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Abstract

The internet was supposed to democratize discussion, allowing people from all walks
of life to communicate with each other at scale. However, this vision has not been fully
realized—instead online discourse seems to be getting worse, as people are increasingly
drowning in discussion, with much of it unwanted or unpleasant. In this thesis, I
present new systems that empower discussion participants to work collectively to
bring order to discussions through a range of curation tools that superimpose richer
metadata structure on top of standard discussion formats. These systems enable
the following new capabilities: 1) recursive summarization of threaded forums using
Wikum, 2) teamsourced tagging and summarization of group chat using Tilda, 3)
fine-grained customization of email delivery within mailing lists using Murmur, and
4) friendsourced moderation of messages against online harassment using Squadbox.

In a world of abundant discussion and mass capabilities for amplification, the
curation of a social space becomes as equally essential as content creation in defining
the nature of that space. By putting more powerful techniques for curation in the
hands of everyday people, I envision a future where end users are empowered to
actively co-create every aspect of their online discussion environments, bringing in
their nuanced and contextual insights.

Thesis Supervisor: David R. Karger
Title: Professor of Electrical Engineering and Computer Science
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Chapter 1

Introduction

Discussions systems such as email, forums, and chat have been pervasive on the inter-

net since its inception. They contain a diversity of rich information and experiences,

including di�ering opinions on issues, anecdotes, humor, explanations, coordination,

and deliberation. Over the course of thousands of comments, even open mathematics

problems can be solved [53] and contentious deliberations on Wikipedia settled [154].

As more and more people connect with each other through the widespread adop-

tion of the internet, success stories such as these�where groups of people come to-

gether through dialogue to share ideas and achieve more than they could possibly do

alone�should be common. Indeed, the internet has revolutionized our capabilities

for collaboration at scale in other areas: today it is trivial to read up on a myriad of

arcane topics or use one of many customized software libraries thanks to the e�orts of

thousands of volunteer writers on Wikipedia [361] and open source software develop-

ers. And yet when it comes to discussions, the greater scale of participation a�orded

by the internet has not led to improvements�instead, many would argue that prob-

lems with online discussions have only worsened over the last several decades. People

are still drowning in information, with few mechanisms for managing or synthesizing

large volumes of discourse. A signi�cant proportion of this discourse is unwanted

or downright harmful, with clashing norms leading to back-and-forth bickering, and

people getting harassed into silence.

In this thesis, I argue that the problems that discussions face online can be traced
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back to the failure of online discussion systems toempower users to curate contentas

the amount of content has grown. Facing user dissatisfaction and public outcry, large

social platforms have outsourced curation to automation and teams of moderators.

But these attempts to counter problems have created new problems of their own,

from the spread of clickbait and misinformation to censorship of marginalized voices.

Instead, what we need is a re-imagination of online discussion systems that places

users in chargeof tending to their shared environments and shared data.

This dissertation serves to illuminate ways that online discussion systems could

be redesigned to promotecollective discussion curationby users. I examine systems

for collectively distilling discussionartifacts as well as systems for curating message

work�ows. Together, the systems I describe in this thesis demonstrate how we can

combat the challenges of online discussion systems in ways that respect human insight

and user control. Left unchecked, the problems facing online discussion systems may

have far-reaching harmful e�ects on our society. Thankfully, as a society we are now

much more aware of the negative consequences of poorly curated online discourse.

With a better grasp of what's been going wrong and why progress has been impeded,

we are now ready for something new.

1.1 What is Wrong with Online Discussion Today?

The problems that online discussion systems face today have been festering for decades.

Meanwhile, the consequences for ignoring them have grown, as participation in online

discussion platforms continues to increase [77] and more forums for discourse, from

classrooms [388], to workplaces, to �public squares� discussing news and shaping local

and national politics [379], migrate online.

One of these problems is thescale of discussion content . The term �email

overload� was �rst coined in 1996 [357], and people were designing systems to combat

information overload in online discussion systems such as bulletin boards as early

as 1985 [139]. And yet problems of email overload are still around [90, 118] and

may have even gotten worse, despite decades of awareness and proposed solutions. A
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similar story can be told about discussion forums and newer social media platforms,

where a single discussion can routinely gain hundreds to thousands of comments. For

example, on the discussion board Reddit [277], a quick glance at the homepage shows

a post 8 hours old that has already racked up 25,500 replies. Instead of organizing

all this content, most systems simply push it down as it gets old, hiding the volume

from users by adding page after page. Others just delete old discussions, assuming

that users �nd no value in them.

A separate issue that was also present in the early days of the internet is the preva-

lence ofunwanted or harmful communication . Administrators of mailing lists

and early forums talked about issues such as ��aming�, �trolls�, and harassment [55]

in the 1990s, as well as email scams and chain letters spreading misinformation [172].

These problems have only escalated in recent years. Due to the migration of more

and more of our social lives onto the internet, online harassers have greater ability

to in�ict harm, and harassment recipients may not have the freedom to opt out of

being online [215]. We have also now seen the weaponization of online misinforma-

tion spread via social media by state actors and others to sow discord and in�uence

elections [351]. Public opinion has soured towards social media, and many now blame

our systems for online discourse for hurting democracy [89] and contributing to rising

polarization [257].

It didn't always appear to be this bleak. After the wider adoption of the internet

came �Web 2.0� [70], or the emergence of a more social web, which exploded the

amount of discourse happening online starting in the late 1990s [302]. This time period

was relatively optimistic about the spread of online discourse [16]. Success stories such

as Wikipedia, open source software projects, and other forms of �commons-based peer

production� heralded more participatory forms of creation [18] as well as innovations

arising from web-enabled collective intelligence [216]. Following the early events of

the Arab Spring, there was a sense of great potential for newer social media platforms

to mobilize collective action [337] and advance democracy [365].

However, the aforementioned problems never really went away, despite various

e�orts, some of which may have introduced new issues. Faced with growing num-
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bers of users, social media platforms turned to automation as well as teams of paid

and volunteer moderators to manage scale and remove objectionable content. How-

ever, the many negative externalities of operating these strategies at such vast scale,

from perpetuating bias within opaque decision-making processes [82], to not respect-

ing user needs or understanding local contexts, to being easily circumvented by bad

actors [147], became glaringly clear as the platforms faced new waves of controver-

sies. Events such as Gamergate [223] and the exposure of Russian state-sponsored

�sockpuppetry� online during the 2016 election [292] have contributed to more main-

stream awareness [264] of the extent of the problems with social media platforms and

highlighted the shortcomings of relying on these stopgap solutions.

1.2 Why Isn't Online Discussion Getting Better?

Why has online discussion as a whole seen so little progress even as our abilities to

work together at scale in other areas online have �ourished? To answer this question,

we can examine thesystemsthat we use for conducting online discourse, their major

a�ordances, and how they have evolved or stagnated over the years. What stands

out when we look at the major online discussion systems in use today is afailure

to empower users to curate contentas user populations and discussion quantity has

grown. This is in stark contrast to systems for collaboration that have successfully

scaled up through providing users greater editorial power.

Compared to the power of tools for publishing on social platforms, there are rela-

tively few tools for user-led curation , or tools for everyday users to understand,

organize, or moderate the large amounts of discussion they see.Curation as a prac-

tice, originating from museums and libraries and now increasingly applied to digital

artifacts, involves selecting found objects, adding new value to them through the pro-

cess of collecting and annotating metadata [50], and placing them in new contexts

and dialogue with other objects [168].

When we consider the social platforms that operate at scale today, many of them

focused in their early years on growing their user base as fast as possible and lowering
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barriers to participation. It didn't matter so much the quality of contributions so long

as overall engagement was growing. As competition led to a plethora of places to con-

verse, sites distinguished themselves through their tools for authoring and spreading

content. Today, users have unprecedented power to speak and share freely to large

audiences online using sophisticated publishing tools. However, as content becomes

abundant, the power to curate that content becomes paramount.

In addition, what curatorial tools exist are limited in expressiveness and only

available to privileged users . Administrators and moderators have some curatorial

tools at their disposal, namely moderating content or banning users on a case-by-case

basis on platforms like Facebook and Twitter. Developers at many social platforms

also have great power when designing automation to do the work of sorting or re-

moving unwanted content, such as spam �lters within Gmail. Yet these tools fall far

short of the range of possibilities that could be encompassed by discussioncuration,

which involves much more than what is generally considered moderation, or keep-

ing out the bad. Discussion curation includes anything from distilling conversations,

to signaling norms, to organizing knowledge, to channeling and nurturing pro-social

participation [119]�all activities that we do to build positive social spaces and have

productive conversations o�ine [138, 375].

Finally, the concentration of curatorial power into the hands of a select few, either

moderators or developers, calls into question the appropriateness and legitimacy of

their decisions as a community grows in diversity and size. When the people call-

ing the shots do not understand the context of their decisions and are not even a

part of the community they oversee, the result is oftentimes the silencing of already-

marginalized populations [107]. What curation tools are a�orded to end users by some

systems are again limited�primarily forms of �agging [54], voting, and distributed

moderation [192].

In contrast, when we look at more successful stories of large-scale online collaboration�

systems such as Wikipedia [13] or StackOver�ow [8]�these systems have developed

sophisticated tools [124], processes [33], and structures [348] to help with mainte-

nance, community building, and organization of content as it grows, as opposed to
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simply improving tools for authoring more content. In addition, in many of these

systems, curatorial powers are available to a much broader swath of the population,

and the norms of participation are centered around collective caretaking of a space.

Collective curation allows for the scaling of content understanding to occur alongside

the scaling of content publishing. As one example, StackOver�ow [313] has processes

for people to edit each other's questions and answers towards the goal of making them

better. This practice is rare in online discussion systems, where individual comments

are seen as unalterable except by the author. As a result of these systems' superior

capabilities for collective curation, social media platforms such as Youtube and Face-

book are increasingly relying on Wikipedia as a way to provide context when false

information is posted [97], and StackOver�ow has overtaken most mailing lists and

forums as the dominant way to get technical information [217, 340].

1.3 From Tools for Publishing to Collectively Cu-

rated Social Spaces

Recognizing the lack of evolution in our online discussion systems towards discussion

curation, I o�er design considerations for how we might address the longstanding

problems of online discussion systems. Instead of belatedly trying to �x problems

after they are already too big, systems could scale gracefully at the outset by opening

up the possibilities that users have to curate online discussion, both for themselves

and for each other. Distributed forms of curation can scale as participation scales,

as long as there are e�ective structures for user expression that allow them to be

e�ciently combined with each other. By empowering end users, they also bring their

nuanced and contextual insights towards curation instead of relying on top-down

directives.

Framed as an opportunity instead of an automatable chore, curation of a so-

cial space transforms users of a publishing tool into co-creators of their discussion

space [252]. In addition, instead of treating discussions as throwaway, ephemeral
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content that can at best languish in disorganized archives, we can recognize that

discussion artifacts themselves oftentimes have value worthy of curation to both new-

comers and re-visitors.

This involves both a normative shift in a community's culture as well as a shift

in technology design. When perceived as citizens of a shared space as opposed to

customers of a service [205], members can and may even be expected to contribute

to common curatorial tasks, such as documentation [104], norm regulation, and emo-

tional labor [142, 230]�work that is often undervalued or rendered invisible [320, 321].

Much like the automation of content creation itself, automation of curation removes

much of what is essential about participating in an online community [107]. By el-

evating curation to an equal footing alongside discussion content authoring, we can

recognize curation's indispensable and uniquelyhuman contribution to the discourse

production of a community.

Today, we are much more aware of how our decades-old discussion system designs

are inadequate for the scale of today's discourse. We realize that the power to speak

is ine�ective without the power of curation once everyone has a megaphone. We are

also more aware of the current limits of and new issues caused by automation and

the drawback of putting all of our curation needs into the hands of a centralized

body. The time is ripe to develop new systems for online discourse that explore more

powerful forms of collective human curation. We urgently need these tools to combat

problems that have arisen, from information overload to harassment, in a way that

values human input and user control. And beyond �xing problems, we still have yet

to realize some of the original aspirations of the social web towards harnessing online

discourse to improve public society.

1.4 Systems for Collective Curation of Discussion

In this dissertation, I explore the design space of collective discussion curation by

designing and building a series of new online discussion systems that re-imagine out-

dated discussion designs to give users new curation powers. Within my design of these
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discussion systems, I consider a number of questions, including 1) What additional

curatorial abilities would users like to have within discussion systems?; 2) How would

users like to represent and interact with artifacts created from collective curation?;

and 3) How can systems structure and motivate user contributions so that they are

both easy for users to input yet expressive enough to suit users' curation needs?

The systems I develop explore a series of di�erent collective curation abilities.

These include systems that seek to curatediscussion information and presentation,

such as collaborative summarization of threaded discourse (Wikum) and teamsourced

markup of chat logs (Tilda). I also examine curation ofmessage �ows and delivery,

such as distributed �ne-grained delivery customization of mailing lists (Murmur), and

friendsourced moderation of email (Squadbox). These systems were developed after

conducting need�nding studies by interviewing and surveying discussion system users

about the problems they faced. After the development of each system, I conducted

lab experiments and �eld studies to examine how the systems are used by people in

real settings.

1.4.1 Collaborative Summarization of Threaded Forums

Much of the world's factual information is readily accessible today, whether by read-

ing a condensed summary on Wikipedia, accessing an open knowledge base such

as Wikidata or Freebase, or quick triaging via a search query. However, there is

still a wealth of experiential, contextual, and opinionated information embedded in

�rst-person accounts, advice, and back-and-forth conversations. Unfortunately, this

valuable information is often lost within long discussion threads, where the act of

sifting through the discourse to get an overview of what was said can be taxing and

overwhelming.

The �rst contribution of my research is a system called Wikum [385] that gives

users the power tosummarize large discussions. Because discussions are often too

large for any one person to distill, the techniques I develop, while applicable for

individual use, allow summarization to scale with the size of discussion by enabling

collaboration.
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Figure 1-1: Left: Discussions are often long and di�cult to get an overview.Right:
Recursive summaries can be constructed to enable progressive hierarchical explo-
ration.

Wikum focuses on the domain of asynchronous threaded discussion, common

within email and many forums and comment sections such as Reddit [277] or Dis-

qus [72]. The tool sca�olds the complex task of summarizing and organizing large and

unwieldy threaded discussions. Wikum instantiates a crowdsourcing technique called

recursive summarization, where users build summaries of small sections of the discus-

sion, small sets of those summaries are then aggregated and summarized, and so on

until the entire discussion is summarized. This allows the work to be distributed so

that each user need only read and summarize a small portion of discussion. Wikum

also incorporates techniques from visualization and machine learning to aid users,

such as a directly-manipulable tree visualization of the discussion, clustering and tag-

ging suggestions to �nd related comments to group, and automatic summarization

algorithms to assist with summary writing. As shown in Figure 1-1, the result of the

work�ow is an explorable summary tree artifact that allows users to navigate from

from a high-level wiki summary to more focused summaries of parts of the discussion

to the original back-and-forth forum discussion.

1.4.2 Teamsourced Markup and Note-taking in Group Chat

Struggling to read long conversations can also occur in the case of more real-time

conversation such as group chat, popularized in the workplace with tools like Slack,

where catching up on missed conversations can be a common occurrence. Through
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Figure 1-2: Chat messages have little di�erentiation. Tilda allows users to add
markup over chat to enrich the representation of messages and generate summaries
for users to use to catch up and dive in points of interest.

interviews with people who use group chat for work, I learned that scrolling is the

dominant strategy for catching up, and that making sense of what was said is di�cult

for users due to the lack of information signals or structure to di�erentiate chat mes-

sages. I then builtTilda [381], a tool that provides a�ordances for richmarkup over

chat with information pertaining to the structure, role, and importance of messages.

As shown in Figure 1-2, examples include adding major discourse acts, such as �ques-

tion� and �answer�, linking from one message to another, and delineating separate

conversations. Because much conversational context is lost after a conversation is

over, Tilda builds in lightweight techniques forin situ markup integrated within the

chat application, including both text commands in the chat dialog box and direct ma-

nipulation via emoji reactions. The markup is then used to automatically construct

short summaries of conversations that allow new readers to quickly get an overview

and dive in to the original chat messages that are of interest.
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1.4.3 Fine-Grained Control over Delivery in Mailing Lists

Not only is it di�cult to glean information from long discussions, it is also di�cult for

users to tell systems what content they want and how they want it. Unfortunately,

a signi�cant proportion of online interaction today is unwanted, distracting, untrust-

worthy, unpleasant, or downright harmful. Sometimes these messages are simply a

nuisance, with back-and-forth, repetitive bickering leading to rising incivility or irrel-

evant messages clogging one's inbox or feed. Other times, they can deeply disrupt

someone's life, in the case of online harassment.

Unfortunately, online discussion systems today often do not give users �ne-grained

control over the mechanisms of content delivery, including the ability to carefully tune

what types of messages they receive or how to manage their own attention. On the

sender side, users may feel guilty about spamming their recipients but have little

ability to target their messages, instead having to settle for everyone getting the

message immediately or not at all.

Nowhere is this more clear than in the humble mailing list, a system that has

existed for decades but has seen little change [328, 213]. From studies of both work-

place and social mailing list communities, I found that, paradoxically, people often

wanted more substantive discussion but were themselves too shy to post for fear of

spamming. I also uncovered tensions between members due to con�icting ideas about

appropriate behavior, partially in�uenced by how they con�gured their mail delivery.

Motivated by this work, I developedMurmur [377], a re-imagination of the mail-

ing list system that allows members to more �nely con�gure what messages get

delivered�for instance, by following threads, individuals, or topics of interest. Con-

versely, receivers can block topics or only get the initial message of threads, while

senders can target to a speci�c audience or slow a message's propagation. By pro-

viding a way for both senders and receivers to �ne-tune their delivery, messages can

collectively go to only those who want to receive them.
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Figure 1-3: Ways to use Squadbox:1) auto-forward certain messages from one's
inbox to friends, or 2) create a public-facing moderated account.

1.4.4 Friendsourced Moderation of Email to Combat Harass-

ment

There are cases where it is not enough to provide tools for individuals to manage

their own message �ow. For instance, in the case of online harassment, where people

with an intent to harm �ood a recipient's inbox with hurtful or disruptive messages,

targeted individuals may become overwhelmed and emotionally vulnerable working

alone against determined harassers. When individuals cannot handle moderation on

their own, one possible solution is for people to turn towardsnetworked moderation

strategies, where they can rely on the help of trusted entities or their own community

for support and assistance. From interviews with people who face online harassment,

we determined that the most personally e�ective strategy that people use to combat

their harassment, besides deleting their account and disappearing o� the internet, is

to get help from a friend.

From this �nding, we then considered how systems can be designed to support

friendsourced moderation, where a recipient of harassment can forward suspicious

messages to friends who then moderate them according to the recipient's wishes. I
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led a Masters student in the development ofSquadbox[215], a tool that facilitates

friendsourced moderation to combat harassment within email (Figure 1-3). Unlike

other unwanted content like spam, harassment is de�ned in many ways, and recipients

have di�ering preferences on how to deal with harassment. As a result, Squadbox is

also designed to be fully customizable by the recipient.

1.5 Thesis Contributions

The focus of my dissertation is on how to design online discussion systems so that

end users, collectively but also individually, can have more power to curate their

experiences and information within these systems. In order to build systems that

actually meet users' needs, I contribute research around three aspects of design across

the di�erent systems and domains that I explore.

1.5.1 Empirical Understanding of Desired Discussion Struc-

tures and Signals

Discussion systems need ways for more users to access more powerful forms of curation

and be able to wield them collectively. One way would be for tools to be built with

richer data models for discussion that allow them to contain more context. However it

is unclear exactly what information could be better represented in discussion systems

to meet user needs. I conduct a number of empirical studies to understand the

needs that users have in their online social environments and what metadata and

signals, when embedded into systems, could help users realize their needs. Since

users have di�erent needs depending on di�erent circumstances, I consider speci�c

needs according to a number of domains and tasks.

For instance, in the case of work communication within group chat, I �nd that

usersvisit old content regularly and want the ability to di�erentiate chat messages

using majordiscourse acts, such as question-and-answer pairs or decisions made after

deliberation. I also look at needs within mailing lists communities, �nding a desire
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from sendersfor more �ne-grained customization, a feature underdeveloped in many

systems. I also separately consider the needs of people dealing with harassment,

�nding that a diversity of customizable strategies, from blocking to forwarding to

alerting, were needed to handle di�erent types of messages.

