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Figure 1: Human-AI co-exploration of alternative research narratives using PaperBridge. (1) Users begin by selecting relevant

papers they wish to organize into a coherent narrative. (2) PaperBridge supports co-exploration of multiple narrative

perspectives through both bottom-up and top-down approaches, allowing dynamic re-grouping of papers. (3) Once a promising

narrative perspective is identified, users refine the details with PaperBridge’s assistance. (4) Finally, users examine rationale

strategies to justify the significance of their perspective. In this workflow, users can move forward or backward flexibly, with

slide drafts as the outputs of the exploration.
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ABSTRACT

Researchers frequently need to synthesize their own publications
into coherent narratives that demonstrate their scholarly contribu-
tions. To suit diverse communication contexts, exploring alternative
ways to organize one’s work while maintaining coherence is par-
ticularly challenging, especially in interdisciplinary fields like HCI
where individual researchers’ publications may span diverse do-
mains and methodologies. In this paper, we present PaperBridge,
a human–AI co-exploration system informed by a formative study
and content analysis. PaperBridge assists researchers in exploring
diverse perspectives for organizing their publications into coherent
narratives. At its core is a bi-directional analysis engine powered
by large language models, supporting iterative exploration through
both top-down user intent (e.g., determining organization struc-
ture) and bottom-up refinement on narrative components (e.g.,
thematic paper groupings). Our user study (N=12) demonstrated
PaperBridge’s usability and effectiveness in facilitating the explo-
ration of alternative research narratives. Our findings also provided
empirical insights into how interactive systems can scaffold aca-
demic communication tasks.

CCS CONCEPTS

• Human-centered computing → Interactive systems and

tools.
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1 INTRODUCTION

Academic communication plays a vital role in enabling researchers
to disseminate findings, establish their scholarly identity, and cul-
tivate collaborative relationships within their academic commu-
nities [1, 17, 22, 26, 51]. A key facet of this communication is the
strategic organization of one’s academic work—particularly pub-
lications—into coherent research narratives that clearly demon-
strate a researcher’s contributions to the field [25, 47]. Given the
wide range of communication scenarios, from keynote speeches
to dissertations and public outreach, researchers often need to
craft alternative narratives tailored to specific audiences (such as
academic departments, industry labs, or funding agencies) and com-
munication goals, including job talks, grant proposals, and public
engagement [14].

However, crafting alternative research narratives can be challeng-
ing. In addition to the need to tailor communication for different
contexts, interdisciplinary fields like Human-Computer Interaction
(HCI) add complexity, as research often spans diverse epistemolo-
gies, methodological traditions, and types of contributions [64].
For instance, even when a researcher’s work centers on a single

area such as creativity support, their projects may cut across multi-
ple dimensions, from empirical studies to system development [8],
while addressing various stages of creative practice (e.g., ideation,
implementation, iteration) across domains like video production,
animation, design, and writing.

Moreover, unlike simply summarizing individual papers, con-
structing a research narrative requires identifying thematic struc-
tures across a body of work at an appropriate level of abstrac-
tion—one that is neither too broad nor too narrow [13, 45]. This
can be particularly challenging for early-career researchers, who
are just starting to shape their research trajectory. In addition,
as a researcher’s publication record grows, this task increasingly
demands reframing and reorganizing their work to form a coher-
ent whole [33]. Despite these challenges, little attention has been
dedicated to supporting researchers in synthesizing their own pub-
lications. This motivates our investigation into how to support
narrative exploration, especially in the context of HCI.

To address this gap, we conducted a formative study involving
six early-career HCI researchers to examine their current practices,
key challenges, and expectations for potential support tools. We
identified three essential elements in narrative construction: (1)
Narrative frameworks that shape the overall flow or arc of the
story, determining how subtopics are connected; (2) Narrative
perspectives that provide specific lenses for highlighting contri-
butions, typically consisting of a central contribution statement
and associated thematic clusters that group related papers; and (3)
Narrative rationale that explains and justifies why a particular
perspective was chosen. Among these, the first two elements, which
influence or are influenced by how papers are organized, posed the
greatest challenges for participants. Based on these findings and
their expectations, we derived four design considerations.

Before jumping into the design of PaperBridge, we first con-
ducted a content analysis of 53 publicly available HCI research
talks to identify common practices that would help address our de-
sign considerations. This analysis revealed a design space with two
key components: (1) Four common narrative frameworks: namely
parallel, linear, circular, and coordinate. Each offers distinct logic
for structuring relationships among publications, and (2) a set of
storytelling strategies for the narrative rationale for justifying the
significance of one’s contribution.

Informed by design considerations from our formative study
and the design space derived from content analysis, we present
PaperBridge, a human-AI co-exploration system that supports HCI
researchers in exploring diverse perspectives to craft their research
narratives. As shown in Figure 1, the system implements a workflow
that begins with researchers selecting the papers they wish to orga-
nize. Powered by a bi-directional analysis engine, PaperBridge en-
ables exploration of diverse narrative possibilities through both
top-down and bottom-up approaches. In top-down exploration, re-
searchers start by selecting a narrative framework, which guides
the generation of multiple narrative perspectives—each composed
of a contribution statement and thematic clusters with assigned
papers. In bottom-up exploration, users can manually group papers
and request matched perspectives based on their groupings. In both
approaches, users can iteratively refine the system’s suggestions,
either by editing directly or requesting partial updates, until they
are satisfied with the resulting narratives. Finally, PaperBridge also
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assists in articulating rationale to justify the chosen framing, and
generates slide drafts that can be further revised or disseminated.

We evaluated PaperBridge with 12 HCI researchers from vari-
ous sub-domains. Participants responded positively to its usability
and reported overall engaging experiences with PaperBridge’s
co-exploration workflow. Our findings show that PaperBridge not
only improved the efficiency of exploring alternative research narra-
tives, but also revealed how it scaffolded the co-exploration process,
from initial trust establishment, to framework-based exploration,
and engagement with keyword-driven perspective suggestions.

The contributions of this work are three-fold:
• We conduct a formative study to gain a comprehensive under-
standing of how research narratives are constructed, leading to
a design space encompassing four narrative frameworks and a
set of rationale strategies.

• Wepresent PaperBridge, a human-AI co-exploration system that
facilitates diverse research narrative exploration, which features
a bi-directional analysis engine that enables both top-down and
bottom-up approaches to narrative construction.

• Through a user study with 12 HCI researchers, we demonstrate
PaperBridge’s usability and reveal the co-exploration processes.
We also discuss the implications for future academic communi-
cation support.

2 RELATEDWORK

In this section, we review prior work that supports academic profil-
ing, research story construction for communication, and literature
sensemaking. We articulate how our work builds on these efforts
while identifying the gaps that motivate our research.

2.1 Academic Communication

Effective academic communication is fundamental to advancing
research fields through knowledge dissemination and perspectives
exchange [17]. Researchers engage in this communication through
various channels, including publishing papers, delivering confer-
ence talks, participating in academic workshops and seminars, and
utilizing social media platforms [14]. Among these scenarios, pre-
senting and profiling one’s research trajectory, narratives, or impact,
plays a key role in building academic identity and establishing one’s
position within a research community [1, 25].

To facilitate researchers’ academic communication, prior re-
search has explored constructing researcher profiles and stories by
organizing personal and academic information, such as affiliations,
education, and publication records [5, 72]. Various visualization
systems have also been developed to represent researcher-related
metrics, including publication volume, citation counts, collabora-
tion networks, and topic evolution [29, 30, 37, 57, 69]. For example,
systems such as Citeology [37], PivotPaths [15], PivotSlice [73],
and PaperLens [32] enable multi-dimensional exploration of schol-
arly data, while CiteVis [58], CiteRivers [23], and Wu et al.’s career
trajectory visualization [70] provide overviews of research trends.

While these systems support researchers in promoting their aca-
demic impact through vivid, quantitative data-driven storytelling,
they primarily focus on showcasing research breadth and external
influence. On the one hand, this approach may limit researchers
with fewer publications from effectively leveraging such tools. On

the other hand, these systems offer limited support for helping re-
searchers retrospectively reflect on their own publications to build
research narratives grounded in the content and context of their
work, which is a crucial process for demonstrating the depth of
contribution within a particular field.

Although prior research has begun to explore content-level anal-
ysis of individual papers to support scholarly communication [59],
few systems assist researchers in constructing a coherent and holis-
tic reflection across their body of work. Yet, this process is critical in
many academic scenarios, such as invited talks, job talks, seminars,
and dissertations, where researchers may be expected to reorga-
nize their work, identify meaningful connections, and tailor their
narratives for different audiences and purposes [25, 46]. Motivated
by this gap, our work aims to explore how to support researchers
in constructing their research narratives or profiles through the
specific content and context of their own publications.

2.2 Literature Synthesis and Sensemaking

Constructing research narratives based on one’s own publications
fundamentally relies on literature organization and information
synthesis. While most prior research in HCI has focused on support-
ing literature sensemaking for external publications, i.e., helping
researchers explore, interpret, and synthesize knowledge scattered
across others’ papers, many of the underlying ideas and approaches
also inspire our current work.

Broadly, prior studies on literature sensemaking can be cate-
gorized into two major threads. The first line of work focuses on
fact-based information extraction and synthesis. Early systems
often leveraged citation networks to help researchers identify re-
lationships and patterns among a collection of papers [11, 20, 44].
For example, PaperQuest [43] utilized citation structures to assist
literature review tasks. CiteSee [9] augmented PDF reading experi-
ences by highlighting citation relationships in context. In addition,
tools such as Threddy [27] and Synergi [28] were designed to help
users collect, organize, and understand research threads across mul-
tiple papers. Beyond citation structures, recent work also extracted
factual content within papers, including tables, images, and textual
claims, to enable comprehensive literature synthesis [66]. Another
line of work has begun to leverage large language models (LLMs)
to synthesize paper content and help researchers contextualize
the relationships among papers. For example, PaperWeaver [34]
generates synthesized descriptions to support paper recommen-
dations, while DiscipLink [74] enables interdisciplinary literature
exploration by connecting concepts across fields.

