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Figure 1: Design Framework of FRicTION. Users engage in a reflective cycle through three key stages to revise their essays based
on feedback. In Feedback Navigation (A), FRicTION breaks down and categorizes feedback, highlighting potential areas for
revision through a co-located heatmap, aiding in the detection of writing issues. In Reflective Planning (B), FRICTION encourages
translating feedback into actions by providing adaptive AI hints for diagnosing issues and strategizing improvements. In
Iterative Revision (C), FrRicTION offers Al-driven evaluation and suggestions, encouraging continuous reflection and iterations.

Abstract

This paper introduces FRICTION, a novel interface designed to scaf-
fold novice writers in reflective feedback-driven revisions. Effective
revision requires mindful reflection upon feedback, but the scale and
variability of feedback can make it challenging for novice writers to
decipher it into actionable, meaningful changes. FrRicTION leverages
large language models to break down large feedback collections
into manageable units, visualizes their distribution across sentences
and issues through a co-located heatmap, and guides users through
structured reflection and revision with adaptive hints and real-time
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evaluation. Our user study (N = 16) showed that FricTION helped
users allocate more time to reflective planning, attend to more crit-
ical issues, develop more actionable and satisfactory revision plans,
iterate more frequently, and ultimately produce higher-quality revi-
sions, compared to the baseline system. These findings highlight the
potential of human-AI collaboration to foster a balanced approach
between maximum efficiency and deliberate reflection, supporting
the development of creative mastery.
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Revisions through LLM-Assisted Re ection. @HI Conference on Human We aim tostrike a balance between e ciency and re ectionini-
Factors in Computing Systems (CHI '25), April 26 May 01, 2025, Yokohamanizing the strain of dealing with the complexity of feedback while
JapanACM, New York, NY, USA, 27 pages. https://doi.org/10.1145/3706598.exposing writers to the bene ts of re ective practice. We believe

3714316 that writers could bene t from a more deliberate, slowed-down
pace of interaction, which encourages deeper re ection. Prior work
. has shown that such re ection leads to higher quality results2].
1 Introduction

However, most learners do not naturally engage in meaningful
re ection without targeted intervention B, 17, 21, 23 83. The chal-
lenge lies in achieving a desirable di culty leveld] of re ection

by sca olding writers.

Generative Al o ers unique potential here: it can alleviate
information overload by revealing patterns among critiques and
from instructors and peers, but also from online communities)[ coach users through the process of re ection by o ering adaptive
and crowdsourcing platforms12Q quickly and a ordably. These hints. Based on the writing context and feedback, these hints
platforms improve availability of feedback and greatly expand its can pinpoint speci ¢ issues and suggest actionable solutions.
scale to dozens or hundreds of individual pieces of free-form text Rather than replacing writers in the revision process, generative
responses. This rapid access to diverse feedback o ers transfor- Al can quickly evaluate revised content and encourage iterative

Revision is essential for high-quality writing. It leads writers to
reassess, reorganize, and reconceptualize their wagk [E ective
revision typically involves gathering feedback from stakeholders,
re ecting on the identi ed issues, and making changes to address
them [6, 74, 113. Nowadays, writers can obtain feedback not only

mative potential in creative writing, especially for novices who
have historically struggled to obtain varied critiques for revision.

improvements. By augmenting sensemaking for initial information
processing steps and then slowing down parts of the process that

However, easy access to feedback can be a double-edgedrequire re ection, this approach is likely to foster deliberate prac-
sword. Even with only a dozen feedback responses, each one tice in revision behaviors, potentially delivering more sustainable

may contain critiques addressing di erent aspects of the writing,
creating potentially hundreds of more issues for authors to
address individually. For example, when an argumentative essay is
critiqued, a reviewer might point out the need for stronger evidence
to support key claims, suggest clarifying the thesis statement, and
recommend addressing potential counterarguments all within
the same textual comment. With additional readers, the volume
of critiques can expand exponentially, covering elements such as
claims, warrants, evidence, and rebuttals. The diversity of opinions
can also increase, with the same element receiving di erent
suggestions from di erent reviewers. This can leave novice writers
overwhelmed, unsure where to begin, and struggling to translate
feedback into improvements [42, 59].

