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Heinrich-Heine-Universität, Universitätsstraße 1, 40225 Düsseldorf, Germany
{ebbinghaus,mauve}@hhu.de https://cn.hhu.de

Abstract. In a traditional decision-making process, proposals are made
and usually commented on by the participants, and finally a vote is taken.
We have found in past public decision-making processes that there are
also discussions about negative sides of proposals together with possible
improvements of them. We have taken this as an opportunity to model
the improvement of proposals within the decision-making process.
Our new model for this is similar to version control systems like git work.
Proposals in a decision process can have none, one or several predeces-
sors. This structure allows different constructs of the real world to be
modelled. Where previously only proposals could be made without refer-
ence and structure among each other, the system presented in this work
allows modelling of further developments of proposals or even coalitions
and compromises, in a real-time collaborative decision-making process.
To validate our ideas, we tested them in two controlled experiments and
concluded that our modifications are useful.
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1 Introduction

Our goal is to understand how a potentially large group of participants can
be supported to conduct collaborative online decision-making processes with a
minimum amount of external governing factors. Since there exists a multitude
of systems that are regularly used for tasks such as online participation, much of
the required functionality is well known. This includes mechanisms for proposing
an item, discussing it and voting on alternatives. However, there is one aspect
of collaborative online decision-making that is not yet well understood: how
can a large group of participants work together to come up with and decide on
proposals? In real-world politics, there is a vast array of instruments to refine
proposals and form coalitions in order to reach a final decision.

Our idea is to take two of the key underlying elements of these instruments
and translate them to an online setting. Namely, improving an existing proposal
to gather more support for it and forming a coalition to join the support of two
or more proposals. We believe that these elements can be translated to mecha-
nisms that are similar to collaborative software development through distributed
version control systems.

https://cn.hhu.de
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Based on this idea, we have developed decide, an application for collaborative
online decision-making that supports the participants to work together to come
up with the best possible solution for a given issue. This does not require the
participants to have homogenous interests and agree on a solution. It gives them
all the tools they need to come up with good proposals, improve them, form
coalitions and decide on the result.

We have conducted several experiments using decide. The results of those
experiments are encouraging (see Section 4). Participants understand and use
the new mechanisms provided for improving and merging proposals. Our ex-
periments also suggest that the specific voting system employed may have a
significant impact on how the participants use the option to improve and merge
proposals.

The overall idea is inspired by observations of shortcomings in a recent
participatory-budgeting process of ours [2,3] where we asked participants to make
proposals on how to improve the study course of computer science at Heinrich-
Heine University (HHU). For that process, we used D-BAS [4], a dialog-based
argumentation system, to collect proposals and let participants argue about
them. They were able to present pro- and contra-arguments to each other and
to help inform newcomers to the process. The proposals made were used in a
final vote. In this process, we noticed two behaviours:

During the process, participants made proposals that were very similar. Some
proposals were slight amendments of other proposals, or they overlapped in their
intentions. This poses a problem in a later vote as it can lead to vote splitting
— i.e. votes are split between two candidates where there would have been a
majority with only one candidate — or, on the contrary, if both overlapping
proposals win at the same time, they cannot be implemented as they represent
mutually exclusive issues.

Secondly, we found that when discussing proposals, participants often de-
fended (or attacked) the proposal in question by providing possible implemen-
tation details or alternative solutions. They lacked the option of modifying or
deleting an existing proposal, so their only option to add modifying details would
be to make a completely new and separate proposal, which means more friction
in the participation process.

1.1 Related Work

The field of collaborative decision-making has a long history. Most of it, however,
deals with formal processes and (semi-)automatic decisions, often in the context
of business.

This paper deals with a mainly social domain. It does not present a new
decision-making framework, but an extension of traditional participatory pro-
cesses in which proposals are made by participants, accompanied by a software
prototype.

With the ever-increasing availability and use of the internet, online partic-
ipation processes have become increasingly popular, sometimes involving large
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segments of the population. From informal opinion polls to legally binding par-
ticipatory budgets.