1.5.2 Novel Discussion Presentations and Interactions

I also conduct empirical studies to understand how users ideally would like their dis-

cussions presented and how they would like to interact with any curation artifacts,

before designing and building novel presentations. For example, I conduct interviews

to understand how users would like to view summaries of discussions, �nding inter-

est in dynamic hierarchical presentations. In the case of Murmur and Squadbox, I

consider how users would like to receive messages, in terms of timing, location in

their inbox or elsewhere, and presentation of metadata and text. In both the Wikum

and Tilda tools, I then design new interfaces forinteractive summariesthat maintain

provenance throughhyper-linking and that express structure throughspatial rela-

tionships between levels of summarization [219]. These presentations allow readers

to more easily get an overview of a discussion but then also dive in to read deeper

summaries or read the underlying original conversation. In Wikum, this is achieved

through an interactive tool with a directly-manipulable summary treeartifact.

1.5.3 Techniques for User Expression and Motivations for Cu-

rating

Given understanding of what users would like to curate and in what format their

contributions should be represented, an open question is how users can best express

that information, as enforcing rigid structures can increase hurdles for users [300].

From this, I consider how users can add structureincrementally [301], how to reduce

the amount of e�ort required for user input, and how to combine people's e�orts

so that work can be distributed. In addition, I �nd in user tests with Wikum that

people are oftentimesafraid to edit each other's work. Thus, my designs support
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adding structure so that it is superimposedover original discussion artifacts instead

of editing or destroying them.

For instance, in the Tilda use case, I focus on techniques to collectively tag con-

versation in lightweight ways within chat so that participants can do this work while

chatting in situ. Similarly, Murmur is designed so that users can customize the de-

livery of mailing list emails while in their email client of choice using replies. In

the Wikum tool, I examine how to break down summarization of a large discussion

into smaller tasks where users can build upon and overlay partial summaries on each

other's partial summaries usingrecursive summarization. In Squadbox, I explore tools

to make moderation easier; for instance, users can build up whitelists and blacklists

to automate aspects of their moderation over time.

I also explore potential motivations for users when interviewing people and deploy-

ing tools in the wild with di�erent communities. A deep dive into people on Wikipedia

who already do a great deal of discussion curation revealed aspects of their work that

they would like improved. For instance, when we studied how Wikipedia editors

might bene�t from Wikum, we found that editors were primarily motivated to use

Wikum to reduce their own cognitive load. In Squadbox, we saw that people dealing

with harassment had friends who were motivated to help but did not have an easy

way of doing so. In Tilda, employees who had coworkers in a di�erent timezone were

motivated to keep notes to help their coworkers catch up. In the future, more work

is needed to understand motivations over time using long term �eld studies.

1.6 Thesis Overview

Chapter 2 positions this thesis in the context of related research into the evolution of

online discussion systems, the theories we use to understand online collaboration and

motivations to contribute to online communities, as well as new interventions, tools,

and techniques towards improving collaboration, curation, and discussion.

From there, Chapters 3�6 describe systems and studies exploring novel designs for

collectively curating online discussion. These chapters include results from formative
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need�nding studies, descriptions of system speci�cations and implementation details,

and results from lab evaluations and deployments to communities.

� Chapter 3 introduces the Wikum tool for summarizing large discussion threads.

I describe Wikum's recursive summarization process for breaking down the

work, and the Wikum interface for exploring summary trees. Then, I present a

case study examining the work of Wikipedia editors who must synthesize large

deliberations on the platform. Finally, I describe results from a deployment of

Wikum to Wikipedia editors.

� Chapter 4 examines group chat systems and introduces the Tilda tool, combin-

ing tagging and summarization techniques towards the goal of enriching chat

representations and helping users get an overview. I conduct a formative study

to understand user frustrations with chat and what presentations and signals

are important for catching up. I present results of two lab studies and a �eld

deployment of Tilda with 4 active Slack groups.

� Chapter 5 explores how users can �nely control what and how messages get

delivered, both as senders and receivers. I describe formative interviews and

surveys of mailing list communities, �nding tensions due to competing norms.

I then introduce Murmur, a re-imagination of the mailing list that allows users

to tailor how messages get sent and received.

� Chapter 6 introduces friendsourced moderation to combat the case of online

harassment, where individuals are inundated with hateful messages and get

help from friends. I introduce the tool Squadbox and also draw from interviews

with people who deal with online harassment.

Chapter 7 summarizes design lessons from the four discussion systems and their

deployments, and discusses how these �ndings �t into broader frameworks of curation

tools. I also discuss what needs to change in order for collective curation to be

adopted more widely. I conclude in Chapter 8 by reviewing the contributions of this

dissertation and proposing future research directions.
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Chapter 2

Background and Related Work

Systems for conducting discussion online have been around for decades, even longer

than the internet has existed. Research into systems for online discussion have existed

for almost as long. In this chapter, I cover prior research charting the evolution of

our online tools for discussion, the theories and empirical studies that make up our

understanding of how people collaborate online and their needs when it comes to

discussion tools, and �nally novel systems and techniques that could help support

collaboration and online discussion.

2.1 Evolution of Online Discussion Systems and Their

Lingering Problems

While many aspects of social life online have changed since the early internet days of

email, BBSes, Usenet, MUDs, and IRC, what's surprising is how much has actually

stayed the same. The dominant method of communication, then and now, is still

email. Additional systems, such as IRC and mailing lists, still have relatively broad

usage, even as competitors have gained prominence. Why are some of these systems

still around? In the cases where systems have evolved, what has been the e�ects of

those changes, and what problems do they still have?

Today, our online discussion tools can be broadly encompassed by the categories of
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Figure 2-1: The online discussion systems of mailing lists, forums, chat, and social
media along four di�erent design dimensions.

mailing lists, forums, group chat, and social media. From their early days until now,

each of these systems struggle with the twin problems of information overload and the

presence of unwanted content. When we consider each system and the ways in which

it is unique or similar to other systems (see Figure 2-1 for several dimensions), we can

begin to understand whether and where these two problems become exacerbated.

2.1.1 Email is Still Email

In the 50 years since email was invented, it has become a ubiquitous tool for both

private and group communication [23, 213]. Just four years after the invention of

email, the �rst mailing list, MsgGroup, was created in 1971 to help Arpanet users

discuss the idea of using Arpanet for discussion. In the 1990s to early 2000s, there was

a great deal of excitement over the potential of mailing lists to connect geographically

dispersed people in scholarly and professional circles [152]. Studies found that lists

allowed highly a�ective interpersonal interactions [229], encouraged re�ection [152],

and extended users' social capital [228].

However, even then there were problems, such as complaints about �aming, lurk-

ers, o�-topic threads, and information overload [328]. There was also frustration
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with the need for time-consuming administrative moderation to maintain quality

discourse [55]. Some issues with mailing lists in that period simply re�ected general

problems of email overload [57, 357]. Given the in�exible design of mailing lists, users

had no recourse except to unsubscribe when they felt overloaded [328]. Problems were

magni�ed when the messages were deemed nonessential or served a di�erent purpose

than regular email, as was often the case for mailing lists [282]. This suggests mailing

lists may have exacerbated email overload.

Much has changed in the world since these studies but mailing lists remain ubiq-

uitous despite changing little over the years. Today, there are alternatives to using

mailing lists. Google Groups [109] can be used as a mailing list but also o�ers a web

forum experience. Some social media sites have speci�c a�ordances for groups, such

as Facebook Groups, Reddit, or the now discontinued Google+, with newer features.

So why do some people still prefer mailing lists? As seen in Figure 2-1, mailing lists

share a great deal of overlap with forums but di�er in how they are accessed. Forums

exist in a shared space and are accessed the same way by all members, while email

users access mailing lists via their personal email client. This allows them to cus-

tomize how they would like to view and receive messages. Social media systems also

o�er a personal space to view content via a personalized newsfeed; however, unlike

email, social media algorithms cause content to appear out of order or sometimes

not at all. Indeed, we �nd via an interview and survey study (described in Chapter

7) that some people still prefer mailing lists over forums and social media due to

characteristics like their greater customizability and greater likelihood for emails to

be read.

We also �nd that problems with mailing lists have continued to plague users. One

of the downsides of accessing content via a personal space is that users can develop

competing norms about acceptable behavior because of diverging delivery speci�ca-

tions. We �nd that this leads to tensions between mailing list users. Meanwhile, while

email clients are customizable, mailing lists are not�once an email is sent, everyone

gets it. Instead, more �ne-grained sender a�ordances could allow users to target

emails more carefully and reduce the overall amount of unwanted emails received.
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2.1.2 Group Chat: From IRC to Slack

Along with email, chat was one of the earliest forms of computer-mediated commu-

nication, and still remains one of the primary ways people communicate online. The

�rst group chat was developed at University of Illinois in the early 1960s to connect

users of an instructional system [367]. Chat was initially a popular channel for open

source software developers using Internet Relay Chat (IRC). Studies have examined

for instance how open source software developers coordinate in distributed teams us-

ing chat [299]. Since then, group chat, and its close relative instant messaging, have

amassed billions of users world-wide [45, 48].

Researchers have studied the impact of chat systems, including ways that chat

can foster intimacy among friends and family [148, 363] and how social norms form

in online chat communities [278]. Studies have also shown that chat can lead to

unintended consequences, such as a reduction in face-to-face communication, and

increased interruption and distraction [35, 101, 56, 156]. Despite bringing people

closer and creating a greater sense of community, chat can create arti�cial distances

between people [274].

In more recent years, chat has started to gain adoption in the workplace and more

enterprise settings [136, 274, 126]. Tools like Slack, Hipchat, and Microsoft Teams

have become popular in the workspace and have opened up an ecosystem of chatbot

extensions for connecting chat to other services [186, 368]. As more work is conducted

remotely and more businesses move to use group chat, group chat systems have

become increasingly important towards improving workplace productivity. However,

beyond surface level changes to the appearance of chat clients, much of the underlying

structure and functionality of group chat systems have not changed considerably.

Group chat's main di�erence from other online discussion systems is the greater

expectation of synchronous usage rather than asynchronous usage. Synchronous us-

age can exacerbate problems with information overload when users fall behind on

conversations and then have di�culty catching up due to long and messy chat logs.

We �nd that needing to catch up on chat conversations is common as well as cum-
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bersome for users (Chapter 4). Group chat systems also have problems with users

receiving irrelevant or unwanted content much like forums or mailing lists due to the

inability to customize their space or customize delivery.

2.1.3 A Plethora of Web Forum Systems

Web forums also have a long history, growing from origins in bulletin board systems

(BBSes) and newsgroups, �rst developed in the 1970s and 80s. In the 2000s, popular

software packages such as phpBB and vBulletin were developed, allowing anyone

with a webserver to easily set up and host an internet forum [74]. These packages

included features like allowing �at versus threaded discussion and light moderation

and administration tools. Large forum communities on many topics sprung up, each

with their own hosting and custom appearance over a generic framework. Many of

these packages are still in use today, though their popularity has waned. Similarly,

it is possible to attach forums to pages such as blog posts and news articles using

systems like Disqus, Wordpress, and Drupal. More recently, new software such as

Discourse [71] have updated forum software packages with features common in modern

applications, such as in�nite scrolling and live updates.

One direction that online forums have gone is towards community Q&A (CQA)

sites such as Quora, StackOver�ow, or Yahoo! Answers, where contributions are in

the form of question-and-answer discourse types. Today, many CQA websites, espe-

cially for technical support communities, have overtaken mailing lists and discussion

forums as a place for knowledge sharing [340]. These systems incorporate features

including tagging, collaborative editing, and marking of solutions to help the commu-

nity to curate the information available. However it is unclear how well these systems

perform for contentious and subjective issues or discourse types other than Q&A.

Other platforms for forum discourse are more geared around sharing links to content,

include sites like Reddit, Slashdot, or Digg. Unlike traditional forums but similarly

to CQA sites, most of these sites incorporate a distributed voting process that alters

the placement and visibility of content on the page [192].

As seen in Figure 2-1, while forums like phpBB immediately post content in
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chronological order, distributed voting forums like Reddit reorder and sometimes hide

posts, similarly to social media. While voting is now a common feature in many sys-

tems towards reducing information overload, there are documented problems, includ-

ing underprovision [106], negative feedback loops [40], and harassment campaigns [62].

Social moderation still surfaces only �popular� points to the community. In response,

systems could build personal spaces for users to customize what they see but this may

also lead to clashing norms, much like in mailing lists, or ��lter bubbles� where users

self-select into silos containing only one point-of-view [257]. Finally, voting systems

have led to issues with harassment and other forms of organized deviant behavior.

For instance, within Reddit, harassment tactics such as �brigading� have emerged,

where a group of users invade another community to tamper with votes [62]. This is

partly because while Reddit has hard membership boundaries for subreddits, users

can still vote and post to public subreddits when they are not members.

2.1.4 User Publishing and the Rise of Social Media Platforms

Finally, early applications for sharing user-generated content grew from online bulletin

board systems (BBSes) and newsgroups such as Usenet in the 1970s and 80s. This

led to an explosion of weblogs on platforms such as Xanga and Blogger by the 90s

thanks to the proliferation of end-user web publishing tools. Today, many blogs

are still around, with some popular blogs blurring the boundaries between blogs and

professional news sites. However, the majority of user-generated content is now hosted

on one of a handful of giant social media platforms or �social networking sites� [29],

from Facebook to Twitter to Instagram. The scale of participation on these social

platforms is unprecedented, so problems can have far-reaching consequences when

experienced on one of these platforms.

Studies on social media have looked at what content users share and why [78, 163],

and what they choose to not share and why [308, 345, 193]. Research has also looked

into the motivations for participation speci�cally in online groups [279]. Research on

Facebook and Twitter suggests that it is used both for information sharing [311] as

well as for socialization [259] and self-presentation [239].

46



While today's social media platforms have some of the same characteristics�and

as a consequence some of the same problems�as mailing lists, forums, and chat, one

major di�erence is the lack of hard boundaries regarding communities and member-

ship [79], as seen in Figure 2-1. Instead, interactions form on top of a social network

de�ned by one-to-one follow relationships. This leads to some unique challenges for

social media. Norms do not develop on the platform uniformly, as every user sees

a di�erent set of interactions. There is little sense of a shared community with the

rest of the user base. Also, many di�erent forms of relationships and subcultures

are present in the same overloaded space. This can exacerbate issues with clashing

norms when di�erent pockets of users come into contact with each other, otherwise

known ascontext collapse[221]. Researchers have found that users often self-censor

in order to manage their self-presentation [308] and as a result of navigating their

identity in di�erent contexts [345]. Online harassment has also �ourished as ha-

rassers take advantage of the lack of clear rules and boundaries to conductnetworked

harassment[220] tactics such as �dogpiling� [160] to overwhelm individuals.

In addition, content delivery is mediated by black-box algorithms and users view

content in a personal space, so that it is not always obvious who will see a piece of

content and in what way they will receive it. While partially alleviating information

overload, this exacerbates problems with clashing norms. The use of user engagement

as a metric feeding these algorithms has itself given rise to new issues with unwanted

content such as clickbait, inauthentic engagement via bot-farms and click-farms, in-

creasing partisan content, and misinformation. Social media platforms have struggled

to govern this content under one big umbrella using a combination of paid moderators

and detection algorithms�on one hand, being scrutinized for biased, inconsistent, or

heavy-handed decisions and on the other hand, for not doing enough to protect users

from harm.
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2.2 Understanding Why and How We Collaborate

and Participate in Online Discourse

Much theoretical and empirical research has focused on understanding how users

collaborate and communicate and their technology needs for these tasks. This prior

work provides an understanding of how we might address longstanding issues with

online discussion and informs our design of tools aimed at improving online discussion

through collaborative curation.

A signi�cant portion of relevant research resides in thecomputer-supported co-

operative work (CSCW) space, a �eld that got its start in 1984 [117]. CSCW is

one of the earliest research communities to examine the design of computer tools for

collaboration and coordination between groups of people, building on theories such

as distributed cognition [151] and sociomateriality [251] to describe the evolution of

technical tools, artifacts, processes, and people in response to each other. Historically,

CSCW focused more on small size workteams making use of technology [120]. For

instance, much work withingroupware toolsfocuses explicitly on technologies to im-

prove productivity and e�ciency while collaborating on a common �eld of work[287],

sometimes at a distance in time or space [161].

In more recent years, CSCW has moved away from primarily being about tradi-

tional work towards becoming inclusive of �coordinated action� in general, or action

by two or more actors who are working towards a particular goal [201]. This broadens

the scope to nontraditional work, including commons-based peer production [18] by

stranger volunteers such as on Wikipedia and open source software projects, crowd-

sourced work such as on citizen science or civic tech projects, collective action such as

hashtag movements on social media, or serious leisure [315] undertaken within online

communities of interest. In all these cases, the online discourse that happens is a form

of articulation work [318], or coordination, planning, and all the other work that is

done in order to make the primary work function.

Finally, there is a large portion of discussion online today where the discussion

does not serve a separate action-oriented purpose but is instead itself the primary
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goal. For instance, people may provide answers to questions on Quora [275] or partic-

ipate in debates on Reddit [277] for reasons including socialization or entertainment.

Much of the research in understanding these interactions can be encompassed by

the broader �elds of computer-mediated communication (CMC)research andsocial

computing [256], research communities dedicated to technology in support of social

activity between people. These �elds have a great deal of overlap with CSCW.

In this thesis, I consider tools for online discussion in a number of potential sce-

narios, including both action-oriented and non-action-oriented discourse. However,

whether or not the discussion is an instance of work, the role ofcurating discourse

of any kind is always itself a form of work, where the common �eld of work is the

site of online discussion. Whether the topic of discussion is a controversial edit on

Wikipedia or comments on Facebook about news, there is labor done towards the

goal of making those conversations go well. In acknowledgement of this work, cura-

tors have been referred to by researchers and curators themselves as �janitors� [323],

�custodians� [107], or �gardeners� [294], people whose job, paid or volunteered, is to

clean, organize, document, govern, and otherwise tend to a shared digital commu-

nication space. Recognizing that this activity is a form of collaborative work allows

for us to see the relevant parallels in research on motivations to participate in online

collaboration, the design of collaborative work tools, and the creation of collaborative

work artifacts.

2.2.1 Motivation to Curate Online Discourse

An important question then is what motivates people to do the work of curation and

how well this work can be e�ectively distributed in the case of online discussion. Much

research within social computing has examined motivations for users to contribute

towards authoring content in online communities [193] as opposed to curating content,

though many of the lessons learned can be applied generally to many forms of user

participation.

At the individual level, a uses and grati�cations [91] approach suggests motiva-

tions such as deriving purposive value or social enhancement might lead someone to
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go beyond contributing content to curating others' content [66]. At the community

or organizational level, theories oforganizational commitment describe when some-

one develops an a�nity with the identity of an organization as a whole [193]. These

motivations may change and deepen over time as users transition in their roles and

commitments [270]. One space where this has been studied in detail is within the

Wikipedia community, where there are strong cultural norms in favor of curation

and users accrue social credit and greater powers for explicitly curatorial as opposed

to authoring work [32]. We contribute to this work by conducting a deep analysis

speci�cally of those who curate discussions on Wikipedia.

In a similar vein, both common identity and common bondtheories have been

applied to motivations to participate in an online community and could be relevant

to discussion curation [279]. For instance, in the Squadbox case, we saw that peo-

ple would be motivated to moderate because of a strong bond with the harassment

recipient but also because of common identity, such as being a harassment recipi-

ent themselves or sharing a common targeted identity, for instance being a female

journalist, with the person being harassed.

Despite these varied motivations to participate, a consistent �nding in the study

of online communities is thepower law distribution of participation: the majority

of contributions are made by a minority of users [327, 272]. One relevant theory of

why more people don't participate is Hardin's �tragedy of the commons� [128] which

describes the situation where people, acting in their own self-interest when using a

shared resource, excessively exploit or degrade that resource as a result. In the case

of online discussion systems, the shared resource being depleted isattention [304].

Egregious examples of exploitation of attention include spam and clickbait.

The tragedy of the commons has been successfully counteracted in some cases with

bottom-up systems of self-governance. In examining many successful empirical cases,

Ostrom devises a series of design principles for self-governance [252], including local

enforcement, multiple layers of nested enterprises, and an overall emphasis on growing

social norms as opposed to imposing rules [253]. These principles have been explored

in large-scale online communities such as decentralized governance in Wikipedia [93].
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Similarly, I examine more distributed forms of self-governance in the Murmur and

Squadbox tools towards resolving issues of competing norms and combating deviant

behavior.

Another relevant theory is the �social loa�ng� model, which postulates that an

individual's contribution decreases as the size of the group grows [165]. Research

suggests that social loa�ng is detrimental to overall group cohesion [303]. This relates

to the tragedy of the commons in that when a common good can be freely consumed,

a lack of maintenance oftentimes results [252]. Related theories include thefree-rider

problem or the prisoner's dilemma.

