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Abstract

The static layout of a traditional for-print
document often impedes deep
understanding of its content because of the
need to navigate to access content scattered
throughout the text. In this paper, we seek to
faciitate enhanced comprehension of such
documents through a contextual visualization
technique.
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The Elastic Documents approach segregates
text and tables from data-rich documents into
isolated views.
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Users can interact with the system by selecting
text (highlighted in blue) or filtering table
attributes, thereby enabling visualizations to
adapt accordingly.
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an automatic technique to find links between tables and paragraphs.
This work uses NLP and heuristic techniques to connect table cells
with text sentences. Similarly, Badam ct al. 12] proposed a web tool
that relates the text to the tables and creates visualizations using these
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3 DATASET

In this scction, we first define the terminology used throughout the
document. Then, we deseribe the data st supported by our technique
and our assumptions. Finally, we depict how we creatc our dataset, the
gold standard sct in our cvaluations.

Related Papers

Close Sidebar

3.1 Definitions

Before describing our techniue, we must define some terms we often
use throughout the document.

Visual Encoding: It deseribes how we create the visualization, i.c.,

©  converting data into a visual representation. In a visual cncoding,

we specify the graphical marks (e.g.. points, bar, linc) and map data

variables
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Figure 1: The main system. (A) The pop-up window presents the metadata of the selected cited paper. (B) The sidebar includes
multiple features. (C) The metadata section displays the details of the publications and authors. (D) Abstract summary providing
a quick overview of the cited paper’s content. (E) Similarity score indicator (37%) showing the contextual relevance between
the current reading context and the cited document. The system uses this score to highlight the most relevant sentences. (F)
The Related Papers section shows connections within the citation network. (G) Navigation controls for accessing different
information levels: Surface, Deep Dive, and Results.

Abstract

Academic reading requires frequent citation engagement, but tradi-
tional PDF readers do not provide contextual support to understand
cited works. Current tools require readers to navigate away from
the main text to access citation details. This disrupts the reading

flow, highlighting a significant gap in seamless citation exploration.
We present CitePeek, an interactive PDF assistant that transforms
citations in a research paper into interactive elements. Clicking a
citation reveals a pop-up with metadata and an abstract for quick
critical insights. A comprehensive sidebar offers Surface and Deep
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Dive information levels and cited paper results. Surface provides
key points, Deep Dive gives narrative explanations with visuals,
and Results highlight significant experimental outcomes with data
visualizations. CitePeek calculates contextual relevance through
similarity scoring, presenting relevant paragraphs and relevance-
based highlighting in original PDFs. CitePeek identifies related
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papers within the reference network, delivering essential citation
details directly within the reading environment.
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1 Introduction

Understanding why citations are included and how they support
the surrounding text is a critical yet unsupported aspect of aca-
demic reading. Our research is motivated by the need to reduce the
cognitive burden associated with citation exploration and to pro-
vide readers with immediate, contextual insights into cited works.
When engaging with academic literature, researchers often struggle
to comprehend citations without interrupting their reading flow.
Switching between a paper and its references imposes a cognitive
load, breaks contextual flow, and slows comprehension. Chang et
al. [1] note that current tools fail to track previously seen citations,
making it hard to identify overlapping references. Park et al. [11]
emphasize how these disruptions can be particularly challenging
for junior researchers lacking deep domain knowledge.

Our system, CitePeek, addresses this gap by using Natural Lan-
guage Processing (NLP) and Application Programming Interface
(API) integration to deliver context-aware information from cited
papers directly within the PDF interface (Figure 1). It presents two
levels of detail: a surface view offering 3-5 bullet-point takeaways
for quick reference (Figure 1.B), and a deep dive view that includes
extended content such as methods, frameworks, and figures when
available (Figure 3). A separate results panel highlights findings
and visualizations to support faster comprehension.

CitePeek also constructs a scholarly network map based on ref-
erence relationships (Figure 6), helping users visualize clusters and
key influences. Also, similarity scoring highlights the most rele-
vant paragraphs from cited papers, with a red-to-green gradient
for quick skimming (Figure 5). Users can access the original PDF
with guided highlighting. All citation content appears in a sidebar,
accompanied by metadata and summaries in Pop-ups that can be
pinned or resized based on user interest. This design helps users
stay focused without switching contexts.

