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(A) Feed-Level Overview
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Figure 1: Needle’s Multi-Level Visual Analytics Approach. (A) The feed-level overview shows temporal visualizations and
toxicity patterns across all subreddit posts, with visual anomalies (like Post 3’s toxicity spike) drawing immediate attention. (B)
The thread-level overview supports drilling down into specific threads with Top-Level Comment (TLC) visualizations as well as
highlighting and filtering capabilities to quickly identify problematic content requiring moderator attention.

Abstract

Navigating large-scale online discussions is difficult due to their
rapid pace and high volume of content. Platforms like Reddit em-
ploy “threads” to visually organize parallel discussions, but deep
nesting obscures conversation flow. For moderators, this fragmen-
tation compounds the difficulty of following evolving conversa-
tions and maintaining context across threads, which limits timely
and effective moderation. In this paper, we present Needle, an in-
teractive system that applies visual analytics to summarize key
conversational metrics: activity, toxicity, and voting trends over
time. Needle provides both high-level overviews and detailed break-
downs of threads, enabling moderators to identify priority areas
without reading through entire nested conversations. Through a
user study with ten Reddit moderators, we find that Needle pro-
vides a practical solution to maintain contextual understanding
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when navigating threaded discussions. Based on these findings, we
propose design guidelines for future visualization-based tools that
shape how people consume, interpret, and make sense of large-scale
online discussions.
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1 Introduction

Online communities and their members are frequently exposed
to undesirable content (e.g., toxicity and harassment) which can
reduce user perceptions of quality and safety [1, 20, 78], and some-
times even lead to negative psychological effects [59, 72]. To combat
online misbehavior, content moderation is the primary mechanism
employed by social media platforms [32, 82, 85]. Most online com-
munities employ the services of human moderators (either paid or
volunteer, centralized or distributed) to regulate user-generated con-
tent [25, 71]. Prior work has highlighted the numerous challenges
faced by human moderation approaches [25, 71, 77, 86], including
the substantial impact of constant exposure to toxic content on the
mental health of moderators [46, 86].

To alleviate some of these challenges, prior work in HCI has
developed computational tools and approaches to augment the pro-
cess of manual review by moderators [41, 45, 65, 81] and support
human-in-the-loop approaches to content moderation [12, 16, 40].
Despite the increasing adoption of human-AI systems for content
moderation—particularly in light of recent advances in NLP and
the emergence of large language models (LLMs)—automated ap-
proaches continue to face limitations, including poor understanding
of varied community norms [12], lack of human precision to fully
address complex cases [52], and diminished transparency in moder-
ation processes that obscures how and why decisions are made [28].

1.1 Complexities in Navigating Threaded
Online Discussions

Large-scale online discussions further exacerbate moderation chal-
lenges due to their volume and the rapid pace of content genera-
tion [9-11, 46]. The scale and complexity of online discourse make it
difficult to track conversations and maintain contextual understand-
ing of the surrounding discussions, hindering timely and effective
moderation [26, 44, 63]. For instance, a recent study highlighted
how Discord moderators struggle to monitor multiple discussions
that take place in parallel on different channels, track how individ-
ual conversations flow or evolve, all while maintaining contextual
understanding of the surrounding discussion [16].

Platforms like Reddit employ “threads” to visually organize or
structure parallel discussions. Threads can occur at different levels,
from posts to comments, as shown in Figure 2 (see Threaded Dis-
cussion A), fragmenting context across multiple layers. Threaded
structures offer a degree of organization by allowing discussions to
branch logically, which can help users follow discussion paths with
greater ease [7, 91]. However, as discussions become increasingly
nested (i.e., “threaded”), maintaining context and identifying key
points across multiple layers becomes challenging [34], as illus-
trated in Figure 2 (see Threaded Discussion B). Threaded structures
fragment conversations across multiple layers, making it difficult to
maintain local context in large-scale discussions, especially when
topics have drifted [2, 67]. Prior work has shown that greater struc-
tural complexity reduces overall comprehensibility and readability,
and that threaded formats can make it harder for readers to locate
the most recent comments, creating additional navigation burdens
for moderators who must track evolving conversations across multi-
ple branches [2, 36]. For moderators, this fragmentation compounds
the difficulty of tracking evolving conversations across branches
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and identifying problematic contents, showing a need for systems
that help moderators navigate complex threaded discussions that
does not require reading through entire nested conversations [16].

HCI researchers have explored tools to enhance sense-making,
summarization, and visualization of large-scale online discussions
in different contexts [91]. Specifically, text summarization/synthesis
and visualization techniques have shown promise in making sense
of complex discussions forums and Wikis [93] and conversations on
Slack [92]. In the context of content moderation, previous systems
have demonstrated that visual cues can improve user awareness
when interacting with stranger accounts on Twitter [42], in addi-
tion to highlighting how visual summaries can guide moderation
attention to problematic conversations on Discord [16]. We extend
this line of work on using visualizations to assist content moder-
ation in the context of single-thread conversations (or sequential
chat) and develop a visualization tool to navigate a new format
of online discourse—threaded discussions on Reddit. Our system
provides high-level syntheses of key metrics to guide moderators’
attention through visualizations, while also overlaying visual cues
directly on the conversations to improve contextual understanding
and comprehension of deeply nested conversations.

1.2 Summary of Contributions

In this paper, we present Needle, an interactive system that provides
high-level synthesis via visual analytics and aims to support the
navigation of threaded discussions on social platforms like Reddit.
Needle can visualize key comment metrics including activity, tox-
icity, and number of upvotes or downvotes, as well as temporal
trends of how these metrics change over time. Needle is designed
to support moderators by providing intuitive and interactive line
graph summaries of recent commenting activity and toxicity levels
across different threads within a given post (or Reddit submission).
Upon clicking a post, moderators can delve into a detailed visual
breakdown of comment activity in each Top Level Comment (TLC)
as well as the comments themselves.

Through a user study with Reddit moderators (N = 10), we find
that Needle can help moderators easily navigate threaded discus-
sions in their communities, monitor key conversational metrics, and
quickly identify areas of concern within threads. The use of visual-
izations in Needle enables moderators to maintain a clear overview
of parallel conversations within threads, making it easier to manage
complex threaded discussions and prioritize content that requires
immediate moderator attention. Needle’s design provides a practical
solution that helps moderators maintain contextual understanding
of surrounding comments in the conversation when reviewing com-
ments within threaded discussions, without increasing cognitive
load and immediate exposure to toxic content.

The contributions of this paper are three-fold. First, we make a
systems contribution by developing a novel sociotechnical system
to help Reddit moderators navigate threaded online discussions.
Unlike prior work that primarily targeted linear conversations such
as Slack or Discord, our system addresses the unique fragmentation
and complexity of nested threads. Needle is one of the first systems
to combine interactive visual analytics with human-in-the-loop
moderation for threaded online conversations.
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Figure 2: Threaded Discussion A is a mock discussion designed to reflect the scale and comment volume of a real large-scale
Reddit thread. Threaded Discussion B illustrates the “threads” that occur at multiple levels within online discussions using

synthetic data.

Second, we examine how well design guidelines synthesized
from prior HCI work on content moderation, visualization, and
sociotechnical systems translate into practice. We develop Needle
based on these design guidelines and evaluate both the guidelines
and resulting design features through a user study with ten moder-
ators. In addition to validating the usability and practical viability
of Needle, we present insights into which features proved particu-
larly useful and how Needle can be improved. Finally, we present
additional guidelines and considerations for designers of future
tools to navigate and summarize online discussions using visual-
izations, especially when threaded conversations are involved. Our
broader goal is to inform the design of visualization-based tools that
can guide how individuals process, understand, and make sense of
large-scale online discussions.

2 Related Work

In this section, we review prior literature to summarize key chal-
lenges in human moderation approaches and situate our work in
the context of recent advances in computational approaches to
content moderation and related visual interfaces for navigating
large-scale online discussions.