Within research on the design of CSCW tools, Grudin ties these concepts to

the di�culty of groupware adoption and suggests counteracting these outcomes by

creating tools that have equal payo� for all users, emphasizing both individual and

collective bene�ts, and reducing the work required of all users [121]. Failures may also

be due to payo� interdependence, where one person's use of an application creates

positive externalities for others [212], and a critical mass of participation is necessary

for all to receive bene�t. Within the systems I develop, these recommendations can

be seen in how the systems all permit incremental bene�ts instead of requiring critical

mass to receive payo�s.

Studies on social loa�ng suggest that it is related to the strength of social ties and

the perception of risk [303]. Echoing this work, in our study of Wikipedia editors who

frequently resolve disputes, we found a hesitance to get involved in cases where there

was a chance of reputational risk (termed �wikipolitics�). Designs that rely on strong

social ties thus may have lower rates of social loa�ng; this is re�ected in the design of

our Squadbox tool that makes use of close ties to encourage assisting a friend facing

harassment.

2.2.2 Designing E�ective Collaboration Tools

Researchers describe a number of factors that contribute to success in remote collab-

oration within workteams. This work has implications for discussion curation work,

often done at a distance, particularly in the case of tools like Tilda that involve tradi-
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tional workteams. Olsen and Olsen emphasize the consequences of collaborating at a

distance [249], �nding that establishing some level ofcommon ground, or knowledge

that participants have in common and know they have in common, is paramount [250].

Common ground is constantly negotiated on the �y during discussion but is not al-

ways explicitly stated.

This has implications for who curates discussion artifacts. In cases where common

ground is already high or can be rapidly established due to a higher bandwidth channel

(see Media Richness Theory [59]), curation likely can only meaningfully be conducted

by discussion participants themselves. In our research on workteams and their use

of group chat, we indeed �nd that it is di�cult for non-participants to summarize

concluded chat conversations. However, there are many public forum discussions

where it is more di�cult to establish common ground due to a large and shifting

set of participants and asynchronicity of discussion. In these situations, it may be

possible for a non-participant to understand the discourse.

A second criteria is the level ofcoupling in work, or the extent and kind of commu-

nication required by the work. For most remote collaborations, it is important that

the work is loosely coupled, requiring less frequent or less complicated interactions.

In the case of discussion curation work, it would thus be important to design col-

laborative work�ows that can break down the work and require only loose coupling.

In the deployment of our systems, we have seen some cases where the coupling can

be minimal once norms are established, while in other cases coordination is needed,

necessitating a way to have meta-discussions about discussion curation.

Other criteria have become less important over the years, such as collaboration

technology readiness [24], due to the prevalence of tools. However,collaboration

readiness is still a key factor, demonstrating the importance of a shared sense of

purpose and shared understanding of goals for any collaborative work task, including

discussion curation work.
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2.2.3 Discussion Curation Artifacts

Finally, a characterization of discussion curation is incomplete without mentioning the

sociomaterial artifacts [251] and processes of standardization and formalization that

are created as a part of this collaboration work. CSCW researchers have drawn upon

the concept ofboundary objects[314], or objects that lie at the intersection of di�erent

communities of practice and help to coordinate their perspectives. This concept

can describe common collaboration artifacts such as forms, repositories, or diagrams.

Boundary objects are useful for information reuse [209] and organizational memory [3]

in CSCW settings and oftentimes rely on some measure of standardization [199], which

is a precursor to structure.

Online discussion tools have varying degrees of formal structure. (While commu-

nities can always self-impose structures within free-form text, I refer to structures

formed at the system level.) Most systems require little structure beyond threads or

rooms of conversation and little metadata involved with each post or thread. Excep-

tions include community Q&A (CQA) sites [4] or systems for structured argumen-

tation or design rationale [214]. However, these systems support only speci�c forms

of discussion. In contrast, general purpose discussion systems involve little standard-

ization and may even resist standardization since they are the go-to medium when

other routine processes fail. The bene�ts of non-standardization can be seen even in

CQA sites where there is often a dedicated space for free-form discussion underneath

answers.

As a result, the lack of structure and translational context in the raw output of

online discussion systems make them non-ideal candidates for boundary objects on

their own. Yet despite the di�culty of making sense of unstructured discourse, users

do still go back over discussion logs because of their rich repository of organizational

knowledge [125]. Indeed, part of the role of a tool like Tilda is being able to translate

and distill raw discussion artifacts to a wider audience or di�erent community of

practice. Thus, the artifacts created from the discussion curation tools in this thesis

have important aspects of boundary objects. As with many boundary objects, they
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can go through periods of routinization and re-negotiaton over time [210], allowing

greater coordination. As an example, we observed people using summaries in Tilda

to call out and translate action items and decisions for others not present in the

discussion.

A related concept isboundary negotiating artifacts[200], which calls attention to

collaboration artifacts that don't just sit at a boundary but are used by individuals

or communities to negotiate or push what those boundaries are [210], towards the

goal of re-con�guring the collaborative work. As discussion curation artifacts are

created, routinized, and especially used, they can also serve to �iteratively coordinate

perspectives� and �bring disparate communities of practice into alignment� [200].

For instance, summarization of a discussion can be used to iteratively coordinate

the di�erent perspectives in a deliberation. The �nal summary artifact is also a

structuring device to establish a hierarchy of importance and narrative. Similarly, we

saw negotiation between Squadbox owners and moderators regarding best practices

for labeling emails and collaborating on whitelists and blacklists.

This conceptualization helps to inform where discussion curation artifacts sit on

a continuum of standardization and highlights the potential bene�ts of discussion

curation for coordinating perspectives. While not all boundary negotiating artifacts

must eventually become boundary objects, we can see how some of the artifacts from

discussion curation tools could inform standard processes and be used to cross even

more disparate communities of practice. For instance, Tilda summaries of group chat

discussions in workteams could serve as ��rst drafts� of more formal status updates

to managers. Similarly, documentation of harassing messages within Squadbox could

be used towards �ling reports to police or to social media platforms.

Not all discussions need discussion curation, just as not all curation artifacts need

further formalization. The design of the discussion curation tools in this thesis bor-

rows from Shipman and McCall's concept ofincremental formalization [301], where

users can express information in an informal way, and systems can support users in-

crementally formalizing that information. For example, users of Wikum can choose

to not summarize one portion of a discussion at all but summarize another portion
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with several layers of nested summaries.

There are many bene�ts to such an approach. Research has shown that users often

avoid having to articulate structures or processes explicitly [300], because of cognitive

overhead, tacit knowledge that users do not acknowledge, or unwillingness to commit

to a structure prematurely. Meanwhile, problems from CSCW tools often arise due

to missing social context but computer systems currently must formally encode social

information in order to be able to act upon that information. Ackerman describes

the distance between the ��exible, nuanced, and contextualized� social requirements

of users and what is feasible within technical systems as thesociotechnical gap[1].

Though this gap may never be fully ameliorated in practice, systems that can

reduce the need for formal information or that make it easier for users to provide

information can help [300]. The �rst step is determining information that is broadly

necessary for a task and encoding them as�rst-order approximations [1]. In prepa-

ration for developing the Tilda tool, we took this approach to de�ne major discourse

acts that users could use to label their chat based on interviews with heavy chat users.

Systems also should be designed so that formalization can be de�ned incrementally

and structures can evolve over time. Marshall and Shipman proposespatial hypertext,

the use of space and visual cues to express relationships, as one way to provide more

exploratory structuring.

Incremental formalization is an important characteristic in the discussion curation

tools in this thesis. Given the �exibility of the underlying data and wide range

of potential tasks, we chose not to go the direction of forcing all discussions into

a particular structure, such as in the case of CQA sites. Instead, users can pick

and choose where they would like greater structure enacted. We also incorporate

spatial information in a visualization in Wikum to represent hierarchical relationships

between nodes. In addition, our systems support incremental formalization through

superimposed structure, or structure that is overlaid on top of original artifacts as

opposed to destroying or altering them. This is because we found that users want to

read original discussion artifacts and are also reluctant to directly edit other people's

statements. Shipman and McCall similarly caution against destructive formalization
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due to the loss of information [301].

Another possible approach to narrowing the sociotechnical gap is to allow for

inferred structure. While much of the information in question is di�cult to infer

automatically, several of the discussion curation tools support some level of auto-

matic inference based on characteristics of the text. For example, Wikum supports

automatic clustering of comments, and Squadbox includes an automatic harassment

classi�er. In other work, I examine automatic classi�cation of comments in discussion

threads according to their major discourse acts [382].

2.3 Existing Research on Techniques and Tools

Finally, I describe prior research into novel techniques and tools that has informed my

work as I design new discussion systems. The relevant research topics span many dis-

parate areas, including research on personal information management, novel crowd-

sourcing systems and processes, visualization techniques, and automatic discourse

analysis. In this section, I introduce these �elds and situate my research contribu-

tions with respect to what came before.

2.3.1 Personal Information Management

The study of personal information management (PIM)involves the strategies, tools,

and activities people perform with information in order to get what they need done

in everyday life [162]. While the discussion information I examine is socially con-

structed [251], there still exists a �last mile� of information management that involves

users interacting with that information on their own.

Notetaking

A common technique for capturing information is lightweight notetaking [339]. Many

tools have been developed to improve notetaking in live meetings and lectures, includ-

ing tools that enable participants to collaborate with shared notes [280, 64, 164, 194],

tools for embedding notetaking within multimedia experiences [44, 43], and tools
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for leveraging meeting recordings to bootstrap notetaking [105, 235]. Despite these

tools, there still are not many systems for notetaking within online discussion outside

of email, despite many teams moving away from email systems for communication. In

my thesis, I describe techniques for lightweight notetaking capabilities within group

chat using the Tilda tool.

Email Management

Finally, there exists a great deal of research on PIM tools for email management [357,

19, 58]. Today, a majority of people's workday is spent within email [118, 357]. There

has been substantial research on the organizational and retrieval needs of email users.

Email users view email as an information repository [356], where they have di�erent

strategies for retrieval [9, 332, 241, 305, 325]. Users' needs include email annota-

tion, reliable structure, prioritizing emails, informative overview, �exible sorting, and

e�cient search [326].

Besides simply managing their own inboxes, researchers have also built systems

for users to manage emails on behalf of others or collaboratively within a group. This

includes shared inboxes jointly accessed by a team [236] or the use of paid crowd

workers to provide personal email management services [183, 184]. While PIM tools

mostly focus on email recipients, there are also important sender a�ordances. For

instance, senders would like to hint to their recipients how to respond [114].

When it comes to tools, most email clients today have some sort of �ltering,

sorting, and searching mechanism. While most existing �lter interfaces are focused

on explicit metadata within messages, other ways of classi�cation and sorting of

messages have been proposed [326, 75, 245] as well as enacted [76]. For instance,

research has found that email users tend to see messages as tasks and have a desire

to conceptualize email as a task management tool [17]. However, despite all the

advancements in email client software, there has been surprisingly little attention

paid to group communication tools within email, namely mailing list software. In my

thesis, I examine the needs of mailing list users and reimagine mailing list design in

light of those needs.
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2.3.2 Crowdsourcing and Collective Intelligence

In addition to curating discourse individually, discussion curation can also be con-

ducted collectively. There exists a long line of work on novel techniques and systems

to support collaboration, particularly towards discourse curation, though much of

the curation capabilities remain shallow. Much of this work can be labeled under the

broad concept ofcollective intelligence, or research concerned with group intelligence

arising from cognition, coordination, and collaboration [324]. One more recent and

relevant subarea iscrowdsourcingor human computationresearch on complex infor-

mation processing systems where humans participate and are con�gurable as discrete

computational elements [347].

Voting and Collaborative Filtering

Much of the classic work in collective intelligence examined di�erent forms of crowd

judgment systems, such as the �wisdom of the crowds� enabling more accurate esti-

mates of an ox's weight [98]. Today, this idea can be seen in many discussion systems

that incorporate some form of community rating process [192] or community �agging

process [54] to sort, �lter, and moderate comments, threads, and users. These act

as a way to both help keep away undesirable content and surface interesting content.

However, researchers have documented problems including underprovision [106] and

negative feedback loops [40]. Coordinated activity can lead to attacks such as �vote

brigading�, by calling on members of a community to all down-vote or submit nega-

tive content within another community [190]. Collaborative voting may also surface

only popular submissions and push down content that may nevertheless be accurate

or provide minority opinions, as users interpret �up-votes� as signals of agreement as

opposed to accuracy, quality, or relevance.

More recently, some systems have moved away from everyone seeing the same

voting outcome towards collaborative �ltering techniques, where votes from users

with a similar background have greater weight. While this may help users see what

is personally interesting to them as opposed to more generally, it may lead to ��lter
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bubbles�, where users see only the content that re�ects their point-of-view [257]. This

in turn could lead users to have a false sense of consensus and develop more partisan

stances, though research indicates this e�ect may currently be modest [92].

Structured Voting and Discourse Systems

The �ip side of adding voting to discourse is adding more discourse to voting. Some

opinion aggregation systems incorporate notions of commentary along with structured

judgments. For instance, OpinionSpace asks users a series of rating questions about

a topic along with space to leave a comment; comments can then be viewed over a

2-D space of all opinions [83]. Similarly, ConsiderIt allows users to mix and match

pro-con lists, placing them on a scale with other users [188].

Other systems have stronger notions of back-and-forth discourse but encode them

in a highly structured space. For instance, structured community Q&A (CQA)

sites [4] require all discussion to be in a question-and-answer format. There also

exists a long line of CSCW systems focused on structured argumentation and design

rationale [214]. More recent examples of these include Kialo [171] and the Deliber-

atorium [181]. While these tools have limited support for free-form discussion, they

occupy a space of structured and as a result, aggregate-able, interaction that is richer

than voting. However, this limits the kind of dialogue possible and erects barriers

to participation. For instance, CQA sites work well for questions that have a clear

�best answer� but not as well for questions with many possible answers, such as in

the case of opinion-seeking questions or requests for anecdotes [218]. As the focus

of this thesis is on general purpose discussion tools, while I incorporate structures

including question-answer categories into some of my work, the systems I develop

instead permit such structures to arise iteratively based on user input instead of at

the outset.

Crowdsourcing Work�ows

Finally, one line of work within crowdsourcing has explored how to coordinate crowds

of people doing small amounts of work to complete complex informational tasks.
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Much of this work has focused on breaking down large tasks into small parts, or

microtasks, and then providing sca�olding to integrate the parts. Microtask work�ows

design e�ective ways to break down complex tasks into manageable, independently

executable subtasks that can be distributed to others and executed over time [178,

331]. They have been successfully used for taxonomy-creation [42], writing [333, 334],

holding a conversation [197], transcription [196], and scheduling meetings [52].

Researchers have also developed work�ows for tasks related to making sense of

or synthesizing large collections of data or information, like summarizing books and

movies [342], extracting categories and clusters from complex data [10], shortening

prose [21], and creating an outline [208] or article [122]. For most of these work�ows,

the intermediate steps of the work�ow are discarded towards producing a �nal static

artifact. In my thesis, Wikum builds on this work by introducing a new work�ow

for breaking down and combining summarization tasks as well as considering how

intermediate work could be externalized in an interface.

2.3.3 Novel Presentations and Interactive Visualizations

Another set of tools and techniques examine novel presentations and interactive visu-

alizations of discussion data. The presentation of information within online discussion

systems has changed little over the years. Many online discussions on the web to-

day arrange comments in a linear fashion ordered chronologically. Those that are

threaded often use indentation of the comments to indicate reply structure; however

this can be di�cult to read when there are many replies.

Sensemakingis a process of developing representation and organizing information

towards a task, such as decision-making or problem-solving [267]. Building from

information foraging theory, which posits that people use foraging methods evolved

from �nding food in the wild to search for information online [266], researchers have

worked on imbuing interfaces with cues to improve theinformation scent of content

on the page or current path of inquiry [41] for information foragers. As it is common

for users to forage through deep discussion threads for information, the concept of

information scent is a useful way to think about improving presentations of discussion
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information.

Alternative Presentations of Discourse

While systems like discussion forums can facilitate collective sensemaking of complex

information and multiple perspectives [218], oftentimes this sensemaking happens in

spite of the native features within forum software, which make it di�cult for users to

sample or search through the information space.

Researchers have developed novel alternative presentations to help navigate threads

and get an overview of a discussion. For instance, FlashForums provided a thumbnail

view of the discussion so users could highlight portions to see the full comments [63].

This sort of thumbnail view provides useful information for readers before they dive

into reading a portion of discussion, such as how long a particular thread is or how

much back-and-forth there is. Other systems tried mixed-modal visualizations that

show threaded conversations in both a tree and sequential way [341]. When it comes

to chat, some work focuses on new chat representations, such as allowing people to

have threaded conversations in chat [310] or time-based views [96].

Another set of signals that could improve sensemaking capabilities arise from the

contributions, navigations, and reading patterns of prior users. This is described as

computational wear, including edit wear to show author interactions andread wear

to show reader interactions [137], evoking dog-eared pages or well-trodden trails.

Techniques such as anchored discussions, as explored in Eyebrowse [378] and NB [388],

similarly allow readers to see where on a primary document or on a series of documents

the majority of discussion activity is taking place. In addition, techniques such as

highlighting or tagging important signals such as emotion within comments [383]

can assist with information scent by providing more signposts to readers navigating

through and diving in to the discussion space.

Discussion Visualizations

In addition, researchers have explored collecting explicit or implicit signals into more

visual representations of discussion. One example is the aforementioned Opinion
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Space [83], whose 2-D visual representation encourages exploration of divergent points

of view. Another example of a visual tool is Polis1, a system where users are shown

clustered by their level of agreement on a series of user-de�ned statements.

Researchers have also explored more abstract visual representations of conver-

sations to convey mood, temporal activity, activity by individuals [73], high level

content [343], or reply structure [169]. Systems such as ConVisit [146] take the in-

teractivity a step further, allowing users to perform interactive topic modeling over a

thumbnail tree view.

Visual representations of discussions can be helpful for sensemaking as they pro-

vide an overall picture of the discussion and places to dive in. We incorporate some

alternative presentations in our tools, such as a directly-manipulable thumbnail view

of threaded discussion within Wikum. One drawback is when visualizations are ab-

stract, such as graph-like diagrams with nodes, they can feel foreign to a certain

subset of readers or too complicated for casual readers to go in and manipulate. An-

other drawback is that large visualizations are di�cult to represent in mobile devices.

In the future, an alternative approach that could be explored is visualizations that

integrate more deeply with text, for instance, sparklines that are at the size of a

word [338].

2.3.4 Discourse Analysis and Natural Language Processing

Finally, the natural language processing (NLP)research community has a large body

of work focusing on automated discourse analysis, text classi�cation, and text sum-

marization, and I incorporate some of these techniques into the tools that I build.

While automatic techniques cannot approach human e�orts as of yet for many of the

curation needs that users have, I consider ways they canaugmentcurators' work.

1Polis: pol.is
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Mining Discourse Structure

Some research seeks to mine discussion data or analyze implicit signals in user behav-

ior to extract information about a discussion's structure. Much of this work focuses

on the concept ofdiscourse actsor speech actsthat states that each utterance has

a major performative function in language and communication. Early work focused

only on conversational speech [15, 291]. Since then, researchers have developed stan-

dard taxonomies of spoken discourse acts such as DAMSL [317] and DiAML [31].

However, many of these discourse acts for spoken discourse do not translate to online

asynchronous mediums. For instance, backchannel responses are not common due to

asynchronicity.

When it comes to online discussion, researchers have developed categories for dis-

cussions within e-mail [46], online classrooms [87], newsgroups [370], help forums [175],

and Reddit forums [382]. Researchers have mined arguments online to learn how

people take stances [135]. These kinds of models could be helpful for constructing

argumentation or other structures without requiring annotation at the outset of dis-

cussion.

In recent years, researchers have become interested in extracting useful informa-

tion from online discussions. However, many analyses only focus on a particular

community [329]. Research in this area has focused on extraction of Q&A content

from online forums [47, 144] or characterizing the types and quantity of Q&A con-

tent on di�erent community platforms [7, 233]. Other research expands beyond Q&A

but still focuses on areas such as technical help forums [175]. In this dissertation, I

describe how tools for lightweight tagging in discussion systems could generate data

that helps train better models.

Classifying Signals in Discourse

Researchers have built classi�ers to detect di�erent kinds of signals in discourse. For

instance, many email clients today automatically classify and prioritize emails using

machine learning techniques [150, 166, 374].
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Other researchers have looked at various communities in order to �nd patterns

of discourse in deliberations. Some have built models for politeness, �nding that

editors on Wikipedia who are polite achieve higher status through elections [61].