To execute e ective revisions, writers must rst organize feed-

learning outcomes for writers in the long run [4, 35, 71].

In this paper, we introducériction 1(Figure 1) a novel Gen-
erative Al-powered interface designed to sca old novice writers
in structured, in-depth re ection on feedback for critical revisions.
First, it breaks down large feedback collections into manageable
units, identi es writing problems, and predicts their distribution
across the essay. This information is presented via a co-located
heatmap (Figure 1A) to help users navigate feedback and struc-
turally address a certain type of issue across di erent sections. It
also visualizes helpfulness metrics to help users prioritize feedback.
Upon selecting a problematic sentenégiction prompts users to
cluster similar feedback units and plan actions for each cluster, main-
taining a detailed focus on valuable comments. If users struggle with
diagnosing problems or proposing solutiorfssiction o ers adap-

back comments based on common issues, identify problematic areas tive hints for inspiration (Figure 1B). As users revise their sentences,

from a group of similar critiques, and then engage in a re ective
planning process by diagnosing speci ¢ de ciencies and formu-
lating a revision strategy424. Once this plan is in place, revision
often involves multiple cycles, as authors continuously re ne and
reassess their work until the issues are considered resol3sH |
However, novices often lack the necessary skills and experience to
navigate this complex, iterative process [26, 42, 122].

Current research in Human-Computer Interaction (HCI) has
primarily focused on generating feedback summaries or suggested
changes by Al for rapid revision]], 62 80, 95 107. For example,
students can input the feedback they received to ChatGPT and
ask it to regenerate the full article based on the feedback. While
these approaches have shown promise in helping writers revise
e ciently, several challenges remain: 1) focusing on high-level
summaries can obscure potentially valuable individual comments
and may collapse the distribution of issues in a writing sample,
making it harder to identify problematic areas for broader
improvement; and 2) introducing easy alternatives short-circuits
the re ective learning process and poses the risk of deskilling,
leaving fewer opportunities for novices to practice their writing
skills and bring in their own perspectives.

Friction evaluates the improvements and provides explanations
to encourage continuous re ection and iteration (Figure 1C). In
addition to outlining the design and development &fiction , we
will show that our generative model pipelines were able to provide
useful support with low risk of error or miscommunication through
a technical evaluation. While this paper focuses on argumentative
writing as an example domain for system design, our approach is
applicable across various writing genres that require feedback.
To evaluateFriction , we conducted a within-subjects study
(# =16 and compareériction with a baseline consisting of a chat
assistant and a similar interface without key features of our system.
Results indicated thakriction enabled participants to navigate
feedback more quickly, encouraging them to dedicate more time to
re ective planning. The feedback heatmap was reported as particu-
larly e ective in enhancing participant sensemaking of both global
and local issues in their writing. During re ective planning, par-
ticipants addressed nearly three times as many feedback instances,

LFriction is an acronym forFeedback tdRevision with Al Support in Action . The
name was inspired by the educational philosophy of introducing desirable di cul-
ties in learning that require considerable, but desirable, e ort to improve long-term
achievement [9].
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with over 80% targeting deep, content-related issues, and produced  Another line of research has invented new visual representations
longer, more actionable, and more satisfactory action plans. When for the semantic characteristics of textual feedba@k[118 123.
revising sentences, they iterated more times per sentence, which For instance, Deciphe2b 127 visualizes the topic and sentiment
resulted in higher quality revisions and greater satisfaction withthe  structure of feedback, aiding novice designers in interpreting feed-
outcomes. Our ndings suggest that human-Al interactive systems back from multiple sources. While these visual approaches are
can strike a balance between accelerating tasks and encouraging e ective in helping users understand the sources and content of
deliberate re ection, helping users to develop true creative mastery. feedback, they often stop short of guiding users through the process

