Heinrich Heine
University
Dusseldorf .

Iterative Proposals in Online

Decision-Making

Inaugural-Dissertation

zur Erlangung des Doktorgrades
der Mathematisch-Naturwissenschaftlichen Fakultat
der Heinrich-Heine-Universitat Diisseldorf

vorgelegt von

Bjorn Ebbinghaus

geboren in

Remscheid

Diisseldorf, September 2025



aus dem Institut fiir Informatik

der Heinrich-Heine-Universitat Diisseldorf

Gedruckt mit der Genehmigung der
Mathematisch-Naturwissenschaftlichen Fakultat der

Heinrich-Heine-Universitit Diisseldorf

Berichterstatter:
1. Prof. Martin Mauve
2. Prof. Dorothea Baumeister

Tag der miindlichen Priifung: 12.02.2026



Abstract

This work addresses the question of how large groups of people can use today’s technologies to

improve their collective decision-making by enhancing their ability to refine proposals.

Making collective decisions online is challenging when large and diverse groups of people
are involved. Although traditional tools such as comment sections and polls help to gather
opinions, they often fail to support the refinement and development of ideas. This dissertation
examines ways in which online decision-making processes can be enhanced by systems that

enable participants to collaboratively develop and evolve proposals.

First, the work presents a system in which users can build on each other’s proposals, inspired
by version control systems. This structure enables improvements, alternatives and coalitions
to be expressed as new proposals with explicit relationships. A user study was conducted to
observe the effect of different voting schemes on participation. The results showed that live

feedback can influence strategic behaviour and satisfaction with outcomes.

Next, this work introduces a second system that incorporates structured mechanisms to support
scalability and manage proposal complexity. Here, techniques adapted from software develop-
ment allow participants to freely explore ideas while ensuring coherence and ease of navigation
throughout the process. A merit-based model enables collaboration to occur without the need

for central moderation.

Finally, a metric for measuring group progress during deliberation is presented. This metric can

provide participants with feedback and highlights areas of convergence or divergence.
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Zusammenfassung

Diese Arbeit befasst sich mit der Frage, wie grofle Gruppen von Menschen die heutigen Techno-
logien nutzen kénnen, um ihre kollektive Entscheidungsfindung zu verbessern, indem sie ihre

Fahigkeit zur Verfeinerung von Vorschlagen verbessern.

Die Online-Entscheidungsfindung stellt eine besondere Herausforderung dar, wenn grofle und
heterogene Gruppen von Menschen beteiligt sind. Zwar helfen traditionelle Tools wie Kommen-
tarbereiche und Umfragen dabei, Meinungen zu sammeln, doch unterstiitzen sie oft nicht die
Verfeinerung und Weiterentwicklung von Ideen. In dieser Dissertation werden Moglichkeiten
untersucht, wie Online-Entscheidungsprozesse durch Systeme verbessert werden kénnen, die es

den Teilnehmern erméglichen, Vorschlage gemeinsam zu entwickeln und weiterzuentwickeln.

Zunichst wird ein System vorgestellt, in dem Nutzer auf den Vorschldgen anderer aufbauen
konnen. Es ist von Versionskontrollsystemen inspiriert. Diese Struktur ermdglicht es, Ver-
besserungen, Alternativen und Koalitionen als neue Vorschlidge mit expliziten Beziehungen
auszudriicken. In einer Nutzerstudie wurde der Einfluss verschiedener Abstimmungsschemata
auf die Beteiligung untersucht. Die Ergebnisse zeigten, dass Live-Feedback das strategische

Verhalten und die Zufriedenheit mit den Ergebnissen beeinflussen kann.

Anschlieflend wird ein zweites System prasentiert, das strukturierte Mechanismen zur Unter-
stiitzung der Skalierbarkeit und Verwaltung der Komplexitit von Vorschldgen beinhaltet. Hier
ermoglichen Techniken, die aus der Softwareentwicklung adaptiert wurden, den Teilnehmern,
Ideen frei zu erkunden, wahrend gleichzeitig die Koharenz und eine einfache Navigation wah-
rend des gesamten Prozesses gewéhrleistet werden. Ein leistungsorientiertes Modell erméglicht

die Zusammenarbeit, ohne dass eine zentrale Moderation notwendig ist.

Abschlieflend wird eine Metrik zur Messung des Gruppenfortschritts wahrend der Beratung
prasentiert. Mithilfe dieser Metrik konnen die Teilnehmer Feedback erhalten und Bereiche der

Konvergenz oder Divergenz identifizieren.
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Chapter 1

Introduction

Although the internet has made it easier than ever for people to connect, it has also brought its
own set of challenges. The relatively low barrier to connectivity enables unimaginable numbers
of people to communicate in unprecedented ways. The challenge now is to communicate

efficiently. It is not enough for people to be connected; they must also be interconnected.

Making decisions in groups has always been a complex task, and the desire to include more voices
only adds to this complexity. However, it is essential to involve a wider range of participants if
decisions are to be fair, representative, and accepted by those affected by them. The resulting
diversity of opinion and experience can lead to better outcomes—but only if it is managed

well.

Online group decision-making processes aim to meet this challenge by enabling large numbers
of people to contribute, debate and reach shared conclusions. However, the tools commonly
used in these processes—comment sections, voting interfaces and polls—often fall short. While
they can collect input, they do not necessarily facilitate understanding between participants,

resolve disagreements or achieve consensus.

In order to facilitate meaningful group decision-making, systems are required that not only
collect opinions, but also help to shape them. These systems must provide participants with
ways to engage with each other’s ideas and refine and combine proposals without becom-
ing overwhelmed. At the same time, they must be transparent and intuitive enough to give

participants a sense of control and make them trust the results.

This thesis explores how decision-making systems can be designed to support these goals. It
examines how such systems can guide users without dominating the process, and how design
choices—such as the presentation of proposals or the provision of feedback—can influence

both the quality of outcomes and user satisfaction. Based on real participation processes and
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the development of new tools, this work aims to identify the factors that facilitate effective
online collaboration and propose scalable solutions for real-world systems involving numerous

participants.

1.1 Research Questions

How can online decision-making and deliberation processes be improved?

The overarching theme of this thesis. Today’s technology offers unprecedented speed, scale, and
opportunities for participation in online processes. However, while this can be empowering, it is
crucial that these processes are accessible to all; otherwise, there is a risk of creating or widening
the digital divide (NTIA, 1999). Conversely, we are still in the early stages of understanding

how an always-connected world can influence society.

How can iterative proposal development be enabled or supported?

This is the specific focus of this work. Decisions are only as good as the alternatives from which
they are made. However, current systems often treat proposals as static inputs rather than
evolving ideas. Encouraging participants to collaborate in developing and refining proposals
can lead to better outcomes and foster a stronger sense of ownership of the results (Lachapelle,
2008).

What design requirements are there for iterative decision-making systems?
How can a system be both open and reliable? How can guidance be provided without limit-
ing creativity or participation? Key design questions include ensuring transparency, fairness,

accountability and participant autonomy without introducing unnecessary complexity.

How can iterative decision-making systems be kept manageable and scalable?

How can participation be kept productive when many users are involved? What can be done
to prevent decision-making system from becoming overwhelming or inefficient with larger
numbers of participants? This work explores how structural mechanisms, such as organizing
contributions, managing conflict, and reducing redundancy, can help maintain usability as

participation increases.
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1.2 Contributions

This work’s central contribution is the development of systems that support structured, iterative
decision-making in online participation processes. Rather than limiting participants to static
voting or open-ended commenting, the focus is on enabling them to actively iterate and refine

proposals over time.

To this end, a system was designed, implemented and evaluated that enabled proposals to be
derived from each other. The evaluation included two trials with paid participants under slightly
different conditions. One of the lessons learned was that participants should be given enough
freedom to experiment with new proposals, while also ensuring that the process is not too
lightly regulated, as this can lead to the system quickly becoming overwhelmed with short-
term contributions. Participants should be given as many options as possible, but the resulting

complexity should be hidden as much as possible without active moderation or censorship.

Based on experience gained from practical user testing of the first application, a second system
was designed. This system adapted well-known Version Control System (VCS) techniques in a
novel way to form the basis of scalable deliberation processes. Improvements over the first system
mainly concerned the ability to provide users with a powerful yet user-friendly mechanism for
managing collaborative work on proposals. The tools provided can function in the same way as
traditional deliberation processes in the base case, with incremental enhancements for users
willing and able to commit to the process. This new system addresses the need for regulation
through a meritocratic system, whereby other users always have the option of creating their

own proposal to avoid being locked in.

A further major contribution is a metric that measures the progress of the decision-making
process. This provides participants with immediate feedback and guidance, indicating whether
the group is moving towards or away from consensus. The metric also enables the system to
suggest potential next steps or highlight areas where collaboration could be beneficial. To this
end, a number of desirable characteristics were developed and rationalized, and it was explained
why these characteristics should influence the score. This was deemed necessary to ensure that

the solution reflects the intuition of participants in the decision-making process.
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1.3 Outline of the Thesis

The next two chapters present related work. The first of these, Chapter 2, provides a general
overview of the subject area, including related software and techniques. This is followed by a
presentation of work closely related to this thesis in Chapter 3, which leads directly into its

developments.

After that, Chapters 4 and 5 are about the development and exploration of software applications
to support decision-making and online deliberation scenarios. Chapter 4 is the first publication
and presents the initial prototype of an iterative proposal system. This was developed in response
to an observation made during the previous participation process (Section 3.2), namely that,
while participants often build on each other’s ideas, improved versions of proposals tend to get

lost. The system enables participants to generate new proposals explicitly from existing ones.

The work in Chapter 5 is a direct continuation of the work in Chapter 4. It introduces a new
system that addresses the original application’s scalability problem. The new system uses

techniques from VCSs to keep the number of proposals manageable.

Chapter 6 presents a metric for quantifying the coherence in parties of participants. This is
intended as a tool to measure progress towards consensus and to guide participants in forming

effective coalitions.

Chapter 7 discusses key design choices and issues, structured around themes shaped by the

work’s objectives and constraints.

Lastly, Chapter 8 draws a conclusion and provides suggestions for future work.



Chapter 2
Related Work

This chapter provides an overview of the related work that forms the basis of this dissertation.
It is organized into two main sections. Online Deliberation tools and Computer-Supported
Cooperative Work (CSCW) in the context of Version Control System (VCS).

2.1 Tools for Online Deliberation

Online deliberation is the use of digital platforms to facilitate organized discussion, decision-
making, and group problem-solving. It is commonly employed in politics, policy formulation,
civic engagement and workplace decision-making. Unlike casual online chat, online deliberation
focuses on logical arguments and fact-based discussions. Many platforms include moderation,
structured formats, and voting features to improve the quality of discussions (Davies and
Gangadharan, 2009).

With the growing reach of the web and the increasing digitization of government functions
around the world (United Nations Department of Economic and Social Affairs, 2024), there is a
growing interest in using the web to improve democracy by involving citizens more directly.
Groups often make better decisions than individuals (Surowiecki, 2004). However, coordinating
these groups to make these decisions can be quite difficult, especially when the web allows these
groups to be physically and temporally separated. Online deliberation has been successfully

applied in participatory budgeting, citizen assemblies, and collaborative policymaking.
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2.1.1 LiquidFeedback

LiquidFeedback1 (Interaktive Demokratie eV, 2014; Kling et al., 2015) is an open-source, delib-
erative democracy tool designed to facilitate collective decision-making within organizations,
political parties, and communities. It provides a platform where participants can propose, discuss,

and vote on issues across four phases:

Admission Phase The first phase is used to gauge interest in the issue at hand. At least one
proposed alternative initiative—a proposed solution to the issue—must have a quorum for

the issue to proceed; otherwise, it will be closed.

