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Abstract: Originating from Porto Alegre Brazil, participatory budgeting (PB) is “a democratic
process in which community members decide on how to spend part of a public budget”. It has
been used as a way to involve citizens in local decision-making and to improve their understanding
of democratic processes. Rutger Bregman posed it as a possible answer to the seven plagues of
modern-day democracy, such as a lack of confidence in politicians. Based on recent uses of PB
in Groningen, the current research compares multiple voting rules by simulating a PB process.
Data was generated to represent voters’ opinions and project costs, allowing for a comparison
of the utilitarian, egalitarian and maximal social welfares under various circumstances. Results
show that voting systems using ranked list ballots offer significant improvements over the more
common one using approval ballots. Furthermore, using truncated lists does not significantly
impact performance of ranked list algorithms.

1 Introduction

Participatory budgeting is a form of direct democ-
racy, in which members of a community get to di-
rectly influence the spending of a public budget,
typically by voting on various projects to improve
their municipality. These projects could be any-
thing suggested by the citizens, ranging from new
playgrounds for children to access to CPR courses∗.

Participatory budgeting has been shown to be
beneficial for it’s participants, improving living con-
ditions. Originating from Porto Alegre in 1989
(de Sousa Santos, 1998), better access to sanitation
as a direct result of participatory budgeting caused
a significant decrease in child mortality (Gonçalves,
2014). It has since then spread across the Ameri-
cas and Europe, nowadays being used in over 1500
cities worldwide (Baiocchi and Ganuza, 2014).

1.1 Gap in current literature

As participatory budgeting is used to select
projects based on voters preference, it tries to max-
imize the social welfare (voter satisfaction) of the

∗Retrieved from
https://stemvan.groningen.nl/budgets/4/results
visited: 2021, March 10

population within the constraint of the budget.

Considering computational social choice, an im-
portant aspect of participatory budgeting is the
way in which voters can express their preference in
the form of ballots, as well as the way these ballots
produce a selection of projects. Most participatory
budgeting cases so far use a form of approval bal-
lots (Benade, 2018), which allow voters to either
approve or disapprove of projects. This simple bal-
lot type has benefits and drawbacks.

The main benefit of using approval ballots is that
voters have an easy time filling out their ballot,
as they merely need to select a preferred subset of
projects and approve them. Voters have a harder
time filling in more complex ballots (Camerer,
2011). Some variations of voting systems using ap-
proval ballots limit the number of projects that any
voter can approve. Others make every voter solve
their own knapsack problem, where voters can ap-
prove of as many projects they want as long as it
fits within the budget (Goel, Krishnaswamy, Sak-
shuwong, and Aitamurto, 2019). This knapsack vot-
ing method is currently the most widely used voting
system in participatory budgeting cases around the
world.

There is however a drawback to using approval
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ballots, namely that voters can not be very spe-
cific about their preference. By simply approving
a subset of projects, no information is given about
distinctions between the approved and disapproved
projects. There are many different voting systems
that can be used which allow voters to be more spe-
cific about their preference. This increase in preci-
sion may lead to an increase in voter satisfaction,
typically measured in utilitarian social welfare.

1.2 Aim of the study

This research compares performance of different
voting systems which could be used in participa-
tory budgeting. It specifically looks at those voting
systems which use ranked lists as ballot. Ranked
list ballots, while still relatively simple for voters to
use, provide much more information about a vot-
ers preferences than approval ballots. This study
measures performance of different voting systems
by measuring the social welfare of voters. Results
are combined with results from two other studies
(Kopmels, 2021) (Pulles, 2021) to allow for com-
parison between many different voting systems and
ballot forms.

The goal of this study is to find out how voter
satisfaction changes depending on which voting sys-
tem is used given certain circumstances. Because
participatory budgeting is used in municipalities of
various sizes, tests were done with various popula-
tion sizes and variations in voting behaviour of the
population.

2 Preliminaries

This preliminary section provides mathematical
definitions of participatory budgeting. It explains
how voter preference is modeled, and it covers the
implemented voting systems, as well as the different
ways in which voter satisfaction was measured.

2.1 Participatory Budgeting

Any participatory budgeting case consists of three
important parts: N voters, M projects and a budget
B. Every project has a cost, such that the sum of
project costs is larger than the budget: if the bud-
get is large enough, there is no reason to do any
budgeting. Every voter has some order of preference

among projects. This preference order of course has
to be transitive: If there are three projects A, B, C
a voter can not prefer A over B and B over C, while
at the same time prefer C over A.