Across these systems, a key insight is the combination of top-
down and bottom-up workflows in supporting scholarly synthesis.
Bottom-up approaches often help users incrementally grow their
understanding of relevant literature by exploring specific papers,
documents, or keywords [27, 31, 41, 43]. In contrast, top-down
strategies aim to provide a high-level structural overview of a re-
search landscape, enabling users to quickly grasp the organization
of a domain [49]. A trend emerged and showed that the mixed-
initiative approaches were explored [28, 74]. For example, Kang et
al.’s Synergi integrated both top-down and bottom-up approaches
and further discusses how users’ prior knowledge influences their
preferences for top-down or bottom-up workflows [28].
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Building on the insights from prior work, we adopt both top-
down and bottom-up approaches to support researchers in con-
structing narratives from their own publications. On the one hand,
researchers are often highly familiar with their own work, and
therefore benefit from open-ended exploration that allows them
to revisit and reflect on their ideas in flexible ways. On the other
hand, the process of abstracting, reorganizing, and synthesizing
familiar content into coherent research stories remains challenging.
It may require top-down guidance or structural directions to help
researchers identify meaningful patterns. Though existing systems
for literature sensemaking have significantly advanced our under-
standing of information synthesis for text-heavy content [40], they
primarily focus on external literature exploration and comprehen-
sion. In contrast, constructing research narratives from one’s own
publications requires a different kind of sensemaking. Our work
aimed at addressing this gap.

3 FORMATIVE STUDY

We began by investigating how HCI researchers organize their
research narratives, how they find alternatives, the challenges they
face in current practices, and their expectations for a potential
assistive tool, thereby identifying the design considerations.

3.1 Methods

3.1.1 Participants. Our formative study recruited sixHCI researchers.
Five participants were final-year PhD students (P1–P5), and one
was a newly appointed postdoctoral fellow (P6). Their research
backgrounds span diverse HCI subfields, including human–AI col-
laboration for creativity, data storytelling, visualization, virtual
reality, HCI for science, and social computing. All participants had
experience both attending and delivering academic talks at the time
of the study.

3.1.2 Procedures. Each participant engaged in a semi-structured
interview, including open-ended questions such as: “Please describe
your typical workflow to prepare your research narratives/stories

delivered in academic occasions, such as giving talks”, “What are the

considerations when preparing your research narratives?”, and “What

challenges have you encountered when preparing such stories, and

how did you address them?” Each session lasted around 40 minutes.

3.1.3 Data Analysis. We employed an open-coding approach [24]
to inductively explore participants’ current practices and challenges.
Two authors independently reviewed the transcripts to generate ini-
tial codes, with subsequent discussions to resolve discrepancies and
ensure coding consistency. Examples of the resulting codes include
“research narratives’ components”, “paper organization methods”, and
“storytelling intent”. During the analysis, two professors with more
than 15 and 20 years of experience in the HCI field, respectively,
provided expert guidance and contributed to the establishment of
analytical criteria that informed the organization and interpretation
of the findings.

3.2 Findings

Our findings are organized into two main categories: (1) a hierar-
chical structure with three key elements for constructing research

stories, and (2) key challenges identified in current practices, par-
ticularly associated with paper organization.

3.2.1 Key Elements for Research Narratives and Corresponding Chal-
lenges. We identified three essential elements that HCI researchers
consider when constructing research narratives: narrative frame-

work, narrative perspective, and narrative rationale. Each of
these elements plays a distinct role in how researchers organize
and present their work. Our analysis also surfaced corresponding
challenges that arise when researchers engage with these elements.
Below, we describe each element and its associated challenge.

(1) Narrative Framework refers to the overarching structure or
“flow” through which a researcher’s body of work is connected and
presented. When crafting research narratives, participants often
began by identifying central topics and reflecting on questions
such as: “What is the main storyline across my work?” or “Can
my papers be structured as addressing parallel challenges, or as a
staged progression over time?” While some research trajectories
lend themselves naturally to linear structures, many researchers
actively experimented with alternative framings. For example, work
on human-AI collaboration might be organized as a methodological
journey (e.g., from identifying needs, to designing techniques, to
system evaluation) or as an exploration of diverse contexts (e.g.,
creativity, decision-making, analytics).

C1: Exploring Alternative Narrative Frameworks. Partic-
ipants shared that exploring different structural framings often
meant rethinking how their papers related to one another. For
example, P5 shared: “Previously, I organized my papers into three

clusters defined by different challenges. But then I saw others use

staged progressions and tried that too. It didn’t quite work with my ex-

isting ideas.” Regarding this, the current approaches to discovering
inspirations for relationships rely heavily on examining existing
examples. P6 described searching through recorded talks to find
models for research organization but noted that “such a process was

quite time-consuming and inefficient.”
(2) Narrative Perspective. While frameworks outline a high-

level structure, perspectives provide specific lenses or angles for
spotlighting the researcher’s contributions. This statement typically
synthesizes the fundamental research objective while highlighting
the approach that might distinguish their work from others in the
field. A typical perspective comprises:

• A key contribution statement (e.g., “My research advances
human-AI collaboration by developing adaptive interaction tech-
niques that support different collaborative scenarios”), which
succinctly articulates the main takeaway or value proposition.

• Thematic clusters grouping individual papers (e.g., “Inter-
action techniques for creative tasks,” “Collaborative systems
for decision-making,” “AI-assisted analytical workflows”). These
clusters serve as concrete realizations of the contribution state-
ment, each illustrating a particular dimension, approach, or facet
of the overall claim.

The components of a narrative perspective and their relation-
ships can be found in Figure 2.

C2: Exploring Alternative Narrative Perspectives. Regard-
ing narrative perspectives, participants consistently emphasized the
interconnected challenges of articulating high-level contribution
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Figure 2: A narrative perspective is composed of three types

of components: a contribution statement, thematic clusters,

and individual papers, which are organized within the clus-

ters to articulate the overarching themes.

statements and organizing papers into meaningful thematic clus-
ters. These reflect the core of research organization: contribution
statements emerge from paper groupings, while effective groupings
depend on clear contribution statements. Regarding contribution
statements, participants struggled to capture unique intellectual
contributions rather than merely describing research topics. P1, a
final-year PhD student, explained: “I know my research focus is to

support creativity by supporting animation creation, and I am aware

that each of my papers contributes to it. But I don’t want to only

emphasize my research is about creativity support, but how exactly

my research contributes to it.”
Simultaneously, participants struggled to develop thematic clus-

ters that moved beyond surface-level categorizations to reveal
deeper insights. P6 shared: “There is a thread of my research re-

garding VR systems developed to understand different teaching and

learning behaviors in such environments. Grouping my research by

identifying the teaching content is simple, but I think it is somewhat

too superficial to be insightful. However, I have not figured out how to

group them from angles with more insightful concepts.” This difficulty
becomes particularly acute when synthesizing work for comprehen-
sive presentations, as P1 noted: “To organize my thesis, I really want

to abstract some more high-level concepts and form a line from my

publications that will be presented in the thesis. Until now, I haven’t

figured it out even though I’ve talked a lot to my peers.”
To address these interwoven challenges, participants reported

seeking advice from peers or supervisors. However, these approaches
were often considered inflexible, since they depended on others’
availability and were not well suited for iterative or self-paced nar-
rative exploration. Some attempted to use tools like large language
models (such as ChatGPT) for assistance. Yet these general-purpose
tools often required extensive manual refinement, and were com-
monly found to produce overly generic suggestions that lacked
depth and contextual sensitivity, largely because they do not incor-
porate specific understanding of research narrative practices.

(3) Narrative Rationale. The third element is the rationale,
which provides justification for why the chosen perspective mat-
ters in the broader research context. It addresses questions like:
“Why is developing adaptive interaction techniques for human-AI

collaboration important to HCI?” The rationale connects individual
contributions to research challenges or social impact, helping re-
searchers articulate not just what they did, but why their approach
and findings are significant to advancing the field.

C3: Adapting Narrative Rationale Accordingly. Participants
noted thatwhen shifting between different perspectives, they needed
to adjust their rationale to align with the new framing. As P4 ex-
plained: “Depending on the scenario, I might emphasize the outputs of

my visualization tools or the technical pipeline. Each choice requires

me to rethink how I justify the significance of my contributions.” This
challenge highlights the difficulty of not only selecting a narra-
tive but also articulating its relevance in ways that resonate with
different contexts (e.g., job talks, theses, research statements).

3.2.2 Expectations on An Assistive Tool. Our analysis also helped
us identify three key expectations for an assistive tool that supports
research narrative construction:

Spark Inspirations, Not Complete Stories. Participants ex-
pressed interest in tools that could provide inspirations for crafting
narratives while preserving their agency in research interpretation.
P4 described wanting “automated suggestions for different organi-

zational approaches, so that I can find different perspectives to un-

derstand my research.” This sentiment was balanced with a strong
desire to maintain control over narrative development. As P2 ex-
plained: “When discussing with peers or supervisors, they provide

inspirations, and I take the decision on how to interpret their sugges-

tions to form my research story, as I am the one who is most familiar

with my research.”
Clear yet Flexible Workflow. All participants characterized

narrative crafting and paper organization as non-linear and often
chaotic processes, expressing a desire for tools that could help
streamline their workflow. P1 shared: “I expected that the tool can
help me with a clear workflow, so that I would not get lost in the ideas

or thoughts.” However, participants emphasized that exploration
should not come at the cost of flexibility. P4 noted: “It should give
me some freedom to refine its results and test my own ideas when

organizing papers.”
Integration with Existing Workflows. Beyond serving as a

thinking aid, participants sought tools that could generate practi-
cal outputs compatible with their academic work. “Being able to

transform these narrative ideas directly into presentation slides, or

at least some images would save significant time,” noted P3. This re-
flected a desire for tools that could bridge the gap between narrative
conceptualization and academic deliverables.