Discussion Phase The alternative initiative is discussed in the second phase. During this
phase, initiators of these initiatives can make changes to them. Supporters of an initiative
can suggest changes to it. Notably, these suggestions can be used as a conditional support
for the initiative, where the supporters can mark suggestions as mandatory or undesirable

to be implemented in order for the support to count.

Verification Phase During the penultimate phase, initiatives are frozen and must achieve a
quorum to proceed to the final voting phase. This ensures that only relevant initiatives

are presented to the other participants, who can then vote on them.

Voting Phase In the final phase, everyone in the system can vote for or against the remaining

initiatives using a preferential voting system.

The second and third phases are very similar to the aims of two of the papers presented in
Chapters 4 and 5. In the second phase, there is also an emphasis on continuing to work on
the proposals rather than merely discussing them. The procedure by which the initiator of an
initiative incorporates suggestions for improvement is similar to that presented in Chapter 5,
except that in LiquidFeedback, participants only contribute short ideas, whereas in Chapter 5,
participants propose a new version of the aforementioned initiative, which can in principle be

regarded as their own initiative.

LiquidFeedback also places a strong emphasis on its voting scheme: liquid democracy (Paulin,
2020). This is a system of delegated voting, whereas the voting phase in this work received less

attention.

https://liquidfeedback.com/
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2.1.2 Loomio

Loomio? is also an open-source decision-making platform for groups. It is aimed more at smaller
groups, such as councils or working groups. At its heart is a traditional forum-like discussion
format organized into threads. In addition to this discussion environment, participants can
create proposals, which represent a decision-making instance. These proposals can be used
with different templates, which mainly differ in terms of the response options available to

participants.

Unlike LiquidFeedback and the proposals of this work, decisions are not the central focus of
Loomio, nor are they organized into processes aimed at decision-making. In Loomio, decisions
are based on alternating discussion and feedback/decision stages in the form of proposals, which

are repeated until the desired group outcome is achieved.

2.1.3 Decidim

Decidim? is a participatory tool designed for large-scale policy deliberations. Like many similar
tools, it consists of modules that can be activated or deactivated according to the organizer’s

requirements.

The Proposals module offers several methods for supporting collaborative work on proposals,

which can be used simultaneously.

Amendments Amendments allow participants to request changes to an existing proposal.
Depending on the settings, these requests are either public or only visible to the author

of the original proposal, who must review and accept them.

Collaborative Drafts This feature enables participants to request editing access to a new draft
proposal, which can then be refined by a small group. All participants are eventually listed
as authors. As the name suggests, this feature is intended for use before the proposal is
published.

Participatory Texts When using Participatory Texts, the entire process revolves around a
shared text, typically a legislative document, with sections that can be edited indepen-

dently. In this mode, individual sentences or paragraphs function as standalone proposals.

*https://www.loomio.com/
*https://decidim.org/
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Although these options are designed to improve proposals, participants have little support from
the system’s mechanics and there is a lot of external moderation control, the organizer of the

participation process must explicitly enable these features.

2.1.4 Deliberatorium

Deliberatorium (Klein, 2007, 2011; Klein and Iandoli, 2008) is an application of argumentation
systems for deliberation in large-scale scenarios. It uses structured arguments to break complex
issues down into smaller parts that can be solved individually. Participants can suggest ways
to address the main issue, which can then be debated for and against. Most importantly, new
issues can be added specifically to that proposal, which can then be addressed with its own

proposals and arguments. An example of this is shown in Figure 2.1.

Deliberatorium aims to solve issues through pure deliberation, rather than ‘mechanical’ help,
such as voting. Its goal is similar to that of Chapters 4 and 5 which explore and iterate on many

proposals to improve the outcome of the process.

Issue How should we fight the climate crisis?
Proposal By reducing our CO, emissions.
Reducing CO, is a great first step.
Issue How do we reduce our CO, emissions?
Proposal By reducing the number of flights.

Con Flights are a fast and convenient way of travel.

Figure 2.1: Example of an argumentation that gets broken down in the Deliberatorium.

2.1.5 Pol.is

Pol.is* (Megill, 2016; Small et al., 2021) is an online platform used to collect and analyse short
statements from participants. Users can vote statements up or down, but cannot respond directly
to others. This structure is intended to keep discussions focused on individual contributions

rather than back-and-forth replies.

*https://pol.is
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The platform groups participants based on similar voting patterns. These groupings are visual-
ized and used to highlight areas of agreement and disagreement within the participant pool.
Unlike tools such as LiquidFeedback or Loomio, Pol.is does not structure the process around
phases or editable proposals. Its focus is on mapping opinions rather than guiding participants

through a decision-making workflow.

Pol.is has been used in various civic and governmental contexts, including in Taiwan, to collect
input on public policy topics. The platform’s features are designed to support large-scale

participation and quantitative analysis of group sentiment.

2.2 Computer-Supported Cooperative Work using Version

Control Systems

VCSs are the de facto way of collaborating on software development. They manage different
versions of a file throughout its life cycle. The entire change history is retained and navigable.

This makes it possible to revert to an earlier version at any time.

Git® s a distributed Version Control System designed to help teams collaborate on projects
by tracking changes and managing different versions of files. Unlike centralized systems, Git
allows each team member to have their own local copy of the project, enabling them to work
independently and subsequently merge changes. This approach helps avoid conflicts and ensures
that everyone’s contributions are preserved. GitHub®, built on top of Git, adds a layer of
collaboration by providing a platform for hosting and sharing Git repositories. It provides project
management features such as pull requests, issue tracking and project boards to help teams
communicate and organize their work. GitHub’s interface and collaborative tools facilitate code
review, improvement suggestions and consensus building on changes, fostering a collaborative

environment for small and large teams working on complex projects.

Collaborative Text Editors These editors allow multiple users to write and revise content

together, often in real time. They combine live editing features with mechanisms to review and

*https://git-scm.com/
®https://github.com
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restore earlier versions of documents. Google Docs’ supports real-time editing and automatically
tracks all changes, offering the option to name and restore previous document states. Overleaf®,
a collaborative IKIgX editor, builds on Git-like versioning principles, enabling researchers to
collaborate in real time while maintaining a detailed revision history of the document. Etherpad®
is an open-source editor that enables real-time collaboration and includes a built-in revision

history, allowing users to easily review and navigate past edits.

Design and Visual Collaboration Tools Design and visual collaboration platforms enable
teams to work together on graphical content. These tools often include versioning features to

facilitate experimentation, review, and coordination. Figmalo

is a widely used design platform
that allows multiple users to edit shared design files concurrently. It supports branching, enabling
users to explore design changes in isolated versions before merging them back into the main
file. Miro!! provides a collaborative whiteboard environment tailored for brainstorming and
planning activities. Its board history features allow teams to revisit earlier stages of their work.
Excalidraw!? offers a lightweight collaborative whiteboard experience focused on sketching

diagrams and informal visuals with support for real-time editing and version history.

Project Management Tools These tools facilitate structured collaboration by organizing
tasks, tracking progress and maintaining change histories. Their versioning mechanisms help
teams to coordinate effectively and reflect on how their processes evolve. Jira'®> maintains
detailed issue histories and logs changes to tasks, priorities, and assignments, helping teams to
coordinate their work and review project progress collaboratively. Trello'* facilitates collabora-
tion through a shared task board that records changes to cards and workflows, enabling users

to track the evolution of projects over time.

Making version control more accessible to non-technical users is an ongoing challenge. Potential
improvements include features such as automatic conflict resolution, Al-assisted change tracking

and context-aware versioning. The goal is to refine Version Control Systems to fit more real-time

"https://docs.google.com/
8https://www.overleaf.com/
*https://etherpad.org/
Yhttps://figma.com/

https://miro.com/
2https://excalidraw.com/
Bhttps://www.atlassian.com/software/jira
Yhttps://trello.com/
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collaboration models more effectively, while retaining the benefits of a structured history and

rollback capabilities.

In addition to sequential versioning, many systems support simultaneous work on multiple
versions in parallel, as well as providing tools for merging these versions. This enables efficient
collaboration on a large scale. There is ongoing research into how advanced features can be
utilized more extensively in collaborative work, such as writing (McKelvey et al., 2023; Weidner,

2023) or research, like Litt et al. did in their work on Patchwork.

Patchwork Patchwork (Litt et al., 2024) is a recent research project that explores the general
application of Version Control Systems in everyday software, such as text editors and drawing
applications. Particular emphasis is placed on providing an easy user experience and enabling
collaborative use of the features. Context-based grouping of changes is introduced to simplify
the edit history by collapsing edits based on information such as author, time, or manually

defined milestones.

The authors also present an initial proposal for a commenting system that uses the time and
location of an edit to anchor comments. This allows the comment to be displayed only in later
versions that contain the relevant text. The challenge of discussing potentially different versions

of the same entity is discussed in more detail in Chapter 5.

11



Chapter 3

Preliminaries

This chapter provides an overview of the background and motivation behind the topic of this
thesis. It stems from a history of research aimed at developing software systems that enable
large-scale, asynchronous communication, particularly in the context of structured discussions
and collaborative decision-making. While it does not attempt to cover the entire field, the
chapter only outlines the progression of ideas and systems that have directly influenced the

design decisions and research questions explored in this work.

3.1 Formal Argumentation with D-BAS

Argumentation systems structure discussions by structuring arguments and statements as a
graph, where edges define logical relationships, such as attacks or support for arguments. While
this gives arguments a formal structure that is easy for machines to process and reason about,
it can be difficult for untrained users to grasp due to its comparatively novel, non-sequential

nature.

The Dialog-Based Argumentation System (D-BAS) (Krauthoff, 2018; Krauthoff et al., 2016, 2018)
was developed to address this by integrating argumentation graphs with a dialog-based interface.
Rather than displaying the unfamiliar graph, D-BAS guides users with the use of chat like
interface. This interface enables D-BAS to function as a virtual argumentation partner. Users are
guided through a series of contextually relevant questions and answers, simulating a cooperative
debate. Each turn in the dialogue corresponds to traversing the argument graph, making the
underlying structure accessible while reducing cognitive load. The interaction cycle the users
are in is shown in Figure 3.1. Using D-BAS as a proxy also enables discussions to scale efficiently

without the need for direct user-to-user interaction.

12
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Present argument

/ N\

Select next argument User reacts to argument

"\/

Figure 3.1: Circular process of argument presentation and user interaction in D-BAS.
Graphic adapted from “Rethinking Online Discussions” (Meter, 2020).

3.2 Decision Making with Argumentation Graphs

During and after the argumentations in D-BAS, questions often arose about the outcome of the
discussion, such as “Who won the argument?”. Although not every argument requires a definitive
conclusion, we recognized the need to explore whether and how structured argumentation

could inform decision-making processes.

