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Abstract

In many instances of collaborative writing, ideation and deliberation about what
to write happen in a separate space from the actual document writing. However,
having discussion and writing separated may result in a final document that has little
connection to the discussion that came before. Furthermore, online users often rely
on filtering, voting, and moderation to manage lengthy conversations. In this work,
I build upon a hybrid discussion and document-writing tool called Wikum+ to allow
groups to mix having discussions and summarizing those discussions in real-time,
until the process results in a final document that incorporates and links all discussion
points. The system uses collaborative summarization interchanged with deliberation
to synthesize the conversation into a meaningful artifact, that can be iterated and
improved upon. I conducted a within-subjects user study of 6 small groups where
each group used both Wikum+ and a control of Google Docs and a messaging app
to collaboratively write proposals. I also conducted a between-subjects user study of
2 larger groups, with the control given only a Google Doc. From analyzing survey
and interview results, I found evidence that Wikum+’s integration of discussion and
summarization helped users be more organized as well as more inclusive of ideas,
leading to a more comprehensive final document. Compared to a control, Wikum+
also allowed for more light-weight coordination and iterative improvements through
the incorporation of new ideas.
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Title: Professor
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Chapter 1

Introduction

Cooperation and the sharing of ideas in team production have been shown to have

social benefits for groups as well as better and more innovative outcomes [13]. Fur-

thermore, the perceived quality of collaboratively written documents is higher [3],

overall productivity increases [10], and interpersonal relationships are enhanced [40].

Today, online discussion platforms provide a liberating medium for groups to col-

lectively interact, ideate, and deliberate across time and distance. However, a major

challenge for collective deliberation that is exacerbated in the online setting is refining

and combining the mountain of ideas into something meaningful [4]. Large groups

tend to develop large amounts of shallow and redundant ideas and have trouble de-

ciding on and selecting a set of good ideas [4, 30]. Moreover, interesting comments

and the outcome of deliberations can be buried deep in or scattered throughout on-

line discussion threads, whereas other comments may be controversial, off-topic, or

problematic [30]. Users must sift through repetitive and low quality ideas, worsening

the creativity of their own contributions and their overall productivity [42].

We introduce the idea of using summaries as a form of synthesis, integrated into

the discussion process. Summarization provides a way to synthesize, combine, and

collapse part of a discussion into something more concise and conclusive. This re-

duces efforts of readers and decreases the likelihood of redundant discussion threads,

allowing for people to focus on other important unresolved points. The integration of

summaries with discussion on a single platform helps readers cross-reference the con-
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versation and understand how conclusions were made, only if necessary. By making

summary-creation and editing collaborative, we allow for a greater sense of inclusion

and a lower chance of bias from select moderators. Additional features such as flags or

marking certain comments unsummarized allows minority voices to brings attention

to unaddressed issues.

To address document-writing issues that occur with asynchronous collaboration,

we use color-coded comments and unread markers to bring more attention to both

new and unincorporated comments. This allows for new ideas to hold presence and

spark discussion even in seemingly complete documents. As a result, discussions no

longer need to be append-only, but can shrink as conversation is synthesized into

summaries, and grow as novel discussion springs later on.

By making the summaries collaborative in nature, we aim to reduce the friction of

editing summary content created by others. By having contributors working towards

the common goal of synthesizing discussion and introducing features to help indicate

areas that need review, we hope that users feel more comfortable making updates

independently to the summary or document.

Summarization as a form of synthesis is useful because the current tools people

use online don’t allow for an easy way to synthesize ideas, instead relying more on

filtering, voting, or moderation. While these strategies can help reduce the issues

at hand, they don’t solve them completely. For instance, Redditors may up-vote

several top comments that have very similar content, again, leading to redundancy.

A controversial sub-discussion topic may have reached a conclusion somewhere in the

conversation, but due to the append-only nature of typical conversations, a moderator

or reader must wade through the entire sub-topic to find the resolution.

Unfortunately, these strategies can also often lead to biases, as minority ideas are

pushed down or filtered out. Moderators can unknowingly select ideas aligning more

closely to their opinions, and too much moderation can reduce the overall perceived

level of fairness [35]. Furthermore, by only using votes can result in a lack of justi-

fication for promoting certain ideas and even if the reasoning lies in the comments,

there is no way to directly connect them. Voting systems also have no capability for
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more sophisticated refinement to improve an idea or synthesis of multiple ideas. For

instance, some competing ideas may be impossible to combine while others become

stronger together.

These issues all make the task of writing up a cohesive plan or document from a

discussion more difficult. In addition, the lack of synthesizing capabilities on com-

mon online discussion platforms result in users having to move to document-writing

software. By migrating away from where they had discussion, users lose the abil-

ity to directly reference conversation or easily incorporate what people said. Some

software such as Wikipedia have space for discussion but it lives on a separate page

and cannot be referenced in the main document [18]. Additionally, collaborative

document-writing tools like Google Docs have features for chatting and in-line com-

menting. However, there is no easy way to connect chat messages to document edits,

or to start from a discussion and build to a document section.

When working collaboratively on writing the document, new content is detectable

when everyone is working in real-time. But when people must work asynchronously,

new changes that are introduced can be difficult to find for returning users, especially

when the document becomes lengthy. If a contributor wants to introduce a new idea,

they may be wary of incorporating those new concepts without discussing with the

others first, and thus opt for not introducing new content at all. Furthermore, because

discussions are less likely to happen inside of a document, a contributor who wants

to make edits to a portion written by someone else may avoid doing so, not wanting

to over-step boundaries without conversing first.

In this thesis, we present Wikum+, a system that integrates collaborative discus-

sion and summarization so that users can collectively create a document synthesized

directly from their deliberation in real-time. We allow for users to move seamlessly

between the phases of conversation and document-writing, and the ideas formed in

the comments maintain their provenance as they are summarized and surfaced into

the final document. Furthermore, continued discussion after summarization allows

for users to discover topics requiring further deliberation, conversations that lack in-

clusion, or summaries that are incomplete or biased. By making these comments
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discoverable, Wikum+ allows for iterative improvements, ultimately bettering the

quality of the final document. A pilot study of our initial interface provided us with

insight on usability improvements and preliminary results, allowing us to improve

upon both our interface and the design of our study. After upgrading Wikum+ to

the system it is today, we tested its effectiveness in achieving our goals by running two

user studies. The first study was a within-subjects experiment involving six groups

of 5-6 users, with each group using both Wikum+ and a control. Our results show

that users found Wikum+ to provide significantly more organization, and that users

found it significantly easier to locate both new ideas and topics that still needed

work on Wikum+. This allowed for iterative improvements on the summaries and

final document. We also found that users generally were more concise on Wikum+

while users wrote more fluidly in the Doc. Our second study evaluated how Wikum+

would perform compared to a control if the groups were larger in a between-subjects

experiment. Our results show that Wikum+ users found the process to be signifi-

cantly more inclusive of their ideas and rated their final document as significantly

more comprehensive compared to the control. Overall, our studies provide evidence

that Wikum+’s integration of discussion and summarization helped users be more

organized as well as more inclusive of ideas in the final document. Wikum+ also

allowed for more light-weight coordination and iterative improvements through the

incorporation of new ideas.

This thesis details the design and implementation of Wikum+, along with findings

from the pilot study and larger user study. Chapter 2 summarizes related work; Chap-

ter 3 details the technical implementation and system design of Wikum+; Chapter 4

describes the pilot study, both user studies conducted, and their results; Chapter 5

discusses the findings and suggestions for other discussion systems while explaining

potential future work; and Chapter 6 concludes the thesis with a summary of our

contributions.
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Chapter 2

Related Work

2.1 Collaborative Decision Making

Online deliberation involves discussions with the use of information and communica-

tion technologies. Compared to typical discussion forums, these processes focus more

on specific, important topics, with the goal of mutual understanding. As mentioned in

the Introduction, one area that online deliberation has shown more presence in is the

political sphere. This has allowed citizens of a community or city to discuss issues or

objections and propose change for policy makers [27]. In such contentious situations,

one might believe that heavy moderation is needed, but research has shown that

higher levels of moderation actually negatively impacts the overall perceived fairness

of the procedure, validity in claim, as well as policy legitimacy [35].

Moreover, although opinion heterogeneity may be perceived as a potential source

of harm for harmonizing opposing voices, exposure to different opinions allows people

to better support their own positions, leading to better argumentation [37]. It has

also been suggested that high heterogeneity with mixed opinions are important for

avoiding positive or negative perception bias in the discussion process [35].
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2.2 Collaborative Writing

Collaboration in writing has been shown to help authors pool diverse ideas, provide

feedback, and write better texts in terms of task fulfilment, grammatical accuracy,

and complexity [46]. Furthermore, authors writing collaboratively generally improve

the overall accuracy of their resulting work compared to single-author works [20, 14].

However, trust and willingness to share authorship are crucial for collaborative writ-

ing to succeed [45]. In online collaborative environments, writers that share common

habits and hold less author-centric perspectives of textual ownership perform better

in group writing [17]. Research further suggests that writers involved in collabora-

tive projects may focus more on the product than the process [46]. When writers

are pressed for time, this may result in users quickly voting on the best ideas to

incorporate and leaving out important minority ideas that were simply voted out.

Today, technologies that allow for more convenient feedback and faster response

times can increase motivation and creativity [24]. One of our goals with Wikum+ is to

provide an interface that allows for real-time conversation to merge with collaborative

writing in a more organized form than traditional free-for-all online document-writing

spaces, which are less conducive to discussion-based feedback. We design Wikum+

as a system with similar functionalities to discussion forums, including commenting,

tagging, mentioning, and notification abilities. However, Wikum+’s collaborative

summarization process ties the interface back to document writing in a more guided

fashion, as users are provided with rich text editing tools and have the ability to move

text around on the page. This synthesis process occurs on a thread-by-thread basis,

gradually building up a group’s final document.

2.3 Creativity and Diversity in Ideation

Seeing high quality, inspirational ideas allows individuals to come up with more di-

verse and creative ideas [42]. Learning about new ideas also helps accelerate the gen-

eration of ideas across various categories, improving overall productivity [32]. How-
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ever, exposure to repetitive and simple ideas can actually hinder creativity, and when

considering discussions at scale, we often find that there are a multitude of these non-

productive ideas expressed throughout the conversation [19, 23]. The main problem

with this is that people tend to generate or borrow ideas based on the ideas they

are exposed to [23, 44, 28]. Thus, if all of the presented ideas take up a very narrow

portion of the solution space, this could actually hinder creative ideation rather than

help it — a process known as design fixation [19].

Therefore, the importance of highlighting and helping users notice useful, diverse,

and creative ideas is heightened for discussions at scale, and part of that process

includes hiding or minimizing less useful comments. Other existing solutions involve

creating visualizations and algorithms to help users recognize the limitations of their

generated idea space [15, 8, 36, 42, 43]. Wikum+, on the other hand, provides a tree

structure to visualize the commenting structure and flow, as well as a clustering view

to help group similar comments together based on their textual content. The tree

structure is dynamic, growing and shrinking as the conversation and summarization

progresses, instead of existing as a post-discussion analysis tool. Wikum+ also has

an option to mark certain comments as unimportant, thus minimizing less useful

comments and increasing the likelihood of exposure to more diverse and productive

ideas.