The goal of every participatory budgeting algo-
rithm is to maximize social welfare (voter satisfac-
tion) within the constraint given by the budget.

How the values for N, M and B, as well as the
project costs and voter preferences were chosen or
generated for this research is covered in section 3.

2.2 Modeling voter preference

For this research, a Mallows model was used
to more realistically represent voter preference.
A Mallows model is a family of r-noise models
(Pdswap,p)1/2<p<1, defined by equation 2.1.

Pdswap,p(v|u) =
1

µp
ϕ−dswap(v,u) (2.1)

Where ϕ = p
1−p and µp =

∑
v∈L(A) ϕ

−dswap(v,u).
Here, µp is the normalization constant, which does
not depend on u. u itself is a ranking of (in this
case) projects, which will be referred to as the ”true
ranking”. This ranking is the ranking as it is sup-
posed to be. The other voters will choose how to
rank their projects, and the likelihood of choosing
any variation v, is based on the distance dswap(v, u)
between v and u. p is a constant, which determines
how ”true” the true ranking is. p closer to 1 will
result in more voters choosing v’s that are more
similar to u, and a p closer to 0.5 means voters are
more likely to choose a v which is not so similar to
u.

The use of a Mallows model also allows for multi-
ple true rankings. Using two true rankings that are
opposite, one can model a divide in the public opin-
ion on the projects. This allows for testing perfor-
mance differences between Participatory Budgeting
algorithms based on whether the population is split
on how the budget should be spent, or somewhat
in agreement.

After a Mallows model is made with one or mul-
tiple true rankings, every voter is assigned a rank-
ing v based on the probability of selecting v from
the set of all permutations (all possible rankings).
Based on this v, values from 1 to 100 are assigned
to every project for every voter, such that if project
A is ranked above project B according to v for a
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voter, the utility of project A is higher than the
utility of project B for that voter.

2.3 Voting rules

For participatory budgeting, there are many ways
in which voters can express their preference (us-
ing different ballot-types), and how these votes can
produce a selection of projects. A voting rule is
an algorithm which takes ballots as input, and as-
signs points to projects based on these ballots. The
amount of points a project gets indicates how much
the voters favor that project.

This subsection describes the four different vot-
ing rules that are compared in this research. One
of these makes use of approval ballots, which allow
voters to either approve or disapprove of projects.
The other three use ranked-list ballots, where vot-
ers order projects based on their preference.

2.3.1 Approval voting

Approval voting is perhaps the simplest way to
count votes. It takes as input the approval ballots
of voters. For every ballot it assigns 1 point to every
approved project.

Pm =

N∑
n=1

nm (2.2)

Formula 2.2 shows how the number of points
awarded to a project is calculated: Pm is the num-
ber of points awarded to project m. N is the total
number of voters and n is a voter. Lastly, nm is 1 if
voter n approves of project m, and 0 if voter n does
not approve of project m. This formula is repeated
for every project m.

2.3.2 Borda voting

Borda voting (Emerson, 2013) is the first and most
straightforward voting rule that uses ranked-list
ballots. For every ballot it assigns points to ev-
ery project based on their ranking, where higher
ranked projects get more points than lower ranked
projects.

Pr = M + 1− r (2.3)

Formula 2.3 shows how points are awarded to a
project based on their rank using Borda voting. Pr

is the amount of points awarded to a project at

rank r on a voters ballot, given M total projects.
It shows that there is a linear relation between rank
and points given to a project (based on this rank).

2.3.3 Dowdall System voting

Dowdall System voting (Fraenkel and Grofman,
2014) works very similar to Borda voting, also giv-
ing points to projects based on their rank.

Pr =
M

r
(2.4)

Formula 2.4 shows how points are awarded to a
project based on their rank using Dowdall System
voting. Again, Pr is the amount of points awarded
to a project at rank r on a voters ballot, given M
total projects. Compared to Borda voting, it heav-
ily favors higher ranked projects. This is because
the relation between rank and points is no longer
linear, but instead follows an inverse relation.

2.3.4 Eurovision Song Contest voting

The final algorithm which uses a ranked list type
ballot, is also a variation of borda voting, used by
the Eurovision Song Contest †.

Pr =


14− 2 ∗ r if r < 3,

10− r if 2 < r < 10,

0 otherwise.