This was the topic of a subsequent master’s thesis (Ebbinghaus, 2019). In this work, a large-
scale experiment was conducted in which students at the Department of Computer Science at
Heinrich Heine University Diisseldorf participated in a participatory budgeting process. The aim
was to democratically allocate institutional funds to improve teaching conditions by collecting,

discussing and prioritizing competing proposals with the help of structured argumentation.

For this purpose, D-BAS was modified and extended to accommodate not only argumentation,
but also proposal formulation, favourite selection and prioritization. The resulting platform was

called decide and implemented a three-step approach to the decision-making process.

Step 1 First, participants submit proposals, including an estimated cost (shown in Figure 3.2a).
All participants then use dialog-based argumentation to argue about the validity and
priority of the proposals. This phase accounted for a significant proportion of the overall

process time. Submitting new proposals is possible at any time.

Step 2 The second step is to validate the proposals. This means that in our specific experiment
we checked whether there were any reasons why one of the proposals could not be

implemented, even if the proposed resources could be allocated to it. For example, one

13
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proposal required significant construction work, which was not feasible. The remaining

proposals, together with their supporting arguments, then proceeded to the next stage.

Step 3 Finally, participants prioritize the proposals. First, they select the proposals they wish to
support. They then rank these proposals according to their own priority (see Figure 3.2b).
At this stage, the arguments attached to the proposals can be viewed and extended, but
no new proposals can be created. The final result is then computed using a truncated

Borda count, followed by a greedy collection of proposals that fit the budget.

Ultimately, 165 students participated in the process, of whom only 52 took part in the argumen-
tation phase. We demonstrated the system at Comma 2020". The three steps and figures in this

subsection are taken from the accompanying abstract (Ebbinghaus and Mauve, 2020).

Your List of Priorities

I want to talk about the position... Please sort them descending. You are invited to choose more then the budget would allow.

I am in favor of the EC computer room needing new hardware, especially

invest more in out IT infrastructure. (ca. 142 €) V' peripherals.
® Neither of the above, | have a different idea. v €4000

Other Proposals

Choose the proposals that are important to you and leave the others.

x '|C7 | Itis proposed that every graduate of ProPra 1 + 2 should get a €20,000
J certificate.
| want to make the proposal, that o«
we should do something .
& Itis proposed that a program accreditation semiar be organized for the €1,500
J student accredetation pool.
because v
this is a reason for it For this speaks, that ...
) ... student members should be trained to familiarze themselves @ Discuss
It has an estimated cost of with the process. iscuss

€ 2000

. '|C7 | Itis proposed that every graduate of ProPra 1 + 2 should get a €150
EEVERNVASIEIEIN DT Criteria for a good proposal = certificate.
v

(a) Interface for entering new proposals into D-BAS. (b) Participants can accept proposals at the bottom
A dedicated page explained to participants what and then prioritize the selected proposals at the
constitutes as an acceptable proposal. top. The proposals can also be expanded to show

arguments for and against them, together with
a direct link into the argumentation.

Figure 3.2: Examples from decide’s user interface.

'Recording of the demo: https://link.cs.hhu.de/decide-demo-video
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3.2.1 Observations and Findings

During the argumentation phase of the process, participants argued for and against the various
proposals. As the argumentation system tried to find counter-arguments automatically, tending
towards confrontation and always demanding a new counter-argument, the discussions about
some proposals often took the form of “I disagree because...” or “Yes, but...”. Participants were
alerted when an argument was made against their proposal or argument, and could enter the
argument at that point, again providing a counter-argument to defend their original claim.

Participants argued back and forth as follows:

Proposal We should do X.
= That won’t work for reason Y.

= This could be solved by changing Z.

As with similar participatory processes, comments (or, in this case, arguments) made after
the initial proposal did not have the same level of importance or influence on the process.
Arguments could be made for and against, but ultimately it was the original proposal that was

voted on, while the argumentation only served to inform and form opinions.

In some cases, proposals were moderated between the argumentation and voting phase to
incorporate improvements suggested during the argumentation stage. This manual process was
not suitable for larger participatory processes and would have added a considerable amount of
work. Furthermore, this manual intervention failed to address certain issues and introduced

new ones.

Firstly, the introduction of an external moderator to oversee the argumentation process and
determine how the proposal was drafted raises questions of independence and impartiality. The
task was not only to incorporate the necessary improvements from the argumentation, but also
to decide how the changes should be formulated or even interpreted. This creates the risk of

unintentionally or intentionally changing the original proposal.

Secondly, it is not unusual for a proposal to lead to multiple counter-arguments with different

and sometimes mutually exclusive proposals for resolution. Example:

Proposal We should buy a car.
= A red car would work best!

= Blue is a good colour for a car.
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Depending on the circumstances, this can be resolved in different ways.

1. One argument wins over the other.

2. A compromise can be found.

The second option can be considered an extension of the first, whereby the compromise (a third
argument) would take precedence over the original arguments. However, it would be even more
difficult for the participants to make this compromise as an argument because of the capabilities
of the argumentation system. In any case, a moderator would need to judge which argument is

the most convincing, which is a highly subjective task.

Finally, there is the case where the conflict cannot be resolved. In this situation, rather than
choosing, a moderator must split the proposal and create an additional candidate for the final
ballot. This raises a number of other issues. If the proposal is split after the argumentation stage,
participants do not have a chance to make adjustments. This may result in proposals where
the participants would have preferred to make more substantial changes if they had been able
to do so during the process. Any compromises that one of the participants has made would
be irrelevant after the split, as they would not have had to compromise at all if the proposal
had been split earlier. Additionally, since the two new proposals are likely to be very similar in
content, this could lead to vote-splitting problems or incompatibility constraints, depending on

the voting system.

These observations and findings during and after the argumentation lead directly to the de-
velopment of techniques for managing proposals and their evolution in large-scale online

participation processes. This was the motivation for the first publication in Chapter 4.

16



Chapter 4
Better Decision-Making through

Collaborative Development of Proposals

Bjorn Ebbinghaus and Martin Mauve
“Better Decision-Making Through Collaborative Development of Proposals”
DporI: 10.1007/978-3-031-05544-7_2

In: HCI International 2022 Proceedings. Vol. 26: HCI in Business, Government and Organizations,
pp. 11-23. 9th International Conference, HCIBGO 2022. Held as Part of the 24th HCI
International Conference, HCII 2022 (Virtual Event, June 26-July 1, 2022)

Acceptance Rate: ~ 57.8%

This chapter discusses collaborative online participation processes where participants can iterate
on proposals. Often the means of collaboration are voting and, more importantly, comments.
Comments are a basic feature of the Internet—and even predate it. In a process comments, at
best, clarify outstanding questions that some participants may have about a proposal. At their

worst, they are filled with hatred and useless partisanship.

Sometimes comments highlight real issues with a proposal, whether they are fundamental
flaws or just matters of opinion. This type of comment is extremely valuable. However, there is
usually a gap in functionality: on one hand, participants can make proposals; on the other, they
can leave comments. Changes to or concerns with proposals remain as simple text snippets and
do not enter the decision-making process as actionable entities. What is missing is an easy way
for participants to independently iterate on proposals, and to take ideas from the comments

and turn them into new proposals that are actually considered in the process.

This opens up participation processes to the risk that valuable ideas are lost in long threads or
dismissed as mere feedback rather than as a basis for further refinement, as happened in our

participation process (Ebbinghaus, 2019).
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4.1 Contributions & Results

To address these issues, we have developed a proof-of-concept web platform!, where users
can derive new proposals from existing ones. This allows participants to build on each other’s
ideas and turn discussions into actionable proposals. The user interface is specifically designed
for proposal iteration, with features such as a step-by-step merging interface and situational

call-to-actions to help participants navigate the unfamiliar system.

Participants can also vote on proposals. These votes are counted live and used by the systems

to suggest areas where collaboration or compromise between proposals might be fruitful.

Both the idea and the software were evaluated using experiments with different voting con-
figurations involving groups of students. One group used limited (plurality) votes and the
other used unlimited (approval) votes. During the experiment, the participants’ actions were
recorded and analysed. This made it possible to track voting behaviour and the creation of
proposals. In addition, the students were asked to fill in a questionnaire afterwards, asking
about their subjective experience with the system, especially regarding the perceived fairness

of the outcome and their influence on it.

We found that live voting during the iterative proposal development process had a significant
impact on the way proposals were made. During the experiment, participants in the group with
limited votes were more reserved in their voting and in creating derivative proposals. New
iterations of proposals became a risky endeavour because of vote splitting. Because the vote
was live, participants could see the effect immediately, which hindered the development of

proposals and ultimately resulted in significantly lower user satisfaction with the outcome.

Personal Contributions

Bjorn Ebbinghaus was responsible for the central ideas, implementation and execution of the
experiment and the surveys. Martin Mauve acted as an advisor during the conception and

writing stages.

'The decide3 application is open source and the code can be found here: https://link.cs.hhu.de/decide3-repository.
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4.2 Impact on the Thesis

The new system achieved the goal of generating new, improved proposals, but unfortunately this
quickly became a usability issue. Because the decision platform was designed to be egalitarian,
with little need for moderation, it was not possible to determine whether a new proposal was
genuinely an improvement. The original idea behind limited plurality voting was to force
participants to regularly change their vote to indicate outdated proposals. Instead, votes could
not be used to indicate the relevance of proposals, forcing the system to display multiple
related—and therefore very similar—proposals to participants. This resulted in the system being
difficult to scale to larger amounts of participants, making it practical only in disciplined expert

rounds or short-lived processes.

Further research is needed into scalable decision-making systems that allow public online
participation processes and have the necessary features for advanced collaboration, while
protecting participants from becoming overwhelmed. This is the main motivation behind the
forthcoming Chapter 5, which describes a system that appears more meritocratic and familiar
to participants at first glance, but which allows users greater flexibility in developing and voting

on proposals.
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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.

Keywords: Online-Participation - Decision-Making - Applications

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.
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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 ar-
gumentation 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.’

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

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

= decide @ A BIRN O

How do we digitalize the HHU?

OVERVIEW  ALLPROPOSALS ~ DASHBOARD ~ MODERATION

C REFRESH | PROPOSALS9 PARTICIPANTS 8 m o= Approvals | ~

THIS IS THE BEST PROPOSAL FOR THE MOMENT

Platforms for digital workflow, but also for everything else, e.g. students' working time accounts
#7 - on 10. Mai 2021, 12:56 - @)

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

Q7 a2

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

ALL OTHER PROPOSALS

Reliable systems for software development Offer digital exercise sessions in basic courses
#6 - on 10. Mai 2021, 12:51 #5 - on 4. Mai 2021,16:17
We need systems that can be relied on. For example, as long as HHU's GitLab is not backed In addition to face-to-face exercises, there should be voluntary digital exercises or tutorials
up, we obviously cannot rely on the repositories being reliably available. That is one of the for basic courses. This would accommodate students who, for various reasons, cannot take
reasons why we use GitHub, for example. part in face-to-face exercises and would have the advantage of not being tied to room
capacities.

@6 a: Q5 as

Lecture recordings Short explanatory videos

#3-on 4. Mai 2021,13:09 #4-on 4. Mai 2021,13:31 - (D

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

24



Chapter 4 Better Decision-Making through Collaborative Development of Proposals

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.