In a traditional participation process, where proposals can be made by the
population, these proposals are submitted by the participants and, often after a
review by moderators, are presented to the public. Afterwards, there is the pos-
sibility to comment on these proposals and possibly already give one’s approval.
This can be possible for everyone who visits the respective website in order to
keep the hurdle to participation low, or it is secured via postal invitation codes
or e-passports; this usually only happens when legally binding decisions are in-
volved.

A similar real world process is called consensus decision-making or proposal-
based decision-making, which is similar to our system in that it focuses on the
development of proposals, but since it is offline, it is synchronous, meaning all
participants collaborate on the same step in the decision-making process at once.
This is simply not feasibly for large, online processes.

1.2 Structure

In this paper we will first explain the core idea of this paper and how it has been
integrated into a complete decision-making process.

We will then briefly look at voting methods, as these are relevant to the
way participants interact with the system and are then used to make the final
decision. Among other things, we have learned how much influence the voting
method has on the motivation to cooperate and the perception of fairness.

We then present how we have experimentally tested our idea for feasibility.
In doing so, we consider our idea as part of the complete system. We also explain
and discuss the observations, conclusions and results.

Finally, we will draw a conclusion and show what further steps can be taken
with this work.

2 The decide Decision-Making Platform

As a proof of concept for our idea, we developed decide. A web application,
tailored for groups of non-expert participants to develop proposals together, and
eventually make a decision.1

A decision-making process starts with someone putting forward a topic for
decision and defining certain parameters, such as the desired time frame, re-
strictions on certain participants and visibility. Care should be taken here to
describe the topic as precisely as possible and to do justice to the issue to be ad-
dressed. A decision-making process with a handful of friends will have different
characteristics than a decision-making process of governmental and administra-
tive institutions with an indefinite, large number of participants. Although our

1 The decide application is open-source, and the code can be found here: https://link.
cs.hhu.de/decide3-repository. We also have an in-development live instance here:
https://link.cs.hhu.de/decide3-repository/decide3

https://link.cs.hhu.de/decide3-repository
https://link.cs.hhu.de/decide3-repository
https://link.cs.hhu.de/decide3-repository/decide3
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idea itself is independent of the number of participants, it is intended for use in
larger groups of individual participants. Even though we use terms like coalition
and compromise, it does not mean a coalition between two fixed, defined groups
such as parties or other interest groups. We aim at grassroots democratic and
self-regulated processes.

After a process has started, participants interact with the system by making
proposals to solve the issue, arguing about them and at the same time giving
their agreement to the proposals made. These approvals serve both as indications
during the process of which proposals are popular and where it is worth working
together (see Section 3), and as votes for the final decision, if it is desired that
the process has a fixed end at all.

How do we digitalize the HHU?
OVERVIEW ALL PROPOSALS DASHBOARD MODERATION

PROPOSALS 9 PARTICIPANTS 8REFRESH Approvals ↓

THIS IS THE BEST PROPOSAL FOR THE MOMENT

Some of your approved proposals that aren't winning right now. Can you propose a coalition?

ALL OTHER PROPOSALS

Platforms for digital work�ow, but also for everything else, e.g. students' working time accounts
#7 · on 10. Mai 2021, 12:56 · Fork

Everything that is currently solved via PDF should be able to be recorded in a portal. Operating system independent.

7 2

PROPOSE COALITION

Reliable systems for software development
#6 · on 10. Mai 2021, 12:51

We need systems that can be relied on. For example, as long as HHU's GitLab is not backed
up, we obviously cannot rely on the repositories being reliably available. That is one of the
reasons why we use GitHub, for example.

6 1

Offer digital exercise sessions in basic courses
#5 · on 4. Mai 2021, 16:17

In addition to face-to-face exercises, there should be voluntary digital exercises or tutorials
for basic courses. This would accommodate students who, for various reasons, cannot take
part in face-to-face exercises and would have the advantage of not being tied to room
capacities.