2.4 Making Sense of Online Conversation

The most widely used practice for reducing and managing large conversation volume

is filtering, either through selected moderators [25] or some form of voting or flagging

mechanism [9]. Unfortunately, moderation and filtering sometimes lead to the sup-

pression of opinion minorities and the moderators, themselves, may unintentionally

introduce implicit personal biases.

Personalization features can help reduce content load as well, but also risks biases

and “filter bubbles” — a situation where only one point of view is represented [33].

While automatic natural language filtering exists, it is typically used for detecting

21



spam [29] and trolls [6].

Even with filtering and moderation, however, a high quantity of people can simply

mean a high quantity of ideas. Thus, Wikum explores using summarization to not

only filter out unimportant or repetitive comments, but also synthesize major ideas.

Existing automatic summarization techniques focus mostly on extracting important

sentences from the text [31], and are primarily made for summarizing long documents,

email chains, or dissociated reviews. By using human input, Wikum+ differs by al-

lowing for the possibility of synthesizing points made, such as deciding on the best

solution of many based on consensus among users. Furthermore, all automatic sum-

marization systems require massive sets of training data to obtain sufficient accuracy

[41], and currently, these do not exist for discussion summaries. Similar human-input

based summarization systems exist as discussed below [30, 1], but exist only at the top

level of discussion, summarizing the discussion as a whole, and only analyze archived

conversations rather than on-going discussions as well.

2.5 Relevant Systems

Many systems have come into place for online collaborative deliberation. However,

most of these systems polarize comments by having a voting system or a methodology

to determine a ‘winning’ side [11, 26, 21, 8]. This not only shuts down or hides valid

ideas, but also results in a large number of the participants feeling like they’ve lost

something that could have been collaborative. Furthermore, many platforms allow

for little or no discussion due to the structure and purpose of the system [36, 2, 38].

On the other hand, many platforms allow for discussion, but either rely on a single

summarizer [5], rely on moderators that select representative comments [7], rely on

visualizations to collect ideas [36], or rely on polls and surveys based on the discussion

to decide on a specific topic [26].

Some efforts, including the original Wikum interface, have been made to incre-

mentally distill large quantities of messages into more useful, succinct, and durable

summaries [30, 1, 47], but these systems focus on stagnated or archived conversations
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and do not explore the possibility of continuous and simultaneous conversation in

addition to summarization. Wikum+ also differs by allowing users to expand sub-

summary discussions and explore the details of subtopics rather than providing a “flat”

set of top-level summarizations. By perusing through the topics discussed previously

efficiently in Wikum+, a new user can become inspired and add new, innovative ideas,

keeping the conversation alive but still focused.

Thus, Wikum+’s novelty exists in its ability to both synthesize conversation and

continue discussion, with the objective of improving the quality of the final summa-

rized document, as well as the experiences of the users participating in the deliber-

ation. In the next chapter, we detail the system’s implementation and the specific

features that significantly distinguish it from the original Wikum.
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Chapter 3

System Design and Implementation

3.1 Wikum+

In this work, I present a system that allows for the steps of collaborative ideation, de-

liberation, synthesis, and document-writing to happen in one space, so that users can

move seamlessly from one step to another and back as necessary, and ideas maintain

their provenance as they move from original comments all the way to their incorpo-

ration into the final document. The system is developed on top of an open source

software tool called Wikum [47].

On the original Wikum, users can import a concluded conversation that has hap-

pened elsewhere, such as Reddit or Disqus, and collaboratively summarize it in a

recursive fashion, by summarizing small portions of discussion and then summarizing

the summaries, until the entire discussion is summarized into a summary tree (Stages

(b) through (d) in Figure 3-1). This explorable summary tree allows users to quickly

identify and explore the main topics of discussion [47]. Furthermore, the summary

tree’s default view collapses the contents of full summaries, reducing the number of

words shown on the page and shrinking the conversation.

However, the original Wikum assumes that all discussion on a topic is completed

before any summarization commences. Users could not add new comments and could

only summarize the existing imported discussion. But it is common for collaborations

to require multiple stages of deliberation, action, and then reflection and further
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Figure 3-1: Wikum+ discussions grow with discussion and shrink with summariza-
tion. By default, only summary nodes and unsummarized comments are shown, unless
summaries are clicked-to-expand. A typical workflow is as follows:

a–b Users contribute new comments and replies.

b–c Users can summarize select comments, adding an orange summary node and
changing the blue (unsummarized) comments to yellow (summarized).

c–d Summaries can be added at a higher level that include other summaries recur-
sively.

d–e Users can add new comments at any point. Summaries above such comments
turn half-blue, half-orange to signify partial summarization of comments below.

e–f Users can edit the partial summary to incorporate new comments.

Stages d through f loop until the summary reaches a stable state.

deliberation of those actions. New ideas and re-considerations may also come at

different times. For instance, after ideas have been synthesized into a summary,

users may generate more creative ideas and hope to discuss these new ideas before

incorporating them. Some users may even want to discuss the quality or content of

the summary itself. These new comments are included in the default view of the

page, therefore increasing the discussion length and expanding the conversation. We

refer to this process of interchanging discussion and summarization as interleaving

summarization.

In our design of Wikum+, we hoped to improve both the quality of discussion by
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encouraging deliberation and inclusiveness, and the quality of the final document by

enabling iterative improvements through interleaving summarization. In the following

section, I detail the new features I’ve implemented on Wikum+ to help us achieve

our goals.

3.2 The New Features of Wikum+

3.2.1 New Comments.

The first, most crucial feature of Wikum+ introduced is the ability to add new com-

ments. Comments can be added as replies to existing comments, replies to existing

summaries, or as brand new comments, starting a new discussion thread. Along

with this functionality came the ability to start a new Wikum+ page from scratch,

as previous Wikum pages could only be created through the importation of existing

discussions from other platforms.

Figure 3-2: Comment States
in Wikum+

By allowing for replies to summaries, summaries

can become outdated, as the summary content may

not incorporate the new comments (Figure 3-1 (e)).

Furthermore, comments that are considered summa-

rized should be distinguished from comments that are

not summarized to indicate which comments still need

to be synthesized or integrated.

We use squares to represent summary nodes and

circles to represent comments. We use the color blue

to represent unsummarized comments and yellow to represent summarized comments.

Full summaries are orange squares. Then, summary nodes with unsummarized com-

ments below them are squares colored half-orange and half-blue to symbolize a partial,

unfinished summary requiring updating (Figure 3-2).

Summaries in Wikum were already editable, but I added an additional feature
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so that users can evaluate summaries to indicate which children comments the sum-

mary incorporates. Based on this evaluation, colors of the child comments update

accordingly and any positive number of unsummarized children comments leaves the

summary node in a partial summary state.

3.2.2 Permissions.

There are instances where we may want to restrict the level of access a user has on

a Wikum+ page. Enforcing an initial discussion period of comment-only permissions

could increase the quantity of distinct, creative ideas. Enforcing moderator roles with

greater edit access may lead to more cohesive final summary documents.

While we considered enforcing a certain minimum of characters or time to pass

from the creation of a Wikum+ page before allowing summarization and other editing

functionalities, we decided that this minimum varied too much by topic and relied on

a variety of factors, such as how controversial or multi-faceted a subject is. Instead

we grant the owner or creator of a Wikum+ page authority to control the permissions

for their page at the public and private level, much like Google Docs permissions. The

owner is always given full edit and comment access. At the public level, owners can

set the page permissions to be one of five settings:

1. Private Access: Only the owner can access the page.

2. Publicly Viewable: No one can edit or comment, but anyone can view the

page.

3. Publicly Editable: Anyone can view the page and perform editing func-

tionalities including creating or editing summaries, hiding comments or sum-

maries, tagging comments or summaries, evaluating summaries, moving com-

ments around, and marking comments as summarized or unsummarized. Adding

new comments is not publicly allowed.
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4. Publicly Commentable: Anyone can view the page and add comments, but

no editing functionalities are publicly allowed.

5. Publicly Editable and Commentable: This is the full access setting, com-

bining Publicly Commentable and Publicly Editable allowances.

At the private level, owners can grant specific users one of four settings, each corre-

sponding to its respective public level functionalities:

1. View Access

2. Edit Access

3. Comment Access

4. Edit and Comment Access

These private level permissions are in addition to the public level access settings.

For instance, if a page is Publicly Commentable and a user is granted private Edit

Access, they will have full edit and comment access to the page.

3.2.3 Outline View.

The original comment and summary visualization existed as a summary tree, depicted

in circular nodes, as shown in Figure 3-3. While this tree was helpful for gaining

insight into the structure of the conversation, the lack of textual context made it

more difficult to navigate and find topics of discussion.

As I explain more thoroughly in Section 4.3, some pilot study users expressed

frustration in being unable to easily find the comments they had written. Some users

said that they had a hard time scrolling through all of the comments on the page

to find the different topics discussed. When asked if an textual outline view of the

comments, as shown in Figure 3-3, would be helpful in the issues they raised, all of

the Wikum+ users agreed.
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Figure 3-3: The left shows the original summary tree visualization in Wikum. The
right shows the new textual outline view visualization in Wikum+. The outline view
truncates each comment or summary text to the last word possible, given a max
length which is determined by the depth of the comment in the conversation. The
text at the top is the title of the Wikum+ page. On page-load the outermost black
line is highlighted, showing the entire discussion.

In creating the outline view, we wanted to maintain the threaded tree-like struc-

ture from the original visualization. We also wanted to design the outline view so

that the dragging and dropping of comments would be easier and more visible. We

thus drew ideas from both Google Doc’s outline sidebar and Reddit’s threaded forum

UI to create Wikum+’s outline view (Figure 3-3). While the original summary tree

visualization encoded the size of a comment to the size of the circle, we chose to stan-

dardize each shape to the same size to reduce bulkiness, especially with the heavier

emphasis on the text.

Just as in the original Wikum, full summaries collapse the content they encapsu-

late on page-load and the words shown on a Wikum+ page, by default, contain un-

summarized content, summaries, and partial summary threads. Therefore, portions

of the discussion that have reached a conclusion can be summarized and condensed,

shrinking the conversation. As shown in Figure 3-3, users see the top-level discussion
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Figure 3-4: Comment threads can be selected, showing only the comments or sum-
maries in that thread on the right. Selected comments and threads in the outline
view are highlighted in black.

or outermost thread by default, indicated by the black outermost highlighted line in

the outline view. However, if a user selects any specific comment or summary, its cor-

responding thread will be highlighted (Figure 3-4) and only that threads comments

will be visible on the right. This view is also achievable by clicking on the thread

line itself. Then, clicking any surrounding whitespace or the title text will show the

default, full view again. Just as summaries can be expanded by default, any thread

in the outline can be collapsed or expanded by clicking the particular thread twice.

The outline view acts not only as a condensed version of the comments, it also

functions as a navigation tool for exploring the conversation. By hovering over any

comment in the outline view, the right hand side will scroll to the corresponding

comment if it is in the selected thread. On the other hand, a user can quickly

understand the context of a comment by hovering over a comment on the right,

which will scroll the outline view to the corresponding element on the left, allowing

the user to scan surrounding comments efficiently.