2.1 Challenges in Human Moderation

Online harassment, toxicity, and other forms of harmful content
present serious risks to user well-being and community health
[41, 64], making content moderation a critical function for digital
platforms [32]. As highlighted by prior research, human modera-
tion remains the primary approach for managing harmful content
across these platforms [25, 82, 85]. But the increasing amounts of
manual labor performed by human moderators has the potential
to result in severe cognitive and emotional strain [71]. Frequent
exposure to toxic content and manually reviewing large volumes of
user-generated content has been linked to detrimental impact on
moderators, including negative outcomes like moderator burnout,

stress, and “secondary trauma” [46, 80, 86]. These challenges are
especially pronounced in volunteer-driven communities [50] like
Reddit [61], Discord [46], and Twitch [8], where only a few moder-
ators need to perform thousands of actions every day [35, 86].
The scale of user-generated content presents an additional chal-
lenge [26, 44, 63], with major platforms such as TikTok receiving
millions of new posts daily [43]. This volume renders purely man-
ual review impossible and has led to an increasing reliance on
computational approaches to assist human moderation.

2.2 Computational Approaches and Tools to
Assist Content Moderators

To scale moderation efforts, platforms and researchers have in-
creasingly developed automated tools and algorithmic approaches
to detect norm violations and assist moderator decision-making
[28, 41, 65, 75]. These computational approaches generally fall into
three categories: text-based classifiers and filters [44, 76], pattern
and behavior analysis [15, 22, 73, 74, 84, 88, 89], and the use of
large and small language models [30, 52, 90]. Text-based classifiers
and filters are used to identify formatting violations and filter con-
tent based on lists of predefined keywords [44, 76]. For example,
Reddit employs a built-in rule-based tool called AutoModerator
(AutoMod).! Structural approaches analyze engagement patterns.
Prior work indicates that toxic conversations and patterns of how
misinformation cascades exhibit distinct structural patterns [74, 84].
Prior work demonstrates that identifying deviations from predicted
engagement levels [88] and analyzing the topology of discussion
threads [89] can help characterize and understand anomalies in
conversations, in addition to pure text-based metrics. Furthermore,
these structures capture situational dynamics, such as the influence
of “social catalysts” (e.g., users who ignite conversations) [73] or
trolling behaviors due to surrounding discussions [15].

!https://www.reddit.com/r/reddit.com/wiki/automoderator/
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Yet these systems remain limited by specific trade-offs. Struc-
tural signals often require a conversation to mature before patterns
emerge [74], limiting their utility for immediate, real-time detec-
tion. Text-based filters often fail in their ability to interpret nuance,
handle linguistic subtleties like sarcasm or coded language, and un-
derstand community-specific norms [14, 28, 75]. For example, fully
automated filters may mislabel heated but productive debate as
toxic, or overlook veiled harassment masked in polite phrasing [94].
As a result, automated moderation systems continue to struggle
with context-dependent nuance [13] and cultural variations [28]—
even with recent approaches that rely on large language models
[52].

These limitations have prompted calls for human-in-the-loop
systems that blend computational efficiency with human discern-
ment [12, 16, 37, 40]. Such systems do not aim to replace human
moderators but to enhance their capabilities by surfacing high-risk
content for review, visualizing user activity patterns, or highlight-
ing contextual signals [16, 75]. For example, ConvEx [16] utilizes
visualizations and Al to guide moderator attention to toxic mes-
sages on Discord, and Venire [53] helps Reddit moderation teams
identify reports where moderators are likely to have disagreements.
Importantly, research shows that moderators value tools that in-
crease transparency and interpretability, and facilitate informed
and community-aligned decision-making [14].

Extending this line of work, we aim to develop a system that sup-
ports human-in-the-loop moderation and incorporates computational
techniques to assist, rather than replace, human judgment.

2.3 Visual Interfaces for Navigating Large-Scale
Conversations

As platforms like Reddit employ threaded discussions to structure
and organize content, these threaded structures introduce com-
plexity as conversations branch into multiple pathways and foster
increased social reciprocity between users [2, 91]. This branching
architecture, although beneficial for organization, generates long,
intricate conversation networks that impose substantial cognitive
demands on moderators attempting to maintain contextual under-
standing across discussion threads [2, 48]. Consequently, modera-
tors face increasing difficulty in synthesizing the necessary context
for informed decision-making as conversations expand in both
breadth and depth.

Researchers in HCI have explored visualization methods to ad-
dress these challenges in making sense and navigating through
large online discussions. Early visualization efforts like Thread
Arcs provided compact graphical representations of both chrono-
logical sequences and hierarchical relationships, improving users’
ability to grasp thread structures quickly [49]. More recent visu-
alization approaches have emphasized multi-scale and interactive
timelines. For instance, DisVis employed timeline and post activity
graphs combined with detailed summary statistics, allowing users
to rapidly identify periods of intense activity or topic shifts [66].

Similarly, analytic systems like ConVis [38] and ConvEx [16]
incorporated linguistic analysis into visual interfaces, helping users
quickly pinpoint emerging trends and contentious issues within
expansive discussions. AudienceView leverages NLP and LLMs to
analyze and visualize themes, sentiment, and topic clusters from
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hundreds of thousands of YouTube comments to support journalis-
tic sense-making [6]. Additionally, Liao et al. [62] uses both concept
maps and comment tree maps to help novice learners navigate large
video collections through structured content and social discussion
themes. Overall, these visual interfaces have consistently demon-
strated their ability to reduce cognitive load and the potential to
enhance moderator’s experience by clearly presenting complex
conversational structures and temporal dynamics.

In this paper, we examine how visualizations can be used to eas-
ily navigate and summarize online discussions involving threaded
conversations, specifically focusing on Reddit moderators.

3 Design Goals

Next, we present the three primary design goals that guided the
development of our new visual analytics system to enhance moder-
ation on Reddit, a threaded discussion platform. These design goals
were derived from a comprehensive review of prior literature on
content moderation and the specific needs of moderators working
with large-scale online discussions on platforms like Reddit.

3.1 Supporting Multi-level Summarizations
through Visual Aids

Research on content moderation consistently shows that moder-
ators struggle to maintain awareness across multiple discussions
simultaneously [46, 86]. The sheer volume and complexity of online
discussions often overwhelm a moderator’s capacity to efficiently
identify areas requiring intervention, leading to delayed interven-
tions on problematic content and moderator burnout [86]. Previous
moderation tools have typically focused on content flagging and
reporting mechanisms, which provide limited contextual informa-
tion. Visualization approaches like those explored by Choi et al.
[16] have shown promise in reducing cognitive load through visual
summarization, but these lack the multi-level perspective needed
for complex threaded discussions.

Information visualization theory suggests that effective overviews
combined with details-on-demand can significantly improve situa-
tion awareness for complex monitoring tasks [19]. We apply this in
the context of online moderation, supporting moderator awareness
by surfacing trends in recent activity through multi-level visual
summaries.

Design Goal 1 (G1): Needle should provide multi-level vi-
sual summaries (subreddit and thread levels) and surface
trends in recent activity to support efficient monitoring and
improve moderator awareness.

3.2 Directing Attention and Providing
Actionable Insights

With limited time and cognitive resources, moderators benefit from
tools that help prioritize their attention and provide contextual in-
formation for decision-making [82]. However, existing approaches
fail to provide sufficient support for moderators. While community
reports and flagging systems provide the primary mechanism for
helping moderators prioritize their attention, they rely on commu-
nity members to identify and report problematic content [21] and
flagged content appears in a separate interface (e.g., Reddit’s Mod
Queue). This approach can miss subtler issues or novel forms of



Needling Through the Threads: A Visualization Tool for Navigating Threaded Online Discussions

Data Collection & Processing

Reddit API

Fetch data
Y

Data Processing Compute Toxicity
Restructure to JSSON < L
Combine Toxicity Scores

Perspective API

Enriched JSON Cache

'

Backend (Node.js)
Loading, Sorting, Filtering, and Pagination

CHI *26, April 13-17, 2026, Barcelona, Spain

Front-End (Next.js/D3.js)

Feed-Level Interface

Total Comments Toxic Reples (Line) [ oM Scored Reples
(Area) (Line)

Thread-Level Interface
Post 3

Filtr: Contains Toxic Comments Only

uluser!’s TLC

Count {
Time

Usert.I like reading books and tennis!