5 3

Lecture recordings
#3 · on 4. Mai 2021, 13:09

Short explanatory videos
#4 · on 4. Mai 2021, 13:31 · Fork NEW PROPOSAL

Sort

decide BJÖRN

Fig. 1: The main view presented to participants in a process. The current best
proposal is displayed on top. Proposals are sorted by approval by default.
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2.1 The Inner Workings

We base the system of the notion of a proposal. A proposal is a text entry made
by a participant. Every participant can make a proposal at any time during a
process.

Important to note is, that proposals are immutable, no one, not even the
authors can modify or even remove them. In this sense the author of a proposal
hosts no special power over this proposal, nor is there a notion of stewardship.
We even hid the author of a proposal, after observations of internal tests in our
group, as not to associate a proposal with a specific person. This way, we foster
a sense of belonging to the idea of a proposal rather than to the author. Having
immutable proposals is therefore not just a convenience, but a requirement.

Another reason why proposals cannot change is our live voting system. In
order to develop proposals, we need a way to communicate interest and approval
of proposals between the participants. Therefore, we decided that having a tra-
ditional vote at the end of a participation process is not sufficient. Until the
end of such a process it would not be visible how much interest and approval
there is in a proposal. Approvals in our application are therefore possible and
publicly visible to every other participant immediately after the creation of a
proposal. This allows participants to assess the current climate of a process and
make better decisions about which proposals are worth to develop further. We
explain our voting system in more detail in Section 3.

2.2 Processes

Every proposal belongs to exactly one (decision-)process. A process is a topic
that frames a decision. It has a title and a description. Optionally there can be
a start and/or an end time in which a process is active and participants can
participate. Usually there is at least an end time for when a decision process has
to come to an end, but nothing speaks against a process that continues forever
with ever evolving proposals.

Processes can be public or private and only be visible for invited participants.
They can also modify rules about the process, like how much of the approvals
are visible. Either the number of approvals is not visible, shown as the sum (this
is the default) or with total transparency where everyone can see exactly who
approves what. The last setting was popular for more informal decision-processes
in small groups.

2.3 Development of Proposals

As we explained, we want to support decision-making by developing a set of
proposals to a greater, better set of proposals. For this we allow and encourage
multiple ways of adding new proposals.

First, every participant can submit a new proposal with an informative and
unique title and a detailed description. In the best case a proposal is solely
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identifiable by the title, with the description only serving as implementation
details or clarification.

In addition to this there are multiple ways of creating new proposals from
existing proposals. They are all based on the idea that we want to model the
relationship of a new proposal and the proposals that have led to it. Figure 2
shows one way, how this is presented to participants.

Wie digitalisieren wir die
HHU?

DETAILS

OVERVIEW ALL PROPOSALS DASHBOARD MODER

PROPOSALS 9 PARTICIPANTS 8REFRESH

Approvals ↓

THIS IS THE BEST PROPOSAL FOR THE MOMENT

Portale für digitalen Work�ow, aber auch
für alles andere, bspw. Arbeitszeitkonten
der Studierenden
#7 · on 10. Mai 2021, 12:56 · Fork

Alles, was aktuell per PDF gelöst wird, sollte in einem
Portal erfasst werden können.
Betriebssystemunabhängig. NEW PROPOSAL

Sort

decide BJÖRNNew proposal

Add a new proposal, develop or merge
existing proposals

1 Start

NEW
CREATE A NEW PROPOSAL

DEVELOP
DEVELOP AN EXISTING PROPOSAL

MERGE
MERGE EXISTING PROPOSALS

2 Choose proposals

3 Add details

4 Check and confirm

Fig. 2: Step by step interface to
add a new proposal

We call proposals with a single parent fork
and proposals with multiple parents merge.
These are terms from version control software,
where the state of a project is tracked by a
chain of annotated changes. This allows to
track every development that ever occurred
in the said project. Figure 3 portrays these
relationships.

Semantically, a fork can represent a va-
riety of relationships. It would represent an
enhancement of a proposal, an alternative or
really any related semantic modification of a
proposal. This is the intended way of modi-
fying a proposal. Modifying it in place would
not be possible as every proposal is a candi-
date in an ongoing vote. For the moment, we
leave the exact meaning to the author of the
new proposal. Of course, a more specific anno-
tation would be conceivable, but for now we
want to focus on different groups, according
to the underlying system.