Our main contribution is an interactive PDF system that retrieves
and presents multilevel, contextually relevant citation content. By
combining citation analysis, visual guidance, and integrated sum-
maries, CitePeek improves the efficiency and depth of academic
reading.
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2 Background and Literature Review

Prior research on academic reading primarily focuses on two areas:
interactive reading environments and citation context comprehen-
sion. Despite progress, most systems provide isolated features and
do not support seamless navigation between papers and references
without breaking the reading flow.

Researchers have developed various tools to support more effec-
tive academic reading. These tools typically focus on helping read-
ers interact with one paper at a time and understand its citations.
However, most of these tools do not make it easy to move between
a paper and the papers it cites. In the following, we describe prior
efforts to address these challenges and identify remaining gaps.

2.1 Interactive and Contextual Reading
Environments

Research in interactive reading environments has explored var-
ious strategies to enhance digital reading comprehension. Early
efforts focused on improving interaction with individual digital
documents. Systems such as XLibris [12] and Beyond Paper [14]
introduced annotation tools that allowed users to highlight, or-
ganize, and manage digital text effectively. These tools marked
an essential shift in academic reading, from static to interactive
documents, but primarily focused on engagement with a single
document without addressing the challenges of navigating through
references. Later systems like LiquidText [15] and Passages [4] built
on this foundation by enabling multi-touch interaction and flexible
manipulation of snippets, allowing users to compare and organize
ideas more fluidly. Despite these advances, the focus remained on
improving interaction with a single document rather than integrat-
ing citation navigation. To address cross-document exploration,
systems like Threddy [6] enable readers to collect and organize
"threads" of related literature while reading. Although this helps
users follow multiple references on a theme without losing their
place, it requires manual curation. It does not automatically provide
additional context beyond what is mentioned in the current paper.
Similarly, Synergi [8] supports synthesis in multiple papers using
Al and graph algorithms, but its multi-paper focus makes it heavy-
weight for readers seeking lightweight, inline citation assistance
during normal reading. While these tools improved document-level
interaction, they lack automated, context-sensitive features that
help readers interpret citations as they appear. Their reliance on
user-driven curation or global document views often misses the
local, sentence-level function and purpose of citations. Efforts like
Scim [3] provide "intelligent skimming" through faceted highlights
that guide the reader’s attention to salient passages. However, these
highlights are derived solely from the paper’s own text and offer
no information about citations or referenced works. Papeos [9]
links segments of conference talk videos to corresponding pas-
sages in a paper’s PDF, aiding comprehension of the main paper
but not citation handling. Moreover, the system depends on the
availability of author talk videos, which are not always provided. A
fundamental limitation across these systems is their focus on inter-
action with individual documents without addressing the need to
seamlessly navigate between interconnected scholarly works. They
also tend to treat citations as static or secondary without offering
deeper semantic context or explanation. In contrast, CitePeek offers
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a more integrated reading experience by dynamically identifying
and presenting citation details that are semantically aligned with
the reader’s current focus.

2.2 Citation Context and Comprehension

Several systems aim to improve citation comprehension by offering
contextual insights, but important limitations remain. These tools
reflect the growing interest in helping readers understand how
citations contribute to scholarly arguments, yet they often stop
short of delivering the depth and relevance needed during real-time
reading.

CiteRead [13] enhances documents with commentary from sub-
sequent papers to show how prior work has been cited, helping
readers assess scholarly impact. However, it focuses only on incom-
ing citations and does not support understanding of the references
within the document, an essential part of academic reading. Its
delivery is also non-personalized, offering the same experience
regardless of user background.

CiteSee [1] introduces a personalized touch by providing visual
citation cues based on prior reading behaviour. While useful for
returning users, it delivers only brief metadata or snippets, with
limited value for newcomers lacking a rich reading history. Schol-
arPhi [5] enhances reading flow through on-demand definitions
but does not extend support to citation comprehension, leaving
references as non-interactive elements.

Other tools like Action Science Explorer [2] and Relatedly [10]
enable exploration of citation networks across document collec-
tions, but their macro-level focus often pulls readers away from the
main text and disrupts attention. Similarly, ComLittee [7] supports
author-based discovery but lacks tools for understanding citations
in context within a paper. Commercial platforms, including Google
Scholar’s PDF reader! and Elsevier’s ScienceDirect?, offer limited
previews of cited content. Though Google Scholar shows parts of
cited papers, these systems generally lack deep contextual insights,
visual support, or recursive navigation features, making it difficult
for users to evaluate citation relevance without interrupting their
reading flow.