3.3 Design Considerations

Based on the elements, challenges, and expectations identified in
our formative study, we propose four design considerations for
supporting HCI researchers in exploring paper organization and
crafting research narratives, with particular emphasis on facilitating
explorations and inspiration to meet their expectations:
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DC1: Supporting Exploration of Diverse Narrative Frame-

works. To address C1, we aim to provide various narrative frame-
work patterns that inspire researchers to explore different logical
approaches to organizing their papers.

DC2: Facilitating Alternative Narrative Perspective Dis-

covery. To address C2, we aim to support researchers in exploring
diverse perspectives of their work. Besides, considering the expecta-
tions on flexible exploration, we aim to support them in iteratively
refining the system’s suggestions or testing.

DC3: Supporting Narrative Rationale Development. As it
is challenging to adapt the narrative rationale for different contexts
(C3), we aim to assist researchers in articulating the significance of
their chosen perspectives in different ways.

DC4: Generating Adaptable Visual Outputs. To meet re-
searchers’ expectations for practical outputs, we aim to provide
editable presentation slides that help researchers transform their
narrative ideas into practical academic deliverables.

4 CONTENT ANALYSIS

As our formative study noticed that academic talks serve as a pri-
mary source of inspiration for research narratives, we conducted
a content analysis of public HCI guest talks to address our design
considerations, especially DC1 and DC3. Through this analysis,
we examined (1) different approaches to organizing papers into
narrative frameworks and (2) rationale strategies for justifying the
significance of contribution statements.

4.1 Methods

4.1.1 Dataset. We assembled a dataset of 53 publicly accessible job
talks and guest seminars 1 hosted by prominent HCI communities,
such as the CMU HCII Seminar Series, the UW CS Seminar Series,
Stanford Online, etc. These sources invite researchers from vari-
ous cultural and research backgrounds, ensuring that our corpus
captures a broad spectrum of HCI research domains. Our inclusion
criteria were: (1) The speaker had an academic affiliation rather
than an industry role; (2) The talk’s content drew upon a series of
publications, and (3) The talk video included visual presentation
materials (e.g., slides).

4.1.2 Preliminary Explorations. We began with a pilot analysis
of 10 talk videos to refine our focus. This initial phase helped us
identify the part where researchers build the “big picture” of their
research stories. This part usually appeared in the first 10–15 min-
utes of the talk and included presenting the research topics and
motivation, stating the contribution perspective (or proposing key
research questions or gaps), and showing how their publications
supported these ideas. We found this part more relevant to our
study than the detailed discussion of individual projects. Therefore,
we decided not to analyze the project sections in detail, as our main
goal was to understand how researchers construct the “big picture”
of their research story.

In addition, we observed diverse approaches to constructing
narrative frameworks. According to insights from our formative
study, the key of such frameworks lies in how researchers articulate
1See https://docs.google.com/spreadsheets/d/1DfnBhTOpjPVJyibi6dTsiTnCkhj8zSZl/
edit?usp=sharing&ouid=102936865702623175143&rtpof=true&sd=true for 53 public
HCI talks used in our analysis

the connections among their publications to collectively address
a shared research problem. Building on this understanding, our
observations identified recurring framework patterns, such as illus-
trating how individual works tackled distinct facets of a broader
agenda, or how later publications built upon earlier ones. Based
on these patterns, our analysis further examined the underlying
relationships among publications as framed by the researchers.

4.1.3 Procedures. Following the pilot, two authors independently
coded the talk videos using an inductive thematic analysis approach,
focusing on the two focal points outlined earlier and the preliminary
insights collected. The disagreements were resolved through rounds
of discussion. Finally, two senior HCI researchers were invited to
be involved in the discussion to refine the patterns and strategies
that had emerged.

4.2 Findings

4.2.1 Four Patterns for Narrative Frameworks. Our findings first ad-
dressed DC1 by identifying the common narrative frameworks. As
shown in Figure 3, we identified four patterns used to organize and
connect publications: parallel, linear, coordinate, and circular. Each
pattern shaped a distinct narrative arc within research trajectories.
The visual representations of these patterns were informed by the
tree and matrix diagrams that researchers employed. Specifically,
the publications were organized into different thematic clusters,
and the different relationships among these clusters define each
pattern. Below, we define each of them, describe its characteristics,
and provide examples.

Parallel Structure: Multiple Facets of Contribution. The
parallel structure (Figure 3-i) represents themost common approach
(43 out of 53) used by HCI researchers to organize their papers. In
this structure, thematic clusters show a non-overlapping relation-
ship and represent distinct technical or methodological approaches
or different perspectives for formulating a problem space that col-
lectively addresses a central research challenge. For example, a
researcher investigating accessible design might organize papers
into clusters focused on vision-based accessibility, audio accessibility,
and haptic feedback. Each represents a different sensory modality
but together serving the main topic.

Linear Structure: Progressive Development. Linear struc-
tures (Figure 3-ii) appeared five times in our clusters (5/53). In this
structure, the thematic clusters illustrate a sequential flow where
papers are organized in a progressive line, highlighting how each
stage builds upon insights from previous stages. For instance, a re-
searcher studying embodied interaction might organize papers into
clusters showing progression from sensing technologies to interac-

tion techniques to application implementations. The linear structure
is ideal for showcasing how initial explorations led to sophisticated
outcomes or how works span different levels of advancement.

Coordinate Structure: Comparative Dimensions. In coor-
dinate structures (4 out of 53, Figure 3-iii), thematic clusters are
positioned within a conceptual space defined by key dimensions
that illustrate fundamental tensions in the HCI community, such as
“user control vs. automation” or “expressiveness vs. efficiency.” This
structure operationalizes what HCI researchers often refer to as a
design space. The coordinate structure helps research statements
emphasize the exploration of design spaces or tensions between

https://docs.google.com/spreadsheets/d/1DfnBhTOpjPVJyibi6dTsiTnCkhj8zSZl/edit?usp=sharing&ouid=102936865702623175143&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1DfnBhTOpjPVJyibi6dTsiTnCkhj8zSZl/edit?usp=sharing&ouid=102936865702623175143&rtpof=true&sd=true
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Figure 3: Four common narrative frameworks identified from our content analysis. Each framework describes a distinct way of

organizing and connecting a researcher’s body of work around a central storyline.

competing factors, providing a systematic way to present how
works exist at the intersections between concepts.

Circular Structure: Iterative Refinement. In circular struc-
tures (1 out of 53, Figure 3-iv), each thematic cluster represents
an interconnected phase that continuously informs others, serv-
ing the research statement through iterative processes or feedback
loops. The circular structure is particularly valuable for research
grounded in iterative processes, design thinking methodologies, or
user-centered development cycles. It effectively communicates how
different facets of research mutually reinforce each other and how
complex problems require recursive refinement.

4.2.2 Rationale Strategies. In addition to the four common narra-
tive frameworks, we also identified a comprehensive set of rationale
strategies for justifying why a researcher’s contribution statement
is important to a domain.

As presented in Table 1, the strategies were categorized according
to Aristotle’s rhetorical framework [3] of ethos, pathos, and logos,
which researchers strategically deploy to justify their work. Ethos
refers to building credibility and trust — convincing audiences
that the authors are knowledgeable and their work is grounded in
recognized expertise. For establishing ethos, researchers utilized lit-
erature endorsement (8 instances), highlighted industry/academic
attention (2), and incorporated quotations from prominent figures
in the field (6). Pathos appeals to emotion and shared values — help-
ing audiences connect with the problem on a personal or societal
level. To engage pathos, researchers shared personal experiences
(3), referenced relevant social events (5), aligned with common val-
ues and ethical considerations (7), and emphasized public demand
or popularity (1). Logos relies on logical reasoning and evidence
— using facts, data, and analysis to demonstrate the importance
of the problem. Logos-based strategies included presenting data
with visualizations (7), identifying historical patterns and trends
(8), demonstrating tangible impact (9), and articulating the conse-
quences of inaction (1). It is worth noting that researchers frequently
employed multiple strategies simultaneously to justify their con-
tribution, resulting in a total count of more than 53. The detailed
definitions and examples of each strategy are provided in Table 1.
This collection of storytelling strategies informs our approach to
addressing DC3.

5 PAPERBRIDGE

Based on the insights from our formative study and content analy-
sis, we present PaperBridge, a human-AI co-exploration system to
inspire HCI researchers to craft their research narratives by support-
ing them in exploring diverse perspectives to organize their publica-
tions. Specifically, we first introduce PaperBridge’s design and the
corresponding design considerations through a system overview.
Then, we present a detailed usage scenario to walk through how
researchers can interact with PaperBridge. Finally, we describe
the backbone of PaperBridge, a bi-directional analysis engine that
enables both top-down and bottom-up explorations.

5.1 Overview

As shown in Figure 4, PaperBridge consists of three main compo-
nents that collectively address four key design considerations (DCs):
Paper Management (Panels A & B, left view), Narrative Exploration
(Panels C, D, and E, center view), and Slide Draft Preview (Panel F,
right view).