Merges, proposals with two or more par-
ents, are the construct with the most potential
in our system for collaboration. By enabling
participants to link multiple proposals into a new one, real-world constructs are
made possible. These can be, for example, compromises and coalitions. It should
be noted that the content of a new merge proposal is not only a technical linkage
of existing proposals. In terms of content, an independent proposal is created
here, with its own title, content and arguments. This is a necessary freedom,
as participants should not be restricted by the system as to how their merges
should be. The application should only play an advisory role and not restrict
the participants.
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Fig. 3: Different kinds of relationships between proposals. Note, that merges are
not limited to only two parents.

3 Voting

To come to a final decision, we use votes. So far, we already have the advantage
that our system is designed to put up more candidates for a voting, which al-
lows participants to better reflect their opinion. However, we have some special
requirements in our system. In order for the participants to be able to work
effectively with each other, it is necessary for them to be able to communicate
amongst themselves in one way or another. We offer three different ways to do
this in our system:

1. The creation of proposals itself (portrayed in Section 2)
2. Giving approval to one (or more) proposals
3. Nested comments on each proposal

This section deals exclusively with Point 2. It is necessary for the participants
to recognize during the ongoing process which proposals are liked and which are
disliked. Only then will participants be able to suggest useful enhancements and
coalitions.

We have looked at different voting methods and weighed up which is suitable
for the processes. For this, we have established the following requirements.

1. It must be easy to cast a vote.
2. It must be possible to see how popular a proposal is compared to another

proposal.
3. The current ranking of the proposals (and thus also the current winner) must

be transparent.

We first used approval voting [8]. It is a good match regarding our require-
ments. By today most people are familiar with a notion of a like-Button. Just
a single click is necessary to cast a vote, fulfilling the first requirement. It is
easy to aggregate and display the votes by summing them and thus communi-
cate the current popularity of a proposal. Fulfilling the second requirement, it
allows sorting the proposal by this sum, which fulfils the third requirement. This
leaves the possibility of a draw, especially in processes with fewer participants.
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We have decided not to consider this problem further, as draws are an anomaly
that can — and often should — be solved in the context of the situation. For our
experiments we reliably broke the tie with the creation time of the proposals,
letting more recent proposals win over older proposals. We decided on the basis
of a gut feeling that newer proposals had less time to convince and woo away
potential voters.

We also considered more complex voting methods. In particular, a preference-
based voting method, such as Instant-runoff Voting (IRV) [1]. In such a method
participants have to enter more precise votes. They have to rank proposals
against each other. The winner is determined by repeatedly eliminating the worst
candidate and recounting the remaining votes, until only the winner remains.
While this may result in a vote that better matches their real intentions, it also
requires more effort from the participants, especially if the process involves many
proposals. Furthermore, with preference voting, it is no longer possible to dis-
play a simple aggregate of votes of the other participants. This makes it difficult
to compare two proposals and thus the overall state of the process is no longer
easily tractable.

The fact, that voting is iterative [6] in our system creates unique situations.
While the effect of one’s own vote in a traditional election is only visible after
the counting, the participants in our system see the effects immediately.

This means that, for example, strategic voting can be experienced first-hand
by participants. Participants can experiment with how they cast their votes and
immediately see the impact this has on the current interim result of the process.
In a process that uses plurality voting, i.e. a process where only one proposal can
be approved, participants immediately see that giving their vote to a proposal
has a direct negative effect on their previous favourite. We will see in Section 4
that this quickly leads participants to perceive the voting method as unfair, a
perception that is in line with reality but usually only noticeable to people who
have studied the voting method more closely.

Although in this case the weaknesses of the voting method are made more
tangible by the immediate feedback, there are also possible advantages. Partici-
pants experience the direct influence of their vote, which may motivate a more
detailed, further engagement with the candidates.