(2.5)

Formula 2.5, where again Pr is the amount of points
awarded to a project at rank r on a voters ballot,
shows how points are awarded to projects based on
their rank. It works similarly to Borda voting, with
mostly a linear relation between rank and points.
It differs however, in that the highest 2 projects
are slightly favored, gaining an extra point over
projects ranked below them. It also makes no dis-
tinction between projects ranked lower than 10th

place, giving 0 points to all.

2.4 Measuring voter satisfaction

In order to determine which of the voting rules
worked best, voter satisfaction has to be measured

†Retrieved from
https://eurovision.tv/about/voting
last visited: 2021, Januari 12
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in some way. To do this, three different social wel-
fare functions (Sen, 1970) were used. This subsec-
tion explains how each of these work and why they
are relevant.

2.4.1 Utilitarian social welfare

Utilitarian social welfare is a measurement of the
satisfaction of the entire voter population. A higher
utilitarian social welfare indicates an over-all hap-
pier population with regards to the outcome of the
vote.

Wu =

N∑
n=1

Sn (2.6)

Formula 2.6 shows that to get the utilitarian social
welfare Wu, the satisfaction S of every voter n is
summed.

2.4.2 Egalitarian social welfare

Egalitarian social welfare measures the satisfaction
of the least satisfied voter:

We = min(S1, S2, ..., SN ) (2.7)

Formula 2.7, where We is the social welfare, and Sn

is the satisfaction of the nth voter. Measuring the
satisfaction of the least satisfied voter is important
if users want to ensure every voter has at least some
amount of satisfaction. Also, in combination with
utilitarian social welfare, egalitarian social welfare
gives a good indication of how the satisfaction is
divided between voters: having higher egalitarian
social welfare while having similar utilitarian social
welfare means that while the total satisfaction is
the same, the satisfaction is more equally divided
among voters.

2.4.3 Maximal social welfare

The third measurement of social welfare is called
maximal social welfare Wm. Formula 2.8 shows that
Wm measures how satisfied the most satisfied voter
is:

Wm = max(S1, S2, ..., SN ) (2.8)

Similar to egalitarian social welfare, this measure-
ment in combination with utilitarian social welfare
says something about the division of satisfaction
among voters. In this case, having the same utilitar-
ian social welfare but higher maximal social welfare

means satisfaction is less equally divided among
voters.

3 Method

To learn about the differences in performance of
the different Participatory Budgeting algorithms, a
program was created. Figure 3.1 shows a flowchart
which breaks this program down into 5 different
parts: generating the project costs, generating the
votes, counting the votes, determining how the bud-
get is divided based on these votes and lastly ana-
lyzing the outcome.

For this research, four different experiments were
ran every experiment consisting of 100 repetitions
to allow for generalizing of the results. Every repeti-
tion would repeat the entire process from figure 3.1.
To test whether or not the number of voters has any
effect on voter satisfaction, two tests were run with
50 voters and two tests were run with 250. In order
to test whether or not having a split opinion among
the voters versus voters mostly agreeing has any ef-
fect on voter satisfaction, a Mallows model (Moulin,
2016) was used to replicate this effect. This model
is explained more in depth in subsection 3.2.

The next 5 subsections describe the theory be-
hind the 5 parts from figure 3.1, as well as the rea-
soning behind the specific values that were chosen
for certain variables.

Figure 3.1: Flow chart overview of the Participa-
tory Budgeting program used for this research.
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Figure 3.2: Frequency diagram of project costs
from participatory budgeting in district Ooster-
parkwijk in Groningen in 2019.

3.1 Generating project costs

In order to generate the project costs, data from
a recent application of Participatory Budgeting in
a district called Oosterparkwijk in Groningen was
used as an example ‡. It had 23 projects, and the
project costs ranged from e150 to e21600. Figure
3.2 shows that most of these projects cost some-
where between e0 and e6600, with a few outliers
costing more.

In order to best fit the cost of the projects to this
example, a beta-distribution as shown in 3.3 was
used. The values α = 1.5 and β = 4.0 were chosen
to best mach the data from Groningen. Then, based
on this distribution, every project was assigned a
cost. With this distribution, the minimal cost of
the projects was e0, and the maximal cost e20000,
with most project costs being on the lower end.

Finally, a simple check was done to ensure that
the total costs of the projects exceeded the budget.
If this condition explained in section 2.1 is not met
a new set of project costs is generated.

