provides a visual explanation for the
outcome of PB elections decided using either MES or Greedy as the deciding rule.
More precisely, our solution focuses on the explanation for how the election outcome

was achieved rather than an in-depth analysis of the outcome itself.

For MES, we produce both a high-level overview and an in-depth analysis of the elec-
tion. The summary page displays the budget broken down into the elected projects,
as well as the outcome of the election and dynamically generated explanations for
each part of the rule. This links to the in-depth analysis, allowing users to gain
a better understanding of any stage of the election they may have been interested
in or confused about. Our in-depth analysis includes a wide range of statistics and
visualisations explaining various intricacies of MES to the user. For example, the re-
lationship of votes between the elected project and the other projects not yet selected

by the rule, giving insight as to why other popular projects may never be selected.

For Greedy, we display the selected projects each round and an ongoing showcase of
the change in the remaining budget over time. Additionally, this displays the cases
where a rejected project is very popular but is too expensive to be funded. Moreover,
we give an overview of all projects with filtering and sorting, allowing users to view

the election in depth.

Our solution ensures that the original implementations are unaffected, requiring only

12



the addition of a class storing auxiliary information required for our visualisations.
Furthermore, they provide a basis for future work, ensuring other contributors can
build on the implementations and expand to a complete set of PB rules, giving com-

prehensive explanations for all scenarios.

1.7 Report Overview

The remainder of this paper’s structure is as follows: Chapter 2 explores the relevant
literature surrounding PB. Chapter 3 covers the set of requirements, aims and objec-
tives for this project. Chapter 4 discusses the overall design of the project. Chapter 5
analyses the implementation process of the visualisations and explanations. Chapter
6 examines how the system was tested against our requirements to produce a suc-
cessful product. Chapter 7 reviews how the project was managed as a whole before
Chapter 8 concludes with a short summary and discusses the prospects of future

projects.
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Chapter 2

Literature Review

In this chapter, we explore the relevant literature surrounding PB. Firstly, we discuss
the inception and impact of PB before moving on to briefly discuss the various voting
rules that have been developed for PB. The rest of the chapter makes up the bulk and
involves exploring the existing solutions for visualising PB elections, before ending
the chapter with a conclusion. Further, it is worth mentioning that the topic of PB
and its various voting rules are still relatively new within this field. Therefore, as we
explore the relevant literature, we make sure to recognise the ongoing contributions

to this topic.

2.1 Origins and Impact of PB

While the topic of PB within this field is comparatively new, the origins actually
date back to the late 1980s within the city of Porto Alegre in Brazil. As described
by Cabannes [16], the historical analysis of PB comes in three stages. The first being
the experimental phase between 1989-1997, where the initial trial of PB took place
within Porto Alegre and a few other cities. The second was classed as the 'Brazil-
ian spread’ and took place between 1997-2000, this saw rapid adoption of the PB
model by more than 130 municipalities within the country. Finally, the third stage,
from 2000-present marks the expansion of PB beyond Brazil, where European and

numerous Latin American cities have adopted similar models. As of now, PB has
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spread across the globe and has been adopted in most countries, including the United

Kingdom [17, 18].

Since its invention within Porto Alegre, PB has shown to have a positive impact to
communities worldwide. This is demonstrated by Rathore et al. [19] who found that
using PB within Porto Alegre has resulted in improved facilities for the local residents.
For instance, increasing the number of sewer and water connections within households
as well as increasing the number of schools four-fold. Further, Wampler et al. [20]
found evidence that PB positively impacts the well-being of under-served communi-
ties in Brazil, Peru, and South Korea. Finally, closer to home with London’s Tower
Hamlets, "You Decide!’” project [2], in this case study, £5.06 million was allocated
over two years for residents to decide on local service funding within the borough of
Tower Hamlets. The project aimed to improve local services and increase community
participation by allowing the local residents to design and choose services through the
process. In the end, the project demonstrated positive impacts on empowerment and
decision-making processes for the participants. Most of this has already been briefly

mentioned within Chapter 1.

However, despite its praise and rapid adoption, the process still received a consider-
able amount of criticism. For instance, in the same paper by Rathore et al. [19], they
attributed one of PB’s shortcomings to a lack of representation of citizens who come
from poorer backgrounds in the process. Similar findings were found with the "You
Decide!” project in Tower Hamlets [2]. While the project was considered a success
(as it showed a noticeable impact on participants and their decision-making), many
participants found that the process failed to reflect their preferences, indicating that
the voting system may not have proportionally represented every group of voters. In
addition, PB has largely been criticised for its low participation rate, as shown by
Zepic et al. [21], where in Germany, public participation rates in PB projects were
often below expectations, with reports of the rate as low as 0.1%. Similarly, from

across the ocean, Stewart et al. [22] found the participation rate in Chicago to be
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between 1%-3%.

From these papers mentioned, it is clear to see that while PB has rapidly been expand-
ing and has showcased some positive results, there is still room for improvement to
address the criticisms laid out earlier, such as satisfying proportional representation.

The next section of the literature will briefly explore these ideas.

2.2 Voting Rules

Up to this point in the literature, we have discussed the origins, impact as well as some
criticisms of PB. Moving forward, we briefly discuss the various rules and methods

created to select a project within PB.