Repiyd-You e S™'id (-2 upvole)

Figure 3: Needle’s System Architecture. Data from Reddit is processed and augmented with toxicity scores, stored as a JSON cache,
and served by a Node.js backend to a Next.js/D3.js frontend; front-end is powered by two pages: Feed-level and Thread-level

interfaces.

policy violations that community members do not recognize or
report, as well as showing flagged content in an isolated queue may
limit moderators’ understanding of the conversations trends [4].
Previous approaches have also explored automated content detec-
tion using machine learning [28], but these often lack contextual
awareness and have high false positive rates when used alone.

However, research on attention guidance in visual analytics
suggests that combining algorithmic signals with community in-
dicators and temporal patterns can more effectively guide moder-
ator attention [16]. We follow this approach to support informed
decision-making by directing moderator attention to key discussion
and comments.

Design Goal 2 (G2): Needle should direct moderators’ at-
tention to key discussions and comments using metrics and
visual cues that support informed decision-making.

3.3 Adapting to Diverse Community Needs

Online communities vary widely in their norms, sizes, and content
policies [80]. One-size-fits-all approaches to moderation fail because
what constitutes problematic content in one community may be
acceptable or even encouraged in another [44]. However, many
current moderation systems typically offered limited customization
options, forcing communities to adapt to tools rather than adapting
tools to communities [44].

Moderators need tools that can adapt to these differences with-
out requiring technical expertise to configure them. Additionally,
discussion sizes range from small exchanges to massive threads
with thousands of comments, requiring scalable approaches to visu-
alization and analysis. Research on end-user customization suggests
that providing moderators with accessible controls can improve

adoption and usages [16, 32, 51]. Visualization research also indi-
cates that adaptive displays that respond to data characteristics
can better maintain usability across varying scales of information
[79]. We thus aim to provide customization options that allow mod-
erators to adapt the tool to the needs and characteristics of their
specific communities.

Design Goal 3 (G3): Needle should adapt to different com-
munity needs and discussion sizes through customizable
settings.

4 Needle: A Visualization Tool to Navigate
Threaded Discussions

In this paper, we present Needle, a sociotechnical system designed
to help Reddit moderators navigate, interpret, and act on com-
plex threaded discussions.? Needle’s development includes a data
processing pipeline and two interfaces: a feed-level overview (Fig-
ure 4) that summarizes activity and toxicity across posts, and a
thread-level drill-down (Figure 5) that supports detailed inspec-
tion of individual threads. In this section, we describe the system
architecture, interfaces, and visualizations, as well as show how
specific features within them support each specific design goal (Sec-
tion 3): multi-level summarization (G1), attention guidance (G2),
and community customization (G3).

4.1 System Architecture

Needle is implemented as a client-side web application using Next.js
for the front end, D3.js for interactive visualization, and Node.js
for the server-side API layer that serves preprocessed data. In this

2Code is avaliable in the following repository: https://github.com/scuba-illinois/Needle
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section, we will walk through the details of implementing Needle.
The complete system architecture is shown in Figure 3.

4.1.1 Data Collection & Processing. We retrieved posts and com-
ments from the Reddit APIL For each post and comment, we ex-

tracted metadata including id, author, text, timestamp, and score.

Score, obtained directly from the Reddit API, is roughly the net total
of upvotes minus downvotes displayed next to the voting arrows.
It is the main mechanism for users to affect comments’ visibility in
Reddit [39]. Comments were recursively expanded to preserve the
threaded structure. This structure allows the frontend to preserve
post — top-level comment — reply hierarchies in the threaded
nature.

In addition to data from the Reddit API, we also leveraged the Per-
spective API [60] to assess toxicity levels in comments—specifically,
we used the TOXICITY model.? This tool provides a continuous
score indicating the likelihood that a comment may be perceived as
toxic, ranged from 0 to 1, as 1 being the most toxic. The Perspective
API is widely used in HCI and NLP research [16, 69, 87, 95] and
serves as a validated baseline for toxicity detection. It provides a
standardized and interpretable score, supports direct comparability
with prior moderation studies, and avoids the computational and
ethical challenges of training custom models that solely rely on
removed content.

4.1.2  Backend. The backend is implemented in Node.js and acts
as a lightweight server layer between the static JSON data cache
and the frontend. Its primary responsibilities are to load the cached
dataset, apply client-side requests for sorting, filtering, and pagina-
tion, and return results efficiently.

Unlike systems that recompute toxicity or restructure comments
on demand, our backend is deliberately minimal: it only serves
preprocessed data to ensure low latency, reproducibility, and ro-
bustness under study conditions. This design allows us to control
for variability in the Reddit API (e.g., rate limits, changing com-
ment states) while still supporting interactive exploration on the
frontend.

4.1.3  Frontend. The frontend is implemented in Next.js with D3.js
for interactive visualizations. Its role is to render preprocessed data
served by the backend. The next section provides a walkthrough of
the front-end interfaces and features.

4.2 Interfaces and Features

Needle provides two levels of interfaces aligned with Reddit’s exist-
ing structure: a feed-level overview (Figure 4) and a thread-level
drill-down (Figure 5). Below we introduce these two interfaces and
our design choices, as well as alignment to our design goals.

Metric Selection Rationale. In Needle, we use toxicity, score, and
activity as the key metrics to visualize and guide moderators’ atten-
tion. Toxicity captures hostile or harassing language (e.g., insults
and threats), which is strongly correlated with removals and com-
munity sanctions [5, 18, 83]. We prioritized toxicity specifically
because it addresses the challenge of scale: in high-volume discus-
sions where exhaustive reading is impossible, toxicity scores help
3The Perspective TOXICITY model’s is a machine-learning classifier trained on online

comments. Its architecture consists of multilingual BERT-based models distilled into
language-specific convolutional neural networks [27].
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surface problematic content that community reports often miss.
Score (upvotes minus downvotes, voting trends) reflects commu-
nity sentiment on whether a comment is norm-aligned or not, and
provides an indirect signal of removal likelihood [31, 33, 58, 83].
Activity measures overall thread engagement (e.g., the total number
of comments comes in), providing essential context for interpreting
the relative frequency of toxic or highly scored posts within each
discussion.

These metrics serve as interpretative signals rather than absolute
determinations. Recognizing that acceptable thresholds for toxi-
city can vary significantly across communities, Needle relies on
the moderator’s judgment for final adjudication. To facilitate this
calibration, the interface includes histograms that visualize the dis-
tribution of these scores (Fig. 4B), allowing moderators to quickly
establish a baseline and discern what constitutes an “unusual” or
“noteworthy” deviation in their specific community context. To
contextualize these metrics, we include Table 4 in Appendix A that
maps specific score and toxicity values to paraphrased example
comments from our user studies.

Feed-level interface. The feed-level page (Figure 4) provides an
overview of the subreddit and each posts, similar to the main sub-
reddit page in Reddit. It summarizes subreddit-wide activity and
toxicity at both global and post levels. Global histograms visualize
overall distributions of toxicity and scores, while post-level bar
chats and temporal activity charts show patterns of toxicity and
score within individual posts.

Moderators may begin with the control panel (Figure 4-A), ad-
justing thresholds and zoom levels to see how distributions shift
across the subreddit; thresholds instantly propagate to post-level
views. Hover tooltips clarify metrics like “toxicity” and “score.” Posts
are then browsed (Figure 4-D), by default sorted by recency, but
sortable by other criteria, including highest score, highest toxicity,
and highest activity. These posts’ visualizations can guide attention,
for example, a post with a sudden toxic spike becomes more salient
for further inspection. Once familiar with Needle, moderators can
leverage additional controls, such as customizing the time range
(Figure 4-a3) or toggling specific metrics on and off to refine their
view (Figure 4-a4).