In summary, this paper presents the following contributions:

a new approach that leverages Al to support writers in re-
ecting on and acting upon received feedback during the
revision process, rather than replacing writers by regenerat-
ing the entire text;

Friction 2, an Al-powered writing support system that im-
plements this approach by helping novice writers organize,
navigate, and act on feedback through features like an in-
teractive feedback heatmap, Al-generated action hints, and
real-time iteration evaluation;

empirical ndings from a within-subject user study that
demonstrate the e ectiveness dfriction in fostering re-
ective behaviors and facilitating revision.

2 Related Work

2.1 Feedback Tools
In creative elds like design, writing, and music, gathering feed-

of planning and implementing their revisions.

In contrast, our work introduces a framework that supports
novice writers by providing sca olding for feedback interpretation,
re ective planning, and iterative revision. Our system walks
users through the process of translating feedback into actionable
revisions, helping them move beyond merely understanding
feedback to e ectively applying it in practice.

2.2 Re ection Interventions

Creativity can be learned through re ection. Sch689 introduced

the concept of re ection-in-action, emphasizing the importance
of regular re ection for professional creators to think critically as
new information, such as feedback, becomes available. Similarly,
Handley et al. 52, in their work Beyond “doing timeunderscore

the importance of deliberate re ection in the process of engaging

back from diverse audiences is essential for achieving successful ith feedback. They argue that simply collecting and skimming
outcomes. To streamline these feedback cycles, HCI researchersthrough feedback is insu cient; true value arises when feedback

have developed a range of techniques for e ciently collecting high-
quality feedback at scaler[ 22 48 70 124. For example, crowd-
sourcing platforms like Voyant11§ and CrowdCrit [84 enable
creators to obtain structured feedback from crowds. However, peo-
ple from diverse backgrounds and areas of expertise may prioritize
issues di erently. Even when evaluating the same design elements,
they can o er varying, sometimes contradictory, opinions [55].

The complexity of feedback makes its e ectiveness dependent on
recipients' ability to interpret, learn, and act on it. Prior research has
shown that novices are less likely than experts to recognize key in-
sights from feedback for improvement. Instead, they often rely
on personal preference, focusing on feedback that is positive, easy to
implement, or aligning with their existing ideas. Thus, despite hav-
ing access to high-quality feedback, they tend to make super cial

is mindfully re ected upon, interpreted, and used to deepen
understanding, ultimately leading to changes in behavior.

Re ection occurs throughout the revision proces]]. It induces
cognitive dissonance, reconciling writers' current output with their
intended text B1, 40, 69 and thereby promoting e ective action on
feedback and the development of writing skill63 97, 109. How-
ever, most learners do not deliberately engage in meaningful re ec-
tion without intervention [8,17,23 83 12§, suggesting thatare ec-
tion process needs to be explicitly guided within the system design.

Researchers, therefore, designed various interventions for learn-
ers, such as re ection prompts with hintsl[7] and a toolbox of
re ective strategies B9. For example, Chi et al.1F found that
prompting students to self-explain each step of the re ective process
causes higher learning gains than having them study the material

changes rather than addressing deeper content issues [47, 82, 85].without such prompting. Jackson et ab§ noted improvements

To support feedback interpretation, previous work has intro-

in students' feedback utilization and academic performance when

duced methods that aggregate feedback into issue categories to required to formulate action plans based on their coursework feed-

help users navigate large-scale feedbat® B4 11§. For example,

ReviseO %9 categorizes feedback as related to semantics, language,

or mechanics. However, writing feedback goes beyond responding
to di erent issues and often hints at areas that need to be revised.
Identifying problematic areas and assessing their severity are
often more di cult for novices [47, especially when feedback is
given in free-form text from online communities or crowdsourcing
platforms. To address it, our work visually aggregates feedback
along two dimensions: issue type and the targeted areas of the text,
enabling users to both understand feedback holistically and apply
it more e ectively to speci ¢ sections of their writing.