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

New Proposal

Start

Add a new proposal, develop or merge

track every development that ever occurred existing proposals
in the said project. Figure 3 portrays these
relationships. + New

Create a new proposal

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 2
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. Fig. 2: Step by step interface to

Merges, proposals with two or more par- add a new proposal
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.

Develop
)

Develop an existing Proposal
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Independent i+ "Fork” / Improvement Merge / Coalition / Compromise
Proposal A Proposal A Proposal B
Proposal A
WV

Proposal A’ E Proposal AB

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. Tt 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
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leaves the possibility of a draw, especially in processes with fewer participants.
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.
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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
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 promisec
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.
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Participants of the second experiment could approve as many proposals as
they liked. In both cases the winner with the most votes won.

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 7?7 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).?

The topics of the sections are:

S5. First encounter with the application.

S5. Feelings regarding the outcome.

S5. Statements about the process in general.
S5. Statements about argumentation.

S5. Statements about forks.

S5. 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 4.5, 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.
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Table 1: Comparison the statements in question-section Section 4.5 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 0,230,005
I think my opinion contributed to the final decision.|12 3,50 0,64|10 4,60 0,490,003
I find my opinion reflected in the decision. 12 3,67 1,15|10 4,70 0,230,009
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 0,180,061
I think I was correctly informed about the process. [12 4,50 0,45(10 4,70 0,900,584
I think the decision is a joint product of everyone. (12 3,75 1,48|10 4,80 0,180,014

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 7?7 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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This chapter presents improvements to the work presented in Chapter 4. The main concern is
the inevitable proliferation of proposals. Small, incremental improvements could not realistically
be supported, as each change would generate a new proposal, and there was no automatic way
of deciding which proposal should take precedence when displayed. The previous approach
attempted to provide tools for iterative collaboration, but failed to consider accessibility and
scalability for the real world. As a result, it functioned in theory, but not in practice with real

users.

As a consequence, the requirements have been adapted in this contribution. There should still
be no absolute hierarchy in the process, i.e. no external moderation deciding what is important
and what content should be hidden, but the new system recognizes the advantage of having a
controlling instance with (limited) control over part of the collaborative process. Consequently,
the new approach has shifted from a purely egalitarian model to a more meritocratic one, where
participants willing to coordinate the development of proposals implicitly gain control over

them.

The new approach follows the idea of progressive enhancement, whereby novice or uninterested
participants can experience the process as they would any other traditional process, while those

willing to delve deeper can make use of increasingly complex yet powerful features.
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5.1 Contributions

The newly proposed system adopted techniques from field-tested distributed collaboration
systems, namely Version Control Systems (VCSs) such as Git!, which the original system described
in Chapter 4 was already close to. The mechanics and features of VCSs were adapted to the

semantics of collaborative decision-making processes.

The most notable change is probably the idea of separating the content of proposals from their
public facade, which enables the advanced features while hiding the complexity from novice
participants. The decide3 system already stored proposals as immutable entities, including their
relationships to other proposals. This data structure is now hidden—but still accessible—to
participants and contains the content, called the version, while the public-facing proposal is
merely a reference to one of these versions. In this sense, it resembles a directed acyclic graph of
commits in a VCS, where versions are commits and proposals are branches. While this may seem
very technical, especially to untrained users, the system can be used by most, if not all, users
without knowledge of the underlying principles. At its simplest, the process can be thought of

as a traditional decision-making process with editable proposals.

Using this underlying data structure, the work demonstrates how features of VCSs and VCS
platforms such as GitHub? can be used to enhance the collaborative process by enabling
asynchronous work on proposals. It demonstrates how participants can request or propose
changes to existing proposals, and how these changes can be managed in a way that is flexible

enough to ensure that these mechanics do not add too much overhead to the process itself.

Personal Contributions

Bjorn Ebbinghaus developed the central ideas of the work. Martin Mauve acted as an advisor

during the conception and writing stages.

https://git-scm.com/
*https://github.com/
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5.2 Impact on the Thesis & Future Work

This is the most recent work in this thesis and remains untested as of now. Nevertheless, it
builds on the lessons of at least previous works (Ebbinghaus, 2019; Ebbinghaus and Mauve, 2022)

and concepts of VCSs that have been battle-tested in collaborative software development.

Although moving away from a strictly egalitarian model makes the system more pragmatic, it
remains to be seen whether the provided mechanics and implicit power dynamics will ensure
the system remains inclusive. If so, the system would be more open than most current systems,

which do not address these issues.

Future work should focus on testing the ideas in this paper and refining the mechanisms that
guide participation without restricting it. This would ensure that advanced features remain

accessible to motivated non-experts while not hindering more casual users.
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Version Control for Structuring Collaborative
Decision-Making

BJORN EBBINGHAUS and MARTIN MAUVE, Heinrich Heine University Diisseldorf, Germany

The collaborative development of decision alternatives is a complex challenge. Our approach is to apply
mechanisms from a domain that faces similar problems—version control systems used in software devel-
opment. These mechanisms, designed to manage contributions and avoid conflicts, offer valuable solutions
for structuring collaborative decision-making. By adapting these techniques, we propose ways to ensure
effective participation while keeping the process manageable. This paper demonstrates their application and
the necessary modifications for decision-making contexts.

Additional Key Words and Phrases: group decision-making, social computing, online-participation, version
control systems

1 Introduction

The widespread availability of Internet access has given rise to a variety of collaborative decision-
making processes. Entire communities, cities and even countries are trying to involve their citizens
in decisions that would affect them. What was previously only possible in small groups of experts
is now, at least theoretically, possible on a large scale.

One aspect of collaborative decision-making processes is the ability of participants to contribute
their own ideas and proposals. In previous collaborative decision-making processes, this was limited
to participants posting their ideas and others commenting or voting on them. While there have been
some ideas about making the generation of proposals itself collaborative[1], there has been no widely
accepted approach to providing this functionality in collaborative decision-making systems. What
is traditionally done by committees of a few experts now poses a major communication challenge
when done by participants themselves. Proposals generated by untrained participants need to be
vetted and structured for refinement, not by said experts, but by a crowd of co-participants.

Supporting collaborative proposal generation requires some rules and support for what partici-
pants can do. How can a large group of untrained participants systematically create options and
develop them iteratively without the whole process descending into chaos? While it is desired that
all participants have the opportunity to participate, they must not get in each other’s way. If a
participant wants to improve an option, it must not simply be overwritten. At the same time, many
participants may have many ideas for improving a proposal, so how can these be coordinated? No
version of a proposal should be lost, but at the same time there may be many similar proposals.
Participants in an online process interact asynchronously with the system, effectively forming a
distributed system in which it is not certain that all participants are on the same page at all times.

This work explores the usability of version control system (VCS) techniques that have been
successfully used for collaborative software development. The approach of incremental improvement
through iterative steps, combined with a structure that allows almost anyone to participate with
minimal risk, seems a good fit, even if some improvements are needed.

1.1 Related Work

There has been work on collaborative writing tools using VCS, such as Upwelling[4] and Patch-
work[3]. These tools combine real-time collaboration with version control, allowing multiple authors
to work on the same document at the same time. While popular software such as Google Docs also

Authors’ Contact Information: Bjérn Ebbinghaus, ebbinghaus@hhu.de; Martin Mauve, mauve@hhu.de, Heinrich Heine
University Diisseldorf, Group Computer Networks, Computer Science Department, Faculty of Mathematics and Natural
Sciences, Diisseldorf, Germany.

36



Chapter 5 Version Control for Structuring Collaborative Decision-Making

uses versions, which can be described as other VCS features, this is kept simple and is not the main
focus of their design. Most closely related to this work is the proposal by Weidner[5], which outlines
a design for versioned collaborative documents. The proposal combines Google Docs-style real-time
collaboration with Git-style fork-merge collaboration. The author outlines the architecture of a
local-first platform for versioned collaborative documents, outlines the programming model that
programmers would use to support new document types on top of the platform, and discusses the
tools needed to implement the proposal. It focuses more on the technical aspects of the local-first
nature of the system, while this work explores the usability implications of such a system for use
in large-scale collaborative decision-making processes.

2 Version Control Systems

Version control systems are widely used by software developers to manage and track changes to
the files in their code base. It allows developers to collaborate on a project simultaneously while
keeping track of every change made. The most widely used VCS for code today is git!.

Version control systems such as git track changes to files in a project. Developers decide when it
is time to save the latest changes to a set of files, usually when a coherent change to the code base
has been completed. Once these changes have been recorded, developers share them with their
collaborators by publishing the changes to a central platform.

Once a change has been recorded, it is uniquely identifiable and becomes a permanent part of
the history, i.e. a version, of the project. The entire history of all files can be replayed or rewound
by applying or removing these changes from the files one by one. This allows people to follow the
evolution of the code, for example to see when a bug crept in, or perhaps to see in what context
those changes were needed at the time. Both of these features are important not only for software
development, but for many other collaborative projects.

VCSs allow multiple developers to work on the same files at the same time. These systems
minimise conflicts by automatically merging changes when edits are made to separate parts of a
file or to different files. This feature ensures a scalable workflow, allowing projects to involve large
teams working simultaneously without constant manual coordination.

However, these mechanisms are not foolproof when changes overlap in the same part of a file.
In such cases, conflicts arise, and automatic merging becomes impossible. To overcome this, these
systems provide advanced conflict resolution tools.? Developers can review conflicting changes,
understand their context, and manually reconcile differences to maintain a consistent project
history.

These tools have evolved from working with known collaborators to tools that facilitate external
collaboration, inviting people from all over the Internet to contribute their changes and move
a project forward together. And while this depends on a few developers in privileged positions
reviewing and accepting those changes, with the entire history of changes visible to everyone, it is
trivial to make a private copy of a project and continue working on it, while getting updates from
the main project when needed.

Using these features, VCSs like git have proven to be powerful tools for collaboration at scale,
allowing thousands of developers to work together on developing complex software.?

!https://git-scm.com/
Zhttps://git-scm.com/docs/merge-strategies
3https://github.com/torvalds/linux
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- Version|<—/( Proposal | <—| Process

Fig. 1. Iconography. Note that the real relation from child to parent is shown here, while in later figures, the
relations between versions are reversed, i.e. they display them chronologically.

3 Basic Mechanics

Collaborative decision-making processes require a structure that accommodates multiple stake-
holders with different interests and perspectives. For example, in a public participation process, a
local government may propose a new zoning code. The initial proposal outlines changes to land use
in a district, which stakeholders—including residents, business owners and urban planners—review
and discuss. As they make suggestions, such as adjusting building heights or adding green space,
each idea is recorded as a new version, providing a clear history of revisions. If a group of residents
proposes an alternative zoning plan, a new branch is created so that their input can be considered
without changing the original proposal.

During this process, several versions may develop in parallel, each reflecting a different perspec-
tive. For example, while one branch may focus on adjustments to business districts, another branch
may prioritise green spaces in residential areas. Later, if there is agreement, these branches can be
merged into a single proposal that combines both perspectives.

3.1 Proposals and Versions

Proposals are mutable entities in the system and the main entry point for user participation. As
they change, their history should be traceable. For this purpose, proposals consist of a chain of
versions leading to the current version, called the proposal’s head.