The workflow begins with paper selection stage in Panels A
and B (Figure 4). After entering the user’s Google Scholar URL
and specifying their narrative intent, PaperBridge automatically
retrieves their publications and generates initial, topic-based cat-
egorizations. This allows researchers to browse their publication
corpus efficiently and iteratively refine both the selected papers
and the category labels to align with their intended narrative scope.

Once users have chosen the papers they wish to include, they
move to the Narrative Exploration area in the center (Panels C, D,
and E, Figure 4).

Narrative Framework Exploration in Panel C (DC1). This
panel presents four common narrative frameworks (parallel, linear,
circular, and coordinate) identified in subsubsection 4.2.1. By switch-
ing among these frameworks, users can explore different high-level
structures to see how their selected publications interconnect.

Narrative Perspectives Exploration in Panel D (DC2). Select-
ing a framework triggers PaperBridge’s analysis engine to produce
“sparks”: potential narrative perspectives that fit the chosen frame-
work. Each spark includes a candidate contribution statement and
one or more thematic clusters, giving users alternate angles for
framing their research story. The sparks are designed to be pre-
sented in a keyword format, encouraging users to interpret the
narratives independently first.
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Strategy Method and Definition

Ethos (establish trustworthi-
ness and expertise)

Literature Endorsement: Cite established research that underscores the importance of this gap.
Industry/Academic Attention: Show how academia or industry prioritizes this topic through funding,
discussions, or publications.
Big Name’s Quote: Use expert endorsements to reinforce the significance of the problem.

Pathos (appeal to emotions and
values)

Personal Experience: Share a real-life story to make the issue more relatable and engaging.
Social Events: Link the research to societal, political, or cultural events to highlight its relevance.
Common Values & Ethics: Appeal to widely shared moral or ethical principles to justify the impor-
tance of this research.
Public Demand & Popularity: Highlight growing public interest or widespread adoption to demon-
strate the topic’s timeliness.

Logos (appeal to logic and evi-
dence)

Data & Visualization: Use statistics or visual evidence to illustrate the scale or urgency of the problem.
Historical Patterns & Trends: Show how this issue fits within broader technological advancements
or ongoing trends.
Demonstrating Impact: Emphasize the tangible, long-term benefits of addressing this problem.
Consequences of Inaction: Highlight risks, negative outcomes, or missed opportunities if the problem
is ignored.

Table 1: Rationale strategies used by researchers to justify the importance of their contributions. These are categorized following

Aristotle’s rhetorical modes: ethos (credibility), pathos (emotional appeal), and logos (logical reasoning).

Figure 4: PaperBridge can be navigated through left, middle, and right panels. It supports (1) Paper Management in Panels A

& B on the left, (2) Narrative Exploration (main feature) in Panels C, D, and E in the center, and (3) Slide Draft Preview in Panel

F on the right.



PaperBridge: Crafting Research Narratives through Human-AI Co-Exploration UIST ’25, September 28-October 1, 2025, Busan, Republic of Korea

Perspectives Refinement and Rationale Exploration in

Panel E (DC2 & DC3). Panel E is a workspace that provides two
modes that can be switched with the button alongside the contri-
bution statement text box.
• One is Organization Mode (Panel E, Figure 4), where users can
check and refine the components in each spark (i.e., narrative per-
spective) suggested by PaperBridge through a top-down analy-
sis. Bottom-up exploration also happens in Panel E, where users
assign papers to clusters manually, then have PaperBridge syn-
thesize contribution statements and cluster themes. In either
way, users can refine the components, such as editing statements
and clusters’ themes, and dragging and dropping papers into
different clusters. They can also confirm elements they like and
request the regeneration of anything unsatisfactory. To facilitate
the exploration, papers are represented as numbered circles with
a hover-activated title display, and contextual explanations on
the elements are accessible through hover interactions.

• Another is Rationale Mode (see Figure 7 where this mode is
activated), where users can explore various rationale strategies
(identified in subsubsection 4.2.2 and displayed in Panel C) by
dragging and dropping them into Panel E, helping them articulate
the significance of their chosen perspective.
Throughout the workflow, users can switch freely among frame-

works (Panel C), perspectives (Panel D), workspace (Panel E) to
explore diverse narratives that suit their objectives. Whenever
satisfied with the content in work space, they can confirm their
workspace content, and PaperBridge will transform the content
into editable slides (DC4) and provide a preview in Panel F (Fig-
ure 4). Users can export them for further refinement.

5.2 Usage Scenarios Walkthrough

In this section, we present a usage scenario that walks through
PaperBridge, illustrating how it facilitates co-exploration on re-
search narrative based on user intent and interactions. Below, we
use italics to indicate Flora’s thoughts, and teletype to indicate
the button on the interface. We use “Initial Capitalization” for the
content suggested by PaperBridge to the user.

Scenario Background. Imagine Flora2, a postdoctoral fellow
in HCI who focuses on visual storytelling, with an emphasis on
motion effects. Her recent research portfolio has expanded signifi-
cantly with new publications related to human–AI collaboration
(e.g., the underlying collaboration paradigms to achieve the out-
puts). She wants to reorganize these works under this broader topic
but struggles to pinpoint suitable perspectives. Flora turns to Pa-
perBridge for inspiration.

Paper Selection (Panels A & B). As shown in Figure 4-A, after
entering her Google Scholar URL into PaperBridge, Flora types
her current intent: “I want to figure out how humans and AI can

collaborate to ease visual materials authoring, such as visualization,

data videos, slides, etc.” She clicks the let’s go button. In response,
PaperBridge automatically extracts her publications from Google

2To comply with anonymity requirements during review, we constructed this scenario
using a synthetic profile. We combined publications from multiple researchers, re-
framed paper titles, altered venues and publication years, and removed identifying
system names. The context here and the content shown in Figure 4 do not reflect any
single researcher’s actual publication history.

Scholar and categorizes them into three clusters (Figure 4-B): “Hu-
man–AI Collaboration”; “Visual Storytelling”; “Systems for Data
Analysis”. “These categories look pretty close to my mental map of my

work,” Flora notes as she navigates the tags in Panel B. She checks
the relevant papers potentially relevant to Human-AI collaboration,
and refines “Human-AI Collaboration” to “Human–AI Collabora-
tion for Visual Storytelling” to better align with her intended focus.
Satisfied with these selected papers, she clicks Confirm in Panel B.

Exploring Potential Narrative Perspectives (Panel C, D,

& E). Flora then moved to the middle area. She starts in Panel C
(Figure 4-C), which displays four different narrative frameworks:
parallel, linear, circular, and coordinate. “My prior approach

seems like a linear approach,” Flora reflects. She clicks the Linear
first to see how PaperBridge maps her publications in a linear
arc. PaperBridge responds by generating “sparks” in Panel D (Fig-
ure 4-D). The first spark closely matches her previous storyline,
though phrased differently: “Human–AI Collaboration for Various
Visual Outputs,” with thematic clusters labeled “2D Visualization,”
“Video Effects,” and “Narrative Storytelling”. She sees that hover-
ing over the numbered circles in Panel E reveals each paper’s title
(Figure 4-E). “Good. These align with the developmental path of my

work—starting with 2D data viz and moving into animations,” Flora
thinks. Encouraged by this familiarity, she decides to explore more
potential perspectives on human–AI collaboration with the help of
PaperBridge.

Flora clicks the Coordinate framework next, and PaperBridge an-
alyzes her publications again. The first candidate perspective in
Panel D is labeled “Automation Degree & Authoring Content”. As
shown in Figure 5-i, this perspective is mapped onto a coordinate
plane with two dimensions: “AI-driven Automation” vs. “Human-
in-the-loop Interaction” on one axis, and “Visualization Authoring”
vs. “Animated Video Authoring” on the other. “This is interesting,”
Flora thinks, “It distinguishes how AI’s role varies with different

output formats.” She hovers the perspective text box to reveal Pa-
perBridge’s explanation (Figure 5-i): “This coordinate system cat-

egorizes research in terms of the level of AI involvement and the

complexity of the content created as two directions, which can be used

to discuss the human’s role vs. AI’s within visual storytelling domain.”

“That’s spot on!” Flora thinks. She checks the assigned papers by
hovering over their numbered circles and relocates two papers by
dragging and dropping them into another cluster (Figure 5-ii). Be-
sides, she revises “AI-driven Automation” to “AI-powered Automa-
tion”(Figure 5-iii). With that small tweak done, she clicks Confirm,
and PaperBridge generates a corresponding slide reflecting this
coordinate-based perspective (first slide shown in Panel F, Figure 4).

“Maybe there are other angles worth trying,” Flora thinks. She
decides to explore a bottom-up approach under the Parallel frame-
work. This time, she first clicks reset button in Panel E, and manu-
ally groups her papers based on her understanding of the common
and distinct traits in her research (Figure 6-i). She then requests Pa-
perBridge to generate suitable contribution statements and cluster
themes by clicking the update button in Panel E. Among the various
attempts, one especially catches her eye (Figure 6-ii): “Human–AI
Collaboration for Various Interaction Paradigms,” yielding three
thematic clusters: “HAI for Natural Language Interaction”, “HAI
for Template-based Interaction”, and “HAI for Direct Manipulation
Interaction”. “I never thought of it this way, but it nicely highlights
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Figure 5: PaperBridge supports user in checking, adjusting, and revising the top-down exploration results. (i) One narrative

perspective suggested by PaperBridge, including contribution statement, thematic themes, and assigned papers. The user

can hover on the components to see the explanations from PaperBridge. (ii) User can re-locate papers to other clusters by

dragging and dropping interaction. (iii) The user can edit the specific content to satisfy their intent.

how I’ve been supporting diverse interaction methods,” she realizes.
She re-checks the paper assignments in each cluster, adjusts a few
accordingly, and decides “Template-based Interaction” feels a bit
vague. She locks the other two themes as final and clicks update
in Panel E again. PaperBridge regenerates that theme as “HAI for
Example-based Interaction” (Figure 6-iii), which Flora appreciates.
She confirms it, prompting PaperBridge to generate another slide
(second slide shown in Panel F, Figure 4).