Thread-level interface. The thread-level interface (Figure 5) en-
ables detailed examination of individual discussions’ comments.
This interface uses the temporal visualization approach from the
feed-level view, displaying activity patterns within each top-level
comment (TLC) thread. Beyond the standard customization con-
trols in the previous page, this page incorporates new functionality
including comment highlighting and filtering capabilities, and inte-
grated moderation actions including content approval or deletion
to mirror the workflow of Reddit’s existing Mod Queue interface.

Landing on the page, moderators first see the full set of comments
(Figure 5-G) as they occupied the largest area on screen. Toxicity
highlights are applied by default (Figure 5-g1). Moderators can then
refine the view with filters (Figure 5-e2) such as showing only toxic
or high-scoring comments, or change highlight rules (Figure 5-e1).
Comment visualizations (Figure 5-F) provide temporal overviews of
each TLC (Figure 5-f4), while hover effects (Figure 5-f2) and “Jump
to Comment” (Figure 5-f3) link the visualizations directly to their



Needling Through the Threads: A Visualization Tool for Navigating Threaded Online Discussions CHI °26, April 1317, 2026, Barcelona, Spain

r/Needlelnterface

Current Time: Fri, 09 May 2025 02:00:00 GMT
Control Panel
Toxicity Threshold: 0.14 i Visualization Options Legend
Set Current Time: Showing last: 24.00 hours Show Total Comments (Area) agen
- Total Comments (Area) P
05/08/2025, 10:00 PH O Score Threshold: 3 ZoomIn  Zoom Out Show Toxic Comments (Line) B Toxic Comments (Line)
B

B score Comments (Line)
Show Score Comments (Line)

Hide Histogram
Toxicity Distribution Score Distribution

irent Score Threshold

Sort By: Most Recent v @ :

This is a post
some text about the post

u/NeedleResearcher O Thu, 08 May 2025 16:05:47 GMT

T S (=17}

Mambar ot Commants

17 (Toxic) 2 (Both)

) 000 1600 200
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inactive posts (a5). (B) Global histograms for toxicity (b1) and score distributions (b2). (C) Sorting dropdown to organize posts
by criteria. (D) Post summaries, with a segmented comment breakdown bar (d1), and a temporal activity chart (d2).
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Figure 5: The thread-level interface of Needle, which provides detailed visualization of individual discussion threads. (E) Control
panel with the same customization options as the feed-level interface, adding two new features of applying highlights to
comments (e1) and filter comments (e2). (F) Comment visualization features including: active TLCs only indicator (f1), hover
effects to indicate linkage between visualizations to comments (f2), jump to Comment button for quick navigation (f3), and
temporal activity chart for the selected TLC (f4). (G) Actual comments: toxic comment highlighting (g1), hover effects (g2),
navigation controls to move between charts and comments (g3), and moderation buttons (g4).

source comments. Finally, moderation buttons (Figure 5-g4) allow Summary of Features. Table 1 summarizes the key features of
immediate actions such as removing content. Needle, grouped according to our three design goals: multi-level
summarizations (G1), attention direction and actionable insights
(G2), and community customization (G3). Features are listed with
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Feature Location

Description

Use Cases

Multi-level Summarizations (G1)

Toxicity & score histograms Figure 4-B
Post temporal visualizations Figure 4-d2
TLC temporal visualizations Figure 5-f4

Visualizes the distribution of comment toxic-
ity and score levels across all posts

Charts how discussion activity evolves
within individual posts over time

Charts how discussion activity evolves
within individual top-level comment threads
over time

Attention Direction and Actionable Insights (G2)

Sort options Figure 4-C
Segmented breakdown bars Figure 4-d1
Inactive content toggle Figure 4-a5
Comment highlighting Figure 5-el
Comment filtering Figure 5-e2

Community Customization (G3)

Threshold configuration Figure 4-a2
Time point navigation Figure 4-al
Temporal zoom control Figure 4-a3

Reorders posts and top-level comments by
various criteria

Color-coded bars that visually segment com-
ments by toxicity and score numbers

Shows or hides posts and TLCs with minimal
recent activity

Visually emphasizes comments that exceed
toxicity or score thresholds

Displays only comments meeting specific tox-
icity or score thresholds

Allows adjustment of toxicity and score sen-
sitivity levels

Enables quick jumps to specific timestamps
in the activity feed

Adjusts the time window scope from 8 min-
utes to 24 hours

Assess overall subreddit health and es-
tablish appropriate filtering thresholds

Analyze post engagement patterns
and identify toxicity, score, or activity
peaks

Monitor how specific conversation
threads develop and escalate

Prioritize content based on toxicity lev-
els, activity, recency, or scores

Identify problematic or highly-rated
content within posts

Reduce interface clutter by focusing on
active discussions

Direct moderator attention to com-
ments requiring immediate review

Concentrate moderation efforts on the
most critical content

Adapt parameters to match different
community standards

Review historical activity during spe-
cific time periods

Explore community activities across
different temporal scales

Table 1: Feature overview of Needle including interface locations, descriptions, and use cases.

their location, function, and representative use cases. This overview
illustrates how visual summaries, attention cues, and configurable
settings work together to support effective and efficient moderation.

4.3 Visualizations and Visual Cues

While the table above inventories Needle’s features, here we ex-
plain the rationale for our visualization choices for the four types of
visualizations we used: temporal visualizations, comment highlight-
ing, segmented breakdown bars, and histograms. Our goal was not
simply to display raw data, but to transform the three core metrics—
score, toxicity, and activity—into representations that moderators
could quickly interpret and act upon.

Temporal visualizations (Figure 4-d2 and Figure 5-f4) are the key
visualizations in Needle representing multi-level summarization
(G1). They were included because activity and pacing are key signals
of escalation: bursts of comments or sudden spikes in toxicity often
mark moments when intervention is most needed. Raw timestamps
are difficult to parse in threaded discussions, but lines and areas in
charts allow moderators to perceive these dynamics at a glance.

Our approach to temporal visualization requires a clear defini-
tion of recency within Needle. Rather than adopting a single fixed
threshold, we define recency as a flexible, moderator-controlled
window of activity anchored to a chosen point in time. The “cur-
rent time” setting (Figure 4-al) allows moderators to anchor their
analysis at any moment. This anchor pairs with adjustable time

range (Figure 4-a3) that scale from minutes to hours, allowing com-
munities with different pacing to calibrate what counts as “recent”
and to focus on that time frame.

To balance overview with detail, Needle visualizes discussions at
the feed and Top-Level Comment (TLC) levels. We intentionally do
not create separate visualizations for nested replies beneath each
TLC, as doing so would introduce excessive visual complexity and
cognitive overhead. While the visualization aggregates branches,
the comment panel preserves the full hierarchy (Figure 4G). To
bridge these views, comment highlighting (Figure 4-g1, that high-
lights toxicity, score, or both) pinpoints problematic content at
any depth, enabling moderators to navigate complex threads with-
out parsing multiple visual layers. Highlighting also draws the
eye directly to outliers. We see these design choices as essential
to reducing cognitive load and supporting efficient moderation at
scale.

Segmented breakdown bars (Figure 4-d1) is another important
visualization added to to create “at-a-glance” profiles of posts. These
bars compress all comments into a simple signature, making it easy
to notice when a post contains unusually high proportions of toxic
or highly scored contributions. This supports triaging: moderators
can scan many posts quickly without reading individual comments.

In addition to the two key visualizations, we also used histograms
(Figure 4-b1 & b2) to provide necessary context for interpreting
toxicity and score as a whole for a subreddit. Instead of providing
post-level or thread-level supports, histograms provide a global view
of how the subreddit is reacting to the toxicity and score metrics.
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Years Moderating  Subreddit Type

Participant  Subreddit Size (approx.)
P1 2300k
P2 400k
P3 700k
P4 400k
P5 600k
P6 800k
P7 2300k
P8 5900k
P9 4400k

P10 600k

Academic
Sports
TV shows
Games
Games
Games
Anime
DIY
Sports
Anime

=W 0™ oG

Table 2: Overview of study participants. Subreddit sizes rounded to nearest 100k; years moderating rounded to nearest year.