Other research analyzing debate communities such as Reddit's ChangeMyView found

that persuasiveness aligned with greater interplay between counterarguments and the

initiator [329]. Research on language coordination shows that echoes of linguistic

style in responses can determine power di�erentials [60].

Some researchers have examined classifying harassing, trolling, or otherwise toxic

content, using training data created from hand-labeled data [99, 258, 369] or content

from existing communities [37]. Researchers have also worked to release data [108]

and to better de�ne subtasks within the overall space [167, 354]. However, researchers

have quali�ed this work, warning that such models have documented errors and should

not be used without human oversight [6]. Studying existing models, researchers found

they could be easily deceived into misclassifying abusive messages [147]. Others found

signi�cant di�erences in data labeling performed by women and men [22], suggesting

automated systems can inherit the biases of their data. Finally, researchers suggest

that wide di�erences in norms between communities may make labeled data from one

community untransferable to another [22].

Given the criticisms, purely automated approaches to perform activities such as

content moderation are not a complete solution in the near-term. Still, there are cases

where such models could assist users in their work towards moderation or sensemak-

ing of discourse, such as by suggesting possible tags for a comment or clustering

conversations into topics. As another example, I describe later in this dissertation

a machine learning model to detect successful resolution of Wikipedia deliberations

and assist participants in the discussion.

Automatic Summarization

Finally, there is a long history of natural language processing research on automatic

summarization [244]. Some researchers have worked on tools to provide a textual

overview or summary of a discussion [276]. Currently, automatic summarization
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techniques have mostly focused on extractive summarizations [243] which select im-

portant sentences from a body of text. This method cannot provide a synthesis of

points, such as when paraphrasing multiple redundant comments or determining a

resolution from a debate. More recently, researchers have worked on abstractive sum-

marization models [100], which seek to produce novel sentences not present in a body

of text. However, most techniques require massive sets of labeled training data [285]

which do not exist for summaries of discussions.

Also, most methods are not built for summarizing discussions but instead are

for long documents or unconnected user reviews, where more data exists. Of the

work on discussion summarization, there includes work on summarizing discussion

threads [276, 376], extracting important information from email conversations [286,

371], and analyzing audio conversations [238]. However, automatic summarization

still does not perform well enough to be used in practice. Thus, I incorporate it

as a potential augmentation that can be ignored by users, such as by highlighting

important sentences within the Wikum tool.

2.4 Conclusion

As can be seen, there are many lenses with which to approach online discussion

curation. Curation is a form of collaborative work in service to a community, a

negotiation towards bringing di�erent perspectives together, and a documentation of

knowledge to pass along to others.

This thesis draws upon a rich history of empirical observations of discussion sys-

tems over decades of practice, sociotechnical theoretical work drawing insights from

sociology and organizational theory, and innovations in techniques and tools as our

technological capabilities improve. From these lessons learned, I develop systems

that center people in the curation of their conversations and showcase new tools and

techniques to help people do this work collaboratively.
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Chapter 3

Wikum: Bridging Wikis and Forums

towards Summarizing Discussion

Threads

3.1 Introduction

Large online discussions involving many participants are pervasive on the web. News

and entertainment sites o�er comment systems that support discussion of primary

content (articles, videos, blog posts) while on other sites the discussion is itself the

primary content (Google Groups, forums). These discussions contain a diversity of

rich information and may continue to be consulted long after the discussion has died

down.

On the downside, such discussions are often �append only.� They simply grow,

without any kind of organization or summarization. Readers, especially latecom-

ers, need to invest signi�cant time and e�ort reading to understand a discussion.

Though there may be thousands of prior readers, each new reader must individually

dig through the same threads of conversation to achieve understanding. There can

also be too many tangents and nested layers of discussions to easily navigate. This

is so much work that new readers often don't bother, and proceed to post redundant
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discussion.

Encountering this much information may lead to feelings of overload, due to the

unending steam of comments with no narrative or topical cohesion to make sense of

their placement or to paint an overall picture. In many cases, the discussion grows

so large that it is impossible for an individual to read the entirety of it�why then do

interfaces choose to show all of it and with little guidance for exploration?

Current techniques of sorting, �ltering, and moderating comments can reduce but

not solve these problems. These techniques only select a subset of the commenttexts;

they do not digest or organize theirideas. A large number of high quality, popular

comments may be upvoted that are all saying much the same thing. Suchredundancy

in discussions may arise independent of quality, making it laborious for participants to

identify all facets of the discussion. Similarly, an issue may be argued back and forth

and ultimately resolved, or incorrect statements may berefuted. But these obsolete

arguments and incorrect statements remain part of the discussion that a user must

wade through to get to the conclusions.

For those seeking a general overview, a short textualsummary is the traditional

solution. But writing a summary of a large discussion will be a massive task, unlikely

to appeal to the many readers who do not even bother toread the entire discussion.

Also, a typical summary o�ers no way to dive deeper into speci�c areas based on the

reader's interest level or refer back to individual comments.

3.1.1 Contribution

To address these problems, we consider how agroup of people could individually

contribute small amounts of work to re�ne a large discussion into adynamic textual

summary that can be explored atvarying levels of detail.The main contributions of

this work include:

� A new summary treeartifact for exploring expandable wiki summaries.

� The recursive summarizationwork�ow for breaking down the summarization of

a large piece of text.
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� The Wikum tool for creating and exploring expandable wiki summaries of large

discussions.

First, in this work, we present the concept of asummary tree, an artifact that

is a tree of short summaries of distinct subtopics of a discussion. The summaries

are made at di�erent levels of detail so that a higher-level summary covers a greater

portion of the discussion. It re�ects the paradigm of a good article, where an ab-

stract gives a brief summary of the whole, the introduction summarizes at greater

detail, and then individual sections (with their own high level introductions) cover

subtopics at even greater detail. By leveraging its online nature, the summary tree

is an expandableartifact that empowers readers to explore multiple levels of detail,

including diving all the way down into original comments. The tree is also akin to

topical taxonomies or hierarchical clusterings of items, but in this case each node

contains its own substantive information summarizing all nodes nested within.

Second, we design a work�ow to create a summary tree using the idea ofrecursive

summarization of a discussion, where users build summaries of small sections of the

discussion, small sets of those summaries are then aggregated and summarized, and so

on until the entire discussion is incorporated into the layered summary tree. Each unit

of work requires only writing a short summary of a small number of unsummarized

comments or lower-level summaries, so no editor need contribute excessive e�ort.

This way, a group of participants can each do small amounts of work to collectively

convert an unwieldy discussion into a short summary of the entire discussion.

Finally, to explore the design space of this process, we developedWikum 1 (a

portmanteau of wiki and forum), a system for creating summaries and reading a

discussion overlaid with summaries. As seen in 3-1, Wikum combines a directly-

manipulatable node-link tree visualization with a view that shows the summaries and

comments in focus, as well as a wiki-like editing modal. Readers can explore the

discussion, starting at a root summary and drilling into summaries that eventually

expand to the original discussion. Editors can edit summaries or contribute additional

summaries of unsummarized portions of the discussion.

1http://wikum.org
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Figure 3-1: The Wikum interface. Orange nodes are summaries, blue and light
orange nodes are original comments. Two of the summaries are expanded, to uncover
the comments they are summarizing. An editing window is open to summarize a
subthread.

3.1.2 Chapter Overview

In the rest of this chapter, I describe some of the related work around blending

discussions and wiki-like editing or summarization and how this work in�uenced the

creation of Wikum. Then I present the major design decisions around the creation of

summary trees and recursive summarization, along with details of the implementation

of Wikum.

Following that, I describe a lab evaluation to determine the feasibility of our re-

cursive work�ow, or how easy it would be to collectively summarize a large discussion

using Wikum. Studying the contributions of 20 participants, we found that the same

groups of users working in both Wikum and Google Docs were faster at summariz-

ing the discussion in Wikum and also rated it as easier to use. In the Google Doc

condition, we saw that users were reluctant to edit other people's work, choosing to

append to ever-growing summaries, which ultimately defeated the purpose of sum-

marization. This pitfall was avoided in Wikum as a higher-level summary overlays

but does not tamper with other people's work. We performed a second lab evalua-
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tion of the created summary trees to understand readers' perceptions of their quality

and usefulness. We found evidence from 13 additional participants that Wikum was

helpful for quickly getting an overview of the discussion.

I then present a case study involving Wikipedia, where editors must spend long

periods of time reading complicated deliberations on Wikipedia talk pages before

resolving them. I describe work led by an undergraduate student Jane Im and col-

laborators Chris Schilling and Jonathan Morgan of the Wikimedia Foundation to

understand the problems that editors on Wikipedia grapple with. I then describe

results from a �eld study of Wikum usage by Wikipedia editors.

3.2 Related Work

There are communities and systems that have tried to combine a forum for discussions

with a community-maintained wiki or other repository for collecting knowledge [2].

Research on community wikis found that they were useful for managing frequently

asked questions [127]. Examples include ExpertNet, a coupled forum and wiki system

for government o�cials to solicit feedback from public experts [246], and Polymath,

a successful large scale math collaboration which used a combination of comments,

blog posts, and wikis [113]. In Polymath, the two leaders chose to summarize all

discussions, a task they found time-consuming but also rewarding. Still, there were

issues with newcomers feeling overwhelmed by the discussion. Wikum incorporates

some of the design suggestions raised by studies of Polymath [53], including linking

from wiki to primary content and citing comments.

Community Q&A (CQA) systems have also experimented with collaborative sum-

marization. For instance, StackExchange permits wiki-like editing of questions and

answers [206] and discourages redundant posting. Quora, another CQA system, has

experimented with a feature called Answer Wiki (see Figure 3-2) that aims to allow

readers to synthesize the answers provided in a Quora question post. However, this

wiki box simply sits on top of the answers that appear below with no link between

the two. As a result, there is no process or structure for integrating the wiki with the
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Figure 3-2: Quora Answer Wiki feature. An editable wiki text box for summarizing
answers sits above the answers.

discussion, navigating from a summary to an original answer, or ensuring the wiki

covers the discussion well.

In the other direction are Wikipedia talk pages, where Wikipedia editors deliberate

and coordinate their activity on a Wikipedia page [344]. These discussions can be

sprawling, with discussions reaching tens of thousands of comments [195]. They are

also di�cult to make sense of, as there is little support for threading or collapsing

of subthreads. Finally, the talk pages have little to no connection to the wiki article

they are discussing, for instance to link the outcome of a deliberative discussion to

the action made within the wiki.

Some systems similar to Wikum [5, 240] have been proposed that use human work

to summarize discussions incrementally. However, none of these systems have had for-

mal user evaluations. Additionally, these systems aim only for a ��at� set of top-level

summaries of di�erent topics; unlike Wikum, they do not produce summaries that can

expand to reveal di�erent levels of detail to let users drill into speci�c subtopics. We

alsoevaluateour system on both the editing process and the reading experience. An-

other system explores paraphrasing individual comments within a discussion for the
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Figure 3-3: From a long threaded discussion (left), we create a summary tree (right).
A summary of the entire discussion opens to reveal deeper summaries that open to
original comments.

purpose of encouraging re�ection [189], but does not have a mechanism for summa-

rizing entire discussions. Deeper re�ection can be important bene�ts of synthesizing

conversation, and we are interested in studying how Wikum advances these goals in

the future.

3.3 Wikum Design

We begin by outlining the major motivations that informed the design decisions

around the summary tree artifact as well as the recursive summarization work�ow.

3.3.1 Summary Tree Design

Our artifact and its implementation in the Wikum system aims to combine wikis and

forums to address their respective drawbacks. Forums o�er no way for someone with

little time to get an overview of the discussion, while the condensation required of

wikis necessarily drops much of the original detail. To address these complementary

drawbacks we could directly combine the two artifacts, as in Quora Answer Wikis,

providing a wiki page where a short summary of the entire discussion can be edited.

These two components do not connect well though. There is no way to dig down into

the summary in order to unpack its origins from the original discussion. The wiki also

o�ers no support for incremental summarization�there's no way (aside from reading
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the entire discussion) to see what has already been summarized and what needs to

be added.

We propose asummary tree as a more e�ective bridge that summarizes the dis-

cussion forum atmultiple levels of detail. As shown in Figure 3-3, summaries of small

portions of the discussion can be authored, which can then be incorporated into

a meta-summary. These meta-summaries can be similarly summarized, until every-

thing is incorporated into a �root� summary of the entire conversation that serves as a

starting point for hierarchically exploring the conversation. While other systems have

explored creating a ��at� set of summaries of topical portions of a discussion [240],

our proposed process ofrecursive summarization, which allows summarization at dif-

ferent depths of the discussion, provides additional bene�ts. A reader seeking more

information can expandthe root summary into the comments and summaries it sum-

marizes, then choose interesting sub-summaries to expand further. They can dive

down as deeply as they like, eventually reaching individual comments. Ideally, the

sub-summaries of a summary will cover distinct topics, permitting a reader to focus

exploration on topics of interest. As another pathway to accessing �primary source�

comments in summaries, our summary tree can include (i) citations to individual

comments (and lower level summaries) and (ii) quotes of text from them.

3.3.2 Work�ow Design

Making our target artifact a summary tree also suggests a natural approach to con-

structing it. Starting with the original discussion tree, an editor working alone can

choose an appropriately-sized group of related comments to summarize.

Wikum then replaces those comments in the discussion with their summary, treat-

ing the summary much like any other comment. Editors can then continue to create

new summaries that can distill both previously-written summaries and unsummarized

comments, until we are left with a summary of the entire discussion. A reader can

reverse this distillation process, expanding interesting summaries to arbitrary depth

to acquire more detail.

An important challenge with this process is �nding related comments and sum-
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Figure 3-4: Summarization progress for a discussion with 10 comments. Shown here
is a fully expanded view of each summary tree state, for illustrative purposes. The
bottom right of each panel shows the initial (default) view when the summary tree
is in the given state. 1) Initial discussion. 2) Summarizing a comment and its two
replies. 3) Grouping & summarizing three root-level comments. 4) Promoting a
summary one level up. 5) Summarizing the two root summaries.

maries to bring together and summarize. In the case of threaded discussion, there is

a natural grouping heuristic as comments are already organized in a tree structure

by reply. Editors can simply pick a small subtree to summarize, where all comments

are likely discussing the same topic. Thus, the levels of the reply tree can sca�old

the creation of the summary tree. However, even threaded discussions sometimes

have comments that have too many replies. Also, given initially threaded comments,

the recursive summarization process eventually distills each separate discussion to an

individual �root�; these root summaries still need to be gathered and summarized.

Likewise, non-threaded discussions have all comments at a single level. To address

this, the Wikum system also allow editors to group similar comments at the same level

to summarize, using methods like topic clustering, or selecting of adjacent comments

(useful for chronological non-threaded discussions).

Even before the summary tree is complete, the summaries that people write in

Wikum are embeddedin the original discussion and contribute towards making the

discussion easier to read. In threaded discussions, the summary of a subtree (com-

ment and its replies) lives �between� the comment and its parent. Upon reading the

summary, one can expand it to see the comments it summarizes or move on. This can
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be bene�cial to readers because it puts the summaries into context and also provides

sensemaking capabilities for exploration of the discussion. Embedding the summaries

into the discussion threads also makes it obvious which comments they cover and pro-

duces a visual distinction helpful for editors between summarized and unsummarized

content.

We designed the summary tree with the goal of supporting e�ective reading, but

our user studies, discussed further, revealed a second bene�t. Wikum providesad-

ditive summarization, augmenting the underlying discussion with summaries. But

ability to expand those summaries to reveal the content they summarize, as well as

the ability to cite and quote original comments within a summary, makes clear that

the material being summarized isstill present. Thus, the majority of editors' work is

enriching as opposed to deleting or editing other people's work. This superimposed

structure mitigates some of the issues prior research has uncovered around people's

reluctance to edit others' work in wiki-like environments [11].

Work�ow E�ciency

Recursive summarization permits summarization to be done in small units. But

one might worry that the recursive approach signi�cantly increases the overall work

requirement as content must be read and summarized at multiple levels. But this is

not the case: when each summarization step causes a constant-factor decrease in the

amount of as-yet-unsummarized text, the total work done will be little more than

that required for one-shot summarization. To see this, suppose that any summary is

shorter than the text it is summarizing by a factor of 5. We can therefore conclude

that any time an editor readsw words to summarize them, the total text remaining

loses4w=5 words. If the text starts with W words then it cannot lose more than

this before it is fully summarized. Thus, the editors in total will need to read at

most 5W=4 words (of original content or summaries) before the summarization task

is complete. And the total number of words written, at1=5 of that read by the

editors, is only W=4. Since comments had to be written once, and are presumably

being read many times, the summarization work is proportional to the work users
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were clearly willing to invest in the discussion in the �rst place. This suggests that

summary tree creation requires only a scalable amount of work.

3.4 Wikum System

The Wikum web interface consists of a tree visualization of the discussion and sum-

maries made so far on the left and a display of selected comments and summaries

on the right (see earlier Figure 3-1). Tree nodes are ordered chronologically (within

threads when they exist) and can be sorted in other ways. The area of each node

corresponds to the length of the corresponding text. Users can select comments by

clicking nodes in the tree, which results in the right pane displaying the selected

comment and any replies. Users can also select and display disjoint parts of the tree

by dragging or Control-clicking. Clicking on a selected node expands or collapses its

reply subtree. User-generated summaries are bright orange nodes. Unsummarized

comments are displayed as light blue, while summarized comments are light orange

to show they have been summarized above. Summaries are collapsed by default and

clicking on them reveal the nodes they summarized.

3.4.1 Building the Summary Tree

For readers of a discussion, Wikum lets them see a visual overview, di�erentiate

between summaries and comments, explore into summaries, and jump between con-

versations. For editors, we provide the same interface with additional a�ordances for

summarization. Wikum enables a number of possible edits to create the summary

tree (3-4):

� Mark as unimportant. Hides the comment from view. Used for content with

no information or interest value.

� Summarize comment. Summarizing a longer individual comment is possible.

The comment then is replaced with the summary and a link to toggle the original

text.
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� Summarize comment & replies. Summarizes an entire subtree of a threaded

discussion into a single summary node. Clicking on the summary node expands

it to display the thread subtree.

� Group & summarize. Absent threads, we need a way to choose a group of

posts to summarize. Even with threading, sometimes a single node may have

so many children that it is too much work for one person to summarize. The

group & summarize operation lets the editor select a few nodes, then group and

summarize them to collapse them down to one node.

� Promote summary. If a summary of a subthread has been written, a person

writing a summary at a higher level in the discussion thread can promote the

lower summary to their position and build on the summary text; this lower

summary can be a useful starting point for authoring the higher-level summary.

At the outset, as shown in 3-4, editors may be mostly summarizing a comment and

all replies (from a threaded discussion), leaving embedded summaries as signposts to

future readers about whether to go down that thread. For non-threaded discussion

and later stages of a threaded discussion, grouping and summarizing nodes at the

same level that are topically related may be more used.

3.4.2 Creating High Quality Summaries E�ciently

We made additional design decisions to encourage higher quality summary writing.

Clicking to summarize one or more comments causes an editing window to pop into

view (3-1). This window displays the comment(s) to be summarized on the left, with

a text area for the summary on the right.

Important sentence highlighting . We use an automatic extractive summarizer

to identify and then highlight important sentences in the content, though this feature

can be turned o�. This was added to make it easier for people to skim content, though

we do not pre-populate the text box with the sentences or allow 1-click transference,

due to concerns that it would encourage low quality summaries.
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Maximum length restriction . As we noticed people writing lengthy summaries

in pilot sessions, Wikum enforces that each summary can be at most 250 words (about

half a page) or half the length of the summarized text, whichever is smaller.

Cluster view for comments at the same level . For cases where there are

too many adjacent nodes, we provide a clustered view which groups comments that

are similar, to help a user select a good group to summarize. This makes it easier to

group and summarize topically related comments.

A�ordances for citations and quotes . Every node and paragraph within

a summarized node can becited in the text summary, which produces a clickable

citation when browsing the discussion. Text from original comments can bequoted

verbatim in the summaries by selecting it and clicking on �Quote". This inserts both

the quoted text and a citation to its originating comment. These features were added

to encourage summaries that stick to the points made in the discussion. The citations

and quotes can also �bubble up" a deeper comment or quote that is interesting or

well-written, useful for when readers want to quickly get to high quality comments.

Tag comments and �lter by tag . Adding tags to comments is a lightweight task

and can also help future summarizers by classifying topics or viewpoints expressed

across multiple threads. Comments can also be �ltered by speci�c tags.