Crafting the Rationale (Panel E). Though Flora is satisfied
with the interaction paradigm in organizing her research, she is not
sure how to justify its importance in a talk. Therefore, Flora clicks
the Rationale button in Panel E, enabling Rationale Mode. As
shown in Figure 7, simultaneously, PaperBridge displays various
rationale strategies in Panel C. “Let’s see what with big name’s

quote,” she thinks. She drags the big name’s quote strategy to
the text boxes in Panel E. PaperBridge automatically generates the
narrations based on this strategy and shows the content in the text
box (see Figure 7). Clicking Confirm, she sees the current content
in the workspace is organized into a new rationale slide.

Exporting the Slides (Panel F). Finally, Flora compares the
different frameworks and saves several promising perspectives.
“I’ve got a nice variety of narratives,” she thinks. When she feels she
has gathered enough directions, she clicks the Export button in
Panel F (Figure 4-F). PaperBridge generates a slide file with scripts
(in .pptx format). “Perfect. I can show these different ways of framing

my work to my advisor,” Flora thinks, “This might spark new ideas

and feedback.”

In this way, Flora capitalizes on both top-down and bottom-up ex-
ploration, stepping freely between different frameworks, customiz-
ing thematic clusters, and refining her rationale. PaperBridge’s
iterative workflow helps her craft diverse narrative perspectives
that reflect her research contributions in new and insightful ways.

5.3 Backend Engine: Bi-directional Analysis

The backend of PaperBridge is designed to support users in con-
structing research narratives from their collection of publications.
It consists of four modules: (1) paper collection and sifting, (2) bi-
directional analysis engine as the core, (3) evaluation and ranking,
and (4) slide generation. We describe each module in detail below.

5.3.1 Paper Collection and Sifting. Given a Google Scholar URL
provided by the user, we use the scholarly package3 to retrieve the
author’s publication metadata, including each paper’s title, abstract,
citation string, and unique ID. To support efficient navigation and
selection, the system leverages LLMs (OpenAI’s o3-mini) to cat-
egorize the retrieved papers by topic based on user intent. The
user-selected filtered papers, together with the specified research
focus and their intent, serve as the contextual input for the subse-
quent bi-directional analysis engine.

5.3.2 Bi-directional Analysis. As shown in Figure 8, the key to
generate each narrative perspective is to identify its core compo-
nents (see Figure 2): a contribution statement, thematic clusters, and
the individual papers within each cluster. Our solution leverages
LLMs (OpenAI’s o3-mini) for their strong natural language under-
standing and reasoning capabilities to generate diverse narrative
perspectives and their constituent components.

Narrative Schema: A Unified Schema for Data Flow and

Mixed-Initiative Interaction. To support both top-down and
bottom-up exploration, we designed a structured JSON schema
(see Figure 8-iii) to represent the key components of a candidate
narrative perspective. Specifically, the schema includes:

• a particular clustering of papers, paper_assign
• the extracted themes of these clusters, cluster_theme
• a synthesized contribution statement that captures the unique
framing of this perspective, contribution_statement

3See https://pypi.org/project/scholarly/ for documentation.

https://pypi.org/project/scholarly/
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Figure 6: PaperBridge supports bottom-up explorations in both overall or partial manner. (i) User can group their papers

freely, and request PaperBridge to generate overall suggestions. (ii) PaperBridge suggests the corresponding narrative

perspectives, including contribution statement and clusters’ themes. (iii) User can fix the satisfactory content and request

PaperBridge to re-generate the unfixed content.

Figure 7: PaperBridge supports users in exploring various rationale strategies to justify the significance of the specific

contribution statement by generating corresponding narration drafts for users.

As the central data layer of our system, this schema can be pop-
ulated via LLM-generated outputs (top-down) or directly edited by
users (bottom-up). It thus serves as a consistent and manipulable
representation of narrative components, enabling seamless transi-
tions between automated generation and human-driven refinement.

This schema also underpins our prompt chain design, which we
detail below in both top-down and bottom-up workflows.

Top-Down Reasoning: Framework-guided Clustering and

Theme Synthesis. In the top-down workflow, the prompt chain
includes two modules of context and instructions before the JSON
output restrictions (see Appendix A for the full prompt). The first
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Figure 8: Backend implementation for PaperBridge, a bi-directional analysis engine that supports top-down and bottom-up

reasoning for organizing and synthesizing publications (abstracts and titles) into narrative components. Top-down, we define

structured narrative components, especially inter-cluster relationships, to guide LLMs in grouping thematically coherent paper

clusters. Bottom-up, users can re-group papers themselves, refine clusters, and reshape contribution perspectives. The Narrative
Schema serves as a bridge between both reasoning processes by storing and updating narrative components.

module is a narrative structure-specific instruction module (see
Figure 8-i). In which, we translated each narrative framework into
natural language, defining a) the concepts of research statement,
paper clusters, and themes; b) the hierarchy from statement, to
clusters and individual papers; and c) semantic relations among
clusters (e.g., sequential in linear, orthogonal in coordinate). The
second module is a reasoning chain guiding the LLMs through
three steps (see Figure 8-ii): identifying distinctive features among
papers, abstracting cluster themes, synthesizing potential contribu-
tion statements. The output of this process is the structured JSON
schema storing a set of candidate narrative perspectives and their
components (see Figure 8-iii).

Bottom-UpReasoning: User-drivenRe-Clustering andNar-

rative Refinement. In the bottom-up workflow, users interact
with the Narrative Schema through the frontend interface to re-
group papers, refine cluster themes, or revise contribution state-
ments. Specifically, users can selectively lock components to pre-
serve their edits, such as paper_assign (by manually re-grouping
papers), cluster_theme (by locking thematic cluster boxes), or

contribution_statement (by locking the statement box). Once
an update is requested, the LLM updates only the unlocked compo-
nents (see Appendix B for the full prompt).

For example, in Figure 8-iv, a user groups the papers first, locks
the paper_assign, and requests updates from PaperBridge. Upon
request, PaperBridge updates the remaining components (i.e., con-
tribution statement and cluster themes in this case) based on the
locked parts. The analysis yields corresponding cluster_theme
and contribution_statement.

5.3.3 Evaluation and Ranking. Before presenting the candidate
perspectives to users, we evaluate each LLM-generated narrative
perspective using SentenceTransformer-all-MiniLM-L6-v24. The
system computes a Final Score by aggregating five equally weighted
metrics that assess both semantic coherence and structural align-
ment. The first fourmetrics focus on semantic relationships: Statement-
Cluster Alignment (SCA) evaluates semantic alignment between
clusters and their parent statements; Intra-Cluster Cohesion (ICC)

4See https://huggingface.co/sentence-transformers/all-MiniLM-L6-v2

https://huggingface.co/sentence-transformers/all-MiniLM-L6-v2
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quantifies internal cluster consistency; Adjusted Rand Index (ARI)
measures cluster coherence against unsupervised clustering results;
and Paper-Cluster Similarity (PCS) verifies paper alignment with
assigned cluster themes.

The fifth metric, Structural Consistency (SC), ensures that gen-
erated structures align with their intended narrative frameworks
through pattern-specific evaluations. For Parallel patterns, we com-
pute Cluster Separability to ensure distinct thematic boundaries
between clusters. In Linear patterns, we assess Cluster Ordered-
ness to verify logical progression between consecutive clusters. For
Circular patterns, we measure Cluster Interdependence to examine
mutual relationships among all clusters. In Coordinate patterns,
we evaluate Axis Separability to confirm the proper distribution of
clusters along different axes.

The final score aggregates these metrics as: FinalScore = 0.2 ·
SCA+0.2 ·SC+0.2 ·ARI+0.2 ·PCS+0.2 ·ICC. Each metric is normalized
to [0, 1], and the four highest-scoring perspectives (the number
is based on the findings of our pilot study, see subsection 6.1) are
presented to users through the interface.

5.3.4 Slide Generation. The final backend module generates pre-
sentation slides from user-confirmed structures using the Python
PPTX package5. We developed four templates aligned with four
narrative frameworks 6, enabling export to PowerPoint for further
refinement. In addition, we utilized Recraft7 to automatically gen-
erate images corresponding to each narrative perspective, aligning
the visuals with the narration and enhancing overall engagement.

The system’s frontend is implemented in Vue8, with a Flask9
backend. Asynchronous data exchange facilitates seamless commu-
nication, while D3.js10 powers interactive tree chart visualization
corresponding to the four frameworks with real-time updates.

6 EVALUATION

To evaluate the PaperBridge, we conducted a user study with 12
HCI researchers. Specifically, our evaluation aims to investigate: 1)
the usability and overall experience of PaperBridge, i.e., how useful
and easy it is to use PaperBridge, 2) if and how PaperBridge sup-
ported researchers’ exploration of diverse research narratives.

6.1 Methods

Before our main user study, we performed a pilot study with 4
participants to refine the study procedures. A key insight from this
pilot study concerned the number of sparks (narrative perspectives)
to provide under each framework. Participants indicated that 3-5
sparks struck an appropriate balance in terms of cognitive workload.
Based on this feedback, we standardized the number of sparks to 4
per framework in our main user study to ensure a manageable yet
sufficient workload for participants.