The total number of projects was 25 for all 4
runs. This number is based on the 23 total projects
in the example from Groningen mentioned earlier
in this subsection. The total budget was e30000,
based on the budgets of e25000 and e35000 from
the two districts in Groningen.

‡Retrieved from
https://stemvan.groningen.nl/budgets/4/results
visited: 2021, Januari 12

Figure 3.3: Probability function f of beta-
distribution with α = 1.5 and β = 4.0.

3.2 Generating the votes

Votes (ballots) are the input of the different Partic-
ipatory Budgeting algorithms. A Mallow’s model as
explained in section 2.2 is used to generate utilities
from which these ballots are created. This subsec-
tion provides the values that were used for differ-
ent variables in the Mallow’s model, and it then
explains how the output of this Mallow’s model is
used to generate ballots.

3.2.1 Mallow’s model parameters

For this research, p = 0.6 was used for all 4 runs
of the experiment. This value is closer to 0.5 than
to 1 to make sure that voters do not all follow the
exact same trend.

One experiment of 50 voters and one of 250 vot-
ers was run with a single true ranking u, and the
other two experiments were run with two true rank-
ings. This was done to test whether or not this
would have an impact on performance of the al-
gorithms. The true ranking u is randomly chosen.
For the experiments with two true rankings u1 and
u2, u2 would be the inverse of a randomly chosen
u1.

In the experiments with multiple true rankings,
the population was equally divided between these
true rankings, meaning half the population would
choose their ranking based on u1, and the other half
would choose according to u2.

Every permutation of the rankings, v in equation
2.1, has their own probability of being selected by
a voter based on how similar v is to u. Originally,
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this probability was calculated for every possible
v. However, after deciding the number of projects
should be 25, it became impossible to calculate
these probabilities, as there were too many, and
almost all of them would be extremely close to 0.
Therefore the decision was made to only calculate
the probabilities for a random subset of all the per-
mutations of v (always including u). The size of
this subset was set to be as high as possible with-
out running into runtime errors, which turned out
to be 6250.

3.2.2 Generating ballots

After the utilities have been generated, ballots have
to be made to be used as input for the algorithms.
As mentioned in section 2.3, this research compares
4 different algorithms: three which use ranked-lists
as input, and one which uses a list of approved
projects as input.

To generate the approval ballot of a voter, the
program checks for every project if the utility is
above a certain threshold. If it is, the project is
approved and added to the ballot. For this research
a threshold of 50 was chosen, to have voters on
average approve of 50% of the projects.

In order to generate the ranked list ballot of a
voter, all their projects are ranked based on the
utility. This converts it back to their respective v
as discussed in the previous subsection.

Lastly, the three ranked list algorithms were also
implemented to take truncated ballots. This simply
means that only the top few projects of the ranked
list are represented on the ballot, and the rest has
to be left out by the voter (and awarded 0 points
each). This was done to see if this loss of informa-
tion has a notable effect on performance. For this
research, truncated lists were limited to 8 projects,
so that the 17 least preferred projects are left out
(and thus receive 0 points each from that voter).

3.3 Counting the votes

After ballots have been created, these are passed
to algorithms based on the different voting rules
discussed in subsection 2.3. These algorithms take
their respective form of ballot as input, and return
a ranked list of projects. The project ranked first
is the project that, according to the algorithm, the
population favors most.

Processing the approval votes is done by simply
repeating formula 2.2 for every project m.

In order to process all ranked-list ballots, the cal-
culations shown in formulas 2.3, 2.4 and 2.5 are
summed per project as they are repeated for every
project on every ballot.

This yields a list of projects with their points.
These projects are then simply ordered based on
how many points they received from the algorithm
used.

3.4 Dividing the budget

The budget has to be divided over the projects in
such a way that projects preferred most by the vot-
ers get prioritized. In order to do this knapsack
budgeting is used on the list of ranked projects pro-
duced as a result of counting the votes. Knapsack
budgeting is an algorithm easiest explained with
an example of filling a knapsack. Imagine going
on a road trip, and you have with you a knapsack
that can only hold a certain weight of items. There
are multiple different items you want to take with
you, weighing different amounts, some of which you
value more than others. Knapsack budgeting solves
this problem by filling the knapsack with the most
valued items first, until the weight limit is reached.