3.4.3 System Implementation

The Wikum system is comprised of a front end web interface built using D3, Javascript,

HTML, and CSS. It also has a backend component built using the Django web frame-

work and a MySQL database. The homepage of Wikum allows people to paste in

URLs to di�erent discussions that kick o� a backend ingestion process that adds all

the comments to the database. The system currently supports ingesting comments

from Disqus, Reddit, and email threads in mbox format. The important sentence

highlighting feature was incorporated via sumy2, a python package implementing the

LexRank algorithm for extractive summarization [81]. This algorithm was chosen

after experimenting with several unsupervised extractive summarization techniques.

2https://pypi.python.org/pypi/sumy
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The clustered view for comments at the same level processes the comments and clus-

ters them by �rst converting each comment into a bag-of-words vector representation

that has been TF-IDF normalized. Then the k-means algorithm is used to cluster the

vectors. In the cluster view, the cluster with the smallest average distance between

pairs of comments is shown �rst. There is a slider to adjust the size of the cluster,

which a�ects the parameter of number of clusters inputted into k-means.

3.5 Lab Evaluations of Wikum

3.5.1 Study 1: Summarization

We conducted two studies of Wikum to evaluate the process of creating a summary

tree as well as the experience reading a summary tree artifact, respectively. In the

�rst study, we sought to understand how long it would take and how easy it would

be for a group of people to collectively summarize a large discussion using Wikum

versus an alternative system. The second study evaluated the usefulness of the sum-

maries created in the previous stage towards getting an overview as well as people's

preferences and strategies around reading discussions using Wikum and our control

settings.

In the �rst study, we evaluated how people summarized content with Wikum

compared to more traditional methods to understand the feasibility of the recursive

summarization work�ow. We recruited 20 participants (mean age 24.9, SD 10.8; 55%

female, 45% male) through campus mailing lists and social media and paid $15 for

around one hour of their time. All participants reported reading at least one type of

online discussion regularly.

Discussion Data

We were interested in seeing how people would summarize content from di�erent

discussion topics and types. Thus we selected three di�erent discussions for our study:

the comments on an article from the Atlantic called �Why Women Still Can't Have It
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All� ( Social ), a deliberative discussion among members of an academic department

about a controversial political event involving their university (Political ), and a

discussion from the �Explain It Like I'm Five" subreddit seeking to understand a

major scienti�c discovery (Science ). Each of these discussions was among the most

popular of its category, received many comments from its respective community, and is

deeply threaded with many sub-discussions. For the purpose of our study, we pruned

the discussions for each condition to roughly equal sizes (removing some of the top

level posts and all their replies), aiming for 7,000-8,000 total words or 35-40 minutes

of reading given an average reading speed of 200 words per minute [336]. In the end,

Social had 84 comments comprising 7,532 total words with the deepest comment

15 levels deep;Political had 67 comments of 7,415 words, with a maximum depth

of 14 levels; andScience had 104 comments, 7,375 words, and a maximum depth of

10 levels.

Experiment Design

There were three discussion types, as described earlier, and two system conditions.

One system was Wikum, while the control condition was a Google Doc containing the

raw discussion text. The text was indented up to 4 levels to indicate threading and

then �attened at the 4th level for readability. Google Docs was chosen as a decent

approximation to wiki environments. Track changes were turned on to distinguish

summaries from original comments so that editors could see each other's work and

any text that was deleted by a previous editor. Both conditions included metadata:

poster username, number of upvotes, and a unique ID for each comment.

We created three groups and randomly assigned participants to one of them.

Each group worked on summarizing two di�erent discussions, one in Wikum and one

in the Google Doc, with order counterbalanced. Thus at the end of the study, the

three groups produced 3 Wikum summaries and 3 Google Doc summaries, with 2

summaries created per discussion. We chose this experiment design so that we could

both compare Wikum versus Google Doc summaries from the same discussion, which

controls for that topic of discussion, as well as summaries from the same group, which
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controls for individual di�erences in writing ability.

Procedure

User studies were one-on-one, in person, and conducted over a period of two weeks.

After completing a short interview and survey about their habits related to online

discussions, participants were asked to perform two tasks, limited to 20 minutes each.

The goal of each task was to advance the collaborative summarization of one of the

two conditions they were assigned, so that at the end, there is a summary of the entire

discussion at 250 words or less (half a page). We asked users to work for 20 minutes

and no more. Rather than assessing the �natural duration� of an individual's work,

we wished to evaluate thetotal work required for summarization, which will likely be

distributed among a large number of participants. We kept the time to 20 minutes

per task so that each user study would take an hour.

In the Wikum condition, users were �rst given a 5 minute tutorial on the interface.

During the task, we did not give users any particular direction but let them spend

their 20 minutes working on what they preferred. In the Google Doc condition, we

likewise did not provide directions to users on how to summarize the content. We

allowed users to write summaries how and wherever they liked but also encouraged

users to be consistent and somehow indicate what was left to summarize to future

user study participants. After completing each of the tasks, users �lled out surveys

on their perceived task load [132]. After both tasks were completed, they �lled out a

survey comparing the systems and answered some open-ended questions about their

experience.

Results

Summaries were completed faster in Wikum than Google Docs by the same

group . For each user study condition, we computed theinitial text size�the number

of words in the unsummarized comments plus number of words in the summaries�

both at the start of the user task and after its completion. The di�erence tells us by

how many words the user was able to shrink the total amount of initial text. Which
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Figure 3-5: Amount of work completed by each successive user in the Summarization
stage, by group. Each user amounts to 20 minutes of working time. All Wikum
summaries were completed while none of the Google Doc summaries were �nished,
even with the same group of users editing both.

comments had been summarized was easily de�ned in Wikum. In the case of Google

Docs, we asked users to delineate comments they had summarized in the document,

such as using strikeout or marking it �done�. We declared a discussion to be fully

summarized at the point where the amount of unsummarized content (comments and

top-level summaries) totaled 250 words or less. Thus, at the start of our user study,

all discussions are at 0% completion, and they reach 100% completion when enough

original comments have been summarized so that there are only 250 words to read at

the outset.

In Figure 3-5, we show the productivity of the di�erent groups over the course of

the study. As can be seen, each group had overall forward progress towards completion

in both system conditions but the Wikum condition overall was faster. In total,

two Wikum summaries each took a total of 120 minutes, while one took 160, to be

completed. The average summarization rate (words reduced per minute) in Wikum

was 51.9 while in Google Docs it was 36.3. Thus, in each of the groups, the Wikum

summarization of the discussion was completed while the Google Doc summary was

still not complete. We chose to stop subjects working onboth tasks after each Wikum
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summary was completed because we wanted to use our other user study participants

to provide feedback on the Wikum summary qualities as opposed to spending all their

study time �nishing the Google Docs summaries.

Comparing the 52 word-per-minute Wikum summarization rate with the 200 word-

per-minute reading rate we cited earlier shows that summarization is a rapid activity

that would demand only a small fraction of the total person-hours devoted to reading

a popular discussion.

Users were reluctant to edit others' summaries in both conditions . In

the Google Doc condition, 12/20 users chose to only append to an ever-growing single

summary that quickly became longer than the 250-word maximum we set. Out of the

remaining 8 users, 6 users wrote their summaries interleaved in the comments but did

not delete or edit any existing summaries. If users mostly added to summaries and did

not delete anything, this would make full summarization impossible since eventually

the summary will be larger than the remaining comments. Indeed, as more users

participated, we saw overall progress in the Google Doc condition shrink and even

plateau in some of the groups, as Figure 3-5 indicates. However, this decline was

avoided in Wikum, perhaps because recursive summarization has users summarize

other people's summarieswithout destroying their work.

Users spent more time reading in the Google Doc condition . Perhaps as

a result of ever-growing summaries in Google Docs, we noticed in the later Google

Doc tasks that most users spent almost all the time reading instead of summarizing.

As more people edited the document, they spent more time reading the existing

summary to determine what was covered, skimming through the comments to �nd

unsummarized content, and �guring out how to incorporate their �ndings back into

the summary. One editor said:

� Using the Wikum was so much easier...I knew what people had done...With

the Google Doc it was this massive 40 page document. I got lost on what

people had summarized and what needed to be summarized.�

Some editors did not bother to read previous summaries and then accidentally
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Group 1 Group 2 Group 3

Wikum 1037 (Social) 1310 (Science) 497 (Political)
Google Docs 769 (Science) 1073 (Political) 771 (Social)

Table 3.1: Total number of summary words written by users in Wikum versus Google
Docs within each group.

Social (G1) Science (G2) Political (G3)

Summary Nodes 13 20 6
Citations 25 36 4
Quotes 0 7 0
Tags 6 1 5

Table 3.2: Total number of times each item was used or created in each of the three
Wikum summary trees.

summarized portions that had already been summarized. Like Google Docs, wikis

also lack this kind of sca�olding for summarization. However, some of these issues

might potentially be mitigated with a more de�ned style guide or set of instructions.

Users overall wrote more summary text in the Wikum condition. Per-

haps as a result of needing to spend less time coordinating other people's edits in the

Wikum condition, users overall wrote more in the Wikum condition, as can be seen in

Table 3.1. Though the amount of time spent and the people were kept constant per

group, users overall wrote 2,844 words in Wikum versus 2,613 words in Google Docs.

As described in the earlier Work�ow E�ciency section, this additional summariza-

tion did not add much work compared to the 7-8,000 words in the original discussion.

In the case of Group 3, the one group where Wikum users wrote less, the Wikum

condition had one early participant who chose to summarize a large subthread in one

summary. As readers complained about this in the second study, this suggests that

in the future we should only allow editors to summarize limited chunks of discussion

at a time.

In the case of summarization, more may not always be better. A thousand words

of summary is around two pages long, which may be more than someone is willing

to read. However, because of recursive summarization in the Wikum case, users can
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read a 250-word summary of the entire discussion and drill in to get more detailed

summaries.

Earlier editors set the norms for later editors in Wikum . We noticed

during the user study that the decisions made by early editors in Wikum, such as to

use citations or quotes, set the norms for future editors, echoing prior work on norm

setting in communities [173]. This led to di�erent styles of summarization emerging

in di�erent groups. For instance, early use of citations and quotes led to more use

of these features in theScience Wikum summaries, while it was not used at all by

early Political editors (Table 3.2). The same was true for the case of adding tags.

In the future, this could be more sca�olded, for instance by requiring some number

of citations per number of comments being summarized.

The convergence of norms happened to a lesser extent in the Google Doc con-

ditions. For instance, people would use di�erent ways of signaling they �nished

summarizing a comment in the same document. Some users also chose to write

their summary of a particular sub-discussion interleaved among the comments even

if others had been contributing to a single summary at the top of the document.

Later contributors tended to do this as the single summary got more unwieldy, and

unsummarized comments were further from the summary at the top of the page.

Editors made use of the citation and quoting features . Many users chose

to add citations in the summaries (Table 3.2). Several users liked the ability to cite,

saying:

� The way in which you can cite paragraphs and posts is very usefulâ€¦ to

have that kind of chain of custody, like from where does this information

come from?�

However, the quoting feature was used less often, possibly because it was less

discoverable, as one needed to drag-and-select text before a �Quote� button showed.

In the future, we could add �Quote� buttons next to highlighted sentences. Some

editors used quoting and citing as a way to minimize editorializing and de�ect lack

of understanding of the content:
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� Obviously someone who has a physics background would be better over

me. Me summarizing this comment, I don't know if I would trust me.

That's why I tried to quote a lot and really cite what was going on.�

The same user went on to say:

� ...People might only read my summary, they might not read the actual

comments, so I felt pressure to make sure you've accurately summarized

the comment.�

For her, citing and quoting was also a way to point readers to original content and

to also self-check that she was summarizing the comments faithfully.

Users reported that summarizing content they disagreed with took

more e�ort . Some users expressed frustration with comments they disliked, with

one editor saying:

� What I really wanted to be like was, this comment is stupid because it said

this, rather than writing an unbiased thing. I think some of my summaries

were a little snarky.�

A di�erent editor mentioned working harder but also that she was more interested:

� It was more interesting to summarize comments that I disagreed with

because it requires you to try to understand their point of view as much as

possible...I already know my own point of view.�

Re�ection and learning gained from summarizing other people's opinions [189] could

be an additional side bene�t of Wikum. As in Wikipedia, there may be value in

educating editors about maintaining a so-calledNeutral Point of View (NPOV) during

summarization work [224].

Overall feedback on summarization . Users overall felt that the recursive

summarization process helped to break the task down to something manageable,

with one editor saying:
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� A lot of times I would look at a comment and all its sub-comments and

be like, well I can't summarize all that, it's really overwhelming. But then

I was able to drill down into the sub-sub-comments and...get the whole

comment [subtree] and sub-comments into my head at the same time, write

a summary, and then go a level up.�

From the post-study survey, users indicated that they preferred conducting summa-

rizing using Wikum over Google Docs (t= 3.02, p< 0.01). Users also found Wikum

easier to use. Survey results related to task load [132] revealed a signi�cant di�erence

when it came to physical demand, with Wikum overall causing lower physical demand

(t = 2.07, p= 0.05, paired t-test). This may be because many users complained about

needing to scroll more in the Google Doc condition. Likewise, Wikum showed lower

temporal demand (feeling hurried or rushed during the task) (t= 3.11, p< 0.01), pos-

sibly because it look less time to get started editing in Wikum as opposed to Google

Docs. Editors in Wikum also self-reported higher performance on the task (t= 2.37,

p< 0.05).

3.5.2 Study 2: Reading and Exploration

In the second part of the user study, our goal was to assess whether a Wikum summary

tree is a useful tool for quickly getting an overview of a discussion. We recruited 13

more participants (mean age 28.0, SD 9.7, 72.2% male, 27.8% female) via the same

methods described in the previous stage. As before, all participants said they read at

least one type of online discussion regularly. Participants were compensated $10 for

around 40 minutes of their time.

Experiment Design

Before seeing any summaries of the discussion, the �rst author of this paper read

over the three discussions and extracted a list of main points made in each. Care was

taken to include points made throughout the discussion including in sub-threads that

were deeply nested. As we only showed editors a subset of the original discussion in
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Study 1, the author also looked over the comments that were pruned from the original

discussion in order to come up with another list of points that were not in the study,

but that could plausibly have been.

We designed a 2-factor user study where each participant was given three tasks,

each limited to 20 minutes. For each task, the participant was given one of the three

discussions and one of three interface conditions. One condition was the Wikum

interface with the embedded summaries that users made in the prior stage. A second

condition (DocSummary) was a Google Doc containing the summaries and the original

comments also created in the prior stage. Summary text was colored purple, while

deleted comments were faded gray. Original comments that had not been processed by

the �rst stage participants were colored black. Summaries were left wherever users

placed them in the preceding stage, whether that was at the top of the document

or interspersed throughout the discussion. We also provided easier navigation to

the di�erent summaries using the Google Docs outline feature. The third condition

(NoSummary) was a control, consisting of a Google Doc containing only the raw

discussion with no summaries. The assignment of the discussion topics and interface

conditions as well as the order was counterbalanced.

Procedure

In each task, the participant was given 10 minutes to try to get an overview of the

discussion. During this time, the authors observed how participants chose to explore

the discussion in the di�erent interfaces. Then, without the discussion in front of

them, they were presented with a list of 12 points, 6 of which had been mentioned

in the discussion and 6 of which had not. Participants were not told the number

of points that were false. They were asked to select points they remembered being

brought up in the discussion. At the end, participants completed a survey about their

experience and discussed their experience reading using the di�erent interfaces.
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Conditions Precision Recall F1

Wikum 0.90 0.67 0.78
Google Docs Summary 0.88 0.63 0.72
Google Docs No Summary 0.81 0.58 0.65

Table 3.3: The results of Study 2 between the three conditions.

Results

Most explored the Google Doc linearly, while there was a mix of strategies

using Wikum . For the NoSummary condition, almost all participants read linearly

down the page, with most running out of time before they read even half of the

discussion. For the DocSummary condition, most users also read linearly down the

page, though some users chose to focus on reading the summaries and skip over or

skim the comments that were in gray. Others chose to read original comments, even

if they already read the summary.

In the Wikum condition, people had a mix of strategies. Several users (5/13) chose

to expand the discussion tree fully and read linearly down the discussion on the right,

sometimes scrolling past some subthreads, but overall treating the Wikum interface

exactly how they would a Google Doc. Others (4/13) chose a breadth-�rst approach

from the root, reading summaries at each level and only expanding summaries when

they deemed it necessary. Some users chose to expand everything at the outset but

then focus on the summary nodes using the tree visualization, going from the root

to the leaves (3/13) or from the leaves to the root (1/13). Many of the users who

focused only on the summaries chose to stop reading well before the 10-minute cuto�,

suggesting they had already achieved full comprehension.

Users recalled points made in the discussion more accurately in the

Wikum condition . From the recall test, as seen in Table 5.1, Wikum performed

slightly better than DocSummary on the measures of precison, accuracy, and F1

score, and both summary conditions performed better than NoSummary. However,

none of the di�erences in scores between the three di�erent conditions yielded a

statistically signi�cant di�erence (with p < 0.05), likely due to the small sample size
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and the variations in topic, quality of summary, order of conditions, and di�erent

reading strategies and speeds. Thus, these results suggest that summaries are indeed

helpful for getting an overview in a short amount of time, and that users were able

to get an overview using Wikum as least as well as using Google Docs. Though

the di�erence between Wikum and Google Docs with summaries was not signi�cant,

recall that all users were familiar with the Google Docs interface but had only a few

minutes to learn the new Wikum interface. One user said:

� A big chunk of the time went into understanding the Wikum interface

itself - more than half. If I had seen this interface 5 or 10 times I would

be familiar with it.�

Some people preferred reading linearly while others enjoyed drilling in .

The Wikum interfaces defaults to hiding comments underneath a summary. Some

people disliked needing to click to open up a summary, saying:

� [I would like to] have more control about what I was going to read, as

well as look at the scrollbar to know the amount of content ahead of me.�

As a related issue, some people enjoyed the tree visualization, while other people found

it overwhelming. While the tree visualization seems a useful feature for editors, it

may be less necessary for readers of a summary tree.

People opened summaries to read comments for di�erent reasons . Some

people said they would read comments below a summary if it was poorly written or

too short because they did not trust it. For instance, one person said:

� That's the scientist in me. I need to see, is this comment really saying

that? I didn't want the summaries to in�uence my take.�

Other times, readers actually thought the summary was well written and thus it

piqued their curiosity:

� I was more likely to read the individual comments on the good summaries.

The summaries went into depth, so I �gured there was more discussion

there. Good = interesting, so I wanted to learn more.�
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Overall feedback on reading and exploration . When it came to their ex-

perience reading and exploring the comments using the di�erent interfaces, users

rated Wikum the highest (4.2 on average on a 7-point Likert scale from 0 to 6), with

DocSummary second best (3.6), and NoSummary the worst (2.5). The di�erence be-

tween the Wikum and DocSummary was not statistically signi�cant (p< 0.05) while

the di�erence between those two conditions and the unsummarized one was signi�cant

(Wikum: t = -3.04, p< 0.005, DocSummary: t= -3.05, p< 0.005). Users were also asked

to grade summary quality on a 7-point Likert scale. Overall users felt the Wikum

summaries were of higher quality than the Google Doc ones (4.5 versus 3.5 on average

respectively), though this di�erence was also not statistically signi�cant. Thus our

results suggest but do not conclude that Wikum provided bene�ts for readers over

the Google Doc, and a�rms that summaries are a useful way for readers to get an

overview of a discussion.

From post-study interviews, users mentioned that the Wikum summaries were

more succinct while Google Doc summaries went on for too long. This is despite the

fact that the total text in all the Wikum summaries was actually greater for those

users. One user said of the Wikum summaries:

� It felt good on a few comments - it was very noticeable...that there was

a large amount of text just swirling around a few simple ideas, and the

summary got it simple. Like into a tweet. That was really, really nice. I

wish everything could be summarized like that.�

Another user said:

� I felt it was helpful for Wikum but not really in the Google Doc. There,

there were people rambling...It was kind of a mess. Because the summaries

were right there in Wikum and directly related to the comments, [they were]

much smaller summaries and a lot more helpful.�

A di�erent user echoed that the Wikum summaries were shorter, and complained that

the highest-level Wikum summary was too abstract so that he had to dig deeper to
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understand portions of the discussion (which Wikum is speci�cally design to support).

This could be related to the preference some people had for reading linearly.