2.2.1 Welfare-Maximisation Rules

The first class of rules we discuss are the Welfare-Maximisation rules. These rules aim
to optimise the overall 'welfare’ of voters by returning the groups of projects which

maximise a chosen utility function for the group of voters [23].

As described within Chapter 1, the utilitarian welfare maximisation is an NP-hard
problem as it requires solving the Knapsack problem. Therefore, the Greedy Utilitar-
ian Welfare is introduced which is an approximation of the utilitarian welfare. This
is the most common rule within most cities that employ PB elections [11]. However,
from the criticisms of PB discussed earlier, this rule does not provide a proportionally

representative system.

An additional rule for Welfare-Maximisation to discuss briefly is known as propor-
tional approval voting (PAV). This rule is a special case of Thiele’s voting rule, which
is a multi-winner voting rule proposed by Thorvals N. Thiele [24]. The multi-winner
voting rule is an electoral system explored by Edith et al. [25] in which multiple can-

didates can be elected. Later, this rule was adapted to PB by Pierczynski et al. [12]
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and attempts to choose a rule that maximises the total score. Nevertheless, it fails to
satisfy the strong proportionality guarantees that was observed with the multi-winner

voting rule by Los et al. [26].

2.2.2 Sequential Purchase Rules

Another class of rules is known as sequential purchase rules, where voters receive
some virtual currency which they use to ’buy’ the projects. These rules aim to sat-
isfy proportional representation, a criticism mentioned within Rathore et al.’s paper
[19] and the Tower Hamlet’s "You Decide!” project [2]. Proportional representation
ensures fair representation for all voters by having projects selected in proportion to

the number of votes they receive.

The first of these rules is the Sequential Phragmén’s Rule [27] - which has already
been explained within Chapter 1 - where each voter starts with a budget of zero that
continually increases. When a group of supporters has enough virtual currency to buy
a project they all approve of, the project is bought. The rule stops when a project can
be bought, but only by violating the budget constraint. This rule can be computed in
polynomial time and was initially investigated by Brill et al. [28] within the concept
of the multi-winner voting rule who found that it satisfies proportional justified repre-
sentation, this rule was then later adapted to PB by Los et al. [26]. The proportional
justified representation property was initially proposed by Sanchez-Fernandez et al.
[29]. This property implies the rule fairly distributes resources among voters based

on their preferences and needs.

Following this is an adaptation of the previous Phragmén rule labelled the Maximin
support rule and developed by Sénchez-Fernandez et al. [30]. This rule allows a
redistribution of the loads in each round and was introduced as a multi-winner voting
rule by Sanchez-Fernandez et al. Similarly, with the Phragmén rule, the rule was

then later adapted to PB by Aziz et al. [31].
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The final sequential rule to discuss is MES, this has already been discussed in de-
tail within Chapter 1. This rule was first developed by Dominik Peters and Piotr
Skowron [32] for multi-winner voting and then later adapted to PB by Peters et al.
[12]. Comparable to the Phragmén rule, MES can also be computed in polynomial

time and satisfy the proportional justified representation.

This section provides a brief overview on the various rules and the properties they
satisfy, and as evident, there are voting rules which can resolve the criticisms of PB
mentioned in the previous section, most notably the issue with proportional represen-
tation. However, these rules are still regrettably not being adopted into PB elections,
one reason being the difficult nature of understanding these complex rules for both the
general public and organisers of PB elections. One way to combat this is to employ
the use of effective visualisations to convey how these voting rules work, which will be
explored in the next section. Note that for additional reading on this topic, refer to
Simon Rey and Jan Maly’s recent paper [33] where they provide an in-depth overview
of all the different rules within PB, along with proofs showcasing the properties they
satisfy.

2.3 Visualisation

The aim of this section is to explore justifications for visualisations (as opposed to just
using text-based explanations) and the benefits it can provide, before ending it off by

presenting key design choices that we can utilise to construct effective visualisations.

The use of visualisations has had a rapid expansion across the fields of various elec-
tions and social choice. This rise is due to the recognition of the benefits of visu-
alisation, therefore, it becomes vital we discuss the justifications for including these
visualisation. Firstly, a paper by Elena Long [34] described one important advantage
of visualisation, which is its ability to enable humans to interpret and comprehend

large amounts of data within a small amount of time. A further study by Paul Lester
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[35] highlighted psychologist Jerome Bruner’s findings, indicating that people only
remember 10% and 20% of what they hear and read respectively, yet they remember
80% of what they see. These points combined together show why visualisations can

be used as an effective tool.

Following this, we briefly discuss the key elements that should be incorporated within
good visualisation design. Stephen Few [36] wrote in his book - Show Me the Numbers:
Designing Tables and Graphs to Enlighten - the practical rules for using colour within

charts. There are nine rules and the key ones we focus on are as follows:

1. If you want different objects of the same colour in a table or graph to look the

same, make sure that the background is consistent.

2. If you want objects in a table or graph to be easily seen, use a background

colour that contrasts sufficiently with the object.

3. Use different colours only when they correspond to differences of meaning in

the data.

4. Use soft, natural colours to display most information and bright and/or dark

colours to highlight information that requires greater attention.

In addition, Shneiderman in his paper [37] introduced a list of tasks that visualisations
should support, these tasks led to what is now known as the Shneiderman mantra.
This mantra showcases the key principles in producing effective visualisations and
emphasises beginning with an overview, allowing for zooming and filtering, and then
finally enabling details-on-demand. This methodology, as discussed by Elena Long
[34], has been used for many years by web designers as a guiding framework to con-

struct effective visualisation.