4 Experiments

To evaluate our platform, we tested our idea in two experiments with untrained
students. After the first run, we made modifications based on our observations
and feedback from the participants and then reviewed them in the second run.
This led to a significant improvement in some parts of the surveys following the
experiments.

4.1 Environment

We conducted the two decision-making processes with a duration of five days
each, with a subsequent survey via a questionnaire. Both processes had the same
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theme namely: How can we improve digitalization at the university?. This is a
current topic, which affects students from different study programmes and even
staff. It lends itself well as a topic for our experiments, as there is still much need
for development here. Large-scale digitalization of various aspects of university
life is still uncharted territory and therefore lends itself well to input and ideas
from students and staff.

In addition to payment for participation, as a special incentive, it was promised
that we would forward the most approved proposal to the university’s Pro-Rector
for Digitalization, who would then comment on the proposal and the arguments
relating to it. We then recruited the participants through advertising in lectures,
the student council and personal letters. The majority of participants came from
the Faculty of Natural Sciences at our university.

4.2 Setup and Execution

Both groups had the same topic and the same length for their run. Before start-
ing the experiments, the participants were informed about what features the
application provides and what the special features are. However, the task was
deliberately kept simple. The participants were asked to visit the application
daily, learn about new developments and participate in the process. No guide-
lines were given on how or when to participate. In particular, it was not required
that the novel features of the application had to be used.

The processes took place completely remotely, partly due to the current pan-
demic. Although it is more difficult to observe the process and the participants,
the process is closer to reality.

The processes started on Monday at noon. On Wednesday, there was another
appeal and a brief overview of the current progress. On Friday at noon, the
process ended and we released the questionnaire. At least 15 participants took
part in each of the processes, although in both cases only 10 participants were
actually active during the entire week like planned.

During the processes we fixed software and minor quality-of-life issues, like
improved loading times and better contrast for people with impaired eyesight,
based on participant feedback and observations, but the rules and content of the
processes were not touched.

In the first experiment, participants had only one approval they could give
to a proposal. If they agreed to another proposal, the approval to the former
proposal was removed. We decided to do this because we noticed in internal,
technical tests that participants tended to just agree to everything. The following
working hypothesis was formulated for this:

Hypothesis 1 Some pressure exerted on participants by the decision-making
mechanism motivates collaboration with other participants.

Participants of the second experiment could approve as many proposals as
they liked. In both cases the winner with the most votes won.
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4.3 Observations in the First Experiment

This made for a more active process, as participants had to think more about
which proposal they wanted to vote for and which proposals they did not. They
could not just approve to everything, a behaviour we noticed in earlier, internal
tests.

It is possible for us to track the changes in votes in order to understand
the voting behaviour of the participants. This allows us to observe and answer
questions such as: Do participants stay in one strand of proposals or do they
switch back and forth?, Are participants more likely to shift their approvals to
newer, developed proposals?.

Based on the final survey and feedback during the process, we noted that
some participants have found the voting procedure unfair or dissatisfactory, as
they have had to take a risk with their vote to support a new proposal they like
better. Hurting their current favourite proposal by giving their only approval to
the new proposal with fewer votes.

Although vote splitting is not a new problem, in our public, live voting system
it is directly experienced by the participants and thus poses a bigger problem.
An open, live voting system makes strategic voting more visible and thus also
the advantages and the disadvantages it entails.

We have thus made the following hypothesis for the next iteration of our
system:

Hypothesis 2 The voting mechanism is highly influential to the satisfaction
with the decision result in our system.

Based on this knowledge we ran the second experiment with simple approval
voting. Each participant can give as many or as few approvals as they want.
Approval voting, which is a cardinal voting method, is immune against vote
splitting [7]. This removes the risk for participants to vote for a new proposal
that has not yet received much attention.

4.4 Observed Differences in the Use of Our New Features

Figure 4 shows the proposals and relations between parents and children that
emerged during each experiment. It can be seen that in the first experiment much
more use of our tools to develop proposals was made, with the same number of
participants and proposals.