In some cases, it makes sense to group separate threads or select related comments

to synthesize into a single summary. To do this in the outline view, users can hold
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the “command” key (on Macs), or the “Ctrl” key (on Windows and other PCs), while

selecting the comments or summaries to group together. Previously this Summarize

Selected feature was done by clicking, dragging, and selecting a group of comments on

the left. Due to the introduction of drag-and-drop (described below), this dragging

method of selection may unintentionally drag and move a thread instead of selecting

a set of comments. In the future, we may bring back the drag-to-select feature by

distinguishing these two functionalities with an additional key-press. For instance,

perhaps drag-and-drop should only occur if the Shift key is held down while drag-to-

select can happen without any key-press.

3.2.4 Read Markers.

Consider a synchronous setting where one user is working in a discussion thread near

the top of the conversation, while another user is working in a discussion thread near

the bottom. The users may want to see what other comments had been added while

they were busy with their respective parts. Consider an asynchronous setting where a

user has finished adding their thoughts to a lengthy discussion for the time being and

leaves the page for a day. When they come back to the page, some other users may

have left new comments deep in a discussion thread. In either scenario, an indicator

for which comments the user has and hasn’t seen would benefit the user greatly. Users

could scroll up or down the page and find the unread indicators and read the new

comments, or if they left the page, could come back to the page and find the deeply

embedded comments, simply by scanning for the unread indicators.

In designing these unread indicators, we borrowed ideas from emails, where unread

emails have their preview text bolded. Similarly, we bold the text of outline view

comments that have not yet been read by a user. Just as email preview text becomes

unbolded upon click, clicking on any comment’s outline view text will also unbold

that text, marking it as “read.” Furthermore, if any comment box on the right has

been in view for 5 seconds, or if a user hovers over the comment box for one second,
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it is also marked as read and unbolded in the outline view. Finally hovering over any

outline view text will mark a comment as read after one second, if the corresponding

comment box is in view.

Upon a user’s first time visiting a page, we automatically mark all comments

as read so that no comment is in bold. Therefore, the only comments that are

marked in bold for a user are comments that have been added after their initial visit.

This prevents a user from being overwhelmed by the unread markers upon visiting

existing Wikum+ pages, while still serving their intended purpose of highlighting new

comments added.

3.2.5 Drag-and-Drop: Giving Order.

One of our primary goals in creating Wikum+ is to improve the quality and ex-

perience of collaborative writing. Since Wikum was originally built for imported

discussions, the default order of the comments was simply their existing order in the

source they originated from. However, with the introduction of new comments and to

give Wikum+ the same functionalities that documents provide, we allow for dragging

and dropping through the outline view for a persistent, saved ordering of comments

and summaries (Figure 3-5). In particular, a discussion in the reply thread of a post

may head off in a direction that is more suitable in a separate thread or under a

different, existing thread. Users would require the ability to move threads around in

a persistent manner.

Sorting (by import order, date created, number of replies and text length) remains

a functionality, but these are only temporary front-end sorts. The default saved view

is the persistent drag-and-drop ordering, and when the page is sorted in a different

order, the drag-and-drop feature is turned off. Note that when a comment or summary

is selected and dragged, its reply thread will also be dragged with it. This is because

we assume that replies are relevant to a particular comment or summary. Therefore,

if a Comment object belongs elsewhere, its replies should likely follow. Users are,
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Figure 3-5: Drag-and-drop in the outline view

however, given the option to drag child Comment objects out of a reply thread or

any Comment object into a reply thread. For a Comment object with no children,

dragging another Comment object under it will create a new reply thread.

I chose to implement this feature through doubly linked lists, with each Comment

object (including both comments an summaries) pointing to its parent, its first child,

its last child, its previous sibling, and its next sibling. The Comment objects at the

top level point to no parent and the Article object points to the first Comment object,

as well as the last Comment object. When a Comment object moves, its own pointers,

its old siblings’ pointers, its new siblings’ pointers, potentially its old parent’s first

and last child pointers, and potentially its new parent’s first and last child pointers

must update. When a summarized comment thread under some summary node is

moved to a different parent, the new parent may not be a summary. Even if the

new parent is a summary, its content may not incorporate the contents of the moved

comment thread. Therefore, the comments in the thread that are not contained in

a sub-summary become unsummarized. Additionally, if the new parent was a full

summary node, it becomes a partial summary (Figure 3-6).

Many back-end functions, including adding new comments, summarizing a com-

ment and its replies, summarizing selected comments, and deleting a comment or a

group of comments, all require updating the pointers of surrounding comments and
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Figure 3-6: When a comment thread is dragged to a new parent, we check to see if the
nearest summary above has changed. In this case it has changed from “All the talk...”
to “Canadian is part...”, so we automatically mark the moved comments that are not
contained in sub-summaries as unsummarized (blue). There is only one comment of
this type here: “I disapprove of...”. The nearest summary above the new location of
the dragged comments (i.e., “Canadian is part...”) then becomes a partial summary.

summaries. These pointers must be maintained so that they can be traversed when

displaying the Wikum+ page.

An additional complication that arises with large discussions is pagination. For

efficiency and readability reasons, we truncate a single page to have at most 30 top-

level comments. Thus a long discussion with many top-level comments will span

multiple pages, which can be accessed with the “Next” and “Previous” buttons. I take

care not to rely on the front-end for obtaining pointer values, as sibling pointers might

not always exist on the page. For instance, if the Wikum+ has multiple pages, the

last Comment object on the first page will not have its next sibling displayed because

that Comment object is on the next page. Thus, pointers are obtained almost entirely

from the back-end.

35



3.2.6 Real-time Updates and Locking.

Wikum originally only allowed for asynchronous collaboration in creating summaries.

With the introduction of discussion in Wikum+, we found that synchronous up-

dates were necessary for real-time collaboration. Due to Wikum’s Django back-end

framework, we decided to implement real-time updates with Django Channels. Extra

implementation details are found in Section 3.3.

There were two primary race conditions we faced with real-time updates. One

issue was that multiple users might try to summarize overlapping sets of comments

or edit the same summary. To prevent this from happening, I introduced real-time

locks that prevent another user from trying to create a new summary from comments

currently in use and disables the Edit Summary button for others when a user is

updating a summary.

It is possible that a user begins to edit or create a summary but then forgets to

finish, leaving the page idle for 15 minutes or longer. Another possibility is that a

user exits the page, either voluntarily or involuntarily. In each of these scenarios,

the lock will be released and a different user can acquire the summary lock. Due to

efficiency issues, a future goal of Wikum+ is to allow for synchronous editing of the

same summary, similar to that of Google Docs.

The second issue was that multiple users may try and drag the same comment,

one user may try and drag one comment while another user drags a parent comment,

or one user may try and drag one comment while another user drags a child comment

simultaneously. Due to the doubly linked-list back-end pointers discussed above, this

race condition could result in problematic linking of comments such as cycles (e.g.,

Comment A’s parent pointer pointing to Comment B, whose parent pointer points

back to Comment A). Under the assumption that a single drag-and-drop action should

take no longer than a couple of seconds and that the action would not have frequent

use, we created a drag-and-drop lock for the entire set of comments so that only one

user can move any comment at a given time. The moment a user releases or drops

the comment, another user can acquire the drag-and-drop lock and begin to move
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comments.

3.2.7 Rich Text Editing.

In Wikum+, discussion happens in comments, but document writing happens pri-

marily in summaries. I integrate rich text editing into summary nodes to match

document writing more closely, allowing for a greater range of writing functionality.

3.2.8 Notifications and Comment Links.

One of the most requested features from the pilot study (Section 4.3) was for Wikum+

to have notifications. Some users wanted to be able to subscribe to updates on

summaries, while others wanted the ability to mention another user in a comment.

All notifications on Wikum+ occur through the email associated with each user’s

account. Notifications occur in six cases:

1. Reply in Thread: when another user replies to a comment in your comment’s

reply thread

2. Subscribed Reply: when another user replies directly to a comment or sum-

mary you are subscribed to

3. Summary Edit: when another user edits a summary you contributed to

4. Subscribed Edit: when another user edits a summary you are subscribed to

5. Summarized Comment: when another user summarizes your comment or

includes your comment in a summary

6. Mention User: when another user mentions you in a comment

To use the mention feature, a user can type the @ symbol in a comment text box,

causing a list of users, with a matching prefix, to drop-down next to the user’s cursor
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and populate the list. When the user submits the comment, the mentioned user will

receive a notification, along with a link to the that comment in their email. Thus,

each comment has an associated URL link; upon load, the page will scroll to place

that comment in view. Additionally, the page URL will update with the comment

link if a user clicks on any comment reference found in the summaries.

Some users may not want email notifications for all of the six cases above. A

user can select which notifications types they would like receive in the settings page.

However, users can still see an entire list of notifications on the notifications page,

found by clicking the bell in the menu bar. These notifications are organized by

unread notifications, shown first, followed by read notifications, shown after. Both of

these groups are sorted in reverse chronological order. As soon as the user loads the

notification page, we mark all notifications as read in the back-end, so that the next

time the user visits the page, they will only see new updates.

3.3 Implementation

Wikum+ is a Django web application and its data is stored in a MySQL database.

The front-end is written in JavaScript, HTML, and CSS. Due to the existing back-

end framework of Wikum+, we use Django Channels (the Django integration layer),

Daphne (the HTTP and Websocket termination server), asgiref (the base ASGI li-

brary), and channels_redis (the Redis channel layer backend) to handle synchronous

functions within a Wikum+ page [12].

In January 2020, Python 2 was deprecated and the latest version of Django Chan-

nels required Python 3. So Wikum+ upgraded Wikum’s back-end, which was written

in Python 2.7, to Python 3.7.

The original D3 summary tree visualization in Wikum [47] was replaced with an

outline view in Wikum+, which uses the library SortableJS (Figure 3-3). The rich text

editing feature of summary creation and editing makes use of TinyMCE (Subsection

3.2.7). The email notifications and notification settings in Wikum+ are accomplished

with Pinax Notifications and Pinax Templates. Finally, we use jquery-textcomplete
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for auto-completion of @-user-mentions (Subsection 3.2.8).
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Chapter 4

Evaluation

4.1 System Goals and Research Questions

Through Wikum+, there were a number of a research questions that we wanted to

explore. We designed Wikum+ to help us gain insight into how users might use

such a tool and what they might need in the system. Below, I detail each research

question that led us to implement Wikum into what it is today. In this chapter, we

primarily focus on evaluating the first two research questions, although our results

provide implications about the other two as well.

How does integrating discussion alongside summarization affect the

quality of collaboration and the quality of the final document? Our goal

was that through Wikum+’s ability to incorporate discussion alongside document

writing, more ideas and perspectives would surface instead of being lost or ignored in

existing discussion systems. In this way, we hoped that redundancy would decrease,

feelings of inclusiveness in the process would increase, and the quality of the document

would also increase.

We have already seen that in reading a discussion, Wikum’s summaries helps users

more efficiently find and explore main topics [47]. Our goal with Wikum+ is to allow

for summarization while conversing in a modular and incremental way, encouraging

more organization. We hoped that this would reduce users’ cognitive load, increase

efficiency, produce more creative ideas, and improve the document outcome.
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We considered allowing for voting on the interface, but chose to leave it out so that

users would instead focus on using summarization as the primary form of synthesis.