Through adhering to these key elements, we are able to construct more effective
visualisations - ones that can simplify complex processes and allow individuals to

quickly interpret large amounts of data. Note that these are just a few examples of
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the benefits and justifications of visualisations, as well as what makes a visualisation
effective. For additional reading on this topic, please refer to Stephen Few’s design

book [36], Shneiderman’s paper [37] and Elena Long’s paper [34].

2.4 Existing Solutions

Having covered the justifications for why visualisations can be an effective tool, we
now investigate existing solutions for visualising PB elections. However, given the
recent emergence of this topic, solutions are regrettably few; despite this, there are

still three solutions we can discuss.

2.4.1 Pabustats

The first known application that attempts to visualise PB elections comes from Fal-
iszewski et al. [38] who also unveiled the Pabutools package and Pabulib library.
This web-application is known as Pabustats [39] and is used to compare different
voting rules in PB based on the data from Pabulib. The web-application features a
straightforward text-based interface, enabling users to select a base rule and multiple
other rules to compare it with. These rules include: Utilitarian Welfare, Phragmén
and MES, each rule can additionally be considered in four variants. Upon selecting
an election - whether by uploading their own or selecting from the provided list -
and choosing the rules for comparison, the user is presented with a table displaying
each candidate project. These projects are accompanied by a checkmark or dash
to indicate whether that project was selected or rejected under each respective rule.
In addition, general statistics of the election as well as the projects are presented,
for example, cost, mean and standard deviation. While this page can be useful in
comparing different rules, the analysis provides no visual information, or more im-
portantly, it fails to give explanations for how these voting rules arrived at these
outcomes. Further, since Pabustats features text-based visualisations, it can be less
engaging for the user to use and retain the information provided. See Figure 2.1 for

an example of how Pabustats displays the selected or rejected projects of each rule.
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Pabulib: Artificial, Mechanical Turk, Knapsack 7

<+ go back to form

Information about the instance:
* Number of voters: 69

- Number of projects: 20
- Budget: 500 000

Projects table

¢ click on a table header to sort the rows
* click here to go to the statistics below

Subunit Project Name Cost  Score Utilitarian Greedy (citywide, cost utilties) Equal Shares (no completion) (citywide, cost utilties) Equal Shares (no completion) (citywide, point utilities)
Computers for the community learning center 27000 48 v v
Benches for a Walkable City 25000 41 N Y v
Real-Time Bus Arrival Monitors in bus stations 24 000 40 v N v
Separate Bike Lanes from Traffic 50000 3% v N v
Little (book exchange) libraries 13000 39 v v
Fire Hydrant Markers 8000 38 v v
Planting trees in the city 11940037 v -

S Water Bottle Refill Stations 40000 36 v v
Outdoor Fitness Equipment in the public park 65000 33 - v
Protect the Health and Safety of our Firefighters 16500032 - - -
Urban Bicycle Wash Stations 20000 21V v v
New Playground for public school 20000014 - - -
Invention and Production of Music 15000013 - - -
New Chairs for Public Schools 19000013 — - -
Upgraded Water Fountains for Public Schools 200 000 11 - - -
Volleyball Court in the public park 61000 & — - -
24H public toilet 3200009 - - -
Digital Sign at City Hall in Multiple Languages 75000 9 - -
Inclusive Playground for All Kids 3050003 - - -
Meeting Room Upgrade for libraries 2500003 - -

GENERAL STATISTICS

Total cost 466 400 326 400 272000

Total utility 381 339 335

METRIC: SCORE UTILITY

Mean: 552 491 486

Standard deviation: 264 241 244

Comparison with Utilitarian Greedy (citywide. cost utilties) - for 0.0% better, for 53.62% worse for 0.0% better, for 62.32% worse

METRIC: COST UTILITY

Mean: 219 417.39 178 547.83 145608.7

Standard deviation: 11123845 96294.08 78 34168

Comparison with Utilitarian Greedy (citywide, cost utilties) - for 0.0% better, for 53 .62% worse for 0.0% better, for 62.32% worse

METRIC: POWER INEQUALITY

Total distance 044 039 0.46

Figure 2.1: Example Displaying the Output After Running the Pabustats

Visualisation

2.4.2 Pref.tools

The next application we discuss is another interactive web-application known as
Pref.tools [40]. Similar to Pabustats, this site is built using Pabutools and allows
the user to compare different voting methods; however, unlike Pabustats, it is not
designed to compare the outcomes of real elections. Instead, this page allows the
user to interactively add voters and projects as well as assign voters to projects, and
then compare how different voting rules select different outcomes. This is shown by
a table where users can click on a cell to assign a voter to a project and observe the

table below, which displays whether each project was selected or not under each re-
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spective rule. On top of this, when compared to the text-based visualisations present
within Pabustats, the page features clear and effective visualisations. Nonetheless,
the site still fails to provide explanations for how these voting rules arrived at these
outcomes, further, the site fails to load with medium-large elections such as those
featuring 1,000+ voters or 100+ projects and struggles handling smaller elections
such as those featuring 200+ voters or 20+ projects. See Figure 2.2 for a default view

of the Pref.tools site which features a default example which users can modify.