This is also what was used to ultimately de-
cide which projects would get approved and which
would not. Every project has a certain cost, as de-
scribed in section 3.1. Each of the algorithms cov-
ered in section 3.3 returns a list of projects ranked
from most to least favored by the population. The
budgeting algorithm will approve these projects one
by one, starting with the most favored project,
as long as they fit within the total budget. Any
projects that do not fit within the budget are not
approved.

3.5 Collecting the results

In order to compare performance of the different
Participatory Budgeting algorithms, the three so-
cial welfare functions covered in subsection 2.4 were
used.

In order to measure how satisfied a voter was
with the outcome of a vote, the utilities of a voter
for all projects that ended up being approved are
summed up to portray this voter’s welfare. If this is
done for every voter, formulas 2.6, 2.7 and 2.8 can

6



be used to calculate the utilitarian, egalitarian and
maximal welfare of the population given a vote.

3.6 Data analysis

For this research, R-studio version 1.3.1093 was
used for all statistical analysis as well as visualiza-
tion of the results. In order to determine whether or
not the data was normally distributed, a Shapiro-
Wilk test was performed. The statistical test used
to compare differences in mean social welfare given
different circumstances was a multivariate analysis
of variance.

3.7 General remarks

All the programming was done in Python 3, work-
ing on an Ubuntu (20.04) operating system. The
main program was made in collaboration with col-
leagues Lonneke Pulles and Marieke Kopmels.

4 Results

This section discusses the results gathered during
the 4 runs. Note that the plots show results for
many more voting systems than discussed in this
paper: These results were gathered with the same
program, and the different algorithms are discussed
in more detail in papers by L. Pulles and M. Kop-
mels (Kopmels, 2021) (Pulles, 2021).

4.1 Average difference in social wel-
fare

First, the differences in average social welfares be-
tween each algorithm are presented in the form
of heatmaps, in figures 4.1, 4.2 and 4.3. In these
heatmaps, the colored squares represent the differ-
ence in welfare between the algorithms shown on
the left-hand side and the algorithms shown above.
A blue square indicates the algorithm on the left
has higher social welfare compared to the algorithm
above. In addition, a red square means the algo-
rithm on the left has lower social welfare than the
algorithm above. The darker this color, the bigger
the difference. The differences were calculated using
one way analysis of variance. Significant differences
(p− value < 0.05) in social welfare are highlighted
with stars.

4.1.1 Utilitarian social welfare

First off, figure 4.1 shows the difference in utilitar-
ian social welfare between the different algorithms.
It shows that there are no significant differences in
utilitarian social welfare between approval, borda,
dowdall system and eurovision voting. The trun-
cated variants of borda, dowdall system and euro-
vision voting also do not perform significantly bet-
ter or worse compared to each other or their non-
truncated variants.

The fact that no significant differences were
found in utilitarian social welfare indicates that, on
average, the welfare of the entire population com-
bined is the same for any of the voting systems
discussed in this paper.

Figure 4.1: Heatmap of differences in utilitarian
social welfare between the voting rules, averaged
over 4 different runs.

4.1.2 Egalitarian social welfare

Secondly, figure 4.2 shows the difference in egali-
tarian social welfare between the different voting
systems. The pattern is similar to figure 4.1, and
there is no significant difference in egalitarian so-
cial welfare between any of the algorithms discussed
in this paper.

This means that, on average, the least satisfied
voter has the same welfare for any of the 7 voting
systems discussed in this paper.
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Figure 4.2: Heatmap of differences in egalitarian
social welfare between the voting rules, averaged
over 4 different runs.

4.1.3 Maximal social welfare

Lastly, the difference in maximal social welfare be-
tween the voting systems is shown in figure 4.3.
Again, the voting systems discussed in this pa-
per have mostly insignificant differences in perfor-
mance. This time there are, however, a few excep-
tions: Approval voting has significantly higher max-
imal social welfare than both dowdall system voting
and its truncated variant. Borda also scores signif-
icantly higher than dowdall system voting and eu-
rovision voting, as well as their truncated variants.

These results, especially in combination with the
fact that no significant differences were found in
both utilitarian and egalitarian social welfare, say
something about the distribution of welfare. In this
case, because the difference in utilitarian social wel-
fare is not significant, it means that some voters
had to sacrifice some of their welfare to add to that
of the most satisfied/welfaring voter. And because
the egalitarian social welfare is also not significantly
different, these voters that sacrificed their welfare
did not give up so much that the least welfaring
voter became significantly worse off.

Figure 4.3: Heatmap of differences in maximal
social welfare between the voting rules, averaged
over 4 different runs.