Our goals for the design choice of interleaving summarization are: (1) to encourage

minority voices to be heard, and (2) encourage users to have a conversation on why

an idea should or should not be incorporated, rather than simply up-voting ideas that

they agree with with no explanation. We hope that in this way, more voices, especially

those in a dissenting minority, can be addressed through actual deliberation.

What are the trade-offs of enforcing greater structure (e.g., phases) in

the discussion versus summarization process? Since Wikum+ introduces a new

way to discuss online, it was not clear how the natural progression of the conversation

would flow. Would users discuss as much as possible and then summarize everything

afterwards? Would users summarize portions of the discussion as they conversed?

What portions would users choose to summarize first and how might that relate

with their level of consensus? Quantity over quality has been shown to be critical in

brainstorming good ideas [34]. We therefore hoped to analyze the effects of enforcing

a certain amount of discussion time before allowing for summarization. As there can

be multiple rounds of discussion, summarization, and more discussion, we wondered

if multiple, iterative periods of enforced discussion followed by summarization could

improve the discussion’s overall creativity and increase the diversity of ideas.

On the other hand, some topics could be very controversial and enforcing too long

of a discussion period could result in parts of the conversation drawn out, potentially

reducing overall productivity. By allowing summarization of a sub-discussion at any

time in the conversation process in a seamless way, we hypothesize that synthesis and

consensus may both occur faster, potentially improving efficiency.

How do people self-organize into parts of the discussion? While asyn-

chronous discussion platforms such as forums and wikis allow for greater freedom in

navigating through the conversation and adding comments in various threads, typ-

ical conversations on synchronous platforms such as chat rooms happen linearly, as

new messages appear at the bottom. This is likely due to the lack of organization

in synchronous discussion which can result in less discoverable new comments if they
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appear out of order. Wikum+ allows for threaded discussions, many layers deep, sim-

ilar to forums and wikis. As a result, we hypothesized that users will self-organize by

interest, and discussions will likely not occur linearly. However, by making Wikum+

both threaded and synchronous, we needed to compensate by highlighting new com-

ments so that users would not be overwhelmed by comments appearing all over the

discussion page.

What are the trade-offs of enforcing roles in the discussion versus sum-

marization process? Some current online systems rely on moderators to ensure

the organization and progression within a discussion [5, 39, 7]. We imagined that

granting some users greater edit access might achieve a similar effect, where these

users are dedicated members who are given extra permissions to assemble the com-

ments into summaries, flag parts of the discussion requiring extra work, and hide

irrelevant or inappropriate comments. By allowing comment-only or full-edit roles in

Wikum+, we hoped to explore the impact of enforcing roles within a conversation,

particularly in how well-written and cohesive the final summary document is and

how levels of inclusion may be impacted. We hypothesize that granting some users

full-edit permissions might allow for a better quality final document. Fewer users

creating the summaries could result in a document that flows better from beginning

to end. However, the same issues that occur with moderators on other platforms

may arise with these enforced roles on Wikum+ [35]. Users with full-edit roles may

introduce biases and leave out ideas that others may deem important, reducing the

perception of fairness. Instead, allowing more people to participate in synthesizing

the discussion may increase feelings of inclusiveness.

4.2 Evaluation

I conducted one pilot study in Fall 2019 with 12 MIT undergraduate students and,

after iterating on Wikum+’s functionalities, conducted two full user studies in Spring

2020, one with 35 MIT undergraduate students and the other with 29 MIT under-

graduate students. In Section 4.3, I briefly outline the differences between the version
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of Wikum+ tested in the Fall and the current deployed version, the methodology and

results of the pilot study, and the motivation for Wikum+’s changes since then. In

Section 4.4, I detail the the two full user studies, including their methodologies, data

analyses, and results.

4.3 The Pilot

In the pilot study, the only new features implemented from Section 3.2 were New

Comments, Permissions, Real-time Updates and Locking, and Rich Text Editing.

The Wikum+ at the time also had the node-view visualization rather than the outline

view. The other features were implemented later, partially inspired from this study,

as explained in Subsection 4.3.3.

4.3.1 Methodology

The pilot study I conducted had two groups, one using Wikum+ and one using a

Google Doc and Facebook Messenger as a control. The study had two parts, including

a 30-minute synchronous portion, and a 3-day asynchronous portion. In both the

short and long portions, users in the Wikum+ condition (4 males, 2 females; mean

age 21) could only communicate through Wikum+ and users in the control group (2

males, 4 females; mean age 21.5) could only communicate over Facebook Messenger

and within a shared Google Doc. The Wikum+ group received an additional 15-

minute training and a Wikum+ guide to learn the tools and interface that Wikum+

provides. Users were MIT undergraduates and each received $10 for participating.

Users were given the task of writing an email to their campus administration

containing a one-page proposal for improving on-campus dining options. The proposal

required 5 components to encourage deliberation:

1. Why current dining options are problematic

2. A comprehensive list of dining solutions

3. A cohesive and convincing argument of best 1-2 options from list
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4. A trade-off analysis of the selected options

5. A proposed timeline on how to implement options by 2020

Users were instructed to have their final proposal contained on the first page of the

Doc or in the top level Wikum+ summaries. At the end of the synchronous session,

each group’s goal was to get through as many components as possible. Then, in the

following three days of asynchronous work, the groups finished up the proposal.

Code Definition

Independent Independent writing; division of roles

Chaotic Feelings of confusion or disorganization

Inclusive Comments addressed; proposal content inclusive of ideas

Comprehensive Covers significant content; detailed

Organized Structured proposal-making process

Clear State Can determine new or unaddressed content

New Content Added new content to discussion

Avoidance Avoid editing others’ work

Table 4.1: Interview Code Definitions for Open Coding in Tables 4.3 and 4.4

I conducted post-study interviews after both portions, asking users about the

collaboration quality and use of their tools. I conducted iterative open coding of

the interviews to achieve the 8 codes defined in Table 4.1, using grounded theory

qualitative techniques. I then counted their frequency during the interviews, tallied

in Table 4.3 and 4.4. Users also filled out a post-study survey, with Likert questions

from 1–7. Metrics with average differences of at least 1 are shown in Table 4.2.

4.3.2 Results

Figure 4-2 shows how the two groups worked over time. The Wikum+ users started

by discussing in a non-linear manner, jumping between existing comment threads and
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starting new threads. During the synchronous portion, they formed small summaries

for stagnant, unchanging threads as early as 2 and 6 minutes in. As summaries formed

and collapsed nested comments, the number of words shown by default decreased

(Figure 4-2).

User�Study�Writing�Task�
•� Why�current�dining�options�are�

problematic�
•� Comprehensive�list�of�dining�

solutions�
•� Cohesive�&�convincing�argu-

ment�of�best�1-2�options�from�
list�

•� Trade-off�analysis�of�selected�
options�

•� Proposed�timeline�on�how�to�
implement�options�by�2020�

Figure�2:�Users�added�flags�to�
evaluate�summaries�and�point�out�
areas�that�needed�work.�Users�also�
used�tags�to�help�with�skimming�and�
grouping.�

marization�in�Wikum,�I�implemented�the�following�additional�
features�to�create�Wikum+.�First,�I�implemented�the�abil-
ity�to�add�comments�within�Wikum.�This�includes�adding�
comments�and�replies�to�a�new,�unsummarized�discussion�
(Figure�1(a))�as�well�as�comments�in�reply�to�summaries�
and�discussions�that�have�been�already�summarized�(Fig-
ure�1(e)).�As�seen�in�(e),�Wikum+’s�visualization�now�shows�
when�a�summary�is�out-of-date�due�to�newly-added�com-
ments.�Users�can�also�update�a�summary�to�incorporate�
new�comments,�which�removes�the�out-of-date�indicator�
(f).�Second,�Wikum�only�supported�asynchronous�editing.�
While�acceptable�for�summarization,�synchronous�editing�is�
necessary�when�rapidly�ideating�or�deliberating.�Wikum+�
now�supports�real-time�updates�for�all�actions,�such�as�
commenting,�tagging,�flagging,�and�summarizing.�To�pre-
vent�potential�race�conditions,�I�introduce�locks�so�that�
no�other�user�can�interfere�while�a�user�is�writing�a�sum-
mary�for�a�particular�selection�of�comments.�However,�other�
users�are�still�able�to�simultaneously�summarize�any�other�
subset�of�comments.�After�completing�or�fifteen�minutes�of�
inactivity,�the�lock�is�released.�

User�Study�
While�Wikum+�permits�fluid�interchanging�and�integration�of�
commenting�and�summarizing,�it’s�unclear�what�effect�this�
has�on�the�quality�of�collaboration.�It�is�also�unclear�how�
groups�will�use�the�tool.�Will�users�resort�to�discuss-first,�
summarize-later�or�make�use�of�the�ability�to�go�back�and�
forth?�How�does�this�differ�in�synchronous�versus�asyn-
chronous�settings?�

I�conducted�a�pilot�study�with�two�groups,�one�using�Wikum+�
and�one�using�a�control.�The�study�had�two�parts,�includ-
ing�a�30-minute�synchronous�portion,�and�a�3-day�asyn-
chronous�portion.�In�both�the�short�and�long�portions,�users�
in�the�Wikum+�condition�(4�males,�2�females;�mean�age�21)�
could�only�communicate�through�Wikum+�and�users�in�the�

control�group�(2�males,�4�females;�mean�age�21.5)�could�
only�communicate�over�Facebook�Messenger�and�within�a�
shared�Google�Doc.�The�Wikum+�group�received�an�addi-
tional�15-minute�training�and�a�Wikum+�guide�to�learn�the�
tools�and�interface�that�Wikum+�provides.�Users�are�stu-
dents�at�a�U.S.�university�and�received�$10�for�participating.�

Users�were�given�the�task�of�writing�an�email�to�their�cam-
pus�administration�containing�a�one-page�proposal�for�im-
proving�on-campus�dining�options.�The�proposal�required�
5�components�(in�the�margin�Proposal�Task)�to�encourage�
deliberation.�Users�were�instructed�to�have�their�final�pro-
posal�contained�on�the�first�page�of�the�Doc�or�in�the�top�
level�Wikum+�summaries.�At�the�end�of�the�synchronous�
session,�each�group’s�goal�was�to�get�through�as�many�
components�as�possible.�Then,�in�the�following�three�days�
of�asynchronous�work,�the�groups�finished�up�the�proposal.�

I�conducted�post-study�interviews�after�both�portions,�ask-
ing�users�about�the�collaboration�quality�and�use�of�their�
tools.�I�conducted�iterative�open�coding�of�the�interviews�to�
achieve�the�8�codes�defined�in�Table�1,�using�grounded�the-
ory�qualitative�techniques.�I�then�counted�their�frequency�
during�the�interviews,�tallied�in�Table�3�and�4.�Users�also�
filled�out�a�post-study�survey,�with�Likert�questions�from�1–�
7.�Metrics�with�average�differences�of�at�least�1�are�shown�
in�Table�2.�

Results�
Figure�3�shows�how�the�two�groups�worked�over�time.�The�
Wikum+�users�started�by�discussing�in�a�non-linear�man-
ner,�jumping�between�existing�comment�threads�and�start-
ing�new�threads.�During�the�synchronous�portion,�they�
formed�small�summaries�for�stagnant�threads�as�early�as�
2�and�6�minutes�in.�As�summaries�formed�and�collapsed�
nested�comments,�the�number�of�words�shown�by�default�
decreased�(Figure�3).�Users�also�used�tags�(Figure�2)�to�

Figure 4-1: Users added flags to evaluate sum-
maries and point out areas that needed work.
Users also used tags to help with skimming and
grouping.