A toxicity score of 0.7 may be problematic in one community but
normal in another; subreddit-wide distributions help moderators
calibrate thresholds to their own norms. Without this comparative
view, thresholds risk being arbitrary or biased by isolated cases.

5 User Study

Next, we conduct a user study to examine how well the design

guidelines synthesized from prior literature translate into practice.

Specifically, we ran an online user study with moderators from

various subreddits by simulating a realistic workflow using Needle.

This allows to examine how Needle could support Reddit moderators
navigating threaded discussions and how it fits into their existing
workflows. In addition to evaluating the usability and practical
viability of both the guidelines and resulting design features in
Needle, we identify specific features and design elements that are
most and least helpful to moderators.

5.1 Participants

We recruited 10 moderators who are current Reddit moderators

located in the United States, varied in community sizes and topics.

On average, moderators had 6.5 years of experience (SD = 3.72),
and the mean subreddit community size was 1.84M members (SD =
1.92M). Moderators were recruited via mod mail from large, active
subreddits (top 1500 popular subreddits*), and they were invited to
fill out an interest form, including their moderation experience and
communities they were moderating for. Participants were required
to be active moderators on Reddit. We confirmed their eligibility
in the interest form by verifying their moderator status via their
provided username.

5.2 Procedure

During the screening survey, we asked moderators to indicate
which subreddit(s) they currently moderate and a specific subreddit
that they would like to test Needle with. For the study sessions,
the researcher collected the subreddit’s data spanning two days,
including posts either created or replied to within that period, to
use as the database for the user study via the data collection and
processing procedures outlined in Section 4.1.1.

In the study, the researcher first introduced Needle’s features.

Next, moderators engaged in two primary tasks using Needle to
simulate their content moderation workflow (§5.3), followed by
a semi-structured interview that asked them to comment on the

4Retrieved from Reddit API reddit.subreddits.popular

features and design of Needle, as well as how Needle can be inte-
grated into their current workflow. Moderators were encouraged to
think aloud while completing the tasks, verbalizing their decisions,
questions, and reactions when they were interacting with Needle.

All user study sessions were conducted via Zoom in English.
Each session lasted approximately one hour, and each participant
was compensated with a $20 Amazon gift card. Each session was
audio-recorded, transcribed, and anonymized. We also log their
interaction data with Needle.

Ethical Considerations. To minimize disruption to online com-
munities, we simulated the moderation environment using scraped
data collected a day prior to each user study session. This approach
ensured participants worked with recent, familiar content while
avoiding direct intervention in live communities. Participant re-
cruitment was conducted through modmail, and we carefully ex-
cluded communities whose rules explicitly prohibited unsolicited
messages or research recruitment. We obtained oral informed con-
sent from all participants and implemented measures to protect
anonymity by avoiding collecting real names or personally iden-
tifiable information. All potentially identifying information were
removed. All research procedures were reviewed and approved by
our Institutional Review Board.

5.3 Tasks

To mimic a typical moderation process and to encourage the ex-
ploration of Needle’s features, we designed the following tasks
for moderators. During the study, moderators were encouraged to
think aloud and describe how each feature influenced their decision-
making process. If moderators did not explore certain features, re-
searchers would reintroduce the features to ensure comprehensive
evaluation.

5.3.1 Locating Threads. In the first task, moderators were asked to
locate discussion threads of interest within their subreddit. Using
Needle’s overview features, they explored the feed to identify posts
that might warrant their attention.

5.3.2  Moderating Comments. In the second task, moderators clicked
into one of the identified posts to review its recent comment threads.
For each comment, they could decide whether to remove it if it

clearly violated subreddit rules, or report it if it was ambiguous.

5.3.3 Interview. Following the two tasks, each participant took
part in a semi-structured interview. The interview explored their
overall impressions of Needle, how it compared to their existing
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moderation workflow, and how specific features supported or hin-
dered their decision-making. Participants also provided feedback
on desired improvements and reflected on Needle’s potential to
reduce cognitive load during moderation.

5.4 Analysis

We analyzed the interview data using thematic analysis. Given
our focus on system evaluation, we deductively mapped partici-
pant feedback against our three initial Design Goals (Section 3)
to validate Needle’s objectives. Simultaneously, we remained open
to inductive themes from the data outside of these pre-defined
categories. During the coding process, two researchers first collab-
oratively coded three transcripts, discussing their interpretations
and identifying preliminary themes, such as challenges moderators
face, their needs, and how system features could address those
needs. These discussions produced an initial, flexible set of codes
and themes. One researcher then coded the remaining transcripts,
continuing to consult with the second researcher when uncertain-
ties arose.

6 Results

From our study, we found that Needle successfully transformed
design guidelines into practices and can be integrated to support
moderation workflows in several key ways. All participants agreed
that Needle has the potential to aid in moderation tasks or in their
own moderation processes. Reactions were predominantly positive,
though some concerns emerged regarding the toxicity detection
mismatches with community-specific norms. Despite these con-
siderations, five of ten moderators had outlined ways that Needle
would complement their existing toolkit effectively (Section 6.5).

We organize our findings to reflect both Needle’s intended design
objectives and the broader sociotechnical context of moderation.
We begin with moderators’ overall reactions to Needle’s interface
and features (Section 6.1), which provides important context for
understanding how they engaged with specific design elements.
We then examine how Needle addressed each of its three design
goals (Sections 6.2-6.4), evaluating whether Needle achieved its
intended objectives. Finally, we present themes that emerged induc-
tively regarding Needle’s practical viability in real-world contexts:
how moderators envision integrating Needle into their existing
workflows (Section 6.5) and remaining challenges that need to be
addressed for practical deployment (Section 6.6).

6.1 Moderator Impressions of Interfaces and
Features in Needle

Overall, moderators expressed that the interface is quick and easy
to use. In the feed-level interface, eight out of ten moderators ex-
pressed that they found the features involving toxicity values to
be useful. They adjusted the toxicity threshold (Figure 4-a2) more
often than the score threshold, with an average 270.8 adjustments
to the toxicity threshold per user study session compared to 35.6
for the score threshold. The histograms (Figure 4-B) were found to
be generally helpful for making sense of the toxicity threshold as
well as for understanding the high-level community health. How-
ever, one moderator did report that the histogram was difficult
to understand and that they were not familiar with this type of
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visualization. Seven out of ten moderators found the time setting
and time zooming (zoom in/out timespan) not necessary, as they
mostly moderate relatively frequently on the subreddits and do not
need to adjust time range.

Participants also found the sorting effective, and many would sort
by the highest toxicity comments (Figure 4-C). In terms of each post
and the accompanying visualizations, moderators found it easy to
understand. For most moderators (7 out of 10), the temporal graphs
(Figure 4-d2) were useful for highlighting anomalies in threads and
understanding trends; however, many of them (5 out of 10) also note
that they used the bar (Figure 4-d1) to make comparisons between
posts, therefore guiding their attention to the most toxic posts.

At the feed-level, moderators generally began with the system’s
default toxicity threshold (0.2) and sorted by the highest-toxicity
comments (6 out of 10), as three of them mentioned sorting is
a common functionality they used in Reddit’s moderation tool
(Mod Queue). To gain an early sense of community health and
to orient themselves to the range of toxicity values, they often
glanced at the visualizations for the first few surfaced posts. From
there, moderators drew on the visual summaries in ways that fit
their own routines: the histogram helped them interpret the overall
distribution of toxicity across the subreddit, while the temporal
activity charts could show toxicity spikes in problematic behavior
occurred as they adjusted the threshold. Because their first task was
to identify a thread to examine in depth, all moderators adjusted
the threshold or sort until the charts revealed a post containing at
least some toxic comments.