4.2 Effect of population size on so-
cial welfare

To see whether or not population size has a sig-
nificant impact on social welfare, and to see if this
differed for the different voting rules, two-way anal-
ysis of variance was performed. For this, the data
gathered from the two tests that had a population
size of 50 voters was compared with the data gath-
ered from the two tests that had a population size
of 250 voters. These results are shown in tables 4.1
and 4.2. Note that the difference shown in these ta-
bles is the difference going from 50 to 250 voters, or
the difference going from one to two true rankings.
Also shown in the table are the p-values of the sta-
tistical test, this is used to determine whether the
difference in mean social welfare is actually signifi-
cant (p < 0.0001).

4.2.1 Utilitarian social welfare

In order to see the effect of the number of voters on
utilitarian social welfare, the mean utilitarian social
welfare of the population was calculated. The mean
is used to account for the fact that a population of
250 voters would of course have 5 times the utili-
tarian social welfare of a population of 50 voters if
number of voters does not affect utilitarian social
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welfare. The results show that changing from 50 to
250 voters caused no significant change in utilitar-
ian social welfare for any of the voting rules, see the
p-values shown in table 4.1.

4.2.2 Egalitarian social welfare

For egalitarian social welfare, table 4.2 shows that
an increase in voters lowers egalitarian social wel-
fare. However, this negative change was insignifi-
cant for any of the voting systems discussed in this
paper, indicated by the p-values being higher than
0.0001.

4.3 Effect of voter preference on so-
cial welfare

Two-way analysis of variance was also used to learn
more about the effect of a divided opinion among
voters on social welfare. For this, the mean social
welfares are compared between the two tests in
which voters followed one true ranking, and the two
tests in which voters had a split opinion: voting ac-

Table 4.1: Decrease in mean utilitarian social
welfare changing from 50 voters to 250 voters,
per voting rule.

Voting rule Change p-value
Approval -2.3639 8.179 ∗ 10−1

Borda 6.00 5.600 ∗ 10−1

Borda truncated 5.72 5.727 ∗ 10−1

Dowdall 19.02 6.761 ∗ 10−2

Dowdall truncated 14.23 1.594 ∗ 10−1

Eurovision 6.32 5.304 ∗ 10−1

Eurovision truncated 8.69 3.771 ∗ 10−1

Table 4.2: Decrease in egalitarian social welfare
changing from 50 voters to 250 voters, per vot-
ing rule.

Voting rule Difference p-value
Approval 31.15 5.51 ∗ 10−3

Borda 30.59 5.615 ∗ 10−3

Borda truncated 29.73 2.747 ∗ 10−3

Dowdall 33.43 8.614 ∗ 10−4

Dowdall truncated 30.44 1.831 ∗ 10−3

Eurovision 27.43 8.823 ∗ 10−3

Eurovision truncated 28.35 5.114 ∗ 10−3

cording to two opposite true rankings, as explained
in section 3.2.1.

4.3.1 Utilitarian social welfare

Table 4.3 shows that having a split opinion in the
population leads to significantly lower mean utili-
tarian social welfare compared to no split opinion
for some algorithms. The algorithms for which the
difference was significant are truncated borda, and
both Eurovision and truncated Eurovision.

4.3.2 Egalitarian social welfare

For all voting systems discussed in this paper,
changing from one true ranking to two opposite
true rankings caused a significantly lower egalitar-
ian social welfare, as indicated by the low p-values
in table 4.4.

Table 4.3: Decrease in mean utilitarian social
welfare changing from 1 to 2 true rankings, per
voting rule.

Voting rule Difference p-value
Approval 50.91 4.735 ∗ 10−7

Borda 48.67 1.547 ∗ 10−6

Borda truncated 34.51 6.082 ∗ 10−4

Dowdall 48.29 2.663 ∗ 10−6

Dowdall truncated 47.41 2.056 ∗ 10−6

Eurovision 33.91 7.040 ∗ 10−4

Eurovision truncated 30.94 1.563 ∗ 10−3

Table 4.4: Decrease in egalitarian social welfare
changing from 1 to 2 true rankings, per voting
rule.