2We open-sourced our code at https://github.com/zhangchaodesign/friction to promote
reproducibility and community engagement.

back. Choi et al. 17 demonstrated the e ectiveness of re ective
hints to increase delayed knowledge transfer and learner percep-
tion of learning. However, these pedagogical materials often fail
to provide personalized guidance tailored to each student's unique
writing challenges and diverse feedback.

With the rapid advances of large language models (LLMs),
HCI researchers have explored a few new ways of leveraging
its generative capacity to support re ection. For example,
Jamplate 19 integrates LLM-generated responses into design
template, helping designers re ect on their creative ideas. These
prior systems provided initial evidence of the e ectiveness of
LLMs in supporting re ection, which inspired us to explore its
adaptability in feedback-driven revision scenarios.
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2.3 Intelligent Writing Interfaces

The HCI community has a long-standing interest in designing in-
teractive writing interfaces 7§. These interfaces support writers
in various writing stages, ranging from brainstorming ideagq 98
125 127 and planning outlines 133 to drafting content [18 30,
58, 64, 73, 123] and re ning existing text [1, 62, 80, 95, 107].
Among writing revision tools, commercial applications like
Microsoft Word and Grammariy generate suggestions for users to
address convention or grammar, uency, and organization changes.
Ref-N-Write* enhances this by focusing on stylistic improvements
for more professional or academic writing. Academically, tools
designed to aid novices in scienti ¢ writing suggest more uent
sentence alternatives3R, 60 62 67, 87 and typically present users
with multiple revision options fL1, 60, 79, 95 123. Each option
is often accompanied by a con dence score to help users select
the most appropriate variant3g 44. While these approaches
are e ective for quick revision, they o er fewer opportunities
for authors, especially novices, to practice their writing skills
in the presence of easy shortcuts. Importantly, writers may lose
ownership with Al taking more agency in generating conterg(j.
Inspired by Zhou and Sterman'’s concept©feative Strugglgl33
in Al-assisted writing, our work aims to balance enabling creative
momentum by o oading e orts in feedback sensemaking, while
still allowing enough creative struggle for writers to develop skills.

Zhang et al.

goals thatFriction seeks to achieve. Then, we will demonstrate
the main features ofriction , which support users at each leverage
point in the revision work ow namely, detection, diagnosis, strat-
egy, revision, and evaluation by illustrating how a novice writer,
Lee, would interact with the system to revise her essay. Lastly, we
elaborate on the implementation dfriction and an evaluation to
examine the capabilities of its technical pipelines.

In our demonstration ofFriction , we chose argumentative
writing as an example domain to help design the system. Argu-
mentative writing is a task that requires individuals to present and
defend their perspective on a speci c issue or topic. Itis particularly
important in educational settings, where itis commonly assigned to
novice writers to help them practice and develop essential writing
skills [135. To e ectively convey their argument, writers must en-
gage in clear, structured reasoning, consider other viewpoints, and
transform their stance into a persuasive written piece. This process
o ers a valuable opportunity for feedback and improvement,
enabling learners to strengthen their claims, re ne supporting
evidence, and enhance their overall writing ability [76, 77, 89].

3.1 Feedback-Driven Revision Work ows:
Learning from Expert Practices

To design an e ective system, we drew from past research on the
speci ¢ work ow that experts follow when conducting feedback-

Instead of suggesting changes, some tools generate automatic yiven revision B2 59 72 123. Pushing students to adopt expert

visual or numerical assessments for writing qualit§ 117. For
example, AL 117 visualizes the relations of sentences in an argu-
ment and scores their persuasiveness,. ArgRewit&J tracks and

practices has been shown to lead to positive educational outcomes,
because they learn new and e ective strategies for improving their
work [29 97. Following this thread of research, we extrapolate

assesses changes made by a writer for each sentence. Sentenceg,o step-by-step improvements observed from expert practices:

represent a natural boundary of text, which allows for clearer de-
marcations where edits are needed, facilitating easier tracking and
application of changes. Following previous sentence-based revision
interfaces B0, 111 130, we also set sentences as the scope of re-
vision spans. In addition, Sterman et al.qg developed a visual
interface that allows users to explore and analyze styles across large
bodies of literature. Their work showed that presenting visualiza-
tion alongside writing fosters self-dialogue and critical re ection.
Inspired by this idea, we aggregate and visualize large collections of
feedback in a co-located heatmap to help writers actively interpret
feedback and identify areas for improvement.