Compared to these approaches, CitePeek applies a more context-
sensitive and document-aware method for citation understanding.
Across these systems, a common problem is that they mostly rely
on surface-level information like citation titles, counts, or short
summaries. They do not help the reader understand why the ci-
tation is there or what part of the cited paper actually supports
the sentence. In contrast, CitePeek goes deeper. It not only shows
metadata; it also processes the full text of the cited paper to identify
the most relevant parts based on the reader’s immediate context.
Using methods like semantic similarity, keyword matching, term
frequency, and section importance, it extracts the most relevant
segments and presents them inline, allowing readers to understand
the citation without leaving the page or opening another document.
In summary, current academic reading tools disrupt comprehen-
sion by forcing readers to switch contexts when exploring cita-
tions. They often lack depth, visual support, smooth navigation,

1Google Scholar is an academic search engine that provides limited previews of cited
documents. https://scholar.google.com

2ScienceDirect is a scientific article database and PDF viewer provided by Elsevier.
https://www.sciencedirect.com
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and multi-level citation tracing. We propose an integrated platform
that embeds contextual insights and visual cues into the reading
interface, enabling seamless engagement with cited content and a
better understanding of scholarly relationships.

Surface Analysis

6 Suface & DeepDive @ Results

Figure 2: Clicking on the surface level will present bullet
points of relevant information at a quick glance without
requiring navigation away from the current document.

3 System Overview and Implementation

In this section, we present the design and implementation of an
interactive PDF system that enhances academic reading through
contextual citation analysis and progressive information disclosure.
Our Al-powered assistant is a web-based application that improves
navigation and comprehension by embedding citation-related fea-
tures directly into the PDF interface. By minimizing the need to
leave the document to access external references, the system offers
a more seamless and focused reading experience.

CitePeek uses a client-server architecture combining a React-
based front-end with a Django-powered Python backend to support
these functionalities. The system presents a streamlined interface
for academic PDF uploads, rendered through an enhanced PDF.js 3
implementation that supports interactive features and seamless in-
tegration with our analysis tools. When a user uploads a paper, the
system automatically downloads all cited references. If a reference
cannot be accessed online through Semantic Scholar or DOI links,
our analyzer retrieves the PDF from a pre-populated local storage
directory, which contains previously downloaded or user-uploaded
cited papers. This ensures uninterrupted access and smooth inter-
action even when APIs are unavailable or network access is limited.
The local storage functions as a fallback repository of reference
PDFs that the system indexes and analyzes, just like online sources.

The backend uses PyMuPDF * to extract text and analyze the
structural elements of the document. It specifically identifies sen-
tences that immediately precede inline citations to extract contex-
tual cues, which are then used to search and rank relevant infor-
mation within the corresponding referenced papers. The backend
system’s core functionality includes a sophisticated multi-stage

3PDFjs is an open-source JavaScript library developed by Mozilla that renders PDF
documents in the browser using HTML5 and JavaScript. More information is available
at: https://mozilla.github.io/pdf.js/

4PyMuPDF is a Python binding for the MuPDF library, allowing access to PDF files
for text extraction, rendering, and document structure analysis. More information is
available at: https://pymupdf.readthedocs.io/
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content-ranking mechanism designed to identify the most relevant
information within cited documents. After extracting sentences
that immediately precede inline citations, the backend uses this
context to initiate a sentence-ranking algorithm that integrates four
weighted metrics:

e Semantic Similarity: This measures how closely the con-
tent in the cited paper matches the context around the cita-
tion in the main document. We use SentenceTransformer®
models to generate vector representations of sentences and
compute their cosine similarity. Higher scores indicate more
semantically aligned content, allowing us to prioritize rele-
vant passages that align with the reader’s current focus.

e Term Overlap: This metric evaluates the number of shared
terms between the citation context and candidate sentences
in the cited paper. While simpler than semantic similarity, it
captures direct textual matches that often indicate relevance,
especially for domain-specific keywords.

o TF-IDF Similarity: TF-IDF (Term Frequency-Inverse Doc-
ument Frequency) weighs the importance of terms based
on how unique they are within and across documents. This
metric emphasizes distinctive terms in the citation context
and helps highlight unique contributions or rare terminology
from the cited paper.

o Section-Based Weighting: Not all parts of a paper are
equally informative. This metric assigns greater weight to
sentences found in critical sections, such as Methodology
and Results, under the assumption that these sections are
more likely to contain substantive content that justifies the
citation.

