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Figure 1: Interface and Key Features of ReadFlect. (a) Users highlight paper content with color-coded reading intentions. A 
drop-down menu (b) lets users select the active intention and toggle the visibility of other intentions to promote focus. On the 
interactive canvas (c), highlights appear as nodes linked by two edge types: chronological edges (dashed gray) reflect the order 
in which highlights were made, while relational edges (solid black) are created by users to connect conceptually related ideas. A 
toggle control (d) allows users to switch between reading and analysis modes. In analysis mode, a timeline visualization (e) 
presents users’ reading progression over time, showing page positions and highlight events, while a dashboard (f) summarizes 
metrics such as reading time and highlight distribution. 

Abstract 
Reading academic papers is a routine yet cognitively demanding 
task for researchers and students. The reading process is often 
fragmented across sessions and shaped by evolving goals, yet most 
tools treat it as a single-pass, intention-agnostic activity. We present 
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ReadFlect, an interactive system that scaffolds intent-driven, multi-
session, and reflective reading of academic literature. ReadFlect en-
ables users to define and manage reading intentions, annotate pa-
pers in context, and externalize insights through a diagramming 
canvas. It further supports reflection through visual analytics that 
capture reading behaviors over time. We demonstrate how Read-
Flect supports more structured engagement with scientific literature 
and discuss its potential for enhancing comprehension, facilitating 
synthesis, and supporting collaborative and pedagogical use cases. 

CCS Concepts 
• Human-centered computing → Interactive systems and 
tools; Information visualization; Empirical studies in HCI. 
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1 Introduction 
Reading academic papers is a common, often daily practice for 
students and researchers. Despite its frequency, it remains a cogni-
tively demanding and complex task. Academic papers are typically 
dense with domain-specific terminology, unfamiliar methodologies, 
and complex data representations. As a result, the reading process 
is rarely linear. Instead, readers often pursue diverse and evolving 
intentions, ranging from skimming for general understanding, crit-
ically reviewing content, to deep diving for methodological details 
or practical application [9]. 

To mitigate the challenges of reading scientific literature, various 
strategies and tools have been developed. Approaches such as active 
reading [2] are widely adopted in academic settings, and experi-
enced researchers have shared structured techniques for reading 
papers effectively, such as Keshav’s three-pass method [7]. 

Complementing these strategies, a growing body of interactive 
systems has explored ways to support paper reading through in-
terface design and automation. Systems like texSketch [11] and 
LiquidText [12] incorporate pen-and-touch interaction to support 
active reading and diagramming. SCIM [4] helps readers navigate 
key insights in papers by surfacing salient sentences. Qlarify [3] 
supports gradual disclosure of dense content through expandable 
abstracts. Tools like ScholarPhi [6] and Augmented Physics [5] 
provide just-in-time explanations and simulations to support com-
prehension of mathematical or visual material. 

Despite these advancements, most tools treat reading as a single-
session, intention-agnostic activity. In practice, however, reading is 
distributed across time, documents, and cognitive goals—and often 
involves significant re-visitation [1, 10]. Readers frequently return 
to previously material with new questions or intentions, yet lack 
sufficient support for tracking and reflecting on their evolving un-
derstanding. Without effective mechanisms to capture and organize 
the fragmented reading process, they risk losing track of reasoning, 
duplicating effort, or overlooking key insights. 

To address these challenges, we present ReadFlect, an interactive 
system that tightly integrates reading and reflection to support 
intent-driven, multi-session engagement with academic papers. 
ReadFlect enables users to explicitly specify reading intentions, 
annotate in context, and externalize insights through active dia-
gramming. At the same time, the system logs users’ reading behav-
iors and progress, allowing them to retrospectively inspect their 
engagement and effectively re-enter previously read materials. We 

demonstrate ReadFlect through a detailed walkthrough of its fea-
tures across various reading tasks, illustrating how it supports more 
structured, intentional, and reflective scholarly reading. 

2 ReadFlect 
ReadFlect is built on three concepts: intentional reading, active 
diagramming and reflective analysis. These concepts are inte-
grated across three panels in our user interface: the reading panel, 
canvas panel, and analysis panel. Together, these components help 
users externalize their evolving goals, organize insights, and reflect 
on their engagement over time. 

2.1 Reading Panel 
The reading panel serves as the central interface for reading and 
annotating content. It supports traditional academic reading work-
flows while flexibly extending them through interactive affordances. 
Readers can load any number of PDFs into the system and switch 
between them seamlessly. Each document remains persistent across 
sessions, with highlights and annotations retained and synchro-
nized in real-time. 

2.1.1 Reading Intention Generation. Reading sessions in ReadFlect be-
gin with the explicit articulation of a reading intention, such as “un-
derstand methodology,” “survey related work,” or “skim for the main 
contribution.” To support goal formulation, the system offers struc-
tured suggestions informed by existing pedagogical frameworks, 
including Keshav’s three-pass method [7] and Bloom’s taxonomy 
of learning objectives [8]. 

2.1.2 Reading & Paper Interaction. Once an intention is selected, 
ReadFlect tracks user interactions—including highlights, scroll be-
havior, and timestamps—and associates them with the active goal. 
Highlights can be created over text or images using a cursor-based 
selection. They are then color-coded, visually overlaid on the PDF, 
and backed by a structured representation on the canvas (Sec-
tion 2.2). Readers may switch between intentions during a session 
and optionally filter out unrelated highlights to reduce distraction. 
These intention-specific interaction traces serve as a foundation 
for subsequent synthesis and reflection. 