In conclusion, previous research has primarily focused on
suggesting alternatives, auto-complete features, or automatic
assessment, without considering external human feedback in
writing revision. To address this gap, our work develops an
Al-infused interface aimed at supporting the common practice

of revising based on collected textual feedback. Rather than sug-

gesting easy alternatives, our tool guides users in creating justi ed
and actionable revision plans and evaluating their revisions to
encourage iterative improvements, preserving opportunities for
re ection and skill development.

3 The Friction System

In this section, we will rst draw from past research to frame the
work ow of feedback-driven revision and introduce the design

Shttps://www.grammarly.com/
“https://www.ref-n-write.com/

detectiondiagnosisstrategyrevision andevaluationFigure 2). This
ve-stage framework forms the foundation of our tool's user ow.
Experts begin bydetectingoroblematic areas in the text. At this
initial stage, authors organize the received feedback and connect it
with their writing [ 97). They break down feedback into manageable
comments and then lter, cluster, and prioritize theni23. They
also map comments to sections in their writing that potentially need
revisions. Each comment can be associated with multiple sections,
and each section can be linked to multiple comments. Next, experts
diagnosehe speci c issues within a particular section highlighted
by the feedback4d. This includes distilling speci c issues in the
targeted area from general comments, determining the root causes,
and establishing achievable goals for revision. Following diagnosis,
they devisestrategieso address diagnosed issued. This involves
selecting appropriate actions based on their understanding of the
problem, how the intended text should be formed, and the feedback
received. They then proceed to thevisionstage, where they itera-
tively revise the problematic section following their planned actions.
Finally, theyevaluatethe e ectiveness of their revisions based on
the goals they setq1]. This evaluation promotes continuous re ec-
tion, encouraging writers to continually re ne their writing L0Q.

3.2 Design Goals

While experts navigate the stages of revision with ease, it remains
challenging and counterintuitive for novices4p]. To inform

our system design for non-experts, we gained insights from the
literature into (1) the challenges faced by novices in feedback
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Figure 2: System work ow and design goals of Friction
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:Inthe rst step (i.e., Detection), our system aims to provide a visual

structure that maps feedback and writing, simplifying the organization of feedback and the detection of problematic content.
In the second and third steps (i.e., Diagnosis and Strategy), our system aims to guide novices in revision planning by o ering
hints that pinpoint speci ¢ issues and suggest actionable solutions. In the fourth and fth steps (i.e., Revision and Evaluation),
our system aims to provide immediate evaluations after each iteration to inform users' decisions on further revisions.

sensemaking, creative re ection, and writing revision, and (2) the
capabilities and limitations of existing feedback and writing tools.
As such, we identi ed the following design goals (DG) for di erent
stages of our system work ow:

to revealing dissonance between the current output and the
intended text B1, 40 65, motivating re ection and enabling

e ective iterations. However, novices often struggle to evaluate
their own work, making it di cult to understand the impact of
their changes 42. Typically, writers seek external evaluations

3.2.1 DG1: Streamline detection by visually mapping large-scalg, guide their revisions 6. E ective evaluations should identify

feedback and writing conterDi erent types of feedback target
various writing skills and text sections, creating a high cognitive
demand for interpretation, especially with large amounts of feed-
back 3. Novices face the dual challenge of organizing large-scale
feedback and linking feedback to speci ¢ text needing revision.
Research shows novices are less skilled than experts at identifying
improvement opportunities in their work and understanding
their writing de ciencies when reviewing feedback4fy. They
often struggle to grasp what feedback is forll4 115. Previous
research suggested that integrating feedback into revisions usually
requires adding structure to the contentl{8 123. Thus, DG1

is about to provide a visual structure that maps and aggregates
large-scale feedback and writing, simplifying feedback organization
and the detection of problematic content.