Users also used tags (Figure 4-

1) to group ideas that helped

when skimming the page. With

Wikum+’s recursive summary struc-

ture, users combined several sub-

summaries together to form the fi-

nal proposal by the end of the 30

minutes, though they had not yet

completed 2 task items. During

the asynchronous portion, Wikum+

users added new threads on the re-

maining points, growing the default

number of words shown, and eventually summarized them and incorporated them

into the top-level summary, thus shrinking the default number of words shown. Users

also flagged summaries as incomplete to point others to work on them (Figure 4-1).

In general, users kept their summaries brief and made use of bullet points in the final

proposal. As seen in Figure 4-2, the Wikum+ final summary ended up being about

1000 words shorter than the control.

In the control condition, users discussed in a linear fashion, largely staying on a

particular topic and conversing in the Google Doc. A user explained that “having two

platforms dilutes information,” so the group used the Google Doc for discussion and

Messenger for meta decisions (such as pacing) or moderation. During the synchronous

portion, the control group, like the Wikum+ group, did not have time to discuss the

last 2-3 task items. However, at the 16 minute mark, the group hopped to Messenger

to decide on a +1 voting mechanism to determine which discussion ideas to include

into the proposal. The users divided up the five task items, each claiming one, and
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Wikum synchronous Control synchronous Control asynchronousWikum asynchronous

Figure 4-2: Plot of user activity in the two conditions over time. Each node is a user’s
comment or edit to a summary/proposal, with the size equal to the number of words.
In the Wikum+ group, I distinguish between comments and summaries, while in the
control, users had discussions both in Google Docs and Messenger, while wrote up
their proposal in Google Docs. For the y-axis, I count the number of words present
in the default Wikum+ view, including all top-level summaries and unsummarized
comments (with summarized comments collapsed), while in the control, I count the
number of words in the Google Doc. Thus, orange summary points in Wikum+ result
in y-value dips as a summary replaces comment text. Dotted lines indicate a break
in time where there was no activity.

independently wrote a paragraph each. Unlike the Wikum+ group, the control group

wrote up the remaining task items without discussing first. By the end of the 30

minutes, all 6 users reported that they had not read the entire proposal. During the

asynchronous portion, all members of the control group were unclear where changes

in the proposal had been made since the synchronous portion. Users had no further

discussion and avoided editing others’ work, focusing on clarifying existing ideas or

fixing grammatical errors.

Wikum Control

Inclusivity 5.5 4.5

Effort 3.2 4.8

Comprehensive 3.2 5.2

Table 4.2: Post-study survey metrics with average score dif-
ferences ≥ 1. The Wikum+ group (W) felt a greater sense
of inclusion and required less effort, but the control (C) felt
that they were more comprehensive.
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Users of Wikum+ felt that the process was more inclusive. From the

surveys and interviews, Wikum+ users reported feeling a greater sense of inclusion

when reaching a consensus on which ideas to include (Inclusivity in Table 4.2 –

Wikum+: 5.5, Control: 4.5; Inclusive code in Table 4.3 – Wikum+: 5, Control: 1).

Unlike the control group, Wikum+ users did not write ideas in the final proposal

without first collectively discussing (Independent code in Table 4.3 – Wikum+: 1,

Control: 5), allowing for greater collective ownership of the summaries and final

proposal. This led Wikum+ users to feel that “the summaries were very collaborative,”

so that they were “comfortable changing the proposal because it wasn’t just [their own]

ideas.” In contrast, the +1 voting mechanism of the control left some users feeling as

though their ideas were unaddressed or left out.

In addition, due to the control group’s decision to divvy up task items and work

independently, users did not feel comfortable discussing or editing other users’ sections

once they had been written. In the end, over 53.3%, consisting of the last 2 bullet

points, of their proposal was written up without any discussion of the contents.

Wikum Control

Independent 1 5

Chaotic 6 6

Inclusive 5 1

Comprehensive 3 5

Organized 4 0

Table 4.3: Open coding results from interviews after the
synchronous portion.

Wikum+ allowed for more light-weight coordination and reduced user

effort. One potential reason for higher levels of inclusion is the ability in Wikum+

to coordinate work in a light-weight way. Wikum+ users explained that it was easy

to pinpoint unresolved, unsummarized blue comments or flagged summaries, encour-

aging them to go in and summarize or edit summaries without having to ask anyone
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explicit permission. The half-blue/half-orange summary nodes also helped Wikum+

users see when new or unresolved comments appeared (Clear State code in Table 4.4

– Wikum+: 6, Control: 0). In contrast, in the control condition, users described hav-

ing trouble knowing what had been done and what still needed work. This resulted

in much less activity during the asynchronous portion when coordination is harder.

Wikum Control

Clear State 6 0

New Content 6 0

Avoidance 1 3

Table 4.4: Open coding results from interviews after the
asynchronous portion.

Another benefit of self-organization is that it makes the synthesis process eas-

ier. By summarizing early on and throughout the process, the Wikum+ group felt

more organized (Organized code in Table 4.3 – Wikum+: 4, Control: 0), despite the

matching levels of chaos initially (Table 4.3). As a result, it reduced the Wikum+

group’s overall efforts when it came time to write a final proposal based on all the

discussion (Effort–Wikum+: 3.2, Control: 4.8 in Table 4.2). However, it is possi-

ble this also resulted in a reduced level of comprehensiveness (Comprehensiveness –

Wikum+: 3.2, Control: 5.2 in Table 4.2) in the final proposal. As Wikum+ users

started to summarize ideas early in the process, this may have cut down on the time

spent ideating.

Wikum+ allowed for iterative improvements and incorporation of new

ideas. Another potential reason for higher levels of inclusion is the support in

Wikum+ for multiple rounds of discussion and summarization. In the asynchronous

portion, though both groups started with a draft proposal, the Wikum+ users added

new ideas and discussion that were then incorporated into the proposal (New Con-

tent code in Table 4.4 – Wikum+: 6, Control: 0). In contrast, the control group had

only one round of discussion and summarization. Once the initial draft was created,

users avoided making any large changes in the Doc (Avoidance code in Table 4.4 –
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Wikum+: 1, Control: 3) or starting new discussion. This may be because Wikum+

users were used to mixing discussion and summarization from early on, while the

control users felt they had graduated to the “writing” phase of the collaboration.

4.3.3 Pilot Study Discussion and Design Implications

Results from the pilot study suggest that the design of Wikum+ helps promote in-

clusiveness and self-organization compared to a control, with differences magnified

in asynchronous settings. Features like flags, tags (Figure 4-1), and blue markers of

new/un-summarized versus old/summarized content could help in lightweight coor-

dination and making sense of messy threads. The pilot also showed that Wikum+

users could interweave discussion and summarization of different strands of ideas,

suggesting that mandating designated discussion and summarization modes or only

having one round of each may be limiting. Wikum+ could require an extended initial

ideation step before permitting any summarization to encourage a sufficient quantity

of initial ideas without prematurely converging.

Users in the Wikum+ group found that they had a hard time finding threads

that they had originally contributed to. While the recursive node-view visualization

represented the structure of the discussion, many noted that it was not conducive

to finding topics they were looking for. Instead, a recursive outline view with topic

sentences or the first few words of the comment would help users navigate the con-

versation, find new topics, and keep track of where they were, while preserving the

nested shape of the discussion.

Finally, many users said that they would have appreciated notifications if some

users replied directly to them in the Wikum, particularly in the asynchronous portion

of the study. One user mentioned that tagging other users would have also helped

drive the conversation forward, especially because users felt that they jumped around

a lot in the discussion. Thus, we implemented tagging and notifying other users to

help bring them back and continue discussions that they had previously left.
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4.4 User Studies

After iterating on the features of Wikum+ to include all of the new features described

in Section 3.2, we ran two new user studies. The first user study we performed was

within-subjects and consisted of six groups of 5-6 users each. The second user study

we performed was between-subjects and consisted of one large group working solely

in Wikum+ and a separate large group working solely in Google Docs.

Through university-affiliated mailing lists, we recruited participants who were

asked to fill out an interest survey and were filtered based on the requirement that

users must be MIT undergraduate students taking online classes. This requirement

had to do with the particular tasks chosen for both studies.

4.4.1 User Study 1: Within-Subjects, Multiple Small Groups

Experiment Design

111 people filled out the interest survey and the first 40 eligible people were chosen

as participants. These participants were split into six groups (four groups of 7 people

each, two groups of 6 people each). By the end of the study, out of the original 40

participants, 35 (Mean age 20.2, 8 Male, 27 Female) had completed the task and the

post-study surveys, and the six groups ended up consisting of five groups of 6 users

each and one group of 5 users. Each user that completed the study was compensated

$35.

The study had two rounds so that each user could use both Wikum+ and the

control (Google Docs and Slack). In the first round, every group was given the task

of writing a one-page proposal to the administration on how they would like MIT to

operate if classes continued to be online in the Fall semester. The proposal for Topic

1 required 5 components to encourage deliberation:

1. How grades should be, including the group’s opinions on the pros and cons of

a mandatory Pass or No Record grading scheme

2. Whether tuition should or should not be reduced and why
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3. How much homework workload should be given

4. How midterms and finals should be structured

5. How student resources should be provided

In the second round, every group was given Topic 2, the Campus Dining task

from the Pilot Study (Subsection 4.3.1). We randomly assigned participants to one

of the six groups, with half of the groups in each round on Wikum+ and the other

half in the control, with order counterbalanced (Table 4.5). Thus at the end of the

study, the six groups produced 6 Wikum+ proposals and 6 Google Doc proposals.

We chose this experiment design so that we could both compare the experiences,

participation levels, and outcomes of Wikum+ versus Google Doc and Slack from

each user, controlling for both the topic of discussion across interfaces and the order

of the condition across groups.

Round 1: Days 1-3,
Topic 1: Online Classes

Round 2: Days 4-6,
Topic 2: Campus Dining

Wikum+ G1, G3, G5 G2, G4, G6

Control G2, G4, G6 G1, G3, G5

Table 4.5: Task and order assignments for groups.

Procedure

I video-called with each group at the start of both rounds and had each group’s

members meet through a 5-minute icebreaker. During the Wikum+ group calls, I

gave a 15-minute tutorial of Wikum+, had all of the users sign up for Wikum+

accounts, and added them, by group, to private-access Wikum+ pages where each

group would hold their discussion and create their proposal. The proposals for these

groups were to be written in the top level summary nodes in Wikum+. The control

groups were each added to their own private-access Google Doc and a private Slack

channel. The control groups were allowed to discuss in either their assigned Slack
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channel or their Google Doc, but their proposals were to be written in the first page

of the Doc.