High-scoring sentences are then contextually expanded by ex-
tracting surrounding paragraphs using intelligent boundary de-
tection techniques that preserve the coherence of the presented
information. This enriched content is passed through a two-stage
summarization pipeline: first distilled using BART ® summariza-
tion tailored to the selected analysis level, and then refined using
GPT-based” prompting to generate structured, informative, and
reader-friendly outputs.

The application’s key components and features include:

3.1 Interactive Inline Citations

When readers encounter citations, our system transforms static
references into interactive elements that provide immediate con-
text (Figure 1). Upon selection, a concise popup appears adjacent
to the citation (Figure 1.A), displaying metadata of the cited pa-
per, including title, authors, publication year, citation count, and
venue (Figure 1.C), and a summary of the cited work’s abstract,
and options for further exploration (Figure 1.D). This contextual

SSentenceTransformer is a Python library for generating semantically meaningful
sentence embeddings using pre-trained models like BERT. See: https://www.sbert.net/
SBART (Bidirectional and Auto-Regressive Transformers) is a sequence-to-sequence
transformer model developed by Facebook Al used for tasks such as summarization
and text generation.

7GPT-based prompting refers to the use of OpenAl's Generative Pre-trained Trans-
former models for generating human-like text based on provided instructions.
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approach, fetched from Semantic Scholar’s API 8, allowing read-
ers to gain essential information without losing their place in the
main document. The popup’s positioning adapts to screen space
and reading position to minimize disruption to the reading flow.
At the bottom of the popup, there are three options: surface, deep
dive, and result. Clicking on them will open the sidebar for further
information, which is explained in the following section.

In comparison to ChatGPT, while large language models like
ChatGPT can summarize and answer questions about the text, Cite-
Peek is specifically designed for academic reading and citation
navigation. Unlike ChatGPT, which operates as a general-purpose
assistant without document structure awareness, CitePeek inte-
grates directly into the PDF interface and uses citation context to
retrieve relevant segments from the cited papers themselves. Its
features are not prompted manually but are automatically triggered
by reader interaction with inline citations. Thus, rather than replac-
ing ChatGPT, CitePeek complements it by offering a task-specific,
citation-aware experience embedded within the reading workflow.

Figure 3: Clicking on the Deep Dive level will present a thor-
ough analysis of the paper, representing relevant informa-
tion and the key contributions of the cited paper alongside
the main figure or graph of the paper.

3.2 Contextual Information Sidebar

Upon selecting a specific citation, a detailed sidebar appears, offer-
ing in-depth analyses at three distinct and progressively detailed
levels:

Surface Level extracts and displays 3-5 bullet points contain-
ing the most relevant sentences from the cited paper that directly
support the specific context where the citation appears (Figure 2).
Relevant sentences are identified using hybrid ranking algorithms
and then summarized using the BART model, and then refined
using the GPT-4 API, which transforms the summarized content
into clearer, more coherent outputs aligned with academic reading
needs. These brief insights facilitate rapid understanding without
extensive reading.

Deep Dive Level Extracts relevant information from the cited
paper and provides an in-depth exploration by analyzing content
that is directly related to the citation’s context in the main docu-
ment (Figure 3). This mode emphasizes methodological details and
8Semantic Scholar is a free, Al-powered research tool for scientific literature maintained

by the Allen Institute for AL It provides access to over 200 million academic papers
across various disciplines with enhanced search capabilities and citation information.
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processes larger content segments to construct a comprehensive
understanding. High-ranked sentences are grouped into coherent
paragraphs and summarized using BART with extended output
parameters. These summaries are then refined using GPT-4 to pro-
duce detailed, readable explanations enriched with examples and
clarifications. Rather than randomly selecting paper sections, the
system prioritizes information directly connected to how and why
the paper was cited in the main text. This targeted approach en-
sures that readers receive explanations that directly address the
citation’s purpose and relevance to the current discussion. The
system transforms these relevant elements into coherent, contex-
tually appropriate explanations that preserve technical accuracy
while enhancing accessibility. To further enhance comprehension,
the system leverages PyMuPDF to extract relevant and important
figures, tables, and diagrams from the cited paper. It prioritizes the
main figure, the most cited figure in the text, that aligns with the
citation context, integrating them directly into the explanation to
provide visual reinforcement of key concepts. This focused presen-
tation enables readers to thoroughly understand why the paper was
cited and how its contributions specifically relate to the current
document, all without disrupting their reading flow or requiring
navigation to external sources (Figure 3).