3.2.2 DG2: Support action planning with adaptive hints for
diagnosis and strategidsovices often struggle to translate
feedback into actions114, leading to frustration and behav-
ioral disengagement 2. This di culty stems from a lack of
knowledge about strategies and opportunities for implementing
feedback 114. Jonsson's reviewgd highlights this knowledge

improvements (e.g., better or not) and analyze the e ectiveness of
their implementation based on the goals they séf]. Thus, DG3
sets a goal for our system to provide immediatealuationsafter
each iteration to inform users' decisions on furthegvisions

3.3 User Scenario

To demonstrate our system, we present an imagined scenario in
which Lee, an English as a Second Language (ESL) student aiming
to improve her writing skills, useriction to revise an essay she
recently practiced for an upcoming IELTS tés8he is tasked with
arguing whether we should place less emphasis on technological
solutions and more on other valuédter drafting, she sends her
essay to her English teacher and three classmates, and posts it on
EssayForum.cofrfor feedback. She received ten reviews in total,
each containing one or two paragraphs of critique. While Lee is
pleased with the extensive and constructive feedback, she nds
it di cult to revise her work due to the overwhelming and varied
nature of the comments. Therefore, she decides to upload her essay
and the collected reviews tBriction and use it to aid her revision.
Friction consists of an Essay Panel (Figure 3A), a Feedback

gap as a key reason for students’ poor use of feedback. Students Heatmap (Figure 3B), and a Re ection & Revision Panel (Figure 3C).

need immediate, applicable direction rather than just invitations
to use support §4. Providing actionable hints has proven e ective
in education [L7, 69. The hints should be targeted and adaptable
to the writing content and the writing issues. Thus, DG2 suggests
the system design to guide novices in e ective action planning by
providing actionable, adaptive hints for diagnosis and strategies.

Lee will go through three di erent pages in the Re ection & Re-
vision Panel (Figure 3C.1) as she navigates through the feedback,
makes re ective plans, and revises the content, respectively. In the
following sections, we will rstintroduce the features ofriction

5IELTS, or International English Language Testing System, is a well-recognized English
language pro ciency test for non-native speakers. In its Writing Task 2, test takers

3.2.3 DG3: Facilitate iterative revision by providing immediate'rite an argumentative essay. We have shortened the prompt from a sample test for

evaluationsRevision is an iterative process where writers test
di erent alternatives to improve their text. Evaluation is key

use in this scenario.
6EssayForum.com is a non-pro t online community for ESL students to solicit feedback
on their essays.
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at each stage followed by an example scenario depicting how Lee
will use Friction to decipher feedback into improvements step by
step (Figure 4).

3.3.1 Feedback Navigatiétirst, Friction breaks lengthy reviews
into smaller, individual feedback units and displays them as cards
in the Re ection & Revision Panel. A feedback unit is de ned
as one or more sentences that describe a coherent thouty?d [
Users can check the original feedback of each unit by hovering
over Original Feedback (Figure 3C.3).

Each feedback unit is classi ed into one of the eight categories
of writing issues proposed by Zhang et all39: surface issues (i.e.,
ConventiondNord-usageandOrganization and content issues (i.e.,
Claim, Warrant, EvidenceRebuttal andGeneral content Prioritiza-
tion is a particularly challenging aspect of action planningZ 85,
yet it is closely linked to writing improvement 131. Without
support, novice writers tend to focus on making super cial changes,
rather than addressing deeper content issu84d|[ Following prior
work [1, 13Q, we encourage writers to focus more on content issues

by color-coding the borders of feedback cards based on category:

cool colors (e.g., blue) for surface-level feedback and warm colors
(e.g., orange) for content-related feedback (Figure 3C.5).