In the thread-level interface, moderators generally found the
interface easy to navigate without confusion. The highlighting
and filtering features (Figure 5-e1&e2) were the most appreciated
features identified by moderators, with eight out of ten reporting
them as useful. Moderators also expressed that the the approve and
delete buttons were also intuitive and helpful as they showed their
moderation actions on the posts. However, due to the low number of
replies most top-level comments receive, the visualizations for TLCs
(Figure 5-F) were not as helpful as the visualizations for threads, as
6 out of 10 moderators noted, and the “jumping to” feature (Figure 5-
f3&g3) was not often used.

At the thread level, moderators were typically drawn directly to
the highlighted comments or filtered to view only toxic comments.
They then began examining these comments more closely, adjusting
the toxicity threshold as needed once they could see how the toxicity
values mapped onto the actual content.

6.2 Design Goal 1: Transforming Textual
Content into Intuitive Visual Patterns

We found that our multi-level visual summaries were largely effec-
tive in surfacing patterns in recent activity and supporting efficient
moderator awareness.

Seven out of ten moderators reported that thread-level visualiza-
tions were effective, with three moderators specifically highlighting
the effectiveness of visualizing individual TLCs. Moderators fre-
quently expressed that our visualization approach offered superior
functionality compared to existing Reddit moderation tools and has
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the potential to fit right into their preexisting workflows. One mod-
erator specifically stated how Needle’s feed-level overview aligns
with their typical practices:

“This is interesting, like, [visualizations] for threads is
much more useful than what we have...in Mod Queue or
toolbox, you can’t see that[discussions/replies] at all. So
I've gone into the thread to go make sure I get everything
that’s in there.” (P1)

The visualization features that most effectively supported aware-
ness and detection of problematic content were the thread-level
toxicity graphs and the temporal activity visualizations. These tools
transformed moderation from sequential text review to pattern
recognition, allowing moderators to quickly identify anomalies
without manually reviewing each comment one by one. As P2
noted:

“If I see this graph and it starts not looking like this[toxicity
line stays low], then I should do something about it. I
think there’s value in that, and it makes it very easy for

»

me.

This capability proved especially valuable for identifying con-
tentious discussions:

“If I could just look at that visualization of what’s hap-
pening on the subreddit, then that could help me choose
which threads to look at and see if there’s too much
fighting going on.” (P7)

These visual patterns may substantially alter traditional mod-
eration workflows. Rather than processing comments one-by-one,
moderators adopted a more strategic approach: first identifying
potential hotspots through our visualizations, then investigating
those specific areas. This triage-based workflow can support more
efficient attention allocation by directing moderator attention to ar-
eas of greatest concern. Additionally, the ability to visually scan for
patterns enabled more proactive moderation, with moderators iden-
tifying potentially problematic threads before they accumulated
multiple reports.

Within individual TLC visualization, moderators reported lim-
ited utility due to low amount of activity within the replies of
individual TLCs. As P1 noted:

“T think the visualizations work pretty well for what
their intended purpose is like, even with just the small
number of comments you scraped like they made sense...
the visualizations work. We just don’t give it enough to
visualize.”

This suggests that while the visualizations function as intended
even with modest data, visualization effectiveness scales with con-
tent volume, being most valuable at the thread level where patterns
become more meaningful.

6.3 Design Goal 2: Directing Attention Through
Metrics and Visual Cues

We found that Needle’s implementation of toxicity metrics and high-
lighting features was successful in supporting informed decision
making for moderators. These features effectively addressed the
moderators’ need for attention-directing mechanisms that could
help them navigate large volumes of content efficiently.
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6.3.1 Enhanced Decision Support Through Toxicity Metrics. Moder-
ators found Needle’s toxicity metrics were notably more effective
than Reddit’s native tools. As P6 remarked:

“[Needle] seems to work a little bit more intelligently
than the tools that Reddit has initially...this is the sort
of tool that can help you find that[unreported contents]
for any sort of subreddits.”

Specifically, these toxicity metrics helped moderators pinpoint
problematic content that might otherwise go unnoticed, with P1
noting that it was more helpful than standard Reddit tools since
the Mod Queue sometimes missed toxic comments that were unre-
ported.

The value of toxicity metrics was particularly evident for high-
volume subreddits where manual review becomes impractical. P5
explained the challenge of scale in very large subreddits where
moderators need to perform thousands of actions per day just to
keep pace with incoming content. While our study did not measure
task completion time quantitatively, four moderators mentioned
that in these environments, toxicity detection significantly reduced
cognitive load to identify toxicity. Three moderators expressed
interest in customizable toxicity thresholds that would allow them
to receive alerts when unusual patterns emerge. P9 suggested they
would set high thresholds to identify threads receiving an abnormal
number of toxic comments, allowing for more targeted intervention.

Another common usage of toxicity metrics was as a reference
point to aid in their decision-making process. For example, P10 said
that:

“[Toxicity is like a] second opinion on stuff if I don’t
know I should remove it or not.”

6.3.2 Improving Content Processing Through Visual Highlighting.
The highlighting feature proved particularly effective at directing
moderator attention, with eight out of ten moderators acknowledg-
ing and appreciating this function primarily for its efficiency bene-
fits. P1 noted that highlighting would help them process threaded
sections much faster. And as P5 noted, quick processing is a fun-
damental requirement for effective moderation. The color-coded
system provided immediate visual cues that guide moderator at-
tention, with P3 explaining that their eye naturally gets drawn to
content highlighted in red, which guided their attention similarly
to how their existing filters flag content.

Visual highlighting also appeared to improve moderation thor-
oughness, with three moderators mentioning how it helped them
catch problematic content they might otherwise have missed when
reviewing comments across their entire subreddit. By combining
toxicity metrics with visual highlights, moderators were able to
implement a more strategic, targeted approach to moderation.

Although our highlight function identifies comments based on
multiple metrics—including high scores, toxicity levels, and com-
bined metrics (toxicity and score)—six moderators specifically noted
that score metric fall outside their typical concerns in moderation
process. Therefore, score is not a useful metric for them. Thus, the
combination of toxicity and visual highlighting emerged as partic-
ularly effective. Together, they were described by moderators as
reducing cognitive effort and enabling more systematic navigation
of large comment volumes.
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6.4 Design Goal 3: Adapting to Community
Needs Through Customizable Settings

We found that our implementation of adjustable thresholds gave
moderators meaningful ways to customize Needle to their needs.
Our findings support the importance of this flexibility, particularly
in how moderators interpret and apply toxicity thresholds across
diverse community contexts.

Moderators actively experimented with toxicity thresholds to
calibrate the tool to their community’s specific communication
norms. They demonstrated a process of exploratory calibration to
find appropriate settings. P4 described needing to adjust thresh-
olds repeatedly to determine the right sensitivity level for their
community. By testing content against different thresholds, mod-
erators gained additional context for judgment calls. Moderators
also expressed interest in understanding the underlying mechanics
of toxicity detection to better calibrate thresholds. For example, P1
noted curiosity about what specific text patterns triggered higher
toxicity values.

6.5 Integration with Existing Moderation
Workflows

We investigated how Needle can integrate with existing modera-
tion practices as it is essential for evaluating its practical utility.
Moderators reported using a variety of native Reddit tools includ-
ing AutoMod, Mod Queue, and user history cards, while operating
across both mobile and desktop platforms. Three moderators also
mentioned utilizing external communication tools such as Discord
and Slack for moderator discussions and coordination. Therefore,
due to the diversity in moderation tools, there is no “one-size-fits-all”
solution that Needle can fit into every tool.

We found that the visualization graphs could integrate into exist-
ing workflows in meaningful ways by helping moderators identify
emerging problematic topics and add relevant keywords from these
discussions to their filters. For example, P2 explained that:

“If we see a big spike in that graph, we’re just like, okay,
what is the topic that’s being discussed? Let’s go ahead
and add, you know, the words related to this topic to
our auto moderator.”