o 0
2e2 Pref.Tools: Pabutools Y L 2 3 “
Voer 1 L L
Budget b = ({0
————(
¢ Generate random matrix Vel X X
X 7
i= Choose rules (7 / 8 selected) Voter 5 ’
#) Add voter (® Add project
® © o W
(] Copy matrix & Copy link 4, Export Voter 8 X i X %
Voter 9 X X X v v
v Live mode (recompute with every change) - -
» Tip: Paste a 0/1 matrix into this page. Vi 18 X X
» Tip: Drop a file into this page. Voter 11 X X X X
Cost 700 400 250 200 100
Greedy v v
Equal Shares v v
Phragmén v v v v
Greedy (card.) v v v v
Equal Shares (card.) v v N v
Greedy (CC) N v v N
Built using the pabutools package by Simon Rey.
Web version by Dominik Peters - updated April 2024 Equal Shares (CC) v v v v

Figure 2.2: The Default View of the pref.tools Site Displaying an Example Election

and Its Outcomes

2.4.3 Pabuviz

The final application we discuss is the newest addition, known as Pabuviz [41]. Once
again, similar to Pabustats, this page allows the user to compare different voting
methods and akin to Pref.tools, features similar engaging visualisations. On the
other hand, what separates this application apart is that it can also be used to

compare outcomes from two different elections and showcase useful visualisations.
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Various examples include a histogram displaying the distribution of the relative voter
satisfaction and the average satisfaction chosen by different rules, this can be seen
in Figure 2.3b. The purpose of this application is to provide tools for organisations
of PB elections to make better-informed decisions, as they can quickly determine at
a glance what rule might suit their election more. As a result, a lot of the terms
used within the site are more suited to someone who understands PB very well and
its various rules, such as an electoral officer. Further, as with the previous two sites,
the site still does not provide explanations nor justify how these voting rules arrived
at these outcomes. Therefore, a member of the general public may not fully grasp
the data shown across the various visualisations. In addition, this site can only allow
elections that have up to 20 projects and 5, 000 voters to be uploaded, this is somewhat
unsatisfactory as there are many elections that can feature up to 100 projects and
10, 000 voters, or even higher in some cases that cannot be visualised using Pabuviz.

See Figure 2.3 for various visualisations that Pabuviz provides.

2.4.4 Limitations of Existing Solutions

Whilst the solutions we have described above do offer promising approaches. They are
not without limitations, for example, all three solutions fail at providing explanations
for why a project got selected or rejected under any given voting rule. This is critical
as members of the general public without any knowledge of PB will find it difficult to
comprehend the complex voting rules without any accompanying explanation for the
outcomes. This is further exacerbated by some of the solutions, most notably Pabuviz,
where they make large use of research terms and a regrettably lack of definitions,
which may make it difficult for the average user to comprehend the subtle nuances
within each visualisation. Finally, Pref.tools and Pabuviz are unable to handle large
elections, with the former site becoming unstable with large elections and the latter
preventing users from uploading any elections that feature more than 5,000 voters

and 20 projects.
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(a) Pabuviz Page Comparing Rules Across  (b) Pabuviz Page Comparing Statistics of

Several Elections Two Elections Across Several Rules

(¢) Main Page for Pabuviz Displaying the

Overview of all the Elections in the

Database

Figure 2.3: Example Pages From the Pabuviz Site

2.5 Conclusion of Literature Review

As is evident from the literature, there are voting rules which resolve the issues
regarding the criticisms of PB. However, they are not typically utilised in elections,
this can be attributed to the fact that the Greedy rule can be easier to understand
due to its transparency and therefore, is often picked up by election organisers. As
mentioned in Chapter 1, the Greedy rule is used by almost every city that conducts
PB elections [11]. As a result, creating effective visualisations for PB elections aimed
at the general public could help them understand rules such as MES more since
the public is not likely to adopt a rule they do not understand. However, none of

the existing solutions provide visualisations for voting rules, such as MES, aimed
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at the general public (as explored in the previous section). For this reason, one of
our primary aims in this project is to provide visualisations that not only explain
the outcomes of different PB voting rules but also offer varying levels of explanation

depth for each voting rule.
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Chapter 3

Requirements

To ensure the success of the project, a set of requirements, aims, and objectives was
created from the inception. These requirements ensure the product that is produced
matches the customer’s desires and achieves the broader aims and motivations we set

out to achieve.

3.1 Objectives

Alongside the aims defined in Section 1.3, we have also established objectives we
wish to achieve. They are more specific than our broader aims and define project-
specific goals that this project aims to address. These objectives are SMART (Specific,
Measurable, Achievable, Relevant, Time-bound) [42]. Each is time-bound by the
project deadline - 30" April 2024 and must be completed by or before that point.
The objectives are measured with a set of tests designed to numerically determine

how well we achieved them. The objectives can be seen in Table 3.1.
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Code

Objective

O1 | Build a set of tools that visually explains the outcomes of different PB
voting rules. This tool will display all relevant information required to
understand how the final selection of projects has been made.

O2 | This tool will improve the explainability of the PB voting methods, ensur-
ing that with ten minutes of use on each PB voting rule, the user will be
able to explain effectively in their own words how the rule works.

O3 | The increased understanding of voting rules will ensure voters have com-
plete confidence in the election results.