Feedback OvervieWwor each feedback uniEriction predicts the
sentences that need revision. With this set of predictioRgction
provides a feedback overview (Figure 3C.2) to reveal the three
most serious categories of writing issues. For each of the three
categories, it displays the number of feedback units and the number
of targeted sentences. This overview helps novices quickly form
initial impressions about how reviewers perceived their writing
de ciencies.

Feedback Distributiofirriction surfaces distribution patterns
of feedback. All feedback units are aggregated in a co-located
heatmap (Figure 3B), which visually organizes the unit by di erent
sentences into ve content-related categories of writing issues
(DG1). This helps novices e ectivelydetectareas that require
attention and systematically address a certain type of issue across
di erent sections. The horizontal axis represents issue categories,
while the vertical axis indicates sentence locations. The color depth
of each cell indicates the number of units for that speci ¢ category

Zhang et al.

from 0 to 1) for each metric. In additionFriction provides

a toolbar for users to search, sort, or lter feedback units by
keywords, sources, category, and helpfulness metrics. Users can
also remove disagreeable units by clicking the dismiss icon.

Example Scenaritn our design scenario (Figure 4), Lee begins
by checking the feedback overview. She sees tfatidenceis one
of the three most common issues mentioned by reviewers and then
is intrigued by a particularly dark cell in the heatmap located in the
seventh sentence row, indicating that this sentence faces the most
signi cant evidence-related issues according to the color mapping
(Figure 4@). Clicking on this cellFriction displays all relevant
feedback units, which Lee then sorted bgpeci city using the tool-
bar. She hovers over the stacked histogram bars of each unit to care-
fully read the detailed descriptions of helpfulness. Dismissing two
units with a low speci city score, Lee decides to focus on the remain-
ing high-quality feedback to develop plans for revising the sentence.

3.3.2 Reflective Plannirgy clicking the Go to Plan button (Fig-

ure 3C.6), users will proceed to the second phase in the Re ection
& Revision Panel (Figure 3C.1), which involves developing revision
plans to address feedback units concerning a selected sentence. The
planning process is structured into three stemduster diagnosg
andstrategy during which Friction o ers tailored Al support to

help users self-explain their understanding of addressing feedback
and develop justi ed and actionable plans for each feedback cluster
(DG2). Figure 4B illustrates an example of the interface at this stage
of the Re ection & Revision Panel, prior to moving to the next step.

Clustering FeedbacRefore developing revision plans, experts
typically organize feedback into meaningful groups and form a
high-level view of opinions present in the feedback s&Pf. Thus,
Friction rst prompts users to organize feedback cards into clus-
ters by dragging and dropping feedback units into di erent groups.
Once clustered, the feedback is collapsed to reduce visual clutter,
with detailed information accessible via hovering (Figur@). For
each clusterfriction provides a summary (Figuree), which
highlights broader patterns and connections among feedback units,
making it easier for users to address related issues comprehensively.

Diagnosing ProblemBlovices often struggle to identify the core

and sentence. The heatmap, the Essay Panel, and the Re ectionproblems of a speci ¢ sentence that the feedback points to, espe-

& Revision Panel are cross-linked. For instance, users can click on
a sentence to view all comments related to it. They can also click
on a speci c cell in the heatmap (Figuree) to see comments
associated with a particular category and the sentence in that row.
Solving a feedback unit in the Re ection & Revision Panel will also
result in a color depth reduction in the heatmap.