A version of a proposal contains its content as plain text or really any appropriate data type and
a set of 0 — n parents. While proposals are mutable, versions are immutable, meaning that once
created nothing about them can change. Neither the contents nor the references. This implies that
these references can only be to existing versions, resulting in a causally directed acyclic graph.

Proposals always explicitly refer to exactly one version, and implicitly contain their history
through the ancestors of that version. A new proposal does not have to be created with a new
version,; it can refer to an existing version. Several proposals can refer to the same version at the
same time. To keep proposal development reasonably simple, proposals are only allowed to move
to a version that is a descendant of the current version, i.e. a previous version can never be removed
from a proposal’s history.

The creation of a new proposal, while transparent to the user, creates a new version containing
the content and a new proposal referencing that version. The proposal is then in the set of proposals
for the process.

Later, if the user wants to change the proposal, a new version is created with the new content,
referencing the previous version. The proposal is then updated to the new version. The resulting
state is shown in Fig. 1.

3.2 Branching and Change Requests

The concepts introduced so far work for single users iterating sequentially on proposals. But the
aim of the system is for multiple users to collaborate simultaneously.
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Once one user has created a proposal, another user can come in and request a change to move it
forward. To do this, they create a new version as before, but instead of updating the proposal, they
create a new type similar to a proposal called a branch.

Branches and proposals are exactly the same, except that proposals are added to the process’s set
of proposals, and branches are not. Everything that applies to proposals also applies to branches. A
branch can be elevated to a proposal at any time.

After the new version and branch have been created, the user can make a request to the original
proposal to accept this change (see Fig. 2). If this request is accepted, the proposal will update its
head to the head of the requesting branch. The requesting branch can then be deleted.

~ [ T
=
r B rocess
(~ A~

retired active |

Fig. 2. Branch Brequests a change from proposal A. If A accepts, it would update its reference to the head of
B.

Although there are no predetermined roles in this system, someone has to be in control to
drive the proposals forward. Control is somewhat meritocratic. The user who originally created a
branch/proposal becomes its maintainer, and is responsible for the development of that branch/pro-
posal. The maintainers are therefore the ones who open, accept or reject change requests to and
from other branches.

If a change request is permanently rejected, the maintainer of the requesting branch may decide
to elevate that branch to an independent proposal by adding it to the process. This means that there
may be several proposals with a common history. If the situation allows, the two proposals may be
merged in the future.

3.3 Blockage of Change Request / Divergence of Branches

Consider the scenario in Fig. 3a. B created a change request for A. Subsequently, A progressed to
version Aj,. In that case, the history of the two branches A and B is no longer linear, but divergent.
One has versions in its history that the other does not, and vice versa. This is a potential conflict, and
it cannot be trivially merged with a click, it is blocked, because changing the head of the proposal
to the head of the requesting branch would abandon the current head (Fig. 3b). Someone needs to
decide how to add the missing versions to the respective branches.

Normally it is the responsibility of the requesting maintainer to resolve the situation, but
technically both maintainers are able to merge the content of the two versions. There are ways of
automatically merging texts[2], but either way the maintainer needs to check that the semantics of
the new version matches the intent.

The requesting maintainer provides a trivially mergeable version again, by including the missing,
divergent history in a new merged version (Fig. 3c). After this, the proposal’s history is a strict
subgraph of the change request, and the receiving maintainer simply has to accept it (Fig. 3d).

3.4 Discussion

The mechanisms presented so far give rise to different ways of reflecting real decision-making
processes. It allows all participants to participate equally, without fixed roles. The role of maintainer
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(a) B opened a change request for A. (b) A can not accept the change request as is, because
then A, would be lost.

/ g >7¢ - - S \;
(d) A is now able to merge B by just advancing its
(c) B creates a new merge version B,, that includes A,. head to B,.

Fig. 3. Scenario in which a change request gets blocked and needs to be resolved before A can easily accept
the change request.

is not assigned globally during the process, but is earned when the proposal is created and is then
restricted to that role. Responsibility for this proposal is taken on in addition to control.

It is important to note that maintainership is not the same as ownership. Created versions of
proposals are publicly available to all participants and can be reused by them at any time, even
retaining their full history. If there is a problem with a maintainer, for example because they are no
longer involved in the process or are unwilling to accept the desired changes, other participants
can easily create a new proposal with the same version. This allows participants to moderate the
process themselves. However, the underlying immutable data structure does not allow anyone in
the process to perform destructive actions such as deleting versions.

However, the underlying complexity of the system has natural drawbacks. Forks in closely
related proposals can be confusing for contributors. Duplication and possibly ambiguous navigation
can quickly lead to contributor fatigue, especially if they are unfamiliar with the data schema
used. This, combined with the nature of the system where content changes regularly, can lead to
disorientation. A mechanism for prioritising proposals is therefore needed to keep the focus on the
relevant proposals. More on this in the next section.

3.5 Voting

The system can facilitate the creation and iteration of proposals, as well as basic collaboration
between users. As a quick and easy way to participate, users can express their opinions as votes,
just like in other participation systems.

Primarily votes are cast on versions, as they are immutable. Each vote has the same weight, and
it is possible to cast or withdraw votes at any time during the process. The value of a vote is not
relevant to the general mechanics, the system supports multi-value votes, e.g. approve and reject.

An explicit vote cast by a user for a version remains with that version until it is withdrawn, even
if the version is obsolete. A vote for the leader of a branch or proposal implies a vote for every
branch or proposal that refers to it. Thus, a vote for a single version may imply a vote for several
branches/proposals at once.
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Fig. 4. A vote for A, implies a vote for A, as long as it is the head of the branch. If the branch advances to A,,
the implication is lost, and the user needs to agree to As new head again.

By associating votes with versions rather than proposals, the system allows votes to be cast on
potential change requests. Users can vote on the version of a change request before it is accepted.
Once a change request has been accepted, the version in question becomes the head of the proposal,
and thus a vote for the proposal. This approach can also be thought of as a conditional vote. This
concept is illustrated in Fig. 5.

Fig. 5. Branch B has an open change request towards A with version B;, which has a vote. Once A accepts
the change request the vote automatically implies a vote to A.

3.5.1 Automatic Following of Votes. As well as explicitly voting for immutable versions, users can
also allow their vote to follow a branch or proposal. This is a usability enhancement to voting,
A branch that has a follow vote sets an explicit vote for the current head and any future heads
until the vote for the branch is withdrawn. These votes are not just implicit, but explicit votes for
versions as explained above. They can be changed individually, and versions that existed before the
follow vote was enabled are not affected. Existing votes are not overwritten either.

This automatic following of votes is branch-specific, so it will not follow diverging branches of
change requests. After a merge, the history of the requesting branch will not receive any votes, as
they were never the head of the branch, although they are now in its history

3.5.2 Discussion. The ability to vote in the system is not primarily intended as a means of making
a final decision, but as a means of enabling rapid communication. Without it, users would have
no clear indication of how many other users are involved in a proposal, other than perhaps the
number of change requests.

The ability to vote for a version in a change requesting branch can be important in several ways:

Firstly, for the maintainers of the receiving branch, as they can use it to prioritise their efforts
towards more popular requests. They can also see how many votes they could immediately gain
with a merge.
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Fig. 6. Auto votes follow the head branch A, but not version B, of branch B. Once B is merged into A, does A
point to B,, and it gets the vote.

Second, for the maintainers of the requesting branch: they have leverage over the requested
branch, and if the request is not accepted, and they add their branch as a new proposal, they keep
the votes, giving them a head start and reducing the risk involved.

Third for the users themselves. They can shift their vote to something that might happen, reducing
the time they have to be actively have to keep up with the development of the process.

As participants interact with the system and express their preferences, the system can provide
feedback on the popularity of proposals, and the direction of the community. This can help to
guide the development of the process, and to identify areas that need more attention. Users can
be notified of changes in the status of proposals they are interested in, and can be encouraged to
participate further in the process.

4 Comments & Issues

Participants can express themselves in three ways: proposals, change requests and votes. Proposals
and change requests require more time and effort, while voting is quick, requiring only a single
click to express support or opposition.

A common form of communication in the system is comments. Comments are short pieces of
text attached to any entity, including other comments. This allows discussions to develop naturally
into threads or trees.

A challenge arises when discussions occur in branches that evolve or are reused in forks. A
comment made on a version of a branch may no longer be relevant to a fork, but it may still be
relevant to an active change request based on that version. To solve this problem, comments in the
system are contextualised by the version and branch they were made on. This creates an overlay
of comments on top of the version graph (see Fig. 7), allowing users to track discussions across
different versions and branches. Each comment is linked to a specific version within a branch, so it
is possible to filter and group comments based on when and where they were added.

Filtering allows users to hide comments that are not relevant to their current branch or version,
while grouping makes it easier to see comments from specific branches or drafts, depending on
what the user wants to see. For example, in a fork that is branching away from the source, users
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Fig. 7. A comment tree forms an overlaying graph of comments on top of the version graph.

could hide all comments that are not part of the fork, or that are not predecessors of a comment
within the fork.

4.1 lIssues

There is a more formal variation of the comment, the issue, which draws inspiration from the issue
systems found in version control systems such as GitHub or GitLab, but with modifications to
fit the context of participation system, such as a tighter relationship with a specific version and
branch. Issues allow participants to raise concerns, suggest improvements, or flag areas that need
attention.

Issues are like an actionable, top-level comment. In addition to their text content, they can have
a status, such as open, closed, or resolved. Participants can use those if they have a specific issue,
that they need to track or resolve, but can not or do not want to create a full change request for it,
yet. For example, an issue might highlight an unclear section of a proposal, or suggest an area for
further research.

Since issues are more restricted in their position, and have more formal semantics, they act as
anchor points for further discussions, utilizing common comments. When a new branch is created,
the maintainer can decide whether to carry over existing issues, or discard them if they are no
longer relevant.

As work on the proposal progresses, issues can be resolved by new versions, containing changes
that address the issue. Once an issue has been addressed, it can be marked as closed. Closed issues,
along with their comment threads, can be hidden from the current branch view, keeping the focus
on the active areas of the proposal, while being archived for future reference.

Issues fill the gap between lightweight comments and more heavyweight change requests. The
spread of options for users to participate (see Fig. 8) aims at providing tools for collaboration for
different situations.

Proposal Change Request Issues Comments Votes
<= =
slow / novel fast / familiar

Fig. 8. Scale of ways for participants to interact.
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5 Conclusion

We explored how version control systems (VCS) can support collaborative decision-making. Using
techniques commonly used in software development, we explored how similar mechanisms could
be adapted to support collaborative proposal generation.

By introducing concepts such as immutable versions, branching and structured change requests,
the system provides a scalable approach to collaborative proposal development. It ensures that all
participants’ contributions are preserved, while maintaining a coherent and traceable history. By
providing structure to the process, it gives participants tools and guidance on how to contribute
effectively. This structure also helps to manage the complexity of large-scale collaboration, making
it easier to navigate and understand each other’s contributions.

A major challenge in using the features presented here for collaborative decision-making is
to ensure that they are easy to use for everyone, not just tech-savvy users. Tools such as Git,
while well known in software development, can be confusing to people who are not familiar with
them. This complexity can be a barrier to participation for less experienced participants. Therefore,
features have been designed so that novice participants do not have to rely on them to participate.
A novice participant does not need to know about versions in order to browse, vote and comment
on proposals.