3.5.3 Design Implications

During the summarization stage of our user studies, we saw that Google Docs was

too underconstrained so there were many opportunities for editors to go astray and

set poor norms. However, even though Wikum has more constraints, we realized that

some additional sca�olding could guide editors towards creating better summaries

while still maintaining Wikum's �exibility. One editor was worried about too much

rehashing, saying:

� If you encourage a summary every time you have a parent or child, you'll

just have crummy summary on top of crummy summary...Trying to en-

courage only summaries when you have a certain depth or breadth to the

tree would go a long way.�

In the other direction, one user chose to summarize a large portion of the discussion

at once, producing a low quality summary. Later readers of this summary tree were

surprised to �nd so many comments under that summary. This indicates that there

may be an optimal range of discussion size that should be summarized in a recursive

summary. Too small and the recursive summaries feel too incremental and repetitive

to a reader. Too big and the summaries have poor coverage and hide a great deal of

discussion. Wikum could also suggest groups of comments to target for summarization

via heuristics or machine learning. These could include the start of a self-contained

subthread, a clear shift in topic or participants, or a discussion devolving into arguing.

Another issue that came up was around the di�culty of summarizing opinionated

content, especially content the editors disagreed with. Computation techniques in

detecting language that is objective versus subjective [359] or determining opinionated

or emotional sentences [360] could be a useful addition to a summary editing box to

help editors monitor the language they use.

When it came to the reading experience, many readers in the study talked about
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trust as an important factor while reading the summaries. If they did not trust that

the summaries were accurate or had good coverage, they felt they needed to read

more of the original content. Distrust of wikis and other crowd-editable content can

sometimes be mitigated with design [179]. This was one reason for our emphasis on

citations and quoting. Other ways to improve trust could involve showing information

such as number of edits, total time spent writing a summary, number of contributors,

or percentage of original discussion cited. We could also introduce a form of social

moderation, allowing readers to rate summaries on accuracy.

Finally, our study reveals future areas for experimentation with di�erent pre-

sentations of the summary tree. Some readers liked the information that the tree

visualization provided but others felt it was overwhelming or too disconnected from

the text. Some ideas to explore include trying to integrate information that the tree

provides directly into the discussion text, such as toggle controls, breadcrumbs, or

even simpli�ed subtree thumbnails. Views were also mixed on the preference for

an expandable versus linear reading experience, echoing prior work in the hypertext

literature around jumping around using links [112, 295]. Unlike a graph-structured

hypertext however, which can pose signi�cant navigation challenges [254], Wikum

is likely easier to navigate since it is hierarchical. Additionally, one can ignore the

expandable nature of Wikum and pre-expand everything, as we saw a few readers do,

and read linearly. In the future, we could make this even easier by allowing readers

to set how much of the summaries they wish to have autoexpanded upon load.

3.6 Case Study: Deliberation and Resolution in Wikipedia

In this section, I describe a case study focusing on deliberative discussions within

the English Wikipedia community, conducted in partnership with the Wikimedia

Foundation and led by Jane Im. I advised this project and participated in conduct-

ing the interviews. The Wikipedia community is a relevant community to study

regarding discussion summarization as there already exists a process where di�cult-

to-resolve issues are deliberated at large, and then the oftentimes long discussions
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are perused, summarized, and resolved by an independent editor. Looking this pro-

cess over the course of 7 years, we �nd that nearly a third of discussions never get

resolved. Through interviews with frequent summarizers, qualitative content analy-

sis, and machine learning models, we uncover the major problems with Wikipedia's

current deliberation resolution process.

3.6.1 Introduction

The study of online processes for deliberation and resolution touch upon many areas,

including open democratic initiatives and civic participation [255], as well as virtual

teams [158], open source development [198], and online community maintenance [271].

One such area is Wikipedia, a place where almost all con�ict is resolved through online

deliberation. The stakes for deliberation can be high�for instance, the addition of

two paragraphs about a city on its Wikipedia page can lead to signi�cant changes

in tourism [140]. As a result, con�icts arise on the platform regularly [180, 372],

mirroring con�icts around contested information in the world. Prior research has

often focused on �edit wars�, or back-and-forth edits on Wikipedia articles, as well as

on article talk pages [322], where editors go to informally resolve an issue, as signals of

con�ict and resolution. However, there are also various formal resolution processes for

disputes that cannot be resolved informally, with di�ering layers of escalation. The

study of these formal processes can reveal insights about factors leading to resolution

as well as areas of friction, towards the design of better processes and systems for

online deliberation and resolution.

To better understand online deliberation, we investigated one of the primary for-

mal processes on English Wikipedia for deliberation and resolution of content and

policy disputes�the Request for Comment (RfC) process. Using RfCs, editors who

cannot resolve a dispute may publicize their deliberation to the broader Wikipedia

community to invite participation, sometimes culminating in aclosing statementby

a neutral editor that summarizes the discussion and makes a resolution.

We created a novel, comprehensive dataset of 7,316 RfCs from English Wikipedia

dating from 2011 to 2017, parsed to separate out closing statements, authors, and
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reply structure. This dataset is released publicly for the research community.3

We employed a mixed-methods approach by analyzing this data quantitatively as a

whole as well as qualitatively by selecting a random subset of 40 RfCs to manually

inspect. To inform our analysis, we interviewed 10 of the most frequent RfC closers

to understand their motivations and considerations when deciding whether to close

an RfC.

From the complementary sources of data, we examined what major factors in

the RfC process result in failure to come to a resolution. Not all RfCs require a

formal resolution by a closer; instead, some may informally end due to overwhelming

agreement by participants or withdrawal of the RfC by the initiator. In our dataset,

we found that 57.65% of RfCs end up getting formally closed through the addition of

a summary statement resolving the dispute. However, of the 42.35% of RfCs with no

formal resolution, we found that 78% had no participant activity to informally end

the RfC�in other words, that a full one third of all RfCs in our dataset were left

stale. A prevalence of stale and unresolved disputes may mean that e�ort put into

discussion is wasted and time is lost waiting for resolution.

From interviews and qualitative analysis of our dataset, we uncovered reasons for

why these RfCs do not get formally closed, including factors such as poorly articu-

lated initial statements by inexperienced discussion initiators, lack of interest from

third-party experienced Wikipedia editors, and excessive bickering or contentiousness

during the discussion.

Using these factors to inform a series of features, we developed a model to predict

whether an RfC will go stale based on information about the page before the RfC

initiation as well as what transpired over the course of participation in the RfC.

When trained and tested on our dataset, the best model achieved 75.3% accuracy,

an improvement of 8.1% over a baseline of simply predicting that it will not go stale.

We �nd that the most informative features as to whether an RfC will go stale are the

size and shape of the discussion along with features related to interest and expertise

level of participants. Furthermore, we consider how well such a model performs as an

3https://figshare.com/articles/rfc_sql/7038575
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RfC progresses in time after its initiation.

3.6.2 Background on Wikipedia Governance and Deliberation

Processes for Resolving Content Disputes

Broadly, there are two types of disputes in Wikipedia, content-related disputes, which

include policy disputes, and user conduct disputes, and numerous formal and informal

mechanisms for achieving resolutions for each type. While our focus is on content-

related disputes, the line between the two types can blur, as user conduct issues can

arise in the course of a deliberation about content. When a dispute cannot be resolved

by the involved members on their own, there are a number of ways to receive outside

help. First, Third Opinion (3O) is reserved for content-related issues between exactly

two editors, and is a relatively informal process for getting an outside opinion. In

comparison, the Dispute Resolution Noticeboard (DRN) is used for disputes involving

more than two parties or when 3O does not resolve the dispute. Volunteer moderators

on the noticeboard provide suggestions and mediation towards the dispute, but this

process is primarily limited to simple disputes that can be quickly resolved. If the

dispute escalates, there is Formal Mediation, which is provided by a panel of expe-

rienced mediators called the Mediation Committee (MedCom) who resolve Requests

for Mediation (RfM) once they are �led.

At any point in the escalation of dispute resolution processes, editors can turn to

Requests for Comments (RfCs) by writing up a proposal or question on the relevant

article talk page and then inviting comment by the broader community by posting to

various noticeboards. For this work, we chose to focus on RfCs as it is one of the more

common formal processes for resolution due to its �exibility, and because it involves

a number of editors across Wikipedia due to the gathering of input from the broader

community, as opposed to places like 3O or DRN.
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Research on Deliberation in Wikipedia

Researchers have analyzed the deliberative discussions that happen on Wikipedia,

�nding evidence of both constructive behavior and pitfalls [344, 288]. Conversations

on talk pages can create long chains of back-and-forth responses in a format much like

threaded forums [195]. Analysis of talk page communication found that it scales up

to help manage con�ict as the number of editors grow [177]. Qualitative analyses of

deliberation on Wikipedia found a high level of analytic discussion focused on problem

analysis [25], while other work has found examples of debates around information

quality [319]. However, researchers have also found lower levels of social aspects of

deliberation such as respect and consideration [25], and other researchers found cases

of power plays when policies are unclear and advocate for more tools to support the

consensus process [187].

While most existing work focuses on informal coordination and communication,

in this work we turn to more formal mechanisms for con�ict resolution. There ex-

ists some analyses of these formal discussions for the case of Articles for Deletion

(AfD) [103], though there the number of participants per discussion is generally small

and the emphasis is on voting [330]. There are also both formal and informal pro-

cesses for managing user roles and promotion within Wikipedia. Some of the formal

processes involve deliberation, such as the Request for Adminship (RfA) process for

selecting administrators on Wikipedia. Research has shown that a model considering

factors like strong edit history can predict which users will be voted in as an admin-

istrator [32]. In this work, we shed light on a particular type of informal editor role

that has not been studied in detail, which is that of frequent RfC closer.

Wikipedia Tools for Discourse

There have been many e�orts to improve the interface of talk pages and build tools for

consensus. Some have targeted the unstructured nature of talk pages, which can cause

di�culty for newcomers, and have developed lightweight tools to add structure [289].

Others have developed models to predict di�erent dialog acts in Wikipedia [88],
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Figure 3-6: Screenshot of an RfC started by using the RfC template tag{{rfc}} .

which could also lend greater structure. Within the MediaWiki platform, interfaces

have been developed that make talk pages more like question-answering systems or

threaded forums, such as Flow4 and LiquidThreads5. Researchers have also sought

to support consensus-building on Wikipedia, including tools to summarize behavior

and track con�icts as they unfold [187].

3.6.3 Introduction of Requests for Comment

Requests for Comment (RfCs) are a common process use by Wikipedia editors, or

volunteers who write Wikipedia articles, for requesting input from uninvolved editors

concerning disputes about policy, guideline, or article content. It is a formal way to

attract more attention to a problem that is not resolvable with local discussions, and

uses a system of centralized noticeboards and bot6-delivered invitations to advertise

discussions.

Initiation : The process for RfCs starts with a content dispute that has already

been discussed in a talk page but has not been resolved. At that point, an editor can

start a new section within the talk page. Using the RfC template tag{{rfc}} , the

initiator writes a neutral statement in the form of a proposal or question outlining the

issue at hand, optionally selecting one or more topical categories as well, as shown in

Figure 3-6. Any Wikipedia editor can be theinitiator of an RfC.

Dissemination : After the initiator adds the RfC template tag to the page, a

4https://en.wikipedia.org/wiki/Wikipedia:Flow
5https://en.wikipedia.org/wiki/Wikipedia:LiquidThreads
6Bots are computer-controlled user accounts that help maintain pages:https://en.wikipedia.

org/wiki/Wikipedia:Bots
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Wikipedia bot called Legobot assigns the RfC an ID and posts the RfC on the RfC list

page pertaining to that category. Legobot also noti�es a random subset of editors that

are watching pages or lists related to the RfC, such as editors who have volunteered via

the Feedback Request Service7. There are currently 2,360 editors listed as volunteers,

though editors also provide a limit on how many noti�cations to receive a month.

Anyone may also post the RfC manually to places such as Village Pump8 forums,

various noticeboards, talk pages of relevant WikiProjects, and talk pages of related

articles or policies, in order to invite more discussion from people not already involved.

Discussion : Once initiated and publicized, the discussion unfolds in a threaded

fashion using indenting. Some RfCs also include a section for users to indicate their

position in a polling process. The default length of an RfC is 30 days, after which

Legobot automatically removes the RfC template tag, and it gets removed from RfC

lists. Participants can delay this removal if discussion is still ongoing or they can

revive the RfC by re-adding the tag later. The RfC may be closed early if consensus

is clear before 30 days, though a general practice is to wait at least a week for input.

Although anyone can participate in an RfC, the system is targeted towards getting

input from uninvolved editors who can provide unbiased opinions to help resolve the

dispute.

Closure and Conclusion : After a certain period RfCs can conclude with three

type of endings, which are a (i)formal closure , an (ii) informal end , or (iii) simply

be left stale . These three endings are organized in Table 3.4. (i)Formal closure is

a general process for relatively more contentious debates, requesting an uninvolved

third party to close and mark the end of the discussion. Anyone may post the RfC

to the Wikipedia Administrators' Noticeboard/Requests for closure9, a clearinghouse

where frequent closers go to �nd unclosed RfCs. A closer closes the RfC by adding the

templates {{archivetop}} and {{archivebottom}} along with a closing statement

surrounding the RfC as shown in Figure 3-7.

7https://en.wikipedia.org/wiki/Wikipedia:Feedback_request_service
8https://en.wikipedia.org/wiki/Wikipedia:Village_pump
9https://en.wikipedia.org/wiki/Wikipedia:Administrators%27_noticeboard/Requests_

for_closure
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Figure 3-7: Comparison of a formally closed RfC (top) and one that is not (bottom).
Formally closed RfCs have a purple box surrounding the thread and a grey closing
statement box. On the other hand, RfCs that are not formally closed have no such
template.

101



(i) Formally closed (ii) Informally ended (iii) Stale

Ended by
whom

Uninvolved
editor

Participant, initiator,
or uninvolved

editor
None

RfC tag is
removed
by whom

Closer
Participant, initiator,

or uninvolved
editor

Legobot

Closing
template
exists

Yes No No

Dispute is
resolved

Yes Yes No

No. of RfCs 4,086 (57.65%) 672 (9.48%) 2,329 (32.86%)

Table 3.4: Di�erentiation of the three possible outcomes of RfCs.

For the remaining RfCs without these templates, there are two possibilities as to

what was the outcome of the RfC. First, the RfC could have been (ii)informally

ended on purpose by participants, the initiator, or another editor by removing the

RfC tag manually. This might happen because the initiator reconsiders and chooses to

withdraw the RfC, or an obvious consensus may lead participants to agree to withdraw

the RfC. Second, the RfC could have (iii) gonestale�that is, while waiting for further

participation or a formal close, there is a period of no activity for 30 days, and the

RfC never gets closed by an individual. In this case, Legobot would remove the RfC

tag after 30 days of inactivity, e�ectively withdrawing the RfC if no one bothers to

open it up again. For the rest of this work, we use the term�unclosed� to describe

(iii) where RfCs remained stale, without any kind of closure and�closed� to describe

both (i) and (ii). We use �formally closed� and �informally ended/closed� when

we want to indicate (i) or (ii) respectively.

Any editor on Wikipedia can be thecloser, formally or informally, of an RfC close

an RfC; however, formal closers tend to be more experienced editors on Wikipedia

due to their grasp of Wikipedia policy and greater perceived authority within the

community. Also, some RfCs do require closure by an administrator if the close

involves action that can only be done by an administrator, such as deleting an article
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or unprotecting a page.

Post-Close Review : In the case of formal closures, especially for more con-

tentious ones, it is not uncommon for participants to question the close or ask for

details. This usually takes place on the closer's user talk page or more rarely the

close can be challenged by posting to the Administrator's Noticeboard. There is no

speci�c venue for reviewing RfC closes, unlike AfD decisions10, so it can be di�cult

to determine what happened after an RfC ended. Another way to relitigate an RfC

is to hold another RfC at a later point in time. While it is frowned upon to hold

an RfC soon after a closed RfC on the same topic, they can generally happen since

consensus may change over time.

3.6.4 Analyzing Seven Years of RfCs

Data Collection

As there is no archive of links to all past RfCs, to gather as many RfCs as we could,

we focused on edits left by Legobot, a bot that is automatically triggered when the

RfC template tag {{rfc}} 11 is added to a discussion to create an RfC. Using this

strategy, we collected a dataset of 7,316 RfCs beginning from 2011, when Legobot

began running, to the end of 2017. We used this dataset to analyze characteristics

of contributors as well as the lifecycle of RfCs, from initiation to a �nal outcome.

From this dataset, we can determine RfCs that have been (i)formally closedusing a

template as shown in the left of Figure 3-7. Analyzing the dataset and the interviews

revealed, however, that among the RfCs that did not have the template, not all were

simply left stale. Thus, we di�erentiated between (ii)informally endedRfCs and (iii)

stale ones by tracking the revision history to �nd when the RfC tag was removed and

then retrieving the user account that removed the tag. If it was removed by Legobot,

we considered it stale; if the RfC tag was removed by an editor, it was treated

as informally ended. While not perfect�for instance, participants might choose to

withdraw their RfC but neglect to remove the RfC tag�this method represents our

10https://en.wikipedia.org/wiki/Wikipedia:Deletion_review/Active
11https://en.wikipedia.org/wiki/Template:Rfc
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Figure 3-8: The number of RfCs initiated each month in our dataset from 2011 to
end of 2017.

best approximation from the data available to reconstruct what happened.

We were able to categorize 7,087 RfCs out of 7,316 RfCs using this method.

57.65% of the RfCs ended up formally closed while 42.35% have no formal resolution.

Among the unclosed ones, 78% (2,329, 32.86% of all RfCs) remained stale without any

closure, while 22% (672, 9.48% of all RfCs) were informally ended. Among the 672

informally ended RfCs, 522 were ended by participants or initiators who took the tag

o� while 150 were ended by uninvolved editors. Although the former is considered the

norm, inspecting the 150 RfCs showed that in some cases uninvolved editors take the

RfC tag o� if they believe it is no longer necessary or should not have been created.

Since in these 150 cases an editor ended a discussion by taking the action of removing

the tag, we counted it as informally ended.

Participation, Participants, Topics, and Dynamics of RfCs Over Time

We characterize our RfC dataset to demonstrate how the RfC process works currently

and how it has evolved over time.

Initiation : From looking at Figure 3-8, we can see that the number of RfCs

initiated over time has remained fairly steady since mid-2011, with 86.5 initiated

per month on average across our dataset. Table 3.6 provides information about

the initiator population, which overall is smaller and more experienced than the

participant population.

Dissemination : Table 3.5 shows the number of RfCs initiated within each cat-

egory from 2004 to 2017. These category counts can give us a rough understanding

of areas of relatively higher and lower levels of contention within Wikipedia. When
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RfC category No. RfCs initiated

Politics, government, & law 2650
History & geography 2573
Biographies 2123
Wikipedia policies & guidelines 1767
Uncategorized 1732
Society, sports, & culture 1634
Art, architecture, literature, & media 1601
Maths, science, & technology 1165
Religion & philosophy 949
Wikipedia style & naming 749
Wikipedia proposals 634
Economy, trade, & companies 585
Wikipedia technical issues & templates 381
Language & linguistics 372
WikiProjects & collaborations 259

Table 3.5: Number of RfCs issued from 2004 to 2017 by categories. One RfC may
have multiple categories, for example,{{rfc|econ|bio}} .

Initiators Participants Closers

Total number of people 3,346 14,815 759
Percentage of administrators 7.41% 5.11% 23%

Avg (� ) number of edit counts
23,432.16
(74,417.6)

14,055.43
(56,749.5)

39,759.46
(89,639.2)

Median number of edit counts 4,590.5 1,257 17,556

Avg (� ) account age (days)
3,076.63
(1,338.2)

2,260.05
(1,226.1)

3,289.3
(1340.2)

Median account age (days) 3,230.81 2,331.71 3,635.67

Table 3.6: Overall information about RfC initiators, participants, and closers. The
values for initiators and participants was calculated using the whole dataset including
unclosed ones as well.
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Figure 3-9: Ratio of support votes among all votes in RfCs that contain a binary poll.

it comes to using RfCs as a means to attract outside input, we �nd that they appear

to work reasonably well. On average, 56.5% of the participants of an RfC are new-

comers to the topic of the RfC, determined by considering whether the participant

had previously made any edits on the talk page where the RfC took place. How-

ever, participants are relatively less experienced than initiators or closers, as shown

in Table 3.6.

Discussion : A discussion's size and shape can a�ect both the reading and com-

menting experience. RfCs in our dataset had on average 34.37 comments between

11.79 participants. As a sign of how unwieldy these discussions can get, the highest

number of comments on an RfC is 2,375, while the highest number of participants is

831. Both values come from the same RfC12. Not only can there be many comments

but they can create long threads of replies. On average across RfCs, the depth of

the longest thread in the discussion was 5.15 comments, while the average depth of

any comment was 0.39, where a comment that is not a reply to any other comment

has a depth of 0. This suggests that RfCs have a mix of deeper back-and-forth dis-

cussion as well as many comments simply responding to the initial prompt. Some

of these non-threaded comments may come from a dedicated polling section within

the RfC. We found that 49.6% of the RfCs in our dataset had an area for a poll.