Voting rule Difference p-value
Approval 153.25 2.2 ∗ 10−16

Borda 146.21 2.2 ∗ 10−16

Borda truncated 110.85 2.2 ∗ 10−16

Dowdall 105.89 2.2 ∗ 10−16

Dowdall truncated 105.72 2.2 ∗ 10−16

Eurovision 121.51 2.2 ∗ 10−16

Eurovision truncated 114.19 2.2 ∗ 10−16
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4.4 Other voting systems

4.4.1 Ratio voting

Both cumulative ratio voting and utility ratio vot-
ing (Pulles, 2021) outperform all other voting sys-
tems, having significantly higher social welfare than
all other voting systems (see figures 4.1, 4.2 and
4.3). This is as expected as these voting systems
allow users to very precisely specify their prefer-
ences.

4.4.2 Knapsack voting

Interestingly, figures 4.1, 4.2 and 4.3 show that
both knapsack voting and knapsack ratio (Kop-
mels, 2021) score significantly lower social welfare
compared to all other voting systems. This is unex-
pected because, as stated in section 1.1, knapsack
voting is currently the most widely used voting sys-
tem for participatory budgeting.

5 Conclusion

To conclude, voter satisfaction does not differ much
between any of the voting systems discussed in this
paper. Approval voting, borda, dowdall system and
the voting rule based on the eurovision song con-
test, as well as the truncated list variations of these
rules, do not differ significantly with regards to util-
itarian and egalitarian social welfare.

Some significant differences were found with re-
gards to maximal social welfare. Approval vot-
ing had significantly higher maximal social welfare
compared to dowdall system voting and truncated
dowdall system voting. Borda voting also had sig-
nificantly higher maximal social welfare compared
to dowdall system voting and eurovision voting
as well as their truncated variants. This, in com-
bination with the fact that no significant differ-
ences in utilitarian social welfare was found, means
that dowdall system voting might be preferred over
borda and approval voting, in case a more equal
distribution of welfare among voters is desired.

As to the effect of population size, both utili-
tarian and egalitarian social welfare of the voting
systems did not change significantly when changing
from 50 to 250 voters.

Lastly, the results showed that having a split
opinion among voters as opposed to voters being

mostly in agreement led to a significant drop in
egalitarian social welfare for all voting systems. For
utilitarian social welfare, this negative change was
only significant for borda voting, dowdall system
voting, and truncated dowdall system voting.

6 Discussion

6.1 Limitations

Some of the limitations which make it difficult to
generalize the findings of this research to what
might occur in a real world participatory budgeting
case are the following:

Firstly, for this research the assumption was
made that voters would not vote strategically. A
strategic voter does not vote true to their pref-
erence, but instead changes their vote based on
what they might believe would lead to the best
outcome, taking into account what they expect oth-
ers to vote. This is difficult to model and therefore
this research assumed no strategic voting behaviour
would occur.

Secondly, the way project costs were generated
might not be realistic. The beta-distribution used
for this research is based on only two real partici-
patory budgeting cases, and therefore a very rough
estimate of what it might be like for other partici-
patory budgeting cases.

Thirdly, it is difficult to translate the Mallows
model to real world voting preferences. The hyper-
parameters chosen are at best educated guesses to
what would lead to the most realistic model, as the
model is quite abstract. For example, perhaps hav-
ing p = 0.8 would lead to more realistic results, but
this is difficult to say.

Lastly, due to limitations in computing power,
this research was limited with regards to number
of projects and number of voters. Many real world
applications of participatory budgeting have more
projects and more voters.

6.2 Future research

As participatory budgeting is still in its infancy,
there are still many aspects that could be re-
searched further.

One very interesting takeaway from the results
of this research is that there barely seems to be a
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drawback for using truncated lists over full ranked
list ballots. The fact that no significant differences
in social welfare were found between any of the
ranked list voting rules and their truncated vari-
ants shows that apparently the big loss of precision
(no distinction is made between any of the 17 low-
est ranked projects) does not impact voter satisfac-
tion. This makes truncated lists preferable over full
ranked lists, as it is easier for voters to fill in such
a ballot. Future research could try to find the point
where the loss of precision starts to lead to lower
voter satisfaction.

Another suggestion for future research would be
to use these different voting rules in a real par-
ticipatory budgeting case. Surveys could be used
to find out voter satisfaction, and results could be
compared to this research to get a better under-
standing of the performance of the different voting
rules.

Future research could also reverse-engineer out-
comes of participatory budgeting cases that have
already taken place, to feed as input into a simula-
tion such as the one presented in this paper. This
would provide insight into how the outcome might
have changed if a different voting system had been
used instead, and how this might affect voter sat-
isfaction.
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