6.1.1 Participants. We recruited 12 researchers (P1-P12) through
an open call on social media (4 female, 8 male, other gender options
were provided). They span various career stages from senior PhD

5See https://pypi.org/project/python-pptx/ for documentation
6See supplementary for four slide templates
7See https://www.recraft.ai/docs for documentation
8See https://vuejs.org/
9See https://flask.palletsprojects.com/en/stable/
10See https://d3js.org/ for documentation

students to postdoctoral researchers and a research assistant pro-
fessor. The participants had substantial publication records, rang-
ing from 8 to 26 publications. Their research expertise covered a
diverse range of HCI subfields, including virtual and augmented
reality, visual analytics, accessibility, computer graphics, affective
computing, cultural heritage, information visualization, human-AI
collaboration, and online communities. This diversity in research
backgrounds ensured that our evaluation captured perspectives
from different areas within the HCI community.

6.1.2 Procedures and Data Collection. Our user study comprised
four stages: (1) a brief introduction; (2) a pre-interview before inter-
action with PaperBridge; (3) free exploration with PaperBridge;
and (4) a post-interview including questionnaires. The whole pro-
cedure lasts around 1 to 1.5 hours. Details are as follows:

Brief Introduction. The study began with obtaining participant
consent and introducing the project. Participants were presented
with their primary task: organizing publications for a hypothetical
job talk. Specifically, the task required them to re-organize their
publications from perspectives different from their previous ap-
proach. Using PaperBridge to assist in this process, they needed
to draft at least two pages of slides. Time was allocated for partici-
pants to consider their potential audience and their intentions for
highlighting their research.

Pre-interview and Brainstorming. Participants then engaged
in a pre-interview where they described their preliminary thoughts
on organizing and presenting their body of work, along with their
justifications. Pen and paper were provided for participants to illus-
trate their ideas. The facilitators asked follow-up questions when
clarification was needed. This phase was crucial for establishing
a baseline understanding of participants’ organizational thinking
before system interaction. The pre-interview was audio recorded.

Free Explorationwith PaperBridge. After the pre-interview,
we provided a 2-minute tutorial on PaperBridge and allowed partic-
ipants 5 minutes for initial exploration. Participants then interacted
with PaperBridge freely without time constraints. During the in-
teraction, the laptop’s screen was recorded.

Post-interview and Questionnaires. Upon completing their
interaction with PaperBridge, participants completed question-
naires about their experience and then engaged in a post-interview.
Specifically, the data collected included:
• Quantitative:

– Overall usability: System Usability Scale (SUS) [6] using a
5-point Likert scale.

– Workload: NASA Task Load Index (NASA-TLX) [18], using a
7-point Likert scale.

– User experience questionnaire: A 10-question survey using 5-
point Likert scales, evaluating participants’ perceptions of (1)
the exploration process (inspired by [67, 68]), (2) inspiration
(inspired by [12, 61]), and (3) overall satisfaction. The specific
questions can be found in Figure 9.

– Ratings on generated narrative perspectives: Participants were
asked to rate each spark (16 in total) on a 5-point scale based
on its reasonableness and helpfulness. Additionally, they were
asked to indicate which sparks they had previously considered,
allowing us to distinguish between novel ideas generated by
PaperBridge and those already conceived by participants.

https://pypi.org/project/python-pptx/
https://www.recraft.ai/docs
https://vuejs.org/
https://flask.palletsprojects.com/en/stable/
https://d3js.org/
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Figure 9: Assessment of participants’ perception of PaperBridge in terms of exploration (Q1-Q4), inspiration (Q5-Q6), and

satisfaction (Q7-Q10).

• Qualitative:

– We conducted semi-structured interviews to collect partici-
pants’ thoughts and feedback during the exploration process.
Sample questions included: “Please describe your overall ex-
periences with PaperBridge,” “What are your opinions on the

frameworks and sparks provided by the system?,” “Did you find

new perspectives to frame your research, and how did our system

support this?,” and “What suggestions do you have for improving

the system?”

6.2 Findings 1: Overall Usability and User

Experiences

6.2.1 Usability and Workload. The SUS and NASA-TLX measure-
ments indicate that PaperBridge is easy to use and imposes a low
cognitive burden, while supporting high levels of task success dur-
ing exploratory activities. Specifically, the System Usability Scale
yielded an average score of 84.38 (SD = 19.54), which falls within
the range of excellent usability [6]. In terms of workload (measured
on a 7-point scale), participants reported low mental demand (M =
3.08, SD = 2.07), very low physical demand (M = 1.42, SD = 0.67), and
low time pressure (M = 2.33, SD = 1.67) while using PaperBridge.
Notably, participants reported a high sense of success in completing
the task (M = 5.50, SD = 1.31), suggesting that the system effectively
supported their goals. Reported effort levels were moderate (M =
3.42, SD = 1.51), and frustration remained low (M = 1.75, SD = 0.97).

6.2.2 Overall User Experience. As shown in Figure 9, results from
the user experience questionnaire (N = 12, 5-point Likert scale) indi-
cate that participants were generally satisfied with PaperBridge (M
= 4.39, SD = 0.59). Specifically, participants gave positive evaluations
across three key dimensions. The exploration process dimension (4
questions) received high ratings (M = 4.48, SD = 0.52), indicating
that participants found the system effective for organizing research
and brainstorming alternative perspectives. The inspiration dimen-
sion (2 questions) received the highest ratings (M = 4.54, SD = 0.69),
suggesting that PaperBridge helped users discover new ideas and
view their work from different angles. The satisfaction dimension

(4 questions) was also rated positively (M = 4.23, SD = 0.73), with
slide output satisfaction showing the most room for improvement.

6.3 Findings 2: Co-Exploration Processes with

PaperBridge

The analysis of post-interviews and participants’ ratings on the
generated narrative perspectives, complemented by in-situ obser-
vations during the study, revealed how PaperBridge: (1) enhanced
the efficiency of narrative ideation; (2) supported the co-exploration
through both top-down and bottom-up approaches; and (3) inspired
reflections on participants’ research corpus beyond the immediate
task of narrative construction. These findings demonstrated that Pa-
perBridge was helpful in exploring alternative research narratives,
and also surfaced insights about participants’ further expectations.

6.3.1 Facilitating Efficient Narrative Ideation. All participants re-
ported that PaperBridge improved the efficiency of narrative ex-
ploration by offering diverse options or perspectives for them. This
efficiency emerged from multiple system affordances:

First, most participants noted that both the frameworks and
narrative perspectives provided by PaperBridge offered a wide

range of starting points for exploration. Frameworks gave access
to high-level, abstract structures, while perspectives under each
framework served as more concrete, interpretable sparks. As P7
described: “It’s really helpful to have these frameworks available. It

makes it much easier to try different structures and think about how to

organize my publications.” When it came to narrative perspectives,
participants highlighted how they helped reduce the barrier to
starting narrative ideation. P8 remarked: “I probably couldn’t have

come up with so many different approaches on my own. Having these

perspectives presented to me made the task of creating my research

narrative feel less daunting.”
In addition to the rich and diverse suggestions provided, partici-

pants appreciated the PaperBridge’s clearworkflow that stream-

lined their exploration. We found that the top-down exploration
helped participants structure their thoughts more systematically.
P9 shared: “I like its ability to guide me through a step-by-step ex-

ploration of different narrative aspects; when I think on my own, my
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thoughts tend to be scattered.” At the same time, participants men-
tioned PaperBridge facilitated their bottom-up exploration with
real-time updates. P9 emphasized: “Grouping my papers and testing

different ideas with PaperBridge is more efficient than sketching on

paper. I can quickly get feedback on how these papers might work

together when organized in different ways.”
Finally, the PaperBridge’s ability to output slide drafts was

also appreciated by participants, as these drafts helped them transi-
tion more directly into discussion and collaboration. As P6 noted:
“With these slides, I can more quickly take the materials for discussion

with others; previously, I had to make separate slides from the begin-

ning after organizing my thoughts.” Beyond immediate use, some
participants imagined integrating these outputs into longer-term
academic assets. For instance, P12 suggested: “With some optimiza-

tion, I think I will put the visuals on my personal website.”

6.3.2 Co-Exploration Process. Beyond improving efficiency, our
findings revealed that PaperBridge supported an exploratory and
reflective process for crafting research narratives. This process
began with trust building, human-AI co-exploration of narrative
perspectives, and participants’ reflection on their research beyond
the immediate task of narrative construction.

Initial Trust Establishment. We noticed the participants com-
monly began by quickly scanning among the frameworks and
sparks. A sense of initial trust was often formed when they recog-
nized familiar or sensible ideas within the system’s suggestions. As
P2 explained: “When I saw ideas I had thought of before, I felt the

system worked well; it made me feel that the sparks it provided were

logical and reasonable.”
Co-Exploration of Narrative Frameworks. Participants of-

ten initiated deeper exploration by examining high-level narrative
frameworks. The presence of multiple frameworks sparked curios-
ity and motivated participants to explore the perspectives under
each of them. As P7 reflected: “These frameworks seemed reasonable,

making me want to explore each of them.”
Co-Exploration of Diverse Narrative Perspectives.When

exploring the sparks (i.e., narrative perspectives) within a specific
framework, the discovery of novel perspectives often facilitated
deeper engagement with the exploration process. For example, P1
noted: “I designed and observed different user behavior in VR. However,
I never thought to categorize my work through the lens of ‘perception.’