Among RfCs where there was a binary decision, on average there were 5.09 supports

and 4.57 opposes, and most polls have a ratio strongly in one direction or the other

(Figure 3-9).

12https://en.wikipedia.org/wiki/Wikipedia:VisualEditor/Default_State_RFC
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Figure 3-10: Timeline of all RfCs showing the length of time for discussion of an
RfC after opening it, as well as the length of time between the last comment and the
formal close, if it exists. For each RFC, we draw a vertical line whose x coordinate is
the start date and whose y coordinate ranges between start and end date.

Figure 3-11: On the top, the number of RfCs initialized per month is broken down
into RfCs that became stale versus RfCs that were either informally ended or formally
closed. The number of RfCs formally closed each month is on the bottom.
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When we calculated the length of the discussion period, we found that the average

time between the �rst comment and the last recorded comment was 44.44 days, with

a standard deviation of 160.16 days due to a heavy tail of RfCs that drag on for many

months. As noted in our data collection, this duration distribution does include RfCs

that were open at the time of this writing. It is also possible that at a future point

in time, an editor may reopen any unclosed RfC. When considering only RfCs that

were closed, the average length of the discussion was 28.17 days (� = 75:37). In

Figure 3-10, we plot the timeline of all RfCs in our dataset, with the yellow lines

representing the discussion period and the blue lines representing the time from the

last comment to the closing of the RfC if formally closed. As can be seen, there are

many discussions that drag on for long periods of time, even years. On average, after

the initial proposal, it takes 16.47 days (� = 76:89) for the �rst comment to be made.

This is due again to a long tail, and thus the median is 3.91 days.

Closure and Conclusion : As visualized in Figure 3-10, the time taken to close

a discussion can also be long. For RfCs that eventually were formally closed, on

average it took 16.74 days (� = 25:90) after the last comment in the RfC. In total,

the average RfC time period from initiation to closure for RfCs that were formally

closed was 45.56 days (� = 81:14). This is about 1.5 times longer than the default

30 days that Legobot allots, with 37% of the time spent on waiting for the closing

statement.

As seen in Table 3.6, closers make up the most experienced but also smallest

population, with 23% administrators. From analyzing the closer population over

time, we found that the number of active closers has generally been rising since 2011.

However, this population is also skewed, with 57% of the 759 closers having only

closed one RfC, while the account with the most number of closes has closed 352

RfCs.

Post-Close Review : While there are no ways to automatically track what hap-

pens to an RfC after conclusion, there is a manually curated page of RfC closure

reviews primarily maintained by two editors. It contains 80 RfCs from 2011 to mid-

2017, representing 1.1% of the RfCs in our dataset. Of these, 40% of the closes were
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upheld, and 25% were changed by either being withdrawn, overturned, reverted, or

reopened.

3.6.5 Why Do RfCs Not Get Closed?

Through quantitative analysis of our RfC dataset, we found a signi�cant number of

RfCs�almost half�that do not get formally closed, with about 78% of those going

stale and about 22% ended informally. This can be a problem as editors involved in

the RfC may be waiting on the outcome before they feel they can continue editing.

It can also be discouraging if an RfC never gets closed when editors put e�ort into

participating in the RfC. We also saw that RfCs can linger for weeks and sometimes

months before getting closed, which can be problematic if the discussion has gone out

of date in that time.

Data Collection

To understand why RfCs do not get closed, we conducted semi-structured interviews

with 10 of the most frequent closers on English Wikipedia. In order to �nd intervie-

wees, we compiled a list of frequent closers. As we did not have a dataset of RfCs yet,

we instead scraped the archives of Wikipedia's Administrator's Noticeboard/Requests

for closure, a board dedicated to �nding closers for an RfC. This yielded links to 2,034

RfCs. We contacted 17 editors who were the most frequent closers and still active on

Wikipedia, with 10 accepting.

The interviews were conducted over phone or video call, with the exception of two

that were conducted over back-and-forth emails. For the calls, the interviews lasted

anywhere from 45 minutes to 1 hour and 30 minutes. Interviewees were compensated

$15 for their time. Due to their desire for anonymity, we only have demographic

information for 4 of the 10 interviewees. The average age for the four is 40.75, and all

four are male. On average, interviewees have been editors on Wikipedia for 9.9 years,

with only 2 of 10 with an edit history under 5 years. 3 out of 10 are administrators.

After asking general questions about interviewees' experience with RfCs, we asked
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interviewees to walk through the process they go through to decide what RfCs to close

and how they go about closing an RfC. We asked them to consider if there were any

problems with the RfC process and whether any tools or collaborations could help

make the process easier or faster.

Interviews were conducted by the �rst and second authors. After each interview,

it was transcribed and coded by them using a grounded theory approach [39] due

to the exploratory nature of the study. As interviews were ongoing, the codes were

discussed by all authors and grouped into major themes, including around common

concerns about the RfC process as a whole and reasons for why RfCs go stale.

We also randomly selected 40 RfCs from our dataset that did not get closed

and manually inspected and coded the discussion to understand why they were never

closed. This analysis was coded by the �rst and second authors and then discussed by

all the authors. Since the reasons may not always be immediately apparent from the

discussion, the reasons we were able to identify were informed by our prior discussions

with interviewees as well as informal conversations with top RfC participants on

Wikipedia.

Problems with Initiators and Initial Proposals

Figure 3-12: The �rst meta-comment points out the initial proposal is too vague while
the second notes the initiator's biased actions.

According to our random sample, issues with initiators had a lot to do with pro-

ducing unclosed RfCs. 14 out of the 22 RfCs with a meta-comment had an issue

related to initiator actions. For instance, sometimes the initiator was not clear with

the wording of the request, potentially related to their level of experience. On the

other hand, there were more severe cases when the initiator went against the normal

consensus decision-making process by biasing the wording of their initial proposal or
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attempting to canvass by soliciting participation in a non-neutral way, either in their

wording or recruitment of certain editors. A few of our interviewees (2/10) mentioned

issues with initiators, with one interviewee saying:

� An RfC not well-formed�this can happen when the results are unclear

because of the structure of the RfC. For example, the RfC might have no

clear question...�

This closer went on to say that despite this issue, it can still be possible for a closer to

determine editors' opinions and make a deliberation on what editors actually ended

up talking about.

Behavior of Participants: Bickering and Sock-Puppeting

Four of the RfCs that we examined explicitly mentioned excessive participant bicker-

ing, including by the initiator sometimes, which led to more complicated and longer

threads that were di�cult for newcomers and potential closers to examine. The back-

and-forth argumentation was often caused by participants who had a history with

each other and had been involved in previous discussions.

Figure 3-13: Meta-comment revealing that the participants' bickering is making it
di�cult for other new participants to engage in the RfC.

Three of the frequent closers we interviewed also pointed out that RfCs with lots

of bickering would be unlikely to become closed. One interviewee said:

�..no one really cares about [the RfC] that just gets a lot of bickering back

and forth without a lot of substantive discussion. That's the kind of RFC

that will often sit for a few months.�

Another interviewee described how excessive bickering between a few participants

might also push away future potential participants:
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�If one or two participants are trying to reply to everyone who disagrees

with them, others may simply not be taking them seriously or have grown

tired of repeating themselves.�

Three of the interviewees also mentioned actions by participants that try to in-

�uence the outcome of the decision by creating multiple fake accounts to create the

appearance of consensus (called �sock-puppeting�) or by recruiting editors to join a

discussion on behalf of that editor (called �meat-puppeting� if recruiting o�-wiki and

�canvassing� on-wiki). When this happens and another editor notices, an investiga-

tion can be called, and the o�ending editor is routed to formal processes for user

conduct. One frequent closer said:

�If I would have a suspicion that there was socking going on, I probably

wouldn't be closing it.�

This was also a reason why several interviewees spoke strongly about how RfCs should

not become a voting process, and mentioned that they give less attention to votes

that do not include any rationale or are not based in existing policies due to these

concerns.

Obvious Consensus

There were also cases when the outcome was an absolute consensus, and the partici-

pants seemed to think there was no need for a closure. 4 RfCs that we examined were

in this category. In these cases, after numerous comments all on one side, eventually

a participant just takes the RfC tag o� (2/4). The other two RfCs had the tag taken

o� by a bot, where the participants may have just left the RfC after seeing consensus.

Interviewees that mentioned this (2/10) also mentioned that many of these cases are

�ne to just informally end:

� When you have an RFC that has 15 people in support of something and

one very loud person opposing it, those are very clear cut outcomes usually

and it doesn't necessarily need formal closure�.
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If an initiator is repeatedly starting RfCs to �ght a general consensus, they may get

referred to a user conduct forum. This category also included cases we saw when

many participants responded to the initiator that there is no need for the RfC to

begin with, which could be chalked up to lack of initiator expertise.

Lack of Interest or Expertise from Uninvolved Editors

Other than the three reasons mentioned above that were explicitly mentioned, there

were also times where the reason was not clear from the discussion. Among these

18 RfCs without explicit comments about the RfC, we saw both long and short

discussions. One possible reason why they did not get closed could be that there was

simply lack of interest in the RfC from uninvolved editors. We noticed even in the

long discussions, participants were primarily those that were already involved in the

discussion before the RfC began.

Figure 3-14: Comment revealing that the lack of overall interest on the page which
may in�uence the outcome of the RfC.

Two of our interviewees also brought this up as a reason why RfCs in topics that

attract only a small number of editors might go stale. One interviewee mentioned his

own lack of interest in a topic being a factor, saying:

�When no one cares enough because even if you get it wrong, you've af-

fected one small part of one article that might get 15 views a day, or

whatever...I've de�nitely passed on an RFC because I thought `this doesn't

matter. My time is better used elsewhere.� '

A related issue that several closers (6/10) brought up was lack of expertise in the

topic behind the RfC. While closers do not need to be experts on a topic to close it,

and in fact should not be too involved in the topic so that they maintain neutrality,
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they still need to have some knowledge of it or be willing to invest time to learn about

it. One interviewee said:

�...in some cases a certain amount of background may also be a require-

ment. This is especially relevant for more technical subjects, such as the

sciences... You may be able to remedy this by studying, or it may be better

to leave the discussion for someone else to close.�

And although anyone on Wikipedia can close an RfC, if the topic is too esoteric to

the majority of frequent closers, then it may never get closed.

RfC is Too Complicated or Too Contentious

Two other reasons that we were not able to uncover by analyzing RfCs using meta-

comments but that were mentioned by several interviewees were RfCs that were too

complicated or contentious, with these problems often overlapping. Although there

were no meta-comments, we noticed two long discussions containing 136 comments

and 84 comments. Three interviewees mentioned that when the RfC is hard to close

due to severe contentiousness, they tend to leave it to other closers who can handle

it, mostly ones they felt had more authority. One interviewee said:

� There were a few that I avoid just because I look at it and think, `Whoa, no

way.' Usually it's the policies and guidelines, anything with like 300 plus

comments or where feelings are running very high. Eventually I...think

`Hmm. That needs one of Wikipedia's big names to close.� '

Another closer mentioned that they could tell that for some RfCs, no matter how

they close it, participants will follow them to their user talk page to question the

close, and so they just didn't want to bother.

Other interviewees (6/10) talked about RfCs that were just too complicated to

make sense of. These could be RfCs that were contentious but could also include ones

that had a great deal of back-and-forth or many participants, a lot of links to outside

sources or relevant policy, or a particularly content-heavy topic. One interviewee

described it as:
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�And I tried to read it, I looked it over and I realized I couldn't make heads

or tails of it.�

In these cases, an RfC could stay open inde�nitely if no closer wants to take on the

time to make sense of the discussion and all relevant materials. We also noticed from

talking to closers that most of them cited spending on the order of several hours,

sometimes over the course of multiple days, closing their most complicated RfCs.

Interpersonal Issues and �Wikipolitics�

As closers are humans, interpersonal reasons also had to be considered for closures.

Two RfC closers mentioned that they do not close RfCs that are related to participants

with whom they have a negative relationship. Although this is not a direct reason

for staleness overall, it implies that an RfC with an involved editor that has many

negative relationships with other editors is more likely to stay open. One interviewee

said:

�...my relationship with some of the contributors...is not very good. Now

suppose people with whom I do not share a particularly good relation-

ship...has initiated the RFC, I don't generally close it.�

Related to this as well as to the previous reason of an RfC being too complicated,

two interviewees discussed how �wikipolitics� play into their decision to close an RfC.

One interviewee said:

� I closed a discussion where these two people were �ghting and they rep-

resented two huge factions on Wikipedia...because I did that, if you read

my request for [role], that was one of the key points that people opposed

it...if you have people who don't like something you did, even if you did

something according to policy, if it's not popular amongst enough people,

they can join their voice with something else and sway a discussion.�

For this reason, a potential closer interested in growing their social capital might steer

away from the more contentious discussions.

115



3.6.6 Predicting the Likelihood of an RfC Going Stale

Building on our analyses of the factors related to closure, we used the RfC dataset

we collected to develop classi�ers to predict the likelihood of an RfC going stale.

Our prediction task is framed as a binary classi�cation problem, taking into account

features related to the initiation and unfolding discussion in the RfC as well as char-

acteristics about the article or policy page in question. We �rst classify RfCs into

formally or informally closed versus stale using all the historical data we have on each

RfC, minus the closing statement if it exists, to learn what features distinguish stale

RfCs. We then consider how a model for predicting the likelihood of an RfC going

stale performs as the RfC's life-cycle moves forward in time from initiation.

We used four classi�cation algorithms and compare the performance. The four

algorithms are Logistic Regression (LR), Adaptive Boosted Decision Trees (ADT),

Random Forests (RF), and Support Vector Machines (SVM) with a radial-basis func-

tion kernel. We conduct training and testing on 7,087 RfCs using 61 features. For

features with missing data, such as deleted user accounts, we used imputation13 to

insert the mean value instead. 50 trials were conducted with random 40% testing

splits, and the resulting performance values were averaged. We also used a tree-based

feature selection algorithm to �nd the most important features, shown in Table 3.9

based on the feature importance calculated by the ADT model. To determine feature

importance we calculated Gini Importance (I) which is the normalized total reduction

of the criteria due to the feature.

Features

Initiator Experience : From the interviews, we learned that initiators may have a

large impact on producing RfCs that do not get closed due to lack of experience. For

this reason, we calculate measures related to initiator expertise before the RfC took

place, such as theinitiator edit count and age of the initiator account in days. The

initiator might also be well versed in Wikipedia but a newcomer to the discussion

13http://scikit-learn.org/dev/modules/impute.html
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around the topic in question. Thus, we also calculate thenumber of revisions to the

talk page of the RfC by the initiator. We �nally considered whether the initiator is

an administrator.

Participant Interest : Another aspect related to likelihood of closure was the

ability to attract outside participation towards the RfC, which is the main goal of

RfCs to begin with. Thus, we calculate the overallnumber of participants in the

discussion so far, as well theratio of new participants so far, where a new participant

is one that has not participated on the talk page prior to the RfC.

Participant Experience : In addition to attracting participants, we saw that it

was also important that participants have experience. First, an RfC that failed to

attract experienced editors may be a factor in lack of interest from frequent closers,

who are often also experienced editors. Experienced editors also bring a knowledge

of policy and norms, potentially contributing to the quality of the discourse. Finally,

sock-puppeting was noted as an issue a�ecting closure. This could potentially be

determined by an unusually low level of experience from participants. We calculate a

number of measures related to participant expertise, including theage of the account

of participants, incorporating the average, standard deviation, sum, and maximum

over those values, as well as theparticipant edit count, incorporating the average and

sum.

Size and Shape of Discussion : We also found that the size and complexity

of the discussion was related to the likelihood of closure. RfCs that generate a lot

of discussion may have higher than usual interest and perhaps importance to the

community, leading to a vested interest in closure. At the same time, these discussions

might scare away potential closers who do not want to invest the time or do not feel

like they have the authority. On the other hand, RfCs with very few comments may

suggest lack of interest in the topic at hand. To capture these characteristics of both

volume and complexity, we measure thenumber of comments, average depth of replies

per comment, and theaverage number of repliesto each comment.

Contentiousness : We learned from the interviews that a discussion's contentious-

ness is an important factor considered when deciding to avoid closing a discussion.
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To measure this, we calculated, for RfCs that had binary polls,number of sup-

ports/opposes, ratio of supports over total votes, and average and sum ofnumber of

replies that support/oppose comments receive. We also calculatedweighted reciprocity,

which is a measure of the degree of back-and-forth between participants [312].

Tone of Participant Discourse : Bickering was a separate concern that was

mentioned in interviews. To get a sense of the tenor of conversations, we calculated

features using the frequency of terms taken from commonly used lexicons (indicative

word sets) from the Linguistic Inquiry and Word Count (LIWC) software [262]. We

examined the average frequency of indicative words over all comments in the discus-

sion so far. First, we considered negative emotionality and a�ect, using dictionaries

for hostility, swear words, and anger, as well aspositive a�ect, negative a�ect, and

a�ect terms in general. Conversely, we calculated measures forcognition (cogmech),

percept, and insight. Related to prior work on the importance of social aspects of de-

liberation [25], we also calculate measures for the use of�rst-person singular words,

inclusive language, andexclusivelanguage. Finally, we calculate measures forcer-

tainty and tentativeness.

Initial Proposal Tone and Length : Besides expertise of the initiator, we

learned that the quality of the initial proposal can be important, such as if it is

too short or has biased language. Thus, we measure thenumber of words and char-

acters in the initial proposal. We also measure all the LIWC terms described in the

prior feature category related to tone of participant discourse.

Popularity of RfC and Topic : Finally, we learned from interviews that the

interest in the RfC and the underlying topic in question can be a factor. To measure

popularity of the RfC, we calculated the thenumber of words and characters in the

RfC so far, reasoning that longer and more comments indicate greater interest. To

calculate interest in the general topic, we also included thetotal number of revisions

made on the talk pagewhere the RfC is located. We also look at more recent interest

leading up to the RfC, includingnumber of revisions made 1 week, 2 weeks, 3 weeks,

1 month, and 2 monthsprior to the initiation.
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Algorithm Precision Recall F1 AUC Accuracy

LG 0.762 0.868 0.812 0.657 0.73
ADT 0.788 0.864 0.825 0.695 0.753
RF 0.75 0.909 0.822 0.645 0.736
SVM 0.71 0.955 0.815 0.58 0.709

Baseline (most frequent) 0.672 1 0.803 0.5 0.672

Table 3.7: Average performance of classi�ers over 50 trials to predict the closure of
RfCs from full data.

Results

First, we consider the performance of classi�ers that make use of features calculated

from all data from an RfC up to its closure, if there is one. We report accuracy,

precision, recall, F1, and area under the curve (AUC) in Table 3.7. Adaptive Boosted

Decision Trees perform the best overall except for the recall score. They achieve 75.3%

accuracy while Support Vector Machines with a radial-basis function kernel perform

the worst with 70.9% accuracy. The best accuracy shows a 8.1% increase over the

baseline performance of 67.2% of simply picking closed for an RfC's outcome.

In Table 3.8 we report precision, recall, F1, AUC, and accuracy for an ADT classi-

�er when using features from only one category at a time. Additionally, in Table 3.9,

we show the top 14 features among all 61 features using ADT. Overall, we see that

features related tosize and shape of the discussionbest model the data to predict

closure, with all three features appearing in the top 14 features. Interestingly,average

number of repliespositively correlated with closure whilenumber of commentsand

average reply depth of commentsnegatively correlated. This may be because longer

depth and more comments signify greater complexity and back-and-forth arguing,

which may turn some closers o�. However, a greater number of replies as opposed to

just one-o� comments may signal greater interest in the discussion.

Another feature category that models the data well isparticipant experience, with

features related to the Wikipedia age of and number of edits by participants listed

as important. All of these features were positively correlated with closure, indicating

the importance of experienced participants.
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Category Precision Recall F1 AUC Accuracy

Size and Shape of Discussion 0.750 0.903 0.819 0.644 0.733
Participant Experience 0.757 0.860 0.805 0.647 0.720
Participant Interest 0.722 0.897 0.800 0.595 0.699
Contentiousness 0.674 0.980 0.799 0.506 0.669
Popularity of RfC and Topic 0.687 0.947 0.797 0.533 0.675
Tone of Discourse 0.691 0.925 0.791 0.54 0.673
Initiator Experience 0.675 0.984 0.801 0.508 0.672
Initial Proposal Tone and Length 0.673 0.978 0.798 0.504 0.667

Table 3.8: Performance of ADT classi�er to predict the closure of RfCs using features
from each category.