O4 | The tool will be made publicly available via the Pabutools Python library.

O5 | This tool will decrease the complexity of explanations by using methods
such as abstractions and clustering to reduce the apparent quantity of
data.

O6 | The tools will offer varying levels of explanation depth for each voting

rule. Since some elections will have a significant number of votes, simplic-
ity is integral to ensuring the voters have a strong understanding of the

underlying processes.

Table 3.1: Project Objectives

3.2 Requirements

Defining a set of requirements ensures the project has a work plan we can follow.

We prioritise the changes we implement to ensure that we produce a minimum vi-

able product (MVP) as quickly as possible. In this subsection, we present the initial

requirements that we created for our project specification. Whilst we followed these

closely throughout the project, some requirements were added, removed, or adapted

depending on the views of the customer or the supervisor. Our requirements were

prioritised using MoSCoW (Must, Should, Could, Won'’t). Ensuring we can strate-
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gically plan what we do at which stage of the development. The customer approved

the set of requirements before beginning project development.

3.2.1 Functional Requirements

First, we consider functional requirements. These “define what a product must do
and what its features and functions are” [43]. The team developed the requirements
based on meetings with the customer and supervisor. The meeting notes are shown

in Figure B.3 and provide a basis for the requirements we have created in Table 3.2.

Code | Requirement MoSCoW
R1 | C1: Develop a set of tools to visualise outcomes of PB elec- Must
tions.

R2 C2: The tool will be embedded into Pabutools. D2: Sub- Must
mit the changes to the tool as a pull request to the GitHub

repository.

R3 | C3: The implementation of PB rules within Pabutools will Must
need to be tweaked so they can provide explanations as well
as the result. D3: Add a parameter to the existing PB rules

implementation, which runs the explanation tool if selected.

R4 | C4: The modification made to the rules should not signifi- Must
cantly modify the running times of rules when no explanation
is requested. D4: Adapt PB rules to include an additional
parameter which ensures any explanations are only run if

this is True.

R5 | C5: A separate module will be created from scratch for the Must

generation of the explanations. D5: Create a new set of

Python classes to be integrated into the Pabutools library.
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R6

C6: The module will allow the user to provide an explained
result as output by the Pabutools rules and will automati-
cally generate visualisations for the explanation. D6: While
the results of the PB rules are being calculated, generate

visualisations as an HTML file.

Must

R7

C7: This tool will implement the visualisations for MES.
D7: Initially, only adapt the Equal Shares implementation

in Pabutools.

Must

RS8

C8: This tool will implement the visualisations for Greedy

Utilitarian Welfare, and Phragmen’s Voting Rules.

Should

R9

C9: This tool will implement the visualisations for the Wel-
fare Maximisation method. This method is very complex;
therefore, implementation of simple explanations may be
very difficult. D9: Develop an abstraction of the Knapsack

problem, to explain the problem to a non-technical user.

Could

R10

C10.1: Add visualisations to show the outcomes of elections
and allocations of funds. D10.1: Include a separate module
for the generation of visualisations of results. 1D10.2: As
with R4, this should not increase the runtime of the existing

PB rule implementation.

Could

R11

C11: Visualisations will be interactive, allowing users to dy-
namically change parameters to see differences in real-time.
D11: On top of the created HTML file, include additional
features allowing for an interactive environment where the

user can engage with visualisation features.

Could
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R12

C12: The tool will include additional features allowing for
the comparison between different voting rules. D12.1: In-
clude a parameter allowing the user to select an additional
voting rule to be computed. D12.2: Run the computation
of the additional rule in parallel, ensuring minimal impact

on running time.

Could

R13

C13: Include abstractions grouping similar voters into one
to increase the simplicity of explanations. D13: Use various

clustering methods to group voters into separate clusters.

Should

3.2.2

Conversely, non-functional requirements “describe the general properties of a system”
[43]. We include these since they provide additional clarity into the design of the sys-
tem. Take, for example, requirement R14, defining how quickly the visualisations
should run. Whilst this is not a feature we implement directly, it is a requirement we

must achieve to make the user experience as seamless as possible. Table 3.3 shows

Table 3.2: Functional Requirements

Non Functional Requirements

each of these with the accompanying code and MoSCoW rating.
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Code | Requirement MoSCoW

R14 | The running time of the PB rules with the explanations re- Should
quest should not exceed 300% of the running time of the

initial rules without explanations.

R15 | The tools’ runtime should scale proportionally to the number Must
of voters and projects in the election, ensuring that when
used in real-life elections with 100,000 voters, the tool works

effectively.

R16 | The output of the explanation and accompanying visualisa- Must
tions will be intuitive to use and require no more than 5
minutes of explanation for a new user to learn how to use

them.

R17 | All visualisations and interactive features should be accessi- Could

ble on both desktop and mobile devices.

R18 | All visualisations should represent the data accurately, with Must

no errors or discrepancies.

R19 | The system should be designed to accommodate additional Could
voting rules in future, with adaptation to the system being

as minimal as possible.

R20 | The tool and its visualisations should be accessible to users Must

with disabilities complying with relevant accessibility stan-

dards.