It surprised me and made me want to explore more.”
Besides, we found that keywords associated with contribution

statements and thematic clusters played a critical role. The key-
words generated by PaperBridge offered diverse entry points and
remained open to interpretation, allowing participants to project
their own understanding. As P6 noted: “Seeing these keywords, I

will interpret them first before I check the details in the workspace.”
We also observed that participants tended to prefer abstract or con-
ceptual keywords over specific ones, as the former provided more
room for interpretation. As P4 commented: “There were two cluster
names—one was ‘tutorial-guided interaction’ and the other was ‘hand

gesture interaction.’ The former left room for imagination, while the

latter felt too specific and less suitable.”
Additionally, the interpretive space created by these keywords

often inspired participants to shift into bottom-up exploration

to test and refine their own ideas. For example, P12 mentioned:

“When I saw the keywords ‘decision-making process,’ I got an aha

moment. But I didn’t like the way it grouped my papers. So, I tried to

fix the contribution statement, assign the papers myself, and request

the system to return new cluster themes.”
Reflections Emerged During the Exploration.We noticed

that the exploration process was a process to help researchers re-
think their research through different perspectives. We also noticed
that, in addition to the diverse candidates that served as the re-
flection trigger, PaperBridge’s visual and conceptual organization
prompted participants to think more broadly about their research
positioning and future directions. Specifically, the visual layout of
the workspace enabled participants to identify latent patterns and
gaps across their body of work. P4 shared: “When it showed three

clusters describing how my work innovates tangible interface input

methods—gesture input, object input, and spatial context input—I

noticed I had fewer papers in the last cluster, suggesting a potential

direction for future research.”

6.4 Findings 3: Challenges and Tensions

Observed

Since participants are most familiar with the content and context
of their own publications, we consider their feedback particularly
valuable. We summarize their expectations as part of our findings
to surface the tensions and challenges involved in supporting the
reframing of one’s own intellectual work.

6.4.1 Complexities in How Users Perceive and Rate Sparks. We col-
lected a total of 192 spark ratings (4 sparks × 4 narrative structures
× 12 participants), yielding an overall mean score of 3.18 (SD =
1.29). To further examine how familiarity shaped evaluations, we
compared ratings of sparks that captured ideas participants had
already considered (“thought-of,” N = 66) versus those that were
entirely new (“not-thought-of,” N = 126). A paired-samples t-test
showed that “thought-of” sparks were rated slightly higher (M =
3.41, SD = 1.29) than “not-thought-of” sparks (M = 3.06, SD = 1.27),
though the effect was only marginal, t(11) = 2.14, p = .056.

We noticed an inconsistency between the average spark scores
and the otherwise positive quantitative and qualitative data. De-
spite a moderate mean rating, the SUS scores, user experience
measures, and participants’ interview responses indicated that Pa-
perBridge was effective in helping users explore diverse research
narratives. This discrepancy calls for a more nuanced interpretation
of the spark ratings.

Specifically, we observed that spark scores were sensitive to the
characteristics of users’ inputs, particularly the number of papers
and the degree of thematic coherence among them. For example,
P11 selected four papers, two of whichwere topically disjointed. P11
gave lower ratings to most sparks, with only one spark receiving a
score of 4. Reflecting on this, the participant acknowledged, “I know
my publications were not that coherent, which made me headache.

But at least, your system yielded one helpful perspective for me called

‘technological mediation in the interaction’.” This was the one spark
that received a rating of 4. Drawing from this case, we interpret that
the spark scores do not fully capture the extent towhich participants
were inspired by PaperBridge, as a smaller number of papers may
limit the system’s ability to formmeaningful clusters from the input,
while greater topical diversity can reduce the semantic coherence
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required to generate compelling sparks. In other words, both factors
may constrain the quality of the generated sparks.

6.4.2 Expectations for More Flexible Framework Organization. The
exploration of different narrative frameworks made participants
express interest in more open-ended and customizable structural
frameworks. They wished for the ability to go beyond predefined
templates and experiment with representations that better reflect
the nuances of their work. For instance, P3 remarked: “I wish I could
arrange and combine these frameworks arbitrarily. For instance, I

want to add two additional nodes to one edge of a circular structure

and see what happens.” P6 emphasized the value of aligning frame-
works with the structure of specific theoretical models: “Different
theories have different levels, and these levels and nodes could po-

tentially resonate with one’s papers.” Meanwhile, both P1 and P5
pointed out the importance of relative positioning in coordinate-
based structures. As P5 explained: “I know that this paper (pointing

at the screen), the degree of AI automation is higher, so it should be

placed closer to the extreme of this axis.” These insights indicate a
strong desire for more granular, theory-aligned, and manipulable
narrative structures.

7 DISCUSSION

In this paper, we targetedHCI researchers’ own challenges in explor-
ing alternative research narratives, and presented PaperBridge to
support this process. In this section, we reflect on the key design
decisions and associated trade-offs, and discuss implications and
directions for future research.

7.1 Supporting Academic Storytelling and

Communication

By targeting the challenge of helping HCI researchers construct
alternative narratives around their own body of work, our study
contributes to a growing line of research on how interactive systems
can support academic practice [22, 26, 65]. While many existing
tools focus on literature discovery [28, 63, 71], writing mechanics
[38, 50], or citation management [63], our work centers on a distinct
yet critical scenario: academic storytelling and communication.
We approach this direction by examining and supporting research
narratives constructions based on one’s own publications. In the
following, we reflect on our work and offer insights that may inform
future research in this emerging space.

7.1.1 Narrative Frameworks as Design Patterns and Conceptual Scaf-
folds for Academic Storytelling. Our investigation started from iden-
tifying narrative frameworks (i.e., parallel, linear, coordinate, and
circular). While the four structures are not exhaustive, we argue
that they may serve as design patterns [4, 60] as well as conceptual
scaffolds [7, 48] in guiding future research and system development.

As design patterns, these frameworks offer reusable structural
templates for organizing publications into narrative perspectives.
They provide a foundation for interface designs that support nar-
rative construction, and can be extended to accommodate greater
flexibility. For example, future systems might allow users to adjust
the number of clusters, combine multiple structural logics, or in-
teractively manipulate narrative layouts to better reflect individual
goals and preferences. However, it is worth noting that increased

flexibility may also introduce new challenges. For instance, over-
fragmentation could compromise narrative coherence, highlighting
the need for additional design considerations to support manage-
able and meaningful structure selection. As conceptual scaffolds,
these frameworks offer cognitive support for complex narrative
construction. They help users interpret and decompose ideas, en-
abling them to make sense of the bodies of their own work. Beyond
academic storytelling, such scaffolds may generalize to other inter-
pretive tasks that require organizing multiple components into a
coherent whole, such as structuring course modules planning [16].

7.1.2 Academic Storytelling as an Exploratory and Reflective Pro-
cess. The evaluation of PaperBridge showed that researchers ap-
preciated the support in academic storytelling, and revealed that
engaging with PaperBridge not only improved efficiency but also
fostered a co-exploration process that encouraged reinterpretation
and reflection on their research. These observations suggest that
academic storytelling can be understood as an exploratory and
reflective activity, rather than merely a task of communication.
In light of this, we call for greater attention to the design of sys-
tems that support researchers in exploring and reflecting on their
own intellectual trajectories. In our study, we observed that using
keywords as outputs created space for reflection. This lightweight
and suggestive design encourages users to reconsider and reframe
their own work, rather than passively accept system-generated
content. Such an approach offers a promising direction for future
systems that aim to balance guidance and interpretive flexibility.
Although our study focused on HCI researchers, the need to make
sense of one’s academic trajectory exists across disciplines and con-
texts, such as grant writing, portfolio curation, or job applications.
We see this as an emerging space for academic and professional
storytelling that is worth further exploration.

7.1.3 Challenges in Supporting Narrative Construction with Famil-
iar Content. Throughout our study, we identified several design
challenges specific to the academic storytelling and communica-
tion scenario. Unlike tasks involving unfamiliar content [53, 56],
participants were deeply familiar with the material, as they were
working with their own publications. This familiarity introduced
a unique tension: participants wanted the system to inspire them
with new ideas, but also expected its suggestions to align with their
self-understanding. As a result, they tended to be more critical of
the system’s outputs, and their assessments were heavily influenced
by subjective expectations. For example, spark ratings were slightly
higher for ideas they had already considered, suggesting a prefer-
ence for outputs that resonated with their existing thinking. To
support such scenarios, future systems could consider providing
users with more agency in the interaction [21, 55]. This may in-
clude exposing parts of the system’s reasoning process or enabling
interaction with scaffolded reasoning steps [10], in order to pro-
vide transparency that fosters trust and supports more reflective
evaluation during research narrative construction.

7.2 Designing Human-AI Collaboration for

Mixed-Initiative Interaction

To support the exploratory nature of research narrative construc-
tion, PaperBridge enables human-AI co-exploration through both
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top-down and bottom-up approaches. To this end, we followed
established practices in guiding LLMs by translating narrative con-
struction practices into structured prompt instructions [42]. To
further support mixed-initiative interaction around the generated
narrative components, we designed the LLM outputs as shared,
editable representations that bridge model reasoning and user re-
finement. In the following, we reflect on the design of these editable
representations and discuss their broader generalizability.

7.2.1 Editable Representations for Mixed-Initiative Interaction. In
our current work, the shared, editable representations are imple-
mented using a structured JSON schema, which defines the key
elements of a narrative perspective, including the contribution
statement, thematic clusters, and paper assignments. By making
these fields editable and accessible across both the frontend and
backend, the system allows users to iteratively adjust, reframe,
and reorganize the generated content [39, 52]. In addition to en-
abling mixed-initiative interaction, this schema design also
enhances the extensibility of PaperBridge. For example, new nar-
rative frameworks can be easily incorporated by defining structure-
specific prompts and mapping their outputs to the same schema
fields, without altering the overall system architecture.