2.2 Canvas Panel 
To support organization and synthesis, ReadFlect offers a visual 
workspace for active diagramming. Every time a user creates a 
highlight in the paper panel, a corresponding node is instantiated 
on the canvas. The user can interact with this canvas to explore rela-
tionships between ideas, build clusters, and surface deeper insights. 
This representation enables readers to externalize their evolving 
understanding, connect ideas across papers and sessions, and re-
visit prior insights with contextual structure, facilitating deeper 
engagement and knowledge integration. 

2.2.1 Nodes. To support different stages of the reading and reflec-
tion process, ReadFlect introduces multiple node types. 

• Highlight Node: A minimal representation of a highlight, 
shown by default. It displays only the raw content (text or 
image) and optional user-provided labels or tags. This view 
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Figure 2: Reading intention creation in ReadFlect. Users 
can create a new reading intention by specifying one man-
ually or selecting from system-generated suggestions. To 
provide actionable and context-specific recommendations, 
ReadFlect first analyzes the full paper, then evaluates the 
user’s current reading progress (including prior intentions, 
highlights, and time spent) and generates a list of tailored 
reading goals with detailed descriptions. 

minimizes clutter and supports quick scanning across the 
graph. 

• Group Node: Users can select multiple nodes to create a 
group node. This group node represents a conceptual cluster 
and can be treated as a higher-level semantic unit. 

2.2.2 Edges. To capture the structure and flow of a reader’s thought 
process, ReadFlect includes multiple edge types—each designed to 
represent a different kind of relationship. 

• Relational Edge: A user-defined edge that connects two 
nodes based on a semantic relationship. Users can create 
these edges manually by dragging from one node to another. 
Relation edges are meant to express connections such as 
cause-effect, question-answer, support-contradiction, or the-
matic similarity. These links may span across different pages 
of the same paper or different reading sessions. 

• Chronological Edge: An automatically generated edge that 
links every consecutive pair of highlights made during a ses-
sion. This encodes a sequential path that reflects the reader’s 
chronological flow of attention. 

2.3 Analysis Panel 
ReadFlect includes a reflective analytics module to support retro-
spective engagement with the reading process. Users can toggle 
analysis mode via a control in the upper-right corner. When acti-
vated, the interface transitions from reading and graph interaction 
to an analytics dashboard. The analysis module supports not only 
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Figure 3: Multi-user analytics view in ReadFlect. In the read-
ing timeline visualization (a), paths unrelated to the current 
selection are grayed out to help users focus on relevant ac-
tivity. A toggle control (b) enables users to show or hide 
highlights on the timeline, represented as color-coded circu-
lar markers. The dashboard element (c) summarizes metrics 
based on the current analysis level, such as paper, user (as 
shown), or session-level, and clicking it navigates to a more 
detailed view (e.g., the session-level display in Fig. 1e–f). 

single-paper analysis but also cross-document and cross-user com-
parisons. Users may select multiple papers to examine similarities 
and differences in their reading behavior, enabling reflection on 
patterns across literature. 

2.3.1 Reading Timeline Visualization. A chronological visualiza-
tion of user activity within a reading session, segmented by inten-
tion. Each highlight appears as a node plotted against time and 
location in the paper (as a percentage) and is color-coded by read-
ing intention. This timeline helps users identify bursts of insight or 
attention, skimmed versus deeply-read sections, and interruptions 
or breaks in reading flow. 

2.3.2 Reading Analytics Explorer. A multidimensional dashboard 
that surfaces metrics about a user’s reading activity. Key metrics 
include time spent per paper or per reading session, total number 
of highlights, and ratio of image to text highlights. These metrics 
support reflection on reading depth, engagement, and knowledge 
structuring. 
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2.3.3 Multi-User Analytics. In collaborative settings, such as class-
rooms or reading groups, ReadFlect supports multi-user analytics. 
Through toggle controls, the analyst can select and compare read-
ing progress and engagement patterns for different individuals or 
groups, as well as across various papers. This enables comparison 
of how different individuals approached the same paper, including 
which intentions were pursued, what sections were emphasized, 
and how interpretations varied. These comparisons support peda-
gogical reflection, peer learning, and scholarly discussion. Instruc-
tors may use this functionality to assess student engagement and 
guide critical reading instruction. Likewise, authors may use it to 
reflect on how their work is interpreted by different audiences. 

3 Conclusion and Future Work 
We presented ReadFlect, an interactive web-based system designed 
to support intentional, multi-session, and reflective reading of aca-
demic literature. By enabling users to articulate reading goals, exter-
nalize insights across sessions, and track their engagement, Read-
Flecttransforms fragmented reading activities into a coherent and 
structured workflow. This approach offers a novel means of manag-
ing cognitive effort, fostering deeper comprehension, and sustaining 
long-term engagement with complex scientific texts. 

In future work, we aim to enhance ReadFlect with a more com-
prehensive and intuitive workflow for specifying reading intentions. 
We also plan to refine the diagramming canvas and analytics vi-
sualizations to better support users in synthesizing insights and 
reflecting on their reading process. Beyond system refinement, we 
also plan to deploy ReadFlect in real-world settings, such as re-
search labs or classrooms, to evaluate its functionality and usability 
in practice. This deployment will also enable the collection of au-
thentic usage data, allowing us to investigate reading behaviors 
and uncover patterns in how users engage with academic literature 
over time. 
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