This demonstrates how Needle’s visualizations can directly enhance
existing AutoMod configurations by helping moderators proactively
identify conversation trends and trajectories that require additional
monitoring.

Toxicity metrics were also reported to be useful to integrate
into existing workflows. Five moderators mentioned performing
moderation activities directly from the Reddit feed, using sorting
functions to prioritize content review. This behavior aligns well
with Needle’s feed-level interface and enhanced sorting capabilities
(with toxicity metrics), suggesting another way to integrate the
tool into existing workflows.

6.6 Open Challenges and Unaddressed
Moderator Needs
While Needle demonstrated effectiveness in addressing workflow

efficiency challenges, our interviews revealed a persistent challenge
that requires further development: the nuanced understanding of
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community-specific language and norms. Six moderators consis-
tently emphasized how community-dependent language compli-
cates automated toxicity detection across different communities.
This highlights the need for more community- and context-sensitive
models to detect norm violations [30, 47].

Moderators across gaming, sports, and fandom subreddits high-
lighted how domain-specific language often triggers false positives
in toxicity detection. P5 (from a game’s subreddit) noted that “toxic”
phrases can be praise in gaming culture, while P2 (from a sport’s
subreddit) pointed to emotional sports talk as a source of misclas-
sification. P3 (from a TV show’s subreddit) and P6 (from a game’s
subreddit) emphasized the role of show-specific jargon and fictional
context in defining toxicity. While Needle’s adjustable thresholds
help, moderators like P9 stressed the need for a model that under-
stands niche vocabularies and cultural nuance, as well as specific
removal patterns in the community.

7 Discussion

In this paper, we presented a multi-tiered visual analytics approach
in Needle, translated design principles from prior HCI research into
practice, and demonstrated how Needle can enhance moderation
workflows beyond Reddit’s current tools. Through a user evaluation
study with 10 Reddit moderators, we found that Needle’s design
and features effectively addressed three core challenges in content
moderation: (1) detecting anomalies via visual patterns in text, (2)
surfacing problematic content through toxicity metrics and visual
cues, and (3) accommodating diverse community norms through
customizable thresholds.

Needle provides aggregated metrics at the subreddit level for
comprehensive community health assessment, visualizes toxicity
and activity patterns at the thread level to reveal conversation
health without requiring exhaustive reading, and incorporates tem-
poral visualizations to help moderators detect emerging issues. This
layered approach helped transform overwhelming textual content
into intuitive, scannable visualization patterns that can reduced
cognitive load on Reddit moderators (G1).

We also introduced attention-directing mechanisms in Needle
that combined multiple data sources to identify potentially prob-
lematic content (G2). By integrating toxicity analysis, community
signals like voting patterns, temporal anomalies that may indicate
coordinated behavior, and customizable highlighting, Needle helped
moderators focus on areas requiring intervention. By synthesizing
these signals, Needle supported more informed decision-making
while preserving human judgment in the moderation process.

Finally, we developed a customizable moderation system that
can be adapted to diverse community needs and contexts (G3).
Needle incorporates adjustable thresholds for different metrics, vi-
sualization scaling that accommodates various discussion sizes, and
customizable panels that allows moderators to tailor their view
based on community-specific priorities. This flexibility ensures that
the tool can serve communities with different norms, sizes, and
moderation approaches without requiring technical expertise to
configure.

Next, we discuss the implications of our findings, design consid-
erations to inform future tools, and next steps for Needle’s develop-
ment.
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7.1 Tools to Navigate Threaded Discussions and
Guide Moderator Attention

Needle’s success highlights the effectiveness of visualization-based
approaches in transforming moderation workflows from sequential
text review to pattern recognition. By converting textual content
into visual patterns, moderators can quickly identify anomalies
and potential issues without manually examining each comment.
This approach fundamentally changes how moderators navigate
large volumes of content—moving from linear processing to a more
strategic workflow that improves both efficiency and effectiveness,
as well as helping distance moderators from immediate trauma
[46, 80, 86].

While prior systems like ConvEx [16] or ConVis [38] support
sense-making in linear or topic-based formats, they do not address
the “branching” complexity of threaded discussions [2]. In Needle,
particularly effective was the thread-level toxicity visualization that
allowed moderators to identify problematic discussions at a glance.
As P2 noted, these visualizations make it “very easy” to determine
when intervention is necessary. This capability proves especially
valuable for high-volume subreddits where manual review becomes
impractical, addressing what P5 described as the “scale challenge”
where moderators need to perform thousands of actions daily.

Additionally, Needle supports a shift from individual to community-
level situational awareness. Unlike Reddit’s current ModQueue,
where comments are presented as isolated infractions stripped of
conversational context [4], Needle’s visualizations serve as a signal
directing moderator attention to specific, escalating threads. Fur-
thermore, customizable thresholds allow moderators to explicitly
calibrate these signals to their specific community norms [14, 28,
75], empowering them to intervene early in toxic cascades [14].

To illustrate the practical implications of Needle, Table 3 com-
pares the workflows in Needle with native moderation tools includ-
ing AutoMod and Mod Queue in Reddit. Reddit’s ModQueue is the
primary interface used by moderators, which shows a linear list of
comments that are identified through AutoMod rules or flagged by
users pending reviews from the moderators [4].

7.2 Design Implications

We identify several key implications for designing effective tools
specifically suited for community-driven moderation:

7.2.1 Customizability and Adaptability to Community Norms. A
critical theme that emerged in our study is the need to account
for community-specific norms. Unlike commercial moderation that
enforces uniform global policies [80], volunteer moderation of-
ten involves adapting to community rules and cultures [12]. This
variability creates challenges for standardized toxicity detection
systems, which often fail to account for contextual nuances in
community discourse. Future moderation tools should incorporate
community-sensitive models that can learn and adapt to specific
subreddit cultures, rules, and communication patterns.

The need for customization goes beyond adjustable toxicity
thresholds to fit into different moderation philosophies. Some com-
munities prefer tools that support positive reinforcement in addi-
tion to content removal. Four moderators, for instance, described
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practices such as awarding flairs, identifying potential future mod-
erators, and extracting high-quality comments to include into com-
munity wikis. This aligns with recent HCI work exploring the role
of positive reinforcement in moderation [54] and highlights the
need for future research into systems that facilitate such positive
moderation actions.

7.2.2  Multi-level Agency and Overview. Needle’s implementation
of both feed-level and thread-level interfaces demonstrates the im-
portance of providing multiple perspectives on community content.
Moderators need the ability to transition between high-level pat-
tern recognition and detailed comment review. This multi-level
approach supports different moderation strategies—from proactive
identification of emerging issues [35, 75] to targeted intervention
in specific discussions [16].

Effective moderation tools should provide clear visualization
pathways between these levels, allowing moderators to quickly
drill down from community-wide patterns to specific problematic
content. This capability supports informed decision-making by
providing both context and detail when needed.

7.2.3  Human-in-the-Loop Approaches. While automation can sig-
nificantly improve moderation efficiency, our study reinforces the
critical role of human judgment in content moderation. Our find-
ings suggest that moderators do not view algorithmic signals as
absolute truth but rather as one of several inputs to be triangulated
with their own domain expertise.

Moderators valued Needle not as a replacement for their decision-
making but as a tool that enhances their capabilities through such
as “second opinion” support (P10) and strategic attention direc-
tion. Specifically, when content sits in a gray area, these “second
opinions” (e.g., toxicity scores) help moderators to preform a sanity-
check their own interpretations and gain confidence in borderline
decisions. Additionally, by design, Needle is intended to assist mod-
erators by drawing attention to potentially problematic areas rather
than taking automated actions on their behalf. The toxicity metrics
support strategic attention direction by filtering large volumes of
content and highlighting areas that warrant closer human review.
Three moderators also explicitly mentioned that all their moder-
ation decisions are purely human-based to capture community
norms and adherence to past moderation standards.