The proposed system will now need to be tested in user trials. This will help to identify usability
issues and assess the effectiveness of the system in real-world scenarios. The system should be
tested in different scenarios, from small expert groups to large public participation, to see how well
it scales and is used in different contexts.
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This chapter is about a metric that was developed to measure progress and coherence in
collaborative decision-making processes. The motivation for this work arose from the need to
evaluate the impact of iterative proposal-making and guide participants towards collaboration.
The software platform, decide, presented in Chapter 4 aims to facilitate the development of better
proposals by enabling users to merge proposals, i.e. form alliances or reach compromises. The
platform already provides hints and call-to-actions to propose these merges between proposals
with overlapping followers. Our aim is to provide feedback on the potential benefits of a merge,
thereby motivating participants to move towards consensus instead of pursuing their individual

goals.

Whether a situation in a procedure is good or bad, and how good or bad it is, is highly subjective.
The goal is to provide a metric that aligns closely enough with participants’ intuitions to earn
their trust as a guide. While some situations in a decision-making process are easy to compare,

others are not.

Impact on the Thesis This paper makes a contribution to the broader topic of collaborative
decision-making processes. By introducing a measurable progress indicator, it aligns with the
dissertation’s goal of improving the practicality of decision-making. In this respect, it stands

alone, as it focuses more on psychological influence than practical procedures.
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6.1 Contribution

The paper provides a step-by-step explanation of the properties that make a suitable metric.
To achieve this, a couple of assumptions are made about what constitutes a sensible metric for

collaborative group decision-making processes. The initial assumptions are:

1. The metric is used live during the process.
2. The number of participants in the process is variable.
3. Each participant belongs to exactly one group of one or more participants who agree
with each other.
4. There are two fixed points of known value.
a) Having exactly one group in the process means that everyone agrees, which is the
best possible situation and therefore receives the maximum score of 1.
b) Having no groups with more than one participant means that everyone disagrees
with everyone else, which is the worst possible situation and therefore has the

minimum score of 0.

Based on these assumptions, further observations can be made. For example, if the best possible
situation is when everyone agrees with everyone else, then it would make sense that the second-
best situation would be when everyone except one participant agrees. This reasoning is used
to derive a partial order of situations within a process, which is then used to inform the final

metric.

However, the partial order does not indicate how much better one situation is compared to
another. We compare different approaches, outlining their respective advantages and disadvan-

tages, as well as the conditions under which they may struggle to represent intuition.

Ultimately, we arrive at a metric that is easy to calculate, meets expectations and can be adapted
to different usage scenarios. For example, consensus may not be the goal of the process as a

whole, but it may be sufficient for a limited number of groups.

Personal Contributions Bjérn Ebbinghaus developed the central ideas of the work. Martin

Mauve acted as an advisor during the conception and writing stages.
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Abstract. In this paper, we argue that the participants in a cooperative
decision-making process should be supported to work together towards a
common goal, rather than to prioritise their individual goals. To achieve
this, we propose using a metric to measure progress towards a common
goal that participants can use for guidance. We derive the metric through
various approaches of practical constraints and show problems that arise
of each approach.

Keywords: group decision-making, consensus measure, social computing,
online-participation

1 Introduction

Making decisions in large groups can be a significant challenge, requiring a
high degree of coordination and cooperation between the participants. In many
decision-making scenarios, individuals may unknowingly refrain from working
together due to the lack of a common goal to rally behind. Therefore, we aim to
improve decision-making processes by providing a common goal that is readily
available through a measurable metric of progress.

We consider group decision-making (GDM) processes where an arbitrary
number of participants cooperate to identify potential solutions to a given issue
and reach a decision on it. Just the issue is specified; the participants themselves
propose decision alternatives and decide upon them in the course of the process.
Example for such a process is a community who utilize an online participation
tool to brainstorm and decide on what to spend their funds on. In such a process,
the participants signal their positions to each other constantly by changing their
votes. These votes make it clear which proposals should receive attention during
the process, and also determine its outcome. However, by communicating mainly
in this way, it could unintentionally discourage participants from cooperating.

In decision-making processes, egocentric goals, such as maximizing the num-
ber of supporters for one’s own alternative, can slow overall progress. Simple
votes on alternatives prioritise individual victory and condition participants to
pursue goals that are exclusively aligned with their own interests. This ignores
the potential benefits of collaboration and can hinder overall progress. Rather
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than thinking about how to collaborate with supporters of competing alterna-
tives, communication stalls and participants focus on how to improve their own
alternative’s score.

We believe that this problem lies with the design of the process rather than
with the participants themselves. This follows from the recognition that the
ultimate goal of a decision-making process is not just to reach a decision at any
cost, regardless of quality. In the context of a public decision-making process, we
assume that a good decision is one in which the maximum number of participants
agree and have been involved in. The obvious optimum of such a process is a
decision that all participants accept, i.e. when they reached consensus. We assume
that the participants have an interest in finding a mutual solution, although we
do not presuppose that a consensus always is possible.

Our aim is to improve the decision-making process by promoting a shared
sense of responsibility for achieving the best possible outcome for all participants.
To achieve this, we propose a metric of progress that is easy for participants to
interpret. This metric can be used as a tool for informative deliberate decisional
guidance for structuring and executing by the definitions of Silver [11].

2 Related Work

The ability to quantify and assess the progress or quality of a decision-making
process has long been a challenge that researchers and practitioners have grappled
with [7]. In the context of practical decision-making processes, e.g. in a business
setting, measures exist to score the outcomes of the process and assess the
extent of completion of predetermined goals, like with key performance indicators
(KPIs)[5]. For example, one can measure the success of a decision by the increase
in sales over a given quarter. In addition, progress within the decision-making
process itself can be evaluated by the achievement of pre-defined milestones, such
as the elimination of certain alternatives, because these milestones represent
concrete goals for humans to strife to.

There exist approaches in academia, specifically in the area of fuzzy relations[3].
Spillman et al.[12, 1] presented a similar approach to the measure we will present.
They measure the progress over the distance between the current state of a
decision process and the respective best possible state (the consensus). Unlike
our approach, they take into account fuzzy relations[13] to represent preferences
between pairs of alternatives, whereas we omit preferences for the moment and
have focused solely on the agreement to individual alternatives.

Our approach is compatible with theirs in that we consider a subset of their
state model of the decision processes. While their measure is partially consistent
with our approach, it does not meet all the requirements we set. As a consequence,
our approach provides favourable results, and we will explore the reasons for this
in Section 6.1. Whether we can apply our approach to determine progress to
their fuzzy preference relations remains an open question for future research.

Previous research has taught us that the methodology used to determine
progress affects how fast participants reach consensus[4, 8], or even how fast
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they approach it. Therefore, we believe it is important to develop more accurate
measures of progress and benchmark them against each other to ultimately
improve decision-making outcomes and promote effective collaboration.

3 Basics

To track the progress of a decision-making process, we need a metric that is
easy for non-experts to understand. We propose a range of values from 0 to 1,
where 0 represents the worst possible state of the decision-making process and 1
represents the best possible state. This fixed range allows participants to easily
see how close they are to the best or worst possible state.

Since the goal is for participants to agree with each other, we will use the
number of agreements as the basis for our first metric.

1. If no participants have agreed on anything, as it may be the case at the start
of the process, it will be a score of 0, indicating the worst possible case.

2. If all participants have agreed and reached consensus, it will be a score
of 1, the best possible case. That the process reaches consensus is not a
requirement.

We score the state of a process at a given point in time, and we will call
that a situation. A situation is a set of decision alternatives, which are disjunct,
non-empty sets of participants who agreed with them. Note that we require a
participant agree to exactly one alternative at a time.

For example, in a process with three participants (pi, p2, p3), the worst case
scenario is where each participant supports a separate decision alternative, re-
sulting in no agreement between the participants. We represent this as a set
of three sets with cardinality 1: {{p1},{p2},{p3}}. The best case would be
{{p1,p2, p3}} where all three participants agree on one alternative. Note that we
omit decision-alternatives without supporters.

Since we do not care about specific participants who agree to alternatives, we
use just the cardinality of the alternatives and represent them in a descending
vector of the number of supporters as shown in Table 1. For brevity, we may
write [4,13] = [4,1,1,1].

Table 1: Representations of all possible situations with n = 3 distinct participants.

Set Representation Vector Representation

{{pl}v{p2}7{p3}} [171?1]
p1,p2} {ps}}t  [2,1]
{{p1}, {p2,p3}}  [2,1]
{{p1,p3}, {p2}} 2,1]
{{Pl,p2,P3}} [3]
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4 Ranking of Situations

Consider a decision-process with n = 4 participants. It has five possible situations
that need to be scored. We start by defining some constraints on how to score
them. In the best case, where everyone agrees on one alternative ([4]), we assign
the value 1. In the worst case, where everyone agrees to a different alternative
([1,1,1,1]), we assign the value 0. The remaining three possibilities are [2, 1, 1],
(2,2], and [3, 1], and we need to decide how to score these cases.

We start by creating an order of situations where we can say situation X is
definitely preferable to situation Y.

Let us look at the example again, and think about how the situations could
have come to be. We say that [2,1,1] is one step away from [1,1,1,1]. Tt is
the only situation that can arise if a single participant changes their opinion.
Therefore, we can say with certainty that [2,1,1] is the next better situation
after [1,1,1,1]. It must therefore rank higher than [1,1, 1, 1], but lower than any
other situation. Accordingly, we say that [2,2] and [3, 1] are both one more step
away from [2,1, 1], since these are the only situations that progress the process
and can arise from changing a single opinion. They will have to rank higher than
(2,1,1], but less than [4].

Now we need to decide which of the remaining situations has progressed
further: [2,2] or [3,1]? In both cases, two participants changed their opinion.
They would rank the same, if we just consider how much agreement has already
been reached or, to phrase it differently, how much energy was invested into the
process to reach the situation.

If we not just take into account the participants who have already changed
their opinion but also consider how many opinions still need to change to reach
consensus, we can deduce that situation [3,1] is better than [2,2]. This is because
[3,1] is just one step away from the optimal situation [4], implying that it should
rank higher than all other situations except [4]. Figure 1 shows these relations
between the situations.

(1, 1,1, 1]
Fig. 1: All possible situations of a decision-process with four participants. The

arrows show how a situation can change towards consensus when a single partici-
pant changes their opinion.
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With this ranking, through made and missing agreements, we get the so-called
dominance order[2] of situations, a partial order of the set of partitions for a
given natural number.

Definition 1. For two situations with the same number of participants, a situa-
tion dominates another if the sum of its best i alternatives is always greater or
equal than the corresponding sum of the other situation.

Ezample 1. [3,1] dominates [2,2] because 3 > 2 and 3+ 1> 2+ 2.

For situations that dominate other situations, and thus transitively dominate
all previous situations, determining the order is trivial. A dominant situation is
more advanced in the process than the situation it dominates.

However, with six or more participants it can happen that one situation does
not dominate the other and vice versa. Consider for example [3,3] and [4,1,1].

[3,3] vs [4,1,1]
3<4 [4,1,1] dominates
Ezample 2. 3+3>4+1 [3,3,0] dominates
3+43+0=4+1+1
= Neither situation dominates the other.