Table 3.3: Non-Functional Requirements

As with our functional requirements, these were based off the meeting notes from the

customer meeting, as seen in Figure B.3 within the Appendix.
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3.3 Testing Objectives

We created a set of testing objectives in advance of project development. These
objectives allow the team members to clearly understand the required quality and
functional benchmarks. Since many of our objectives require user testing to ensure
they have been achieved appropriately, we set a plan to measure the objectives against
this. These testing objectives are shown in Figure 3.1, which are evaluated in Chapter

6.

e TO1: Verify a set of tools that are built to visualise explanations of outcomes
for PB rules and ensure all relevant information required to understand the

project selection is present.

e TO2: Evaluate if the tool improves the explainability of the PB voting methods.
Ask the reader to explain the before and after the use of the tool after ten

minutes of use.

e TO3: Assess if the voter trusts the election result with 100% confidence after

using the tool on each of the PB rules.

e TO4: Assess if the tool has been successfully integrated into the Pabutools
library.

e TO5: Assess if the tool decreases the complexity of the evaluation after using

a range of abstraction methods.

Figure 3.1: Testing Objectives
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Chapter 4
Design

In this chapter, we discuss the overall design of our project. There are many moving
parts involved in our system, and therefore, we discuss each component separately
before attempting to see how things fit together. We will first look into understanding
the design of the web pages we want to generate. We will then look at our software
stack and see what technologies and tools we want to use, and finally, we will go over
the technical architecture of our solution; in particular, we will look at the different
classes that will be created and how everything will be organised within the package.
Given that our work contributes to the existing Pabutools open source library, we

will also look at the current state of Pabutools and understand how it works.

4.1 Visualising Method of Equal Shares

4.1.1 Summary Page

The summary page provides users with a straightforward, easy-to-understand overview
of the results of a given election calculated using the MES voting rule. This page is
typically the first page users access before examining more details with the round-by-
round page, as understanding can aid them in interpreting the detailed information
more effectively. Further, this ensures that users will focus on the most critical aspects

of the election results and can subsequently motivate them to explore the round-by-
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round page to discover any additional details.

Page Design

Having described the general idea of the summary page, we can now proceed with
the design of the summary page. When making important design decisions for our
pages, we kept in mind the 9 rules of visualisation listed in Election Data Visualisa-
tion (2013)[44]. Firstly, we include text at the top of the screen describing what the
page is and what it displays. This helps the users understand the purpose of the page
and the visualisations within them. Further, we include necessary features and de-
tails pertaining to the election itself, this includes the name of the election, number of

participants, number of selected and rejected projects, total budget and budget spent.

Below this, the first visualisation appears presenting how the budget was allocated
across selected projects in a chart. This is then followed by the second visualisation
which displays a summary table where each row represents a round of the election,
each row illustrates what project got selected or rejected in that round with details
pertaining to the project such as, cost, effective vote count and funding lost. More-
over, each row can be expanded on to reveal a hidden section containing additional
details of the specific project from the expanded row. After describing the visualisa-
tions used very briefly, we will now go through each visualisation in detail starting

with the budget allocation chart.

Budget Allocation Chart

This chart is used to present how an election’s budget was distributed amongst the
projects selected this election. The length of the chart represents the budget, and
each bar represents the cost of the selected project. In addition to this, a tooltip is
displayed when hovering the mouse over a bar, containing details on what the chart
represents, as well as the project name and how much of the overall budget was
deducted from the project cost. This chart enables the users to quickly identify how

much of the overall budget was spent and the relative cost of the selected project. See
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Figure 4.1 for an example of how the budget chart looks like in the summary page.

Budget allocation across selected projects.

(a) Budget Chart Without Tooltip Displaying How the Budget Was

Distributed Among Nine Selected Projects

Project 21: “Planting trees in the city” was voted in round 7, costing 119,400 USD. This is 23% of the budget.

(b) Budget Chart with a Tooltip Displaying the Project Name, Cost

and How Much of the Overall Budget It Represents

Figure 4.1: Example of How the Budget Was Distributed Among Nine Selected
Projects With and Without a Tooltip

Overview Table

Following the budget chart, an overview table is laid out where each row represents
each round of the election and contains details of a specific project. For example, the
project’s name, cost and the number of votes it received are all provided. Further,
the effective vote count is included which takes into account fractional votes in cases
where projects receive fewer votes due to voters also supporting more popular alter-
natives. Moreover, a chart is included on the right-most column which displays how
much the supporters of each project initially had at their disposal compared with
what they actually have at the start of the round, further details on this chart is
provided in a subsequent section. Finally, the projects that were selected are marked
in green whereas the rejected projects are marked in white, allowing the user to easily
distinguish between the two. See Figure 4.2 for an example of how the overview table

is displayed within the summary page.
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Round ID Project Name Cost Birmtha i Chart
of Votes Support

Computers for the
community learning
center

Benches for a
Walkable City

Real-Time Bus Arrival
Monitors in bus
stations

Separate Bike Lanes
from Traffic 50,000
Little (book

exchange) libraries TETY

Fire Hydrant Markers 8,000

Planting trees in the

i 119,400

5 Water Bottle Refill

Stations 40,000

Protect the Health
41 and Safety of our 165,000 32 32
Firefighters

1165.000

123183405

Figure 4.2: Example of How the Full Overview Table Looks

In addition having a row for each project, the user is able to click on a row to ex-
pand it and reveal additional information pertaining to the project. This includes the
project’s description, categories and any other details. Furthermore, for projects that
were selected, a direct link to the round-by-round page is provided, which sends the
user to the specific round corresponding to the row. The addition of this hyperlink
allows users to glimpse at a more thorough analysis of the specific round. When a
user clicks on a row, it implies they are already looking for more information. Hence,
it make sense to include the link within the row, as opposed to placing the link on

the table itself.