To spur initial conversation, each group spent 5 minutes conversing and ideating

synchronously on their given platform(s) for the given topic of the round. Then,

users had 3 days to continue discussion and collectively create an email proposal in

their interface, thereby completing the task. However, after the first round was over,

we found that one control group had not written a proposal in their Doc. Therefore,

after both rounds had completed, we gave each group one extra day to finish up either

rounds’ proposals. After completing each condition, users filled out surveys on their

perceived task load [16], their experience, and the document outcome. After both

tasks were completed, users also answered some open-ended questions comparing the

two experiences.

Results

Figure 4-3 shows the activity in each group over time in both the Wikum+ condition

(left) and the control condition (right). Likely due to the nature of the first task topic,

engagement in the interface was generally higher in Round 1 of the study. Further-

more, 3 users had dropped out of the study before or during the the second round,

one from each of Group 1, Group 2, and Group 6, further lowering contributions in

the second rounds of those groups.

Groups 1 and 3, both who had the control condition second, chose not to use

Slack at all, working entirely in their Google Docs. Group 6 users, on the other hand,

worked solely in Slack for the given time period, still maintaining high participation

levels. The group did not manage to collect their ideas and work on the Google Doc

email proposal at all in the 3 days given. The users in the group explained that their

ideas and discussion points were scattered and disorganized in the Slack channel. As

one user put it, “there was an initial activation barrier to overcome” in collecting the

thoughts and moving them over to the Doc that no one took initiative for. In the

final extra day given to finish up either proposal, one user in the group went back

to the Doc and wrote up a bullet-point summary of their Slack discussion. Although
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feasible at the scale of the user study, this would not scale to a larger Slack discussion.

Generally, in the Wikum+ condition, the default (words in summaries and un-

summarized comments) number of words grew and shrank as users contributed new

ideas, summarized sub-threads, continued discussing or critiquing summaries, and

eventually created a final proposal (Figure 4-3). On the other hand, in the con-

trol condition, Groups 2-6 all generally conversed for some time before building a

final summary based on their conversation, continuously growing the discussion size.

Group 1 was the only group that started removing relatively large amounts of text

as the proposal started to form, drawing ideas and organizational skills from their

previous round in Wikum+.

First round Wikum+ users reused strategies and tools that helped them

in Wikum+ when creating the Doc proposal in round 2. As we saw with

Figure 4-3, users in Group 1 drew inspiration from the practices that were beneficial

in Wikum+ when working in the control condition during round 2. In particular, both

Groups 1 and 3 used bullet points to create threaded discussions in the Google Doc,

simulating the nested discussion tree in Wikum+. A Group 1 user explained that

they were “immediately overwhelmed by the amount of text” in the Doc, and some

users in the group started deleting discussion text and replacing it with summarizing

text. As one user started summarizing and working on the Doc proposal, they also

removed entire portions of the discussion that they had summarized into the proposal

(Table 4.8, G1, Avg Words Removed). Another user avoided deleting the discussion

text but striked out text that they had incorporated. While deleting or striking out

text could reduce clutter and may help users see the remaining discussion that still

needs to be included in the proposal, neither allow for a direct link pointing from the

proposal text to the discussion that generated and inspired it.

While Group 5 also had the control condition for the second round, unlike Groups

1 and 3, they still decided to discuss in Slack. Right past the 3000 minute mark

in Figure 4-3, the large purple point represents one user who took the time to go

through all of their group’s Slack conversation, summarize each Slack reply thread

into a bullet-point list, and send it to the group. Afterwards, other users built off of
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Figure 4-3: Default words shown over time (minutes) for each condition (columns)
by group (rows). Each node’s size represents the net number of words a user made
through an edit, with a minimum set to 0. The x-axis is in minutes and the y-axis
is the number of words shown by default. In Wikum+, this includes all top-level
summaries and unsummarized comments (because summarized comments collapsed),
while in the control, the y-axis counts the total number of words in both Slack and
the Google Doc. Comments in the control refer to Doc discussion and comments
while summaries refer to summary text created in the discussion as well as proposal
text. Each graph is labeled with the task topic, either Q (Quarantine Online classes)
or D (Dining options), and arrows point to which condition happened second. Note
that three users dropped out before or during the second round, one from each of G1,
G2, and G6, and levels of participation generally dropped from Round 1 to 2.

this Slack message to write up the email proposal in the Doc. Each bullet point in the

list summarized one discussion thread in the Slack, much like a summary would in

Wikum+, but just like in the Doc from Groups 1 and 3, this lacks a direct reference

to the conversation thread that sourced the summary. By having summarization

collaborative in Wikum+, it also helps scale this synthesizing approach to larger

conversations.

On Wikum+, users made use of comment-links, leading to specific conversations

from their summaries, thereby keeping the original thought process and delibera-

tion intact while creating a reference that allows us to see why some portion of the
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summary might have been incorporated.

ControlWikum+

Figure 4-4: Histograms of all metric values (out of 7) from the conditional post-study
surveys. Metrics that resulted in significantly different means from paired sample
𝑡-tests are boxed.

Users in Wikum+ found that the writing process was more organized

than in the control. From the post-study surveys, we found that to many users,

Wikum+’s recursive summarization process provided their group structure, allowing

for noticeable, gradual progress. A paired sample 𝑡-test yielded significant evidence

that Wikum+ is more organized (𝑡 = 3.23, 𝑝 = 0.003, Figure 4-4) and in the compari-

son survey, 85.7% of users felt that Wikum+ provides greater organization as a system

(Table 4.6). One user explained that the interface of Wikum+ “helped coagulate the

comments so that none are lost in the cracks... As you summarize, the comments

are displayed beside the summary, so you can ensure you are touching on all topics

discussed.” Another user “liked building up the summaries in small contributions”,

making it ”easier when bringing [the discussion]... into the final document.”

Users in Wikum+ found it easier to locate both new ideas and topics

that still needed work, allowing for iterative improvements on summaries.

Many users in the post-study survey pointed out that a number of Wikum+ features
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Preferred
System

More
Organized

More Inclusive,
Cooperative

More Success-
ful Proposal

Wikum+ 74.3% 85.7% 65.7% 54.3%

Doc & Slack 25.7% 14.3% 17.1% 34.3%

Equal 0 0 17.1% 11.4%

Table 4.6: Qualitative Comparison Survey Results

helped them find areas in the conversation to jump into. When users came back to the

Wikum+ page after a period of time, bold unread markers and blue comments under

summaries helped them find new ideas introduced while they were gone. Users also

reported that summary flags, the summarization progress bar, blue unsummarized

comments, and partial summary nodes, helped them easily pinpoint areas that still

needed work. From the survey metric results, we found that Wikum+ helped users

significantly in discovering newly introduced ideas (𝑡 = 4.30, 𝑝 = 0.00013, Figure 4-4)

and in locating topics that had not been included or still required further deliberation

(𝑡 = 2.92, 𝑝 = 0.0063, Figure 4-4).

Although in both conditions, users expressed that they felt rushed to create the

proposal near the end of the 3 days, in many groups, the discussion still continued

to grow as content was being summarized, although generally more so in the Wikum

condition, as shown in the blue nodes of Figure 4-3. In Wikum+, 5 out of the 6

groups added new ideas as replies within existing summaries – or post-summary com-

ments – that were all addressed or incorporated either through edits or evaluations

of the summary (Figure 4.7). In 3 out of 6 groups, these post-summary comments

contended with or made suggestions to the summaries they were created under, re-

sulting in improvements and edits to all of those summaries, incorporating the new

comments. Other post-summary comments either continued part of a discussion al-

ready incorporated in the summary, or voiced agreement to the summary they replied

to. These post-summary comments distinguish Wikum+ from the Doc because they

allow for iterative improvements, enabled by the interface’s ability to help users find

specific areas in a potentially lengthy conversation that still require further discussion
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or improvements. In the control condition, only one user, who worked in the Doc for

round 2 after working in Wikum+ for round 1, made a single comment directly on

the summary content, reminding the others on the task objectives. This led to some

restructuring of the proposal, and the comment was marked as resolved. However,

in general, users in the Doc had trouble finding newly added content or areas that

still needed work. One user explained “re-reading over the entire discussion was the

only way to determine new content... [and] what had or hadn’t already been added,”

as there was almost “nothing to help track unincorporated points of discussion.” A

handful of users resorted to using the edit history to find recent changes. One user

said: “I really had to think about how each of the new updates would contribute to

the overall task – it was a little overwhelming.”

Total Post Sum-
mary Comments

Improving
The Summary

Agree With
Summary

Response to
Comment

G1 8 4 0 4

G2 10 6 1 3

G3 2 0 0 2

G4 3 0 1 2

G5 0 0 0 0

G6 4 4 0 0

Table 4.7: Open Coding of Post-Summary Comments in Wikum+, or comments
created as replies within existing summaries. Comments categorized under “Improv-
ing The Summary” contended with or made suggestions to the summary, and were
all later incorporated into the summary they were created under. Comments under
“Agree With Summary” approved of the summary created, and comments under “Re-
sponse to Comment” continued a discussion within the comments under the summary.

Although users wrote more summary text in Wikum+, when it came

to writing the final document, users in Wikum+ took a more concise, by-

topic approach, while users in the Doc wrote more fluidly. On average, users

wrote around 254 more words in Wikum+ than in the control, with approximately

212 of those words on summarizing content (Table 4.8). Paired sample 𝑡-test analyses
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comparing the number of words added in the Wikum+ condition against the number

of words added in the control, by type of content, yields significant differences, provid-

ing evidence that a greater quantity of contributions occurred in Wikum+ (number

of words: 𝑡 = 2.31, 𝑝 = 0.027), particularly when comparing summary contributions

(number of summary words: 𝑡 = 3.15, 𝑝 = 0.0034).

However, on average, Doc proposals had about 38 more words than Wikum+

proposals (Table 4.8), and were written with, what users deemed, a higher qual-

ity of writing (𝑡 = −2.26, 𝑝 = 0.03, Figure 4-4). This suggests that a significant

portion of the summary contributions in Wikum+ were made prior to creating the

proposal, more gradually synthesizing the discussion along the way. We found that

the proposals in Wikum+, written in top level summary nodes, were organized by

the summaries created for each topic thread. About half of the Wikum+ proposals

also maintained some bullet-point structures found from the groups’ prior summaries,

making them more concise. In contrast, users had only the conversation to go off of

in most groups during the control condition, the exception being Group 5, where one

user synthesized the discussion into a summary before the group wrote the proposal.

It is possible that this general lack of pre-existing summaries in the control resulted

in more fluidly written Doc proposals, and that the succinct style of summaries in

Wikum+ influenced the writing style of the following proposals.

Overall feedback on the experience. 65.7% of users felt that Wikum+ was

more inclusive of ideas and allowed for greater levels of cooperation, the remaining

proportion split between the control experience and finding the two equally inclusive

(Table 4.6). A user explained that in Wikum+, “being able to summarize helped

people interact with others’ ideas and not just focus on their own,” broadening per-

spectives, while still “[being] able to add your own ideas into the summaries.” This

made “the summary mechanic feel like a very collaborative activity.”

Furthermore, 54.3 % of users found the Wikum+ proposal more successful com-

pared to the 34.3% of users who found the Doc proposal more successful (Table 4.6).