Beyond narrative construction, the concept of editable represen-
tations offers an alternative solution for other interpretive tasks
that involve LLMs reasoning and human refinement. This design
reframes a generative task as an interactive process of interpre-
tation and reconstruction between human and AI. Based on our
findings, decomposing narrative construction into modular compo-
nents helps users avoid the cognitive burden of starting from scratch
and provides concrete entry points for reflection. This design prin-
ciple may be generalized to other domains, including literature
surveys [71], idea brainstorming [36], Socratic-style learning [35],
and creativity support tools [2, 54]. While our current interface
supports text-based refinement, the underlying concept aligns with
recent visions of dynamic abstractions [19, 62], which advocate
for interpretable and manipulable intermediate representations. Fu-
ture systems may build on this approach by designing multi-modal
interactions, such as sketch- or diagram-based interfaces.

7.2.2 Trade-offs in Input Scope for Narrative Generation. However,
our use of LLMs also revealed challenges, particularly around how
the scope of input influences the perceived quality of output. Our
current approach, which relies on paper titles and abstracts, intro-
duces a trade-off. On one hand, it reduces the input burden (e.g.,
users do not need to upload full papers), and abstracts often capture
the core ideas of a publication, supporting our goal of surfacing
narrative inspirations. On the other hand, this limited input may
constrain the specificity and depth of the generated clusters and
contribution statements. We observed that when users selected
only a small number of papers, the system had fewer materials
from which to extract meaningful patterns or construct abstract
framings. At the same time, users often had highly specific interpre-
tations of these papers, making them more sensitive to mismatches
or inaccuracies in the system’s suggestions. Although this tension
was amplified by the limited input scope, we believe the underly-
ing challenge would persist even with full-text access. Researchers
with more publications naturally provide a richer foundation for
the system to identify various themes. Addressing this challenge

may require models or systems with more adaptive reasoning ca-
pabilities. Such systems would need to operate effectively across
varying input sizes and tailor the level of abstraction and suggestion
to the quantity and specificity of the available content.

7.3 Limitations and Future Work

We acknowledge several limitations of our current work and would
like to outline potential directions for future research. First, our
current study focused on HCI researchers, and both the narrative
frameworks and user study findings primarily reflect experiences
from within the HCI community. The participants in our formative
study were mainly early-career researchers preparing for the job
market. Although the insights from the formative study and content
analysis were discussed with senior HCI researchers, the findings
have yet to be examined more broadly across the HCI community.
A natural next step is to extend PaperBridge to a more diverse
group of HCI researchers, as well as to other computer science
subfields, in order to explore both shared narrative patterns and
domain-specific differences in research narrative construction.

Second, the four narrative frameworks are not intended to be
exhaustive. Future work may explore additional frameworks or in-
vestigate more flexible, customizable structures to support person-
alized and diverse forms of narrative construction. Third, although
PaperBridge goes beyond standard chat-based interfaces by em-
bedding domain knowledge and providing a structured workflow,
our current study did not include a baseline comparison. A valuable
direction for future research is to evaluate how PaperBridge per-
forms in comparison with general-purpose tools like ChatGPT,
particularly when both are equipped with narrative knowledge.

Finally, in terms of input for LLMs, we currently rely on titles
and abstracts retrieved from Google Scholar to reduce user effort.
Future work could incorporate multi-modal inputs uploaded by
users, such as PDFs, slides, or project documents, to support deeper
narrative analysis and more diverse output formats. Additionally,
beyond the published papers, the ongoing projects are valuable
resources to be considered.

8 CONCLUSION

In this paper, we targeted the challenges HCI researchers face in
constructing alternative research narratives. Building on empirical
findings from a formative study and content analysis, we devel-
oped PaperBridge, a human-AI co-exploration system that sup-
ports narrative construction through both top-down and bottom-up
approaches. Powered by a bi-directional analysis engine, Paper-
Bridge enables users to generate, revise, and reinterpret their re-
search narratives from diverse perspectives. Our user study with 12
HCI researchers demonstrated that PaperBridge not only improved
the efficiency of narrative construction but also supported an ex-
ploratory and reflective process. Based on these findings, we offer
implications for future research on 1) academic storytelling and
communication and 2) designing human-AI collaborative systems
for mixed-initiative interaction.
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A PROMPT FOR TOP-DOWN EXPLORATION (LINEAR EXAMPLE)

You are an AI assistant and an expert in Human Computer Interaction research. Your task is to help researchers structure a set of papers and
craft coherent research narratives.

# DATA & CONTEXT
- Paper set : {paper_set}
- Overall research focus : {overall_focus}
- Researchers intent : {researcher_intent}

# KEY CONCEPTS
- Contribution Statement: a high-level criterion that partitions the entire paper set into meaningful, non-overlapping dimensions.
- Cluster: a subgroup of papers that share a distinctive feature under the same Contribution Statement.
- Cluster Theme: the abstract feature (e.g., method, technology, user group) that defines a Cluster.
- Paper: an individual publication, referenced only by its ID.

## Hierarchy
1. Contribution Statement > Clusters > Papers. Each Paper appears in every Contribution Statement but in exactly one Cluster per Contribution
Statement (no overlaps). Together, the Clusters must cover the entire paper set.

## Rules for Linear Framework
Within one Contribution Statement, Clusters illustrate a sequential flow where papers are organized in a progressive line, highlighting how each
stage builds upon insights from previous stages. Therefore, the Linear Framework is ideal for showcasing how initial explorations led to

sophisticated outcomes or how works span different levels of advancement.

# INSTRUCTIONS
## Step 1: Differentiate Features Among Papers:
Examine each Paper to identify salient features (topics, technologies, research methodologies, target groups, interaction techniques, etc.).

## Step 2: Form Preliminary Clusters and Abstract Cluster Themes
Group similar Papers into 3 to 6 Clusters. For each Cluster provide: 1) a concise, descriptive name (cluster_theme), and 2) a list of Paper IDs

## Step 3: Synthesize Contribution Statements
Review the preliminary Clusters and abstract 4 to 6 higher-level, fundamental criteria that distinguish them.
These criteria become the contribution_statements.

## Important Constraints
- Focus on distinctions that genuinely help researchers articulate unique contributions.
- Avoid excessively broad, vague, or redundant categories.

# OUTPUT FORMAT (strict JSON)
Return only valid JSON. No extra keys, comments, or text. Follow exactly the schema below. Use only Paper IDs inside "papers_assign".

{
"contribution_statements": [
{
"contribution_statement": "Contribution Statement 1",
"contribution_statement_description": "One-sentence explanation of this Contribution Statement and how its Clusters form a progression.",
"clusters": [
{
"cluster_theme": "Cluster 1 Theme",
"cluster_description": "Brief explanation of the Cluster Theme.",
"papers_assign": ["id", "id"]

},
{
"cluster_theme": "Cluster 2 Theme",
"cluster_description": "Brief explanation of the Cluster Theme.",
"papers_assign": ["id", "id"]

}
]

},
{
"contribution_statement": "Contribution Statement 2",
"contribution_statement_description": "...",
"clusters": [
{
"cluster_theme": "Cluster 1 Theme",
"cluster_description": "...",
"papers_assign": ["id"]

}
]

}
]

}
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B PROMPT FOR BOTTOM-UP EXPLORATION (LINEAR EXAMPLE)

You are an AI assistant and an expert in Human-Computer Interaction research. You are given a structured research narrative that organizes
papers into contribution statements and clusters. Your task is to refine the specific field indicated by key_to_modify, using the surrounding
context for reasoning.

# DATA & CONTEXT
The input is a JSON snippet that belongs to the following hierarchy: Contribution Statement > Clusters > Papers

# KEYS USED
- contribution_statement: A high-level category that groups multiple research themes
- cluster_themeX: A specific research theme that falls under the contribution_statement
- papers_assignX: A list of paper IDs assigned to the corresponding cluster
- key_to_modify: The key whose value should be updated

# INPUT FORMAT
{
"contribution_statement": "{contribution_statement}",
"cluster_theme0": "{cluster_theme0}",
"papers_assign0": ["id", "id"],
"cluster_theme1": "{cluster_theme1}",
"papers_assign1": ["id"],
"...": "...",
"key_to_modify": "{key_to_modify}"

}

# INSTRUCTIONS
## Step 1: Examine the Context of key_to_modify:
- If it is a cluster_themeX: Examine the papers in the associated papers_assignX. Identify their shared characteristics (such as research method,
user group, interaction type, or technology), and summarize them into a concise, meaningful cluster theme that reflects the essence of this

group.
- If it is a papers_assignX: Based on the corresponding cluster_themeX and the overall contribution_statement, assign the most relevant papers
from the dataset to this cluster. Ensure that the assignment is coherent with the theme and mutually exclusive with other clusters under the
same contribution_statement.
- If it is a contribution_statement: Consider all available cluster themes and papers to propose a more coherent and meaningful statement.

## Step 2: Check the Relationship Among Clusters:
- Check that the Clusters illustrate a sequential flow where papers are organized in a progressive line, highlighting how each stage builds upon
insights from previous stages. Make sure the Clusters are ideal for showcasing how initial explorations led to sophisticated outcomes or how

works span different levels of advancement.
- Confirm that each paper appears in exactly one cluster within this contribution_statement.

## Step 3: Update the New Value
Locate the field indicated by key_to_modify. Replace its value with an improved one-line description. Do not modify any other fields.

# OUTPUT
Return only the new value you assign to the key. No extra keys, comments, or text.

{new_value}
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