Moreover, within the expanded row, we generate a dynamic explanation. This dy-
namic explanation provides an insight as to why a project was selected or rejected,
using an appropriate amount of information. Finally, if applicable, we list all the
projects that were also voted by supporters of the given project and how much fund-
ing was lost to each of them. See Figure 4.3 for an example of what the expanded

row looks like for a project that was selected.
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Separate Bike
v 4 1 Lanes from 50,000 39 ECH—— ]
Traffic

Round Analysis: Click Me!

Description: Improve safety for drivers and bikers by moving bike lanes to be between street parking spots and the
sidewalk, reducing car-bike interactions and potential collisions.

Categories:

Streets

Sidewalks & Transit

Other Details:

Why was this project selected?

This project was accepted because its supporters were able to pay for the project's cost - 50,000 USD - using the total
funding available to them at the start of round 4 (228,371.50 USD).

Note that the supporters of this project initially had more funding available to them (282,608.70 USD). However, this
funding was lost as these supporters had also funded projects in the previous rounds, decreasing the total funding available
to them, but not to the point where the project cost exceedes the combined funds of the supporters. As a result, this project
could still be afforded

These projects and the specific funding lost can be seen below.

Funding spent in previous rounds.

From the initial total funding, 54,237.20 USD was spent on previously selected projects.
The funding was spent on:
* Project 14 - Benches for a Walkable City: 19,512.20 USD

© Project 3 - Computers for the community learning center: 19,125.00 USD

© Project 13 - Real-Time Bus Arrival Monitors in bus stations: 15,600.00 USD

Figure 4.3: Expanding a Row in the Summary Table to Reveal a Hidden Row for a
Selected Project

Finally, we can dive deeper into the chart as mentioned earlier, exploring its features
and justification. The idea for this chart - along with designs for the un-expanded
rows in the table - originally came from the customer who provided us with an HTML
file example containing this chart. After playing around with it, we decided to incor-
porate it within the summary page. As previously stated, the general idea of the chart
is to display how much the supporters of each project initially had at their disposal
compared with what they actually have at the start of the round. More specifically, as
observed in Figure 4.4, the amount marked as the lower arrow indicates the funding
the supporters were initially entitled to, this can also be interpreted as the number
of votes for a project multiplied with the amount distributed to each voter at the
very start of the election. However, this amount can decrease as it becomes partially
allocated to previously selected projects that these voters have also supported, the
total amount used for previously selected projects is then represented by the pink bar
within the chart. Therefore, the amount left over for voters or in other words, what
they actually have at the start of the round is represented by the blue bar. Lastly,
the amount marked as the upper arrow simply indicates the cost of the project. See

Figure 4.4 for an example of how a chart looks like for a project that was rejected,
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as can be observed, the amount for the blue bar is less than the cost of the project,
therefore, the project was not selected. However, it’s also worth mentioning in Figure
4.4 that the amount for the pink bar exceeds the cost of the project, this implies that
supporters initially had enough to select the project but unfortunately lost too much
funding from previously selected projects and as a result could no longer afford the

project.

1 165,000

T 23188406

Figure 4.4: Summary Chart Comparing the Project’s Actual Voter Funding with
the Initial Voter Funding

In addition to the chart, ideas for the tooltips on the chart were also recovered
from the previously-mentioned HTML file. They were incorporated into the page
to provide users clarity on what each component of the chart represented and in the
case of the pink bar, provide additional details about aspects of the round. As ob-
served in Figure 4.5, upon hovering over the pink bar, information regarding the three
previously-selected projects that were most popular with supporters of the project
in consideration is shown. This includes the project’s name, how much funding was
spent on the project and a bar representing the funding spent. To avoid the tooltip
being too bloated, only three projects was chosen to be shown. Displaying only three
projects also allows the user to easily make comparisons between the most relevant

projects in terms of funding lost, without being overwhelmed with information.
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From the initial total funding, 127,305.69 USD was spent on previously selected projects.
Most of the funding was spent on:

¢ Project 21 - Planting trees in the city: 58,086.49 USD

* Project 12 - Separate Bike Lanes from Traffic: 23,076.92 USD

¢ Project 3 - Computers for the community learning center: 13,500.00 USD
]

Figure 4.5: Summary Chart with a Tooltip Showcasing the Three Most Popular
Previously Selected Projects That Supporters Also Voted For

There are a couple of reasons why we pushed to use this chart visualisation as opposed
to simply text. One such reason is because it provides an intuitive way of conveying
detailed information for the user. Another reasons is that it can make it easier for
a user to identify relationships between projects and spot at a glance if for example,
a rejected project was close to being selected, or if a rejected project initially had
enough funding to be selected but lost some of it due to previously selected projects.
Further, the colours of blue and pink were used for this visualisation to clearly dif-
ferentiate between funding available and funding lost, a darker colour such as blue
contrasts with a lighter shade of pink to distinguish between those two elements -
satisfying Few’s third rule for using colour within charts mentioned within Section

2.3.