In this case, the order is not as easy to determine and may be subjective or
depends on the nuances of the process in question. One could argue that [4,1, 1]
is better than [3, 3] based on the number of remaining participants who need
to reconsider in order to reach consensus. On the other hand, [3,3] has fewer
alternatives overall, and there has been more agreement among participants in
general, which can be more desirable.

An inflated example [500,500] vs [501,1,1,...] illustrates the uncertainty
even more. The situation with 501 participants is technically closer to the goal,
but few would deny the effort made for the total number of agreements in the
situation [500, 500].

We will see later that our final metric does not favour the number of alterna-
tives or the strength of the leading alternative. For example, the score of situation
[4,1,1,1] is halfway between [3,2,2,1] and [3,3,1,1]. We think this is sufficient.

The following Figure 2 shows the graph of situations with seven participants
and the relations to their neighbours, the arrows point to the dominating situation.
Dominance is transitive. Different situations that can not reach each other through
a directed path do not dominate each other, e.g. [4, 3] and [5,1, 1]. But in some
situations a participant can change their opinion such that the process stays in
the same situation. For example: In situation [4, 3], a participant could decide to
switch from the leading alternative to the weaker alternative, resulting in [4, 3]
again.
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Fig. 2: Situations in a decision-making process with seven participants. Blue,
double-headed arrows are the optimal next step a situation can take. Note that
situations [3,2,2] and [3, 3, 1] are technically in the same place.

5 Scoring

We have identified the best and worst case scenarios and a partial order of
the situations. The next question is how to assign displayable values to the
alternatives. If score([1,1,1,1]) = 0 and score([4]) = 1, what score should we
assign to [3,1]7

For a naive approach, we can take the order of the situations and enumerate
them through the interval [0, 1]. With three participants the values would be
[1,1,1] =0, [2,1] = 0.5 and [3] = 1

Table 2: All situations with four participants together with their score by enu-
meration.

Situation Rank Normalised Score

[1,1,1,1] 0 0.00 (0/4)
[2,1,1] 1 0.25(1/4)
2,2] 2 0.50 (2/4)
3,1] 3 0.75 (3/4)
[4] 4 1.00 (4/4)

52



Chapter 6 Measuring Progress to Support Cooperative Decision-Making Processes

As Table 2 shows, each situation has a unique score that reflects its position
in the ranking. The scores increase as the situation improves and decrease as it
worsens, but the method has significant drawbacks.

Firstly, in order to determine the rank of a situation, it is necessary to know
how the number of situations before and after it. This is not a trivial problem.
In fact, it is not even easy to find the number of possible situations for a given
number of participants. That number grows exponentially. With 50 participants
there are 204 226 possible situations, with 100 there are already 190569 292'. In
the worst case all situations would have to be determined and counted. This is
not feasible.

Secondly, the distance between two situations depends on the number of
situations between them. In Table 2 we see that the situations [2,1,1] and [3, 1]
are each 0.25 away from their predecessor and successor. The distance between
these two situations, however, is twice as large at 0.5. In principle, however,
we would expect the situations on the direct path between the worst and the
best case ([1,1,1,1] — [2,1,1] — [3,1] — [4]) to be equidistant from each other,
or at least to change steadily in one direction. This problem gets worse as the
number of participants increases. With 100 participants, the distance from [1190]
to [2,1%] and [99,1] to [100] is tiny, while the distance from [50, 1°°] to [51,14%]
is huge.

5.1 Score Based on Geometric Distance

Another family of metrics that is easy to calculate comes from the situation
transition graphs we used in the previous section (Figures 1 and 2). One way to
measure progress is to determine the length of the path in the graph between a
situation v with n alternatives to consensus. This is trivial, as it is simply the
sum of all participants who have not yet agreed with the leader:

n

d consensus (U) = Z (%

=2

This corresponds to the number of participants who have agreed on the best
alternative:
d/consensus (U) =n—- dconsensus (U) —1= v — 1

This can be a valid metric by itself if we are just interested in the winning
alternative. But we would be ignoring any progress made in the other alternatives,
and even ignoring the total number of remaining alternatives. By ignoring progress
in other alternatives, the score will only change if the leading alternative improves
or worsens. Thus, especially in large processes, there will often be a situation
where the actions of an individual or even whole groups have no impact at all on
the progress towards more agreement.

We can improve on this by considering not just the steps needed to reach
consensus, but also the steps already taken from the start. Again, this is trivial

! https://oeis.org/A000041 /list
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to determine; any alternative in a situation that has more than one participant
adds one step away from complete disagreement.

n

ddissent (U) = Z(Ui - 1)

Figure 3 illustrates this, using the two distances as x and y coordinates for the
placement of the situations.

(4

10.53 1
40.33
0.47

agreement overall
t
_-—
- D
o
[=>]

11,1, 1]

agreement with leader

Fig. 3: All situations (black) with four participants and the change in Euclidean
distance/score (green/red: change, blue: score) between them. The scores are
normalised, such that the distance to the consensus is 1.

Finally, since we want a single score, we can calculate the distance between
two situations using any distance metric we like. For example, we can use the
Euclidean metric to calculate the (normalised) distance between the situations
[2,2] and [4] to be 0.47 (see Table 3).

2
SCOT‘C =1- \/ddzssent dconsensus (U)

Table 3: Scores for situations with four participants.

Situation (v) deopsensus (V) ddissent (V) score(v)

[1,1,1,1] 0 0 0
2,1,1] 1 1 0.33
2,2] 1 2 0.47
3,1] 2 2 0.66
[4] 3 3 1
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Although we have improved the metric, the problem remains that, as the
number of participants increases, the score for several situations could be the
same. An example would be the situations [4,3, 1] and [4, 2, 2]. If a participant
changes their opinion and moves the process from one situation to another,
neither the total number of alternatives nor the number of agreements in the
leader changes, so the score remains the same. But [4, 3, 1] dominates [4, 2, 2] and
should therefore have a higher score.

6 Score by Top-N-Encoding

Based on the idea that the number of participants needed to reach a consensus
is important and can be used to measure progress, we can iterate. Rather than
considering only the number of participants needed for consensus—a situation
with only one alternative—we also consider the number of participants needed
to reach situations with fewer alternatives.

Consider the two situations [3,3,1] and [3,2,2]. Both cases need four partici-
pants to reach consensus, but they differ in their remainders [...,3,1] and [..., 2, 2].
If we now consider these remainders, we can make the same distinction as before.
Thus, we consider the number of participants needed to reach a situation with
two alternatives. We continue in the same way for situations with 3, 4, ..., n — 1
alternatives, by considering the components from the 3rd, 4th, ..., (n — 1)th
place on. We can encode the number of missing participants in a new vector
of size n — 1. The encoding for [3,3,1] is therefore [4,1,0,...]. Similarly, the
encoding for [4,2,2] is [4,2,0,...] (see Table 4).

n

encoding(v) = lz v;, Zn:vi, ... ,vn]

=2 =3

Table 4: Selected situations of seven participants with the number of participants
needed to reach a situation with at most n alternatives.

Missing agreements for situation
with < n alternatives (encoding(v))

Situation (v) n=1 2 3 4 5 6

1,1,1,1,1,1,1] [6 5 4 3 2 1 ]

3,3,1] .[.4 1 0 0 0 0 ]

3,2,2] 4 2 0 0 0 0 ]
(7] .[.olooooo]

55



Chapter 6 Measuring Progress to Support Cooperative Decision-Making Processes

With this encoding we can determine the geometric distance to consensus
as before. In this way, the effort put into agreeing on non-winning alternatives
helps to reduce the distance to consensus, albeit to a lesser extent. The consensus
always has an encoding of [0, ..., 0], so we can just take the length of the encoded
vector as the distance to the consensus.

dconsensus (V) = | encoding(v)||,

We normalise the score to [0,1] and reverse the distance, because so far we
have determined the distance to the consensus, but we want the consensus to
have a score of 1. This gives us the following function, where d,,,,(n) is the
distance from the worst case to consensus for n participants.

d consensus (U)

dmaz (n)

This method of scoring maintains the dominance order and is easy to calculate.
It is still possible for two situations to receive the same score (e.g. [4,1,1,1,1] and
[3,3,1,1]), but in that case the dominance of them will always be undetermined.
This means it will never happen that the situation of a process changes, but the
score does not, which would be contrary to intuition.

An additional advantage of this approach is that it is trivial to set other goals
for a process. For example, instead of a consensus, a Top-3 could suffice. In this
case, the total includes just the alternatives from the fourth position onwards.
Otherwise, the calculation of the score would remain unchanged, with the score
for all situations with three or fewer alternatives now being 1. In this way it is
possible to fine-tune the desired outcome of a decision-making process.

In summary, we have explored different methods for assigning values to
alternatives to determine their scores. The naive approach of normalising the rank
order had drawbacks, such as difficulty in determining the rank and inconsistent
distance between situations. We then introduced a scoring method based on
Euclidean distance, which takes into account both progress towards consensus
and distance from dissent. Although it improved the metric, it had limitations
such as situations with the same score and the inability to capture progress in
non-winning alternatives.

To conclude, we presented a scoring method using Top-N encoding, which
took into account the number of participants needed to reach situations with
fewer alternatives. This method allows fine-tuning of the desired outcome and
maintains dominance order while being easy to compute. Overall, the Top-N
encoding scoring method provides a valuable approach to determining progress
in decision-making processes.

score(v) =1 —

6.1 Comparison to Spillman et al.

Earlier in Section 2 we said that Spillman et al.[12, 1] have a similar approach to
ours. Our vector representation of a situation can easily be translated into their
fuzzy preference matrix and their distance calculated. In fact, in the end, the
score is the Euclidean norm of our situation vector.
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Example 3.
000 013 051 033
210] = |2-[10%+1- 000 +0-|s01]|+3=|20L| =R
110 i 000 220

1
D(R*,R) = 3= normalized (||[2,1,0][|5)

We argue that our measure has some advantages over this Euclidean norm.
Figure 4 shows that the simple Euclidean distance does not change between the
situations [2,2,2] and [3,1,1,1] or [3,3] and [4, 1, 1], although in both situations
the leading alternative has become stronger and the competitor weaker. Preferring
a larger majority to weaker competitors also comes closer to the idea of the soft
consensus[9, 6, 10], according to which hard consensus is unrealistic in practice
and a situation where most of the participants agree will have to suffice.

[LLLLL
10.261 = Spillman et al.
21111 7F 0.067 . %Our Measure
2,2,1,1] f 10.382
e _ 0.133
2,2,2] f 10.397
= _ 0.2
f 10.495
[3:1,1,1] _ 0.2
I 10.574
[3:2,1] — 0.267
f 10.595
[3,3] — 0.4
‘ 10.698
[4.1.1] — 0.4
‘ 10.73

Fig.4: Comparison of our measure with Spillman et al. in a decision-making
process with six participants.
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7 Conclusion & Future Work

In this paper we have presented a possible metric to measure progress in a decision-
making process. We have discussed its properties and proposed its applications.
The metric can be used on its own or as an extension of other metrics.

Further research can focus on the evolving nature of decision-making processes
by examining the changing number of participants and their agreement over time.
For example, based on experience of past processes, we expect that a decision-
making process would start with a high score of progress, which would decline
as more and more participants entered the process and contributed different
ideas. Progress would increase further when participants start to agree again. An
exploratory phase without scoring may be necessary until a certain number of
participants are present.