This finding suggests that moderation tools should be designed
with a human-in-the-loop philosophy, where technology augments
rather than replaces moderator judgment [12, 16, 37, 40]. The ideal
approach combines algorithmic efficiency with human discernment—
using technology to filter and highlight potential issues while pre-
serving moderator agency in final decision-making. This human
oversight is particularly important in the generative Al era, where
automated tools and LLMs still struggle with nuance and false
positives [16, 52]. Human moderators remain necessary to correct
algorithmic errors, making visualization tools like Needle essential
for scaling this human review process.

7.2.4  Enabling Proactive Moderation. A significant limitation of
traditional moderation tools is their predominantly reactive na-
ture, requiring moderators to respond to issues after they emerge.
Needle’s visualization capabilities demonstrate potential for shift-
ing toward more proactive moderation approaches. By visualizing



CHI *26, April 13-17, 2026, Barcelona, Spain

Yijun Liu, Frederick Choi, and Eshwar Chandrasekharan

Design Goal (DG)

Native Tools

Needle’s Workflow

Conceptual Shift

DG1: Multi-level
Visual Summariza-
tions

Linear comment lists in Mod Queue
strip conversational context across
threaded branches. Moderators
must manually click into threads
to understand discussion flow and
reply hierarchies [4].

Feed-level temporal visualizations
and thread-level toxicity graphs
enable pattern recognition at a
glance. Segmented breakdown
bars compress entire discussions
into scannable signatures showing
toxic/highly-scored content propor-
tions.

Moderators transitioned from
sequential text review to strate-
gic triage, identifying hotspots
before reading individual com-
ments.

DG2: Directing At-
tention & Providing
Actionable Insights

Moderators rely on community re-
ports and keyword-based AutoMod
filters [44]. Flagged content appears
isolated as individual comments in
Mod Queue without surrounding
conversational context, potentially
missing unreported violations.

Visualizes toxicity and voting sig-
nals in situ within the threaded con-
versations. Uses color-coded high-
lights to guide attention to problem-
atic clusters without removing them
from the surrounding dialogue. Cus-
tomizable sorting prioritizes high-
toxicity threads.

Moderators shifted moderation
from reactive flagging to proac-
tive conversation health moni-
toring.

DG3: Adapting to
Diverse Community
Needs

Static AutoMod keyword rules re-
quire manual configuration and ap-
ply uniformly once set [44]. While
keywords can be tailored to commu-
nities, they lack nuance for context-
dependent toxicity (e.g., whether
gaming slang is toxic depends on

Adjustable toxicity and score
thresholds with real-time histogram
feedback showing community-wide
distributions. Moderators calibrate
sensitivity through exploratory
threshold testing to match their
subreddit’s communication culture.

Moderators actively exper-
imented with thresholds to
accommodate domain-specific
language compared to a rigid
list of keywords.

conversational context, not just the
words themselves) [13].

Table 3: Conceptual comparison of moderation workflows supported by native Reddit tools and Needle, categorized by our

design goals.

temporal patterns and discussion trends, moderators can monitor
conversational trajectories and identify potentially problematic
conversations earlier in their development [14, 56, 94]—before they
escalate to require intervention.

7.3 Next steps for Needle

Based on our findings, we identify several promising directions for
future development of Needle:

7.3.1  Developing Community-Specific Toxicity Models. Moderators
consistently noted the limitations of generalized toxicity detec-
tion. Future work should develop subreddit-specific models trained
on community norms, prior moderation actions, and unique com-
munity vocabulary. Additionally, incorporating contextual signals,
such as discussion topics and user reputation, could help the system
better interpret niche language and improve detection accuracy.
Designers and developers should collect details on the specifics
about community rules and practices, as they vary in forms [23,
70]. For example, one moderator explicitly mentioned that they
used word count to remove comments, as their subreddit required
sophisticated answers citing credible sources; another moderator
expressed that an image-based models would be useful to detect
toxicity, as a lot of toxicity came from images in their community.

7.3.2  User-Level Information Integration. Five moderators empha-
sized the value of incorporating user history and behavior patterns

into moderation decisions. Future versions of Needle could include
user-level signals such as prior comment quality or moderation
history directly in the interface, helping moderators determine
whether a comment is part of a broader behavioral pattern. These
signals could be further visualized or calculated to similar metrics or
summaries currently used for comment- and thread-level insights.

7.3.3  Positive Moderation Features. While Needle currently focuses
on identifying problematic content, moderators expressed interest
in tools that would also help them identify and promote positive
reinforcement [17, 57]. Future development could expand Needle’s
capabilities to include features for recognizing desirable behav-
ior [29], highlighting quality comments [68], and implementing
positive reinforcement through awards, flairs, highlights, or adding
to the subreddit’s wiki or weekly digest to incentivize participation
and motivate contributions [24, 54, 55].

7.3.4  Expanding Needle to Assist Reddit Users. Beyond moderation,
Needle could also support everyday users in navigating and making
sense of large-scale discussions. For example, visual summaries like
activity bursts and toxicity spikes can help users obtain overviews
of discussion threads. Similarly, surfacing highly active threads can
guide users to the most relevant or interesting parts of a discus-
sion. These features may improve engagement and promote more
informed participation among social media users. Broadly, further
research is needed to examine the influence of both textual and
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visual summaries on how users consume, interpret, and make sense
of large-scale online discussions.

7.4 Limitations

The study presents several limitations.

First, the evaluation was conducted in a simulated environment
with pre-scraped data rather than during live moderation. This
choice minimized disruption to real communities and allowed us
to control for variability in Reddit’s API, but it also meant that we
were unable to capture the pressures and dynamics of real-time
moderation.

Second, Needle was evaluated as a standalone tool rather than
integrated with moderators’ existing workflows. We chose this
approach to isolate and examine its design features, and we asked
participants to reflect on how it might fit alongside their current
tools. However, this setup leaves open questions about exactly how
Needle would be adopted and used in practice when combined with
tools such as AutoMod and ModQueue. We envision a practical path
to adoption as a browser-based extension. This approach would
allow visualizations to function as an additional layer over Reddit’s
current interface.

Third, our evaluation did not include an ablation study to isolate
the individual contributions of specific system components (e.g.,
temporal visualizations or toxicity metrics). We chose this approach
because these components are tightly coupled and intended to be
used together to support moderation workflows. As a result, we do
not attribute observed workflow changes to individual components
in isolation. As we envision Needle working alongside existing
moderation ecosystems, future longitudinal studies could examine
how these features perform in combination or isolation with other
moderation tools.

Fourth, regarding scalability and data retrieval, Needle currently
relies on a pre-fetched JSON cache to ensure low latency for the
user study. In deployment, however, exclusively using real-time
Reddit API calls would face rate limits and network delays. A more
scalable approach would be to register target subreddits, pre-fetch
historical conversations, and run continuous background scraping,
enabling a hybrid of caching and incremental loading that balances
responsiveness with data completeness.

Lastly, we focused exclusively on Reddit to examine threaded
discussions. While threaded discussions also appear on other on-
line platforms (e.g., X or other forums with similar affordances and
moderation ecosystems [3]), we selected Reddit as a representative
testbed given its large scale and deeply layered thread structures.
Further research is needed to examine how visualizations can sup-
port users in navigating threaded discussions on other platforms.

8 Conclusion

Our system, Needle, demonstrates how visualization-based approaches
can transform content moderation workflows by converting over-
whelming textual discussions into interpretable visual patterns.
Our user study with 10 Reddit moderators revealed that the sys-
tem’s multi-level summarization capabilities, toxicity metrics, and
customizable interfaces effectively reduce cognitive load while en-
abling proactive identification of problematic content. Although
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challenges still remain in automated toxicity detection across di-
verse community contexts, Needle’s human-in-the-loop design suc-
cessfully augments moderator capabilities without replacing human
judgment. Our system can be readily extended to incorporate ad-
ditional conversational metrics and community-specific signals.
We hope that our findings will inform future approaches to cre-
ating visualization-driven tools that enhance human moderation
capabilities across diverse online communities.
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