The remaining users found the two proposals about equally successful. From analyz-

ing the open-ended responses given, users generally expressed that their familiarity
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Avg Words
Added

Avg Words
Removed

Avg Summary
Words Added

Avg Days
Active

Words In
Proposal

G1
W 1116.72 0.14 421.86 2.43 717
C 360.33 109 78 2.17 360

W-C 756.3 -108.9 343.9 0.26 357

G2
W 466 29.83 148.67 2.83 229
C 414 0 92.57 2.83 656

W-C 52 29.83 56.1 0 -427

G3
W 980.5 8.67 342.5 3.33 363
C 316.33 1.67 80 2.5 469

W-C 664.17 7 262.5 0.83 -106

G4
W 568.33 13.83 338 2.67 758
C 804 0 149.83 2.83 891

W-C -235.67 13.83 188.17 -0.17 -133

G5
W 1145.5 3.33 455.5 3.5 657
C 559.83 1.33 102.67 3.17 607

W-C 585.67 2 352.83 0.33 50

G6
W 452.67 11.5 92.83 3.5 205
C 750.43 0 25 2.83 175

W-C -297.76 11.5 67.83 0.67 30

Avg
W 788.29 11.22 299.89 3.04 488.17
C 534.15 18.67 88.012 2.72 526.33

W-C 254.13 -7.45 211.88 0.32 -38.17

Table 4.8: Average contribution levels by group in Wikum+ (W), the control (C),
and their difference (W-C). Note that 3 users dropped out before or during Round 2
and that Round 1 received more engagement.
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and interest in the task given influenced their success rating. Users felt that the topic

on “Classes in Quarantine was more pressing” and “felt more strongly about the topic,”

resulting in “more ideas, more thoughts, and more solutions.” Another user felt that

people were more “strong-minded about dining options on campus, and normally have

a lot to complain about in that realm,” leading to generally “more complaints than

solutions” in the second task. On the other hand, some users felt that “having the

experience of going through the first task helped [their group] with the second task –

[they] kept the conversation more focused and relevant to what would ultimately be

in the final summary.”

Finally, in the comparison survey, 74.3% of users preferred Wikum+ as a system

overall. Users participated somewhat more consistently in Wikum+ on a day-to-day

basis, with each user’s number of active, contributing days approximately 0.321 days

higher, on average, in Wikum+ than in the control (Table 4.8).

4.4.2 User Study 2: Between-Subjects, Two Large Groups

In this study, we were interested in seeing how larger group sizes would affect the

results of and experiences on Wikum+ compared to a control. Leveraging the number

of participants who signed up, we created one of each group at random and ran a

between-subjects experiment.

Methodology

Every student who filled out the interest survey for User Study 1, but was not selected,

was emailed with the opportunity to participate in User Study 2. An additional

interest form was sent out to campus mailing lists to gather more interest as well.

47 people signed up in total that had not participated in Study 1. All were selected

as participants and were randomly assigned into two groups: one for Wikum+ and

one for a Google Doc. 20 people of the Wikum+ group completed the initial step of

signing up for an account and 20 people of the control group completed the initial

step of giving me a G-mail account for access to the private Doc. 15 users contributed
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to Wikum+ and 17 user contributed to the Doc at least once during the course of the

study. After the 5 days, all Wikum+ participants and 14 Doc participants completed

the post-study survey. The results below are based on what took place during the

study with all 32 participants (Mean age 20.0, 8 Male, 32 Female), as well as the

experiences of the 29 participants who completed the survey (Mean age 20.0, 6 Male,

23 Female). Each user that completed the study and survey was compensated $15.

In this study, the control group was only given a Google Doc, but could communi-

cate within the Doc using any of its features (comments, chat, typing directly in the

Doc). The Quarantine Online Classes task from Study 1 (Subsubsection 4.4.1) was

given to both the Wikum+ group and the Google Doc group due to its higher levels

of engagement previously. I created an 8-minute video tutorial and an online written

tutorial for the Wikum+ users to review before starting on their task. Each user had

approximately 5.5 days to work on their given interface and worked asynchronously

throughout the study. We staggered sending out the initial instruction emails to

users over the course of 6 hours with the intention to also stagger the starting times

of the users. This way, some users would arrive after a bit of discussion had already

occurred, allowing us to gain feedback from users who had varying degrees of how

much they needed to catch up on. The Wikum+ group was instructed to write their

email proposal in a top-level summary node and the control group was instructed to

write their email proposal in the first few pages of the Doc. After the 5.5 days, each

user filled out a post-study survey based on their condition, similar to the surveys

from Study 1.

Results

In this study, the control group made heavy use of the commenting functionality in

Google Docs, allowing for the group to have additional discussions and find areas that

still needed work. Doc comments also allow for email notifications, so users could be

notified when new comments were added. Due to the asynchronous nature of the

study, participants did not use the Doc chat feature.

In Figure 4-5, we can see a significant contrast between the events of each condi-
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tion. After around two days of discussion, Wikum+ users began summarizing rapidly,

synthesizing and condensing many of the page’s threads and sub-threads. However,

discussion continued and some users voiced disagreement with some of the points

made in the summaries, resulting in both edits to the existing summaries and new

summaries created, incorporating the divergent ideas. In the final day, Wikum+

users primarily edited and combined existing summaries into a final proposal. In

comparison, Doc users spent a large proportion of their time in disagreement, try-

ing to determine which opinions to include in the final proposal. In the end, the

group did not finish writing their proposal, as some of the points from the Task were

unaddressed.

ControlWikum+

Figure 4-5: Plot of user activity in the two conditions over time. Each node is a user’s
comment or edit to a summary/proposal, with the size equal to the number of words.
The y-axis represents the number of words shown by default on each interface. In
Wikum+, this value includes all top-level summaries and unsummarized comments
(because summarized comments are collapsed), while in the control, the y-axis counts
the number of words in the Google Doc.

Just as in Study 1, the style of writing in the Wikum+ proposal was more concise

and consisted of many bulleted lists, likely drawing inspiration directly from the

summaries created for sub-threads. The Doc proposal, on the other hand, was more

essay-like, written in full paragraphs, typically with one or two users responsible for
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each paragraph. However, in this study, Wikum+ users found the quality of writing

in their proposal higher than Doc users found theirs (average Quality of Writing in

Proposal metric – W: 5.3, C: 4.6), though not by a significant amount (𝐹 = 2.70,

𝑝 = 0.11).

Although both conditions had comments disagreeing with summary

content, Doc users decided to vote for a majority voice, while Wikum+

users iterated on the summaries to include multiple opinions. The topic of

mandatory versus optional Pass or No Record grades in the Task caused divisions

in both groups, but each group handled this disagreement differently. In the Doc, a

couple of users took charge in setting up a system where each user can summarize

their viewpoints in the proposal. Then, users can sign off on which summary they

are in favor of, only keeping the majority-vote summary in the final proposal.

As discussed in System Goals (Section 4.1), we purposefully avoided adding any

voting functionality in Wikum+, and in this study, we avoided moderator roles. One

of our goals for this was to promote minority voices and encourage conversation, in-

stead of voting, to reach consensus. Users in the Wikum+ condition decided that

instead of choosing to only express the majority opinion, they would update sum-

maries to include the other opinions, allowing for all voices to be heard.

Furthermore, summaries in Wikum+ were in the form of bullet-point lists, making

appends and modifications easy to do, as opposed to trying to find the right words to

fit into an existing paragraph written by someone else. A user in the control group

said that they “felt really uncomfortable editing others’ choice of words since that has

a direct impact on changing how they initially delivered that thought.”

Words
Added

Words
Removed

Summary
Words Added Days Active Proposal

Words
𝜎 𝜇 𝜎 𝜇 𝜎 𝜇 𝜎 𝜇 Count

W 1151.7 800.2 28.3 51.6 436.9 601.5 3.73 1.22 1403
C 608.5 353.1 14.4 50.3 54.1 90.3 3.35 1.27 960

Table 4.9: Contribution levels (mean and standard deviation) in both the Wikum+
(W) and the control (C) conditions.
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The Wikum+ group’s approach of presenting multiple options led to more discus-

sion content in Wikum+ (Table 4.9, Average Words Added – Wikum: 1151.7, Control:

608.5), more summary content in Wikum+ as the discussion ideas were all synthe-

sized (Table 4.9, Average Summary Words Added – Wikum: 436.9, Control: 54.1),

and a greater quantity of summary edits in Wikum+, allowing for improvements and

multiple iterations of summaries (Figure 4-6 and Figure 4-5).

Figure 4-6: Plot of user contributions in the two conditions over time. Each line
represents one user and markers symbolize the type of contribution made. The x-axis
shows absolute time while the y-axis shows the start times for each user, in minutes
from the first contribution made. There were two outlier users, one from each group,
who both started after Day 3 of the study and made ≤ 5 total contributions that are
omitted for better visual spacing on the graphs.

Users in Wikum+ presented the final proposal as a full list of options,

whereas Doc users went with a majority vote, leading to a lowered sense

of inclusiveness. Two distinct summaries were created in the Doc for the first Task

point, one in favor of a mandatory Pass or No Record (P/NR) grading scheme and the

other in favor of making this grading system opt-in by student. However, a majority

of users agreed with the mandatory P/NR idea, resulting in more users contributing

to writing that summary. Meanwhile, only 3 users voiced that they preferred the

optional P/NR idea, resulting in an unfinished alternative summary, as fewer users

worked on it. After users voted on which summary was preferred, one user took the

initiative to move the minority summary out of the proposal and to the bottom of

the Doc.

One user who ranked levels of inclusiveness low in the post-study survey said: “I
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felt like I was in a dissenting minority. On the topic of grades, the majority group

didn’t take into account the full extent of pros/cons. Generally, I felt like the doc

was written from a perspective that very much was not mine, so it was hard to write

much.” As a result, some users in the control said that they stuck with “edit[ing]

things related to grammar, sentence structure, and clarity,” instead of contributing

to writing up an opinion they didn’t agree with.

Running a one-way ANOVA test on post-study survey metrics showed a significant

difference between levels of inclusion among users in each group (𝐹 = 6.12, 𝑝 = 0.019),

with Wikum+ users feeling more included than Doc users did (Figure 4-7). One

Wikum+ user said that “every comment had responses to it, either agreeing or adding

on points, or bringing another viewpoint. They were all discussed, including my

comments, so I felt included.”

ControlWikum+

Figure 4-7: Histograms showing contrasting metric values (out of 7) from the large
group conditional post-study surveys. Metrics that resulted in significantly different
means from one-way ANOVA tests are boxed.

With every side’s opinion expressed in Wikum+, more users could col-

laboratively summarize the discussion, leading to a greater sense of com-

prehensiveness. Users in the control whose opinions were voted out had a harder

time contributing to the final proposal. One user said: “The document wasn’t fin-

ished... there seemed to be a lot of unresolved comments where people voiced dis-

agreement with parts of the first half. Towards the end, though, it seemed mostly
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like a one to two person effort, so I think this is where the quality of writing falls

off...the critiques were not acted upon.” With too much time spent on the grading as-

pect of the Task, coupled with minority voices losing engagement and critiques being

unaddressed, the control group’s final proposal lacked completeness and the variety

of ideas that were deliberated in conversation.