Finally, we aimed to keep high-level details about the chart within the tooltip to
ensure the chart remains at a high level of abstraction. This is beneficial as it keeps
the visualisation simpler and more intuitive for the user to understand at a glance,
by ensuring that users who desire more information can access it simply by using the

tooltips without overwhelming those who would prefer a simpler visualisation.
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4.1.2 Round by Round Page

The round-by-round page is a comprehensive resource that allows the user to gain a
deeper understanding of each stage of the election, why the project was elected at
that round. The first page displays the project that was elected in the first round,
while the visualisations provide further insights into why this project was elected and

how it impacts the other projects in future rounds.

The page has navigation so the user can proceed through each round as the elec-
tion unfolds. The page navigation comes in the form of a button to go to the next or

previous page and a drop-down button to go to any of the rounds.

Round Overview

The round overview text includes information on the project that was elected at the
current round, including the project name, description, and cost. Other information
regarding the election, including the remaining budget and round number, is also
displayed. Navigation between rounds can be reached from this part of the website

to allow for easy and intuitive navigation for the user.

It was essential to include the project’s name in the drop-down menu as well as
the round number so that the user can identify a specific project of interest without
iterating through each round. For example, if a user wanted to see at which stage a

project they voted for was elected.

Round 1
Winner - Computers for the community learning

Description: Funding 20 laptops including mice and keyboards, giving students a place to study.
Project Cost: 27000
Election Budget Remaining: 473000.0

Figure 4.6: An Example Round Summary
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Effective Vote Count

In each round of the MES voting rule, the project with the greatest effective vote
count is selected. The cost of the project should be split as evenly as possible among
the project voters. Each voter’s share of the project cost is taken away from their
budget, which can result in a change in the effective vote count of the remaining

projects.

The effective vote count bar chart displays the effective vote count for each project
remaining at a current round. The project with the greatest effective vote count in
this graph is the project that was elected in this round by the definition of the MES
voting rule. This graph is informative as it indicates which projects were close to
being selected and the projects that are likely to be selected in the coming rounds

should their effective vote count remain a similar value.

Computers for the community Iearningi
Benches for a Walkable Cityi

Real-Time Bus Arrival Monitars in bus stations |
Little (book exchange) libraries |

Separate Bike Lanes from Traffic |

Fire Hydrant Markers |

Planting trees in the city_

Protect the Health and Safety of our Fireﬁghtersi
5 Water Bottle Refill Stations |

Urban Bicycle Wash Stations |

New Playground for public school |

Figure 4.7: Example of an Effective Vote Count Bar Graph

Pie Charts

The voter flow for the project elected at the current stage is explored in the pre-
viously mentioned diagrams. Pie charts are utilised to see how voters for all other
projects voted for the project elected at the current round. For each of the remaining
projects that have not been rejected, the proportion of how many people voted for
the current project is also displayed. This allows the user to get a complete picture of

the relationship between voter flows. Each pie chart is accompanied by dynamically
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generated text describing the information contained within the pie chart. The text
also explains the average budget decrease of the voters who voted for this project

after the project at the current round has been elected.

Reduced Effective Vote Count

Similar to the effective vote count bar graph, the reduced effective vote count bar
graph explores the effective vote count of each project after the current round has
been elected. This is necessary as the effective vote count for each project changes
round to round as the budget a voter had previously pledged to a project has been

spent on another project.

The graph displays a bar for each of the remaining projects. A proportion of the
bar represents the new effective vote count (blue), and the other proportion of the
bar represents how much the effective vote count for that project has been reduced
compared to the previous round (red). The combination of the two proportions sums
up to the effective vote count of the project before the project at the current round

has been elected.

A key advantage of this graph is its ability to highlight the projects that have been
most affected by the project at the current round. This is evident in the bars that

show the largest proportion of reduced effective vote count.

Upgraded Water Fountains for Public Schools
Planting trees in the city
Meeting Room Upgrade for libraries

Protect the Health and Safety of our Firefighters

Real-Time Bus Arrival Monitors in bus stations
Fire Hydrant Markers

Inclusive Playground for All Kids

0 5 10 15 20 25 30 35 40 45

Figure 4.8: Example of a Reduced Effective Vote Count Bar Graph
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Figure 4.8 gives an example of a reduced effective vote count bar chart. The red
proportion of the bar represents how much the project’s effective vote count has
decreased in the current round. In Figure 4.8, we see that before the round, 'planting
trees in the city’ had the highest effective vote count; after calculating the new effective
vote count for each of the projects, 'Real-Time Bus Arrival Monitors in bus stations’
had the highest effective vote count. Therefore, in the next round, if all remaining
projects were represented in the bar graph, then this project would be elected in the

next round.

Flow Diagrams

As mentioned in the introduction section, the effective vote count of a project is equal
to the sum of its supporters’ individual effective vote counts. As previously stated,
if a participant cannot contribute an equal share of the project, then their respective
effective vote count is reduced, affecting the effective vote count of the entire project.
The flow diagrams show the voters’ relationships between projects. This is useful
as it demonstrates how electing a project will likely affect another project. Consider
electing project A for the first round; each supporter spends nearly their entire virtual
budget. It is crucial to analyse the other projects these participants voted for as it
is likely that they will no longer be able to fund their equal share of the remaining
projects they voted for, reducing the effective vote count of these projects, hence
making them less likely to be 