Feedback Prioritizatioffo help users prioritize helpful feedback,
Friction evaluates each feedback unit and displays a horizon-
tally stacked histogram at the top-left corner of each feedback
card (Figure 3), indicating the unit's overall helpfulness. This
visualization incorporates four helpfulness metrics proposed by
Krause et al. 13 79 (Figure 3C.4) Negativity(i.e., the degree of
negative feedback)ctionability (i.e., the number of actionable
suggestions)Justi cation (i.e., the extent of explanations provided),
and Speci city(i.e., the level of detail). Users can hover over each
cell to view a textual description and the normalized score (ranging

cially when feedback is general in nature. Without a clear under-
standing of the problems, e ective revisions are di cult to im-
plement. ThusFriction prompts users todiagnose the specic
problem within this sentender each cluster in a text box. If users
nd it di cult to pinpoint speci ¢ issues, they can request Al hints

by clicking a button (e.g., Figure@). These hints are tailored to
the essay's context and the feedback provided. They highlight po-
tential problems the user may have overlooked, helping them arrive
at a more speci ¢ and accurate diagnosis of the underlying issues.

Devising Strategie3he nal stage in the process is for users to
devise solutions that address the diagnosed problems. Novices, how-
ever, often lack knowledge of appropriate strategies for e ectively
implementing feedbackl[14. To address thiskriction prompts
users to devise a solution that can address the diagnosed prdotem
each cluster in a text box and provides Al-generated hints to assist
in formulating strategies speci c to the sentence and its associated
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Figure 3: User Interface of Friction . (A) The Essay Panel displays the user's uploaded essay. (B) The Feedback Heatmap
visualizes the distribution of feedback across individual sentences and ve content-related writing issue categories. (C) In the
Re ection & Revision Panel, users can review feedback, develop re ective plans, and make revisions to their work.

issues (e.g., Figure e). These adaptive hints o er revision or communicationwhich inspires Lee to include statistics she
techniques, suggest examples, or provide guidance on rephrasing or recently learned from a study about health to revise the sentence.
restructuring problematic sentences. By shu ing the hints with a
button click, users are exposed to various approaches, empowering
them to develop practical, contextually appropriate solutions.

3.3.3 Iterative RevisioWith action plans,Friction encourages
users to iterativelyrevisethe sentence. levaluateghe improve-
ments between the revised and the original sentences. If the revised
sentence shows improvement, the sidebar of the revision panel
turns green (Figure e) andFriction will provide explanations on
how the solutions are successfully implemented in the revision; oth-

Example Scenaritn our design scenario (Figure 4), Lee begins
the re ective planning process by grouping the second, fourth, fth,

and eighth comments together (Flgur(@). Friction immediately erwise, itremains gray whil&riction will explain why there are no

provides a summary highlighting common themes in this cluster, . . : g .
. . improvements and suggest next steps. The iterative revision history
such as the need for concrete connections between evidence and.

. . is recorded for users to review. This iterative evaluation Bsic-

argument (Figure e). Next, Lee starts to diagnose the problem. tion will hel . .
. p novices re ect on their improvements, understand

She reads the cluster carefully but still nds the feedback too the impact of their changes, and make e ective iteration®G3)
general. By clicking the hint button (Figure @), she receives ' '
suggestions such aghis sentence uses general adjectives like "very' Example Scenaritn our design scenario (Figure 4), Lee revises
and “‘many' but doesn't specify the extent of the positive impact orthe sentence:In addition, hi-tech devices also have a very positive
which speci ¢ aspects are a ectaghich help her realize that this impact on many aspects of our liveased on the plan she made in
sentence is too obscure and lacks speci c evidence. With a clear the last phase. However, her rst attemptAlso, high-tech devices
diagnosis in mind, Lee moves on to propose a solution to address are really good for healthcare, like because of a 30% increase in
the problem, but still unsure of how to rephrase the sentence recovery...is agged as inadequate by the gray sidebar. Undeterred,
with more precise details and supporting evidence. She clicks the Lee carefully reviews the analysis frofriction (Figure 40),
hints button for strategy ideas (Figuree). Friction suggests which states, ...Instead of presenting a clear, credible statistic, the
providing academic statistics to demonstrate how hi-tech devicesevision uses informal language and vague phrases, diminishing the
positively impact our lives in various areas, such as education, healtracademic tone.She then makes several other attempts, closely
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