Features Importance � p

Number of comments 0.08 -0.053 < 0.0001
Maximum Wikipedia age of participants 0.06 0.12 < 0.0001
Cognitive tone of RfC 0.06 -0.049 < 0.0001
Average Wikipedia age of participants 0.06 0.003 < 1
� of Wikipedia age of participants 0.04 0.215 < 0.0001
Sum of edit counts of participants 0.04 0.147 < 0.0001
Average edit counts of participants 0.04 0.146 < 0.0001
Number of participants 0.04 0.13 < 0.0001
Average reply depth of comments 0.04 -0.13 < 0.0001
Average number of replies 0.04 0.061 < 0.0001
A�ective tone of RfC 0.04 -0.054 < 0.0001
Wikipedia age of RfC initiator 0.04 0.028 < 0.05
Hostile tone of initial proposal 0.04 0.013 < 0.5
First person singular word usage of RfC 0.04 0.015 <0.5

Table 3.9: Top 14 features in the ADT model incorporating all data, including cor-
relation to closure.
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While not performing as well altogether, a few features related totone of par-

ticipant discourse and tone of initial proposal were included in the top 14 features.

For instance, the a�ective tone of the discussion was weakly negatively correlated

with closure, possibly because words related to emotion may hinder progress of a

deliberative discussion.

Lastly, Wikipedia age of RfC initiator was also included in the top 14 features with

a weak positive correlation with closure. This implies a higher level of an initiator's

expertise may help prevent an RfC from going stale.

Predicting closure as RfCs progress While we demonstrated that we can

classify closed versus unclosed RfCs from our dataset when provided with all the RfC

participation, a more interesting question is how soon after an RfC is initiated can

we begin to predict the likelihood of closure with reasonable accuracy. To understand

this, we built models that predict closure at di�erent points in time after the start of an

RfC. Immediately after initiation, features from the categories ofinitiator experience,

initial proposal's tone and length, and popularity of RfC and topic can be used. As

time goes by and participants join the conversation, we can make new predictions

about the likelihood of closure using all 61 features and updating their values with

historical data.

As time moves forward from initiation, we perform a prediction each week. How-

ever, some RfCs get closed during that time�since we already know the outcome of

those RfCs looking back in time, we can discard already-closed RfCs in each week's

prediction. This means that at each week, we only make predictions on the RfCs that

are as of yet unclosed. Since as time goes by, some unclosed RfCs may start to go

stale as there are no new comments, we also add a time-based feature to these models

which is the number of days since the last comment up to the current point in time.

We choose to do this instead of discarding inactive RfCs from our prediction since

any unclosed RfC might be re-opened at any time by an editor, and this is unknown

ahead of time.

As the accuracy over time in Figure 3-15 shows, all four classi�ers start out quite

close to a baseline which simply predicts closure for all RfCs, achieving around 66%
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Figure 3-15: Change in accuracy over time after initiation up to 11 weeks.

accuracy. However, as time moves forward across RfCs and only unclosed RfCs

remain, the baseline for simply predicting closure for all remaining RfCs drops while

the baseline for simply predicting going stale improves. Similarly, as time progresses,

the accuracy of the classi�ers begin to approach the value presented above with all the

RfC participation data baked in, demonstrating how our models can provide timely

feedback to participants even just a week after the RfC is initiated. As time goes to

11 weeks after initiation, the baseline prediction of marking all RfCs unclosed begins

to approach our models' performances, as most RfCs that are still unclosed at this

point are likely to go stale.

3.6.7 Design Implications

Through a comprehensive analysis of RfCs on English Wikipedia, we examined how

RfCs get initiated, discussed, and closed. We found that while the closer population

and the proportion of RfCs getting closed is increasing over the last seven years, a

large portion of RfCs still do not get closed in a timely manner. From interviews

and qualitative analysis of unclosed RfCs, we notice various factors including the

nature of discourse and the characteristics and number of discussion participants can

indicate the likelihood of resolution. Using measures informed by interviews and

inspection of RfCs, we were able to develop a model that can predict the likelihood
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of closure at above 70% even a single week after initiation of the RfC. These suggest

design considerations for tools that could potentially help make formal deliberations

on Wikipedia more e�ective.

Tools to help initiators and participants

First, our development of a model for predicting closure could be helpful as a tool

for initiators or participants in an RfC to consider ways to avoid going stale. From

the model utilizing all participation data, we �nd that the participants' interest and

experiencewere some of the most important factors. In terms of participants'interest,

it seems crucial to �nd a way to properly promote an RfC to experienced Wikipedians.

Although we did not include it in this work, it would be interesting to �nd what are the

most e�ective ways to gather interest in an RfC. For example, it might be e�ective

for certain topics to publicize an RfC in particular forums within Wikipedia. Or

perhaps certain ways of phrasing the solicitation for participation or closure makes

a di�erence. This kind of feedback, in addition to the feedback that our existing

model provides, could help suggest actions for users to take when waiting for more

participants or a closer.

As the results imply that participants' expertise is crucial for an RfC to become re-

solved, this demonstrates the need for designs that can provide editors with relatively

lower level of expertise to communicate or receive feedback from more experienced

participants. As an interviewee mentioned, participants learn how to provide more

reliable sources and policies as evidence by observing or even being won over by more

experienced editors' comments during deliberation. A system that can match and

invite a group of experienced editors to an RfC that has relatively inexperienced par-

ticipants could be helpful. Future work could analyze the Feedback Request Service,

one of the primary drivers for soliciting participants, to consider whether alternative

designs such as pings to volunteers that are not simply random or that happen at

di�erent points in the RfC's life-cycle could be bene�cial. This is also the case for

helping out initiators when writing the proposal, as the initiator's experience was the

most crucial factor at the time when one is initiating an RfC.
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Tools to help closers

In addition, we learned about how thesize and shape of discussionsis predictive of

going stale. This �nding echoes interviewee responses that mentioned spending hours

combing through long and deep discussions before writing a resolution, as well as

sometimes purposefully shying away from RfCs that were too complicated or con-

tentious. This suggests that tools like Wikum [385] to better parse and organize

these long threaded discussions could potentially help manage the workload. A com-

plementary direction could be to consider how similar tools could facilitate closing

larger RfCs collaboratively as opposed to by a single individual. While frequent

closers tell us that these do happen on rare occasion in Wikipedia on an ad hoc

basis, they generally involve collaborations over the draft closing statement through

back-and-forth email as opposed to collaboratively understanding and organizing a

massive discussion. Additionally, by sharing responsibility it might lesson concerns

about �wikipolitics� or lack of authority.

It would also be interesting to consider ways that participants in a deliberation

could enrich the representation of the discussion to provide more information that

can help closers. For instance, sites like Reddit's ChangeMyView allow discussants

to mark when a particular argument has changed their mind on a topic. Since RfCs

are meant to be consensus-driven as opposed to voting-based, the deliberation should

ideally be causing people to come together over time. Illuminating points of consensus

and persuasive arguments would be helpful to closers and may speed up consensus

since new participants will more quickly get up to speed. Similarly, an idea that a

frequent closer mentioned was a tool to allow one to see the RfC discussion unfolding

over time, so that he could notice changes in people's interest and opinions as time

went on. Currently, he achieved this by going through the revisions on the RfC page

by page, which he found to be tedious.
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Figure 3-16: On the left, the original deliberation taken from Wikipedia and imported
into Wikum. On the right, the same discussion, now partially summarized by a
�eld study participant. An editing modal is opened, demonstrating the tool for
summarizing a group of comments.

3.7 Field Study of Wikum on Wikipedia

From studying RfCs and frequent Wikipedia closers [154], we learned about their

existing work�ow for closing deliberations, �nding that closers often spend hours in

one sitting on a single closing and use few aids other than basic note-taking tools to

keep track of their work. This suggests that Wikum could potentially be useful, both

individually and collectively, to help closers.

We conducted a �eld study of the tool with 8 frequent Wikipedia closers, where

they voluntarily used the tool to formally close an open discussion on Wikipedia.

We found that the tool was particularly e�ective for open-ended discourse, and that

the task breakdown facilitated by the tool reduced cognitive load for participants,

allowing them to split work between multiple sittings. It was also easier for par-

ticipants to switch back and forth between lower-complexity tasks like tagging and

higher-complexity tasks like summarization. Finally, we found evidence from two par-

ticipants that the tool can help break up work towards collaborative closures through

the emergence of user roles.
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3.7.1 Existing Work�ow for Frequent RfC Closers

From the interviews conducted with frequent closers about why RfCs do not get

closed in the prior section, we also asked closers to talk about their process for closing

discussions. The method for conducting and analyzing interview data was the same.

Reading the Discussion: Although the closing process varied slightly from

person to person, most of the interviewees answered that the process started with

fully reading the discussion (9/10) while one interviewee preferred reading the RfC

question and related topics including sources (1/10). Interviewees mentioned that

often times the consensus is clear after the �rst read-through. When the discussion is

more di�cult and complicated, interviewees would read the discussion several times

and more carefully weigh the reasons of each side before writing a closing statement.

Tools: Many of the closers (8/10) replied they used tools like Notepad to jot

down notes about participants' arguments when the deliberation is complicated. One

interviewee described manipulating the discussion in Word:

� If an RfC is especially complicated, I'll copy the text into Word and sim-

plify the discussion...I'll break up walls of text, delete comments..., group

comments in a way that's more logical to me, order comments by strength

of argument, etc.�

Another interviewee described using Wikipedia's edit history to page through indi-

vidual edits so as to not see the entire discussion at once. However, most interviewees

did not use tools heavily, and two stated they kept everything in their head.

Closing Statement: Time spent on writing the closing statement seemed to

vary, with one interviewee mentioning:

� Once I'm done with the examinations, writing a result is usually quick

and easy.�

However, another interviewee said:

� The writing part is always about one to one and a half hours, because

there are parts of drafting, there are parts of, again, reading some parts
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which I may have necessarily forgotten...So writing in general takes more

time than reading�.

The preferred style of writing the closing statement seemed to vary as well, with some

interviewees preferring concise statements while others thought more detailed closings

were clear and helpful to other editors.

Time Spent: Five interviewees mentioned that they prefer to close discussions

in one sitting, with one person saying:

� I �nd when I split them up, I forget what I've done last time�.

However, most interviewees recalled times when they had to close large discussions

that took many hours, sometimes requiring them to break up the work into multiple

sessions:

� Sometimes it takes four or �ve hours and you don't have that time.�

Considerations When Closing

Interviewees mentioned that they look forconsensuswhen closing RfCs. Based on

the interviews, we discovered that consensus can be decided by multiple factors,

meaning closers work to take various considerations in mind. Here we describe the

most important considerations when closing.

Consensus Informed by Policy over Voting: Discussions on Wikipedia in-

cluding RfCs can take various forms, with some of them containing a section for

polling while others are more open-ended. In the polling sections, editors write their

stance much like a vote, such as �support� or �oppose� along with the reasons. Sev-

eral interviewees (6/10) felt that RfCs are not a voting process and that the closure

should consider multiple factors including strength of the arguments and their ad-

herence to existing policies. However, some other interviewees (2/10) mentioned that

the majority vote was still important, nevertheless:

� People say it's not a voting process. It kind of is in a sense...It shouldn't

be a large part of the decision but it is there and it is relevant.�
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The majority of interviewees also answered that they carefully considered Wikipedia

policies during the closing process (7/10). The termpolicy seemed to include both

policy and guideline pages on Wikipedia as well as unwritten norms that can only be

picked up through experience. Interviewees also mentioned that considering policies

is crucial when counting votes as well, since not all votes may follow policy.

Maintaining Neutrality and Clarity in Writing: Many interviewees de-

scribed the importance of staying neutral while closing an RfC (7/10), which could

sometimes be di�cult. One interviewee said:

� Probably the main reason for a bad close is when someone has strong

views on a subject. They may ignore arguments they dislike, and just

write their own view as the result.�

As a result, interviewees tried to avoid any potential accusations of bias from people

who might disagree with their close, such as by not closing discussions where they

had a strong opinion.

Some interviewees (3/10) also described how they strive to be clear and unam-

biguous in their closing statement. Part of the reason was because they knew that if

they were not, participants would go to their user talk page to ask questions about

or challenge the close.

Individual vs. Collaborative Closing

Though most of the time closing an RfC is a solitary task, in a few cases, closures are

conducted collaboratively. Most of our interviewees preferred closing alone, with one

interviewee saying:

� The thing is, though, that takes a lot of work and coordination. Multi-

party closes aren't common, and they usually aren't needed. Only if the

consensus is di�cult to determine, and if it's an important matter that's

going to a�ect a lot of articles.�

4 out of the 10 interviewees said they had positive experiences with collaborative

closures. They described the process mainly as one person conducting the close in
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full, followed by a second or third person who also reads over the discussion, looks

over the draft closing statement, and then gives feedback. Overall, they described

little actual division of work:

� In my example, we analyzed the RfC independently then discussed it with

each other. We all came to the same conclusion, except for a couple of

minor points which we resolved through discussion, then we proposed drafts

until we came to agreement on the wording.�

One reason that interviewees liked them despite the duplication of work was be-

cause it helped correct for bias or missing information. An interviewee mentioned:

� Yeah I like joint closure, because sometimes I have found out that my

views were not correct. Probably the summary that I alone made out...was

not optimal, and another closer helped me reach the optimal conclusion.�

Another interviewee mentioned that collaborative closures seemed to work well for

discussions that involve large policy changes or are controversial.

3.7.2 Field Study

In the interviews, participants mentioned spending on the order of several hours to-

wards closing especially long RfCs. We now consider how a tool for breaking down

the work could help Wikipedia closers summarize and resolve large deliberative dis-

cussions more easily. While Wikum and the recursive summarization approach has

been studied in lab settings in past work [385], it has not been studied in real envi-

ronments. While one could imagine large groups of people working to summarize a

discussion collectively using this tool, in this work, we focus primarily on individuals

using Wikum to summarize a large discussion.

Study Recruitment

While Wikum is a free and open tool, we needed to publicize it to Wikipedians

who have experience closing deliberations. Thus, we reached out to the same list of
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Experience on Wikipedia Prior Activity Closing RfCs

Account
Age

(years)

Total
No.

Edits
Admin

No.
RfCs

Closed

Avg (� ) No.
Comments
in Closed

RfCs

Avg (� ) Len
Closing

Statement
(words)

P1 14 30,000 Y 27 50.4 (7.58) 110.15 (68.68)
P2 5 20,000 N 44 44.27 (5.99) 45.66 (29.06)
P3 9 100,000 N 43 41.67 (1.12) 25.77 (11.83)
P4 6 50,000 Y 8 23.87 (4.2) 100.5 (58.05)
P5 3 100,000 Y 58 39.41 (1.5) 76.86 (70.25)
P6 11 250,000 Y 92 34.27 (2.32) 85.11 (85.97)
P7 7 10,000 N 28 59.68 (8.44) 105.11 ( 109.27)
P8 14 60,000 Y - - -

Table 3.10: Field study participants and information regarding their overall experi-
ence on Wikipedia. We also calculate and report their prior experience with closing
RfCs. (P8 has no results because they are a frequent AfD closer but not RfC closer).

top RfC closers we created for �nding interviewees. Since we noticed that many of

the top closers were active at one point in time but had not closed anything in a

while, we also looked for people who had recently closed an RfC, according to the

Administrator's Noticeboard/Requests for Closure. While some of these people may

be less experienced, their experience with closing is fresher, and they would likely be

more interested in trying out the tool than people who hadn't closed in years. We

alerted people from the above groups to Wikum by emailing them or posting to their

User talk pages on Wikipedia. No users were compensated for participation.

In the end, we had 8 people who went on to use Wikum while closing an RfC.

Their prior experience in Wikipedia as a whole as well as in closing RfCs can be

seen in Table 3.10. Information about users' prior experience with closing RfCs was

taken from a comprehensive dataset of RfCs recently released [154]. Most partici-

pants had extensive experience both on Wikipedia and with closing RfCs or closing

deliberations in general. Indeed, two participants were current or former members of

the Arbitration Committee (ArbCom), or Wikipedia's highest court or court of last

resort for disputes. One user, P8, had no experience with closing RfCs but was a

frequent Articles for Deletion (AfD) closer, a similar vehicle for deliberation but one
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that we have no statistics on. Three of the participants were also interviewed for the

�rst part of this paper.

Study Task

We invited closers to �nd an open RfC that they would like to close and work on

closing it with Wikum. We provided to users a written tutorial explaining the features

of Wikum in a shared Google Doc �le. Users were asked to create an account on

Wikum and stay logged in but were otherwise free to use Wikum how they liked for

as long as they liked to close the RfC. While 6 users ended up closing RfCs on their

own, 2 users chose to work together to close an especially large RfC collaboratively.

Data Collection

We collected logging data from the Wikum website, including all edits to the Wikum

page, which were captured and available as edit history to users, as well as additional

logging of page visits, API calls, and user activity within the page, such as when they

opened a modal to edit a summary.

We also reached out to users to �ll out a survey and participate in an interview

once we saw that they had used Wikum. In total, �ve of the participants completed

the survey and four participated in the interview, which lasted around 30 minutes or

was conducted over email. We asked participants about their experience both making

sense of the discussion and summarizing using Wikum, in comparison to what they

did before. We also asked participants their thoughts on the usefulness of particular

features and whether they would use Wikum again and in what circumstances.

Results

Switching Between Di�erent Tasks Over Time: In Figure 3-17, we show the

progress over time by P1-P6, who used Wikum on their own to close a discussion.

On the X-axis, we show time spent on Wikum, adding dashed lines to indicate when

a user has gone away for a period of time. On the Y-axis, we show the percentage of

the discussion that has been summarized, where 0% represents the original discussion
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No.
Comm-

ents
in RfC

Total
Time
Spent

% Time
Spent

Summ-
arizing

Times
Viewed
Author

Info

No.
Tags
Made

No.
Summ-
aries
Made

Avg Len
Summ-
aries

(words)

Len
Closing

Statement
(words)

P1 66 1:27:01 11.74% 4 7 18 17.39 292
P2 139 1:23:38 11.70% 5 6 13 21.83 237
P3 78 2:38:04 28.01% 34 8 28 17.58 80
P4 74 1:03:16 21.21% 13 0 41 4.35 248
P5 45 0:39:54 23.10% 2 0 7 37.00 -
P6 47 0:27:43 12.27% 4 3 13 7.25 -

P7 202 1:26:23 15.59% 19 2 34 7.21 -
P8 202 0:42:51 00.58% 0 2 5 13.2 370

Table 3.11: Field study participants and their activity during the �eld study. P7 and
P8 participated in a collaborative closure together.

and 100% completion is when enough original comments have been summarized so

that there are only 250 words to read at the outset. As can be seen, some users fall

short of 100%, and indeed most actually chose to write their �nal closing statement

on Wikipedia and not in Wikum. Through examination of how participants used

features in Wikum over time, as well as post-study interviews, we gained a sense of

their work�ow for completing the close.

We see examples of a bottom-up sensemaking process [267] in some of the work-

�ows, where lower-complexity tasks such as tagging, hiding, or moving is enacted on

individual or small subthreads of comments, followed by the higher-complexity sum-

marization of comments and threads at increasingly higher levels. P1 demonstrates

this work�ow, with a round of tagging leading to summarizing more and more of

the discussion. However, we noticed participants did not always strictly move from

lower-complexity tasks to higher-complexity tasks. For instance, both P3 and P6

interleave summarization with tagging and hiding comments, even towards the end

of the process. And though P4 and P5 conduct mostly summarization tasks, these

are spread out across the timeline, indicating a mix of reading and summarizing. By

breaking a large complex task such as summarization of a large discussion into smaller

complex tasks, Wikum provides the ability to ease in to each summarization action
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Figure 3-17: Progress over time by P1-P6. On the X-axis we have the time spent
within Wikum, with dotted lines representing breaks in time. The Y-axis shows how
much the original discussion has been reduced down.

with other lower-complexity work [34].

In Table 3.11, we can see that P3, P4, and P5 spent a �fth to a quarter of their

time summarizing. In comparison, for P1, P2, and P6, the time spent summarizing

was closer to one tenth, indicating they spent more time in tasks for organizing or

cleaning, which we can see re�ected in Figure 3-17. For instance, P1 described their

work�ow as centered around grouping similar authors and comments through the use

of tagging:

� ...I...try to categorize comments into major positions (so the `tag' fea-

ture is great)...I wrote down the main perspectives...and then categorized

people into positions. Then I would draw up my closing statement, taking

inspiration from the relative sizes of each category.�

For participants that spent more time summarizing, they mentioned that Wikum

allowed them to easily interleave di�erent types of tasks whereas before, reading and

synthesizing were done separately:

� [Before,] I read the question, read through the entire set of comments,

and try to arrive at a conclusion...Working in Wikum, I would summarize

and/or mark as unimportant each comment as I read it� (P4).
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