We therefore assume that our original Hypothesis 1, that more collaboration
takes place with a little pressure, is pointing in the right direction. Although this
behaviour can be attributed to chance with the low numbers of participants, we
believe that the difference in behaviours is significant enough to support our
hypothesis.
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Fig. 4: Proposals and their relations made by participants in the two experi-
ments.
Left: First experiment with plurality voting. (3 merges, 6 forks, 5 independent)
Right: Second experiment with approval voting. (1 merge, 3 forks, 11 indepen-
dent)

4.5 Survey Results

The final survey that both groups completed after their process, consists of
several sections with different statements. Participants should indicate how much
they agree with these statements. We used a Likert scale [5] from 1 (strongly
disagree) to 5 (strongly agree).2

The topics of the sections are:

S1. First encounter with the application.
S2. Feelings regarding the outcome.
S3. Statements about the process in general.
S4. Statements about argumentation.
S5. Statements about forks.
S6. Statements about merges.

Both groups do not differ significantly in their answers except for statements
in one section. Overall the reception to the experiment, the application and the
features it comes with was positive. The biggest criticism of the application by
the participants was the confusing nature given a larger number of proposals
or arguments. There was a wish for clearer indications of which proposals came
from which other proposals.

Questionnaire-Section S2., about the participants feelings regarding the out-
come, had significantly more positive grades with the second experiment, where
participants had unlimited approvals. We compared the statements of both
groups with a two-sided t-test for different variances [9], due to our low n of
10 and 12 respectively. The values are presented in Table 1.

2 The full, translated data, can be found here: https://link.cs.hhu.de/
data-ebbinghaus22 collabproposal.

https://link.cs.hhu.de/data-ebbinghaus22_collabproposal
https://link.cs.hhu.de/data-ebbinghaus22_collabproposal
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Table 1: Comparison the statements in question-section Item S2. of the first ex-
periment with a single approval and second experiment with multiple approvals.
1 = strongly disagree, 5 = strongly agree

Plurality Approval
Statement n Avg. Var. n Avg. Var. p(TT)

I am satisfied with the outcome of the decision. 12 3,75 0,75 10 4,70 0,23 0,005
I think my opinion contributed to the final decision. 12 3,50 0,64 10 4,60 0,49 0,003
I find my opinion reflected in the decision. 12 3,67 1,15 10 4,70 0,23 0,009
I think my voice was heard. 12 4,00 0,73 10 4,80 0,18 0,011
I felt the process was fair. 12 4,00 1,64 10 4,80 0,18 0,061
I think I was correctly informed about the process. 12 4,50 0,45 10 4,70 0,90 0,584
I think the decision is a joint product of everyone. 12 3,75 1,48 10 4,80 0,18 0,014

The clear difference in the results of the two experimental groups reinforces
our belief that the perceived fairness of a voting system used is a key determinant
of satisfaction with the process and outcome of a process in our application. We
accept Hypothesis 2. This should therefore be considered and investigated in
further research.

5 Conclusion and Future Work

In this paper, we have shown a system with features that provide participants
in a decision-making process with tools for developing proposals together.

We have shown that these features are understood and used by participants.
However, we have also learned through the second experiment that such a system,
in its current state, needs to encourage participants to collaborate.

In our first experiment, this happened involuntarily due to constraints in the
voting method. Participants were motivated by the characteristics of the voting
method not to deviate further from the currently strong proposals and therefore
tend to stick with the existing ones. By being limited to one approval, exploring
new proposals became a risk for participants. Although effective, we believe this
is not good for future processes because it goes against our overarching goal of
providing the tools to make more and better proposals.

A suitable methodology to encourage participants to cooperate and at the
same time provide a voting process that is perceived as fair is thus indispensable
for further research on this system.

We believe that the system itself could provide more guidance and advice
to participants in a process. Currently, the system itself is not smart, it does
not actively support participants, e.g. by recommending suitable proposals or
worthwhile coalitions. We have already made first attempts in this direction.
By using a public, iterative voting method, the system already has information
about which voter groups support which proposals during a decision-making
process. This can be used for collaborative filtering, among other things, in the
future.
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