Another worthwhile direction would be to explore how the progress of the
process behaves if we consider that certain group dynamics develop in such
processes and whole groups/parties change their opinions together, rather than
looking at individual participants. This has the potential to bring the metric
closer to real world scenarios.

We recognize that such a metric can be highly opinionated and may be
more or less appropriate depending on the characteristics of the decision-making
process. But the metric provides room for extension and fine-tuning. We have
already touched on some of these in the previous section.

Furthermore, it remains to be seen whether the metric aligns with the partic-
ipants’ intuition and whether a process with it as a common goal leads to more
cooperation and a better outcome.
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Chapter 7

Discussion

This chapter presents a collection of issues and design choices that need to be considered in
relation to the general theme. It provides a broader view of the insights and considerations that

have emerged and guided this work.

While the issues discussed are not necessarily novel and may have solutions in certain cir-
cumstances, they have arisen in the context of this work due to the chosen assumptions and
objectives, or simply because of the constraints that large numbers of untrained users place on

practical solutions.

7.1 Proposal Proliferation

As discussed in Chapter 4, providing decision-making procedures in which many people can
participate equally and are encouraged to iterate on proposals naturally leads to numerous very
similar proposals. Each iteration, even with a tiny change, is essentially a new proposal. This
presents a problem when the aim is to treat each participant’s voice (approximately) equally, as

it results in the need to consider each proposal.

It is not possible to present an unfiltered view of all the proposals and their potentially numerous
variations. Participants would simply be overwhelmed, and most of the energy they would be
willing to put into a process would be wasted on the overhead of navigating the cumbersome
process. This motivates some form of organization or facilitation that somehow decides which

versions of which proposals get more attention than others.

This is not a problem specific to this scenario, but the number of small refinements exacerbates
it. In a traditional large-scale participation process involving a lot of user content, it is expected

that the proposals will differ enough that participants will be able to distinguish them clearly,
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and will be able to express clear preferences that can be used to decide which proposals to show
to others and which to hide. Iteration of proposals can lead to an increased problem of clones
(Tideman, 1987). This problem arose in Chapter 4 during one of the field experiments, where
participants had only a single vote and were therefore reluctant to risk agreeing or forming
new proposals. However, the problem with cloning is not only one of choice in a vote, but also
of user behaviour during the process. Long before proposals are presented as candidates in any

form of voting, participants need to decide where to focus their efforts.

Example: A proposal is improved by a new proposal. Participants who have an idea for a change,
regardless of what was changed in the improvement, must decide whether to apply this new
change to the original proposal, the new proposal, or both. However, applying the new change

to both would only make the problem worse.

The system proposed in Chapter 5 deals with this problem in the usual way: people decide
what is relevant and should be the focus of the process. Having maintainers guide proposal
branches provides a more focused process, containing proposal sprawl to some extent. The
maintainers effectively determine how the process appears to those who are unfamiliar with it

or not interested in becoming more involved.

This is a compromise in that it elevates some participants over others based on merit, which
Chapter 5 tries to achieve without locking participants in. However, it is still a compromise.
However, the underlying problem of a solution space that is growing so rapidly that it is

impossible for participants to overlook it is still present.

This is also similar to how real-world processes deal with this complexity. People form parties
to consolidate their views and to divide and conquer large, complex issues. This is probably
the best solution, even in modern times, where we do not need to send messengers on horse-
back to represent our interests. Nevertheless, recent developments such as Liquid Democracy
(Interaktive Demokratie e.V, 2014; Paulin, 2020) show that today’s enhanced communication
capabilities are capable of supporting powerful tools that enhance the idea of the static party

and allow for more flexible (i.e. liquid) solutions.

The (expected) explosion of proposals is a problem that cannot be solved easily. A compromise
has to be found between the sovereignty of the individual participant and the practical problem
of managing many opinions. A solution would have to be transparent and comprehensible, so

that participants do not get the impression of an unfair or even censoring system.
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7.2 Complex Preferences

Section 7.1 has already mentioned the issue of proposal clones as an issue of usability and
clarity for users. In a voting context, this raises the familiar problems of potential vote splitting.
However, the incremental modification of proposals adds another dimension to the problem.
Proposals are not only very similar to each other, they are also causally related, i.e. some
proposals are descendants of others, while others are siblings. This makes it difficult to cast

meaningful votes in a live process.

Consider two proposals. A parent proposal, A, and an improvement (child) proposal, B. It is
assumed that, for large public participation processes to be successful, any type of voting must
be as simple as possible. In the simplest case, users can approve proposals. This might be fine,
were it not for the relationship between proposals and the iterative nature of the processes,
where voting is not only a means of making a decision, but also a useful signalling tool to help
participants find and focus on the right proposals. If a participant voted for both A and B during
the process, this would signal general interest in the family of proposals, but would not indicate
the desired movement of the proposals. This requires the use of a preferential voting system to
distinguish between a true improvement from A to B and a regression that the user does not

prefer but is willing to accept.

The inability to determine whether a change to a proposal was an improvement for a user or not
also leads to a major usability problem. When a new proposal is made, the new proposal cannot
receive votes from existing users who voted for the original proposal. Users cannot be expected
to keep up with every development of proposals, so the development of a proposal runs the risk
of leaving early proposals with a disproportionate number of votes, which undermines the goal

of using votes for signalling.

Since the idea of incremental proposals is about improvement, and voting in this context can
be used for signalling, it is reasonable to assume that participants will feel the need to express
disagreement with the status quo while agreeing with the general direction of the proposal. For
example, a proposal may be on the right track, but needs some refinement to meet users’ needs.
This motivates conditional preferences as a means for users to express their desired direction
for proposals (e.g. I approve this proposal if x is changed.). Chapter 5 offers a possible solution to
this, in that versions of proposals are initially not really globally visible proposals, but more like
drafts that can still be voted on. This allows votes to be cast without having a global impact on

the process. Once these drafts are accepted and become full proposals, the votes are realized in
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the overarching process. This allows users to cast conditional votes and reduces the complexity
of keeping up with development by enabling them to vote on upcoming proposals. The ability
to express conditional preferences is also a prerequisite for another important aspect of group

decision-making: Negotiation.

7.3 Negotiation / Compromises

In large-scale public decision-making processes, it is rare for there to be a single point of view.
There are usually multiple stakeholders with interests that range from overlapping to mutually
exclusive. Depending on the objectives of the decision-making process, it may be necessary to

work with competing ideas, which is a complex task even with only two parties.

Extending this to the kind of processes examined in this work poses a significant challenge,
given the lack of organization among the participants. Therefore, the system must natively
support negotiations; otherwise, participants will organize themselves on a large scale through

back channels.

Successful negotiations require participants to accept compromises, which may not come
naturally in the more impersonal environment of the internet and may even conflict with a
system designed for participants to improve proposals. Participants are expected to make worse

proposals for themselves in order to achieve a higher goal.

As mentioned above, Chapter 5 provides a solution for rudimentary negotiation solution by
enabling a system of offers and counter-offers that both parties can iterate until a solution
is found. At no point are the parties required to commit to anything until the final solution
is ready. The system even allows multiple offers to exist simultaneously, enabling in-depth
negotiations on specific issues to take place in separate groups, thereby reducing the cognitive

load on participants.

However, this solution is far from perfect and may only be theoretically feasible. A more concrete
model of parties involving designated negotiators might be a better solution, even though it
would undermine some of the goals set out in this work. This model would allow for more

efficient synchronous communication, i.e. chatting.
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Conclusion

The goal of this dissertation was to explore how online participation systems can be designed
to better support group decision-making processes, with a focus on enabling participants to
collaboratively develop, refine and build upon proposals in a structured and scalable way.
It aimed to address the limitations of existing tools, such as comment sections and voting
interfaces, which often collect input without facilitating mutual understanding or consensus
building. Through investigating system design choices, creating new tools and evaluating their
effectiveness, this work sought to identify key requirements for developing transparent, intuitive
and adaptable platforms that promote meaningful online deliberation and improve the quality

and inclusivity of collective outcomes.

8.1 Main Results

This thesis examined ways in which online systems could better support collaborative decision-
making. The focus was on enabling participants to express their opinions and develop and

refine proposals together.

The first system (decide3 in Chapter 4) allowed proposals to evolve through iterations. Partic-
ipants could build on each other’s ideas; however, as the number of proposals increased, the
process became difficult to manage. Without a clear structure, the system became overwhelming

and difficult to understand.

To address this issue, a second system was developed in Chapter 5, incorporating concepts from
version control systems. This made proposals editable through a controlled, versioned structure,
allowing more flexibility while keeping the process organized. Basic users could participate
as before, while more experienced users had access to advanced tools. This helped to balance

openness with ease of use.
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Both systems demonstrate that the development of proposals can be made both collaborative
and structured. However, effective support requires clear mechanisms for managing complexity.

The design must help users stay oriented and prevent the process from becoming fragmented.

This work demonstrates that more effective group decision-making can be facilitated by better
tools that enable participants to develop ideas rather than simply selecting from them. The results
suggest that structured collaboration can improve clarity and engagement in group decision-
making processes. However, they must consider the cognitive load imposed by increasing

complexity in their design.

The real-world experiments from Chapter 4 and Section 3.2 showed how important the partici-
pants’ perception of the process is. Originating from that and the need to quantify the results of
the proposed techniques from this thesis the metric in Chapter 6 was introduced to measure a
group’s progress towards consensus. This metric can provide real-time feedback and actionable
guidance to help users assess whether their contributions are converging or diverging. The
metric was developed based on practical considerations and shaped by participants’ intuitive

expectations.

8.2 Future Work

The systems and concepts presented in this thesis have laid the groundwork for a more structured
and scalable approach to online participation. However, there are still several areas that require

further research and development.

Future work should focus on testing the new systems in real-world settings. It remains to
be seen whether the structure of the system promotes or limits participation in large-scale
environments. Do the enhancements provided work as intended in large-scale, high-stakes
decision-making scenarios? Would participants be willing to invest effort and trust in such a
novel system? Additional guidance tools, such as automatic, proactive suggestions or similarity

detection by the system, could also enhance collaboration.

While decisions are inherently complex, they should be made as easy to understand as possible
for participants. A distinctive feature of both iterative proposal systems is the traceability of
proposal development. Transparency and comprehensibility are crucial for participants to accept

the process and trust the collective decisions made.
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The proposed metric for measuring progress in decision-making opens up several avenues for
research. Its effectiveness in guiding users and reflecting group dynamics depends on its ability
to capture meaningful aspects of participation. Future work could examine how the metric
evolves as the process unfolds, particularly in response to changes in the number of participants
or the emergence of group-level dynamics (e.g. shifts in party alignment). It is also necessary
to test whether the metric aligns with participants’ intuition and whether using it as a visible

guide during deliberation improves outcomes.

Closing Thoughts

Although today’s technologies offer us powerful communication tools, they are far from being
fully developed and only scratch the surface of their potential. As with many things, humans
are not naturally capable of achieving this alone, but we have demonstrated our ability to invent
creative solutions to almost any problem. This thesis is intended to be a small step towards a
society in which everyone’s wishes and needs are reflected in transparent decisions, allowing

humanity to realize its full potential in a bright future.
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