Compared to the control group, Wikum+ users felt that their proposal was sig-

nificantly more comprehensive in content (𝐹 = 6.61, 𝑝 = 0.016, Figure 4-7). The

Wikum+ group made use of flags marking certain summaries as incomplete or biased

to improve upon summaries cooperatively. Although the results were not statistically

significant, participants in Wikum+ indicated a higher level of comfort on summa-

rizing other users’ comments, on average, than those in the control (Figure 4-7 –

Wikum+ average comfort: 4.8; control average comfort: 4.4). One participant said

that “users took it upon themselves to try and present information in equal light.

Later, edits were committed to try and clear up the record and preserve a neutral

voice.” Another user said that “adding comment references and the color scheme of

unsummarized comments played a huge role in making sure someone reads everything

in the sub-tree when they’re summarizing a thread.” As a result, Wikum+ users in-

corporated a diverse set of ideas and opinions into the sub-tree summaries, which

were then translated into the final document.
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Chapter 5

Discussion

5.1 Creating Meaningful Artifacts From Conversa-

tion Through Collaborative Summarization

In our work, we introduce collaborative summarization as a way to synthesize a con-

versation into a valuable final document, while still encouraging continued discussion

and improvements on both the document and the incremental summaries made along

the way. We believe that this gradual summarization process can be applied to many

different discussion platforms that exist already today. For instance, Reddit users on

a job-searching forum could work together to both discuss and summarize the lessons

learned and advice given by the many users who share their diverse experiences. New-

comers to the page can quickly gain the insights from the current artifact, contribute

to existing discussions in the forum, or help build the artifact from new comments

created.

Current methods for handling lengthy online discussions include filtering, voting,

and moderation, all of which can introduce biases or leave out comments without

a discussion as to why they were not included. Summarization on Wikum+ distin-

guishes itself as a solution by making the synthesis process more collaborative and

encouraging group deliberation in an organized fashion. While the option for mod-

erators exists, it is not required; and although the majority idea may still surface in
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the end, anyone can trace back to the conversation on why that idea was selected.

5.2 Greater Structure in Deliberation

With a free-form discussion, such as one that might occur on Google Docs, the need

for structure will grow with the size of the conversation, particularly for the purpose

of creating an artifact. In the control groups of our studies, we saw participants use

threaded bullet points, Doc commenting functionalities, and by far the most prevalent,

voting for the majority option. Usually, these solutions are introduced by a couple

of users who want to bring more organization to the conversation, and default to the

familiarity of votes or tools that the interface provides. But as we saw with one group

in User Study 1, a lack of someone in the group who is willing to introduce structure

or improve organization can lead to a conversation that dies off or fails to reach its

end goal.

If instead, a method for organizing the discussion is set in place before it occurs or –

better yet – already exists inherently on the interface, as in Wikum+, this could reduce

users’ efforts during the process and help them in creating the final artifact without

defaulting back to voting. As one user put it, on Wikum+, “everything was already

naturally organized into threads” and ”already had a discussion and summarization

method built in.” This “reduced our efforts because the document-building process

happened gradually,...allow[ing] the final summary to be compiled quite easily.” In

our within-subjects experiment in User Study 1, we also saw that many users learned

the threaded-discussion and gradual summarization process of Wikum+ and applied

the same strategies later on when working in the control condition. One user said

the their group “learned to break up [the] different sections of the report and work

on those sections and then eventually take those comments, summarize them, and

put them all back together into one essay.” Wikum+, therefore, not only provides

an interface for integrating discussion and summarization to create a consequential

document, it also introduces a method for organizing conversations on any online

discussion platform to achieve a similar result.
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5.3 Signaling In Non Linear Discussions

Chat interfaces have the advantage of always showing the newest content at the

bottom, so users know where to find the most recent messages. However, as one user

explained, “sometimes, messages just get lost in the chat...it felt like we could only

talk about one topic at a time, and if we moved on, we couldn’t go back.” Beyond

the limited linear nature of chats, users who are not interested in or less familiar

with the current issue discussed have a harder time participating in the conversation.

Threaded discussions instead allow for multiple discussions to occur at the same time.

Unfortunately, this often means that new content becomes hard to find, as replies can

sprout from anywhere on the page.

Symbols on the page can help signal important information such as where new

comments have been made or areas that still need improvement, allowing for more

productive discussions. In the case of creating a final document artifact, these signals

can also allow users to add on to existing discussions, raise new issues, and make

continuous improvements to the document. In Wikum+, we use blue comments,

partial summaries, and flags to help users find areas needing work and bold font

to help users find new, unread comments and summaries. As one user puts it, “in

Wikum+, it felt more like multiple conversations were happening in parallel, but in

a way that I could follow multiple at a time.” They added that in Wikum+, “it was

easier to visualize the different comments at once under each sub-topic...which made

it easier to track points that were already addressed. It was also easier to transition

from comments to small summaries and work into a bigger summary.”

5.4 Greater Inclusion Fosters More Participation

As we saw in User Study 2, when participants began disagreeing on one of the Task

points, they inadvertently cut short their chance for a more full-fledged ideation

period to suggest and deliberate alternative solutions. This led to the minority voice

being drowned out and lower participation levels from that group in forming the final
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proposal. Instead, the Wikum+ group acknowledged both original ideas that caused

a division in the control by updating summaries to include both ideas as options.

Then, users felt more included and generated a much broader range of solutions that

were all discussed, with many surfacing as options in the final proposal. Furthermore,

in Wikum+, most summaries were created a list of bullet points, allowing for quick

edits. In the Doc, full paragraph summaries made it harder for users to jump in

and make changes beyond grammar and clarification, not willing to break the flow

of the sentences. More generally, synthesis of a discussion through summarization

may allow for more ideas to be incorporated as options due to the neutral nature

of summaries. This may allow for a greater sense of inclusion, which can result in

increased collaboration in generating more ideas and in working towards the final

artifact.

5.5 Wikum+

We created a system integrating collaborative real-time discussion and summariza-

tion, allowing for the creation of a document synthesized directly from the generated

ideas and deliberation. Through the process of interleaving summarization, users are

able to continue discussion even after summaries have been made in a discoverable

way, allowing for iterative improvements to be made on summaries that users deem

incomplete, biased, or poorly-written. We provide users with situational awareness

through read-markers to help them find newly added ideas, tags to help them vi-

sually group related comments, flags and partial-summaries to help them find areas

needing further work, an outline view to help them find various topic threads in the

conversation, and notifications to help them follow-up on parts of the discussion. The

threaded, flexible structure of the interface, coupled with recursive summarization,

allows users to stay organized while gradually working towards the final document.

In our evaluation, we found that our design choices succeeded in helping users

locate both new ideas and topics requiring work on Wikum+. We also found that

the workflow of Wikum+ was adaptable to other interfaces and kept users organized
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throughout their discussion and document-creation process. Our results showed that

interleaving summarization allowed for iterative improvements on the summaries and

the final document. Furthermore, with larger groups and an increased diversity in

ideas, we provide evidence that users on Wikum+ felt a greater sense of inclusion as

they managed to incorporate conflicting ideas into more neutral and more compre-

hensive summaries.

5.6 Future Work

5.6.1 Integration of a Document & Collaborative Editing

In our studies, we found that users wrote in a more flowing manner in the Doc than in

the Wikum+ summaries, despite being given the same Task prompt. We hypothesize

that users are more accustomed to summaries being concise and list-like, therefore

leaving their final proposal written in that style. To formalize the final artifact in

Wikum+ and potentially help users create a more cohesive document from their top-

level summaries, we would like to integrate an actual document into the interface that

users can switch their view to. This document could consist of exactly the contents of

the top level summaries or perhaps a single final top-level summary. Users would be

able to toggle which version they see, but updating the summary in the original view

would automatically update the final document view as well, and vice-versa. This

would allow users to focus on writing the document directly when they reach that

stage of the process, while still being able to trace back to the original discussion that

resulted in the document’s ideas.

We currently use locks to prevent users from editing the same summary at once,

which may result in race conditions. However, we saw, especially during the longer

synchronous portion of the pilot study, that a lack of real-time multi-user edits pre-

vented the group from working on the final proposal together. Furthermore, with the

integration of a document, the need for real-time collaborative summary editing in-

creases. Overall, implementing this feature into Wikum+ allow for greater efficiency
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and simulate collaborative document writing even more closely.

5.6.2 Wikum+ for a Greater Range of Conversation Types

In all of the studies we conducted, users were asked to create a proposal after dis-

cussing a topic on how to improve an existing system. While the topic on online

classes in quarantine resulted in some levels of disagreement, we would like to ex-

plore how Wikum+ performs for more controversial topics. In particular, we are

interested in seeing how summarization and deliberation, instead of voting or mod-

eration, affects how quickly a group reaches consensus, or perhaps dissensus. Given

that artifact-creation from conversation is a primary advantage of Wikum+, we hope

to also study how more casual conversation topics or advice-type threads might find

the interface useful for collecting thoughts.

Many platforms like Kialo [21], ConsiderIt [8], and Deliberatorium [22] structure

and organize their argumentation process in an interaction much richer than voting,

but doesn’t allow for the free-from discussion that Wikum+ provides. It is possi-

ble that on Wikum+, users engaging in civic discourse could begin forming similar

pros-and-cons lists as enforced by ConsiderIt. Wikum+ users engaging in a debate

could use tags to color-code their replies as supporting evidence or refutations. We

hope to explore how different types of conversations on Wikum+ may naturally orga-

nize themselves into productive strategies for reaching resolution or creating valuable

documents.

5.6.3 Measuring the Effects of Greater Enforcements on Time

and Roles

In our studies, we primarily analyzed our first research question: “How does inte-

grating discussion alongside summarization affect the quality of collaboration and

the quality of the final document?” In other research questions, we wanted to see

how enforcing greater structure in the discussion versus summarization process and

enforcing specific roles for users might affect the experiences of the users and the
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outcome of the final document. We hope to conduct further studies to explore the

effects of varying these different factors.
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Chapter 6

Conclusion

On today’s online discussion platforms, it is too easy for conversations to grow out

of hand with the current tools we use. Existing solutions such as filtering, voting,

or moderation can suppress minority ideas or reveal biases. Also there’s no way to

synthesize the ideas so users have to move to a separate document writing software,

meaning that users can’t refer to the conversation in their document.

In this work, we introduce Wikum+, a system we developed for creating some-

thing meaningful from conversations by integrating discussion and synthesis on the

same platform. This allows ideas to maintain their provenance as they move from

original comments into the final document. We ran one pilot study, allowing us to

improve upon Wikum+’s features. We then ran one within-subjects study consisting

of 6 smaller groups of 5-6 users and one between-subjects study consisting of 2 larger

groups of 15-17 users. Overall, these studies suggest that Wikum+ helps promote

inclusiveness, organization, and light-weight coordination compared to a control. It

also suggests that the collaborative summarization on Wikum+ allows for more iter-

ative improvements to documents and promotes the incorporation of new ideas. We

hope that Wikum+ can inspire new methods and interleaving summarization on exist-

ing conversation platforms for synthesizing discussions in an organized, collaborative

manner, creating valuable artifacts across the Internet’s plethora of discussions.
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