Results Level highlights precise experimental outcomes, crit-
ical metrics, and statistically significant findings. Essential result
visuals, such as charts and graphs, are included to clearly present
the quantitative data reported in the original paper. These visuals
are organized logically, styled to match the data type, and designed
for clarity by removing unnecessary elements. When available, sta-
tistical details like confidence intervals and p-values are included.
All visuals follow consistent formatting and strictly reflect the re-
ported findings without additional interpretation. This presentation
is achieved through a custom GPT-4-powered implementation that
organizes findings according to scientific reporting standards (Fig-
ure 4).

To implement this, the system explicitly targets experimental
outcomes by employing dedicated extraction techniques to isolate
results sections. It uses both pattern recognition, identifying head-
ings like “Results” or “Findings”, and statistical marker analysis,
detecting terms such as “p-value,” “significant,” or “participants.”
Once relevant segments are identified, they undergo statistical
highlight identification to capture key metrics and indicators of
significance. The system then extracts visuals, such as graphs and
charts, associated with these outcomes. These are refined using
GPT-4 to emphasize quantitative data, statistical relevance, and
comparative insights while deliberately omitting methodological or
contextual information not directly tied to the results. This layered
approach ensures that the Results Level presents a focused, scien-
tifically clear, and trustworthy summary aligned with academic
reporting standards (Figure 4).

3.3 Semantic Similarity and Contextual
Highlighting

Another feature in the sidebar is the Relevance Highlighter, which

identifies and displays the most relevant paragraph from the cited

paper, with the most related sentence visually emphasized (Fig-

ure 5). To achieve this, the system calculates the semantic similarity
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Figure 4: Clicking on the result level will present a summary
of experimental outcomes, critical metrics, and statistically
significant findings with the proper chart or graph represent-
ing the outcome of the cited paper.

between the user’s current reading context and the content of the
cited paper. Based on this analysis, it ranks and highlights the most
contextually aligned text. The interface then shows the top-ranked
paragraph with key sentences highlighted for quick comprehen-
sion (Figure 5). By clicking "View Paper with Relevance Highlights,"
users are directed to the original PDF, where the content is color-
coded from green (most relevant) to red (least relevant). Sentences
scoring above 85% similarity are marked green, indicating strong
contextual relevance. Those scoring between 75% and 85% are high-
lighted in orange, and sentences with scores between 60% and 75%
appear in red. This allows for focused reading of the most important
information in the cited paper while preserving the original for-
matting of the paper (Figure 5.B). This color-coded system provides
flexible navigation and consistently guides the reader’s attention
to the most relevant parts of the reference material.

Figure 5: similarity score retrieving the most related para-
graph containing the most relevant sentences highlighted
with a link to the original PDF with relevant information
highlighted from red to green.

3.4 Related Papers Network

CitePeek examines the content and metadata of all cited papers to
reveal meaningful relationships, such as shared techniques, overlap-
ping research areas, or similar contributions (Figure 6). To identify
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these connections, the system automatically analyzes all the ref-
erences cited in the paper to find those that are related to each
other. This comparison is based on shared contributions, research
topics, or other semantic similarities derived from metadata such
as titles, abstracts, and summaries. This data is sent to a GPT-4
model using a prompt designed to extract shared research topics
and methodological similarities. The model returns a brief relation-
ship summary and a classification of the connection. These results
are parsed and displayed in the sidebar, where users can see related
reference numbers and relationship descriptions. When users click
on any of the cited paper numbers (e.g., 3, 4, or 22), the system
displays the paper’s title along with a brief metadata summary, in-
cluding the authors and abstract, to support a quick evaluation of its
relevance. This feature helps readers quickly understand how cited
works are connected and which clusters of references represent a
coherent research thread. By surfacing these related papers, the
system enables users to grasp the state-of-the-art around a specific
topic without manually reviewing every citation, streamlining the
process of identifying which references are most aligned with their
interests (Figure 6).

Related Papers

3 papersfound relatec:

Why are they related?

Figure 6: The related papers section presents the cited papers
that are related to each other; clicking on the mentioned
papers will present a brief metadata of the paper.

4 Limitations and Future Work

While our system offers meaningful improvements for academic
reading and citation exploration, several limitations remain. The
current implementation depends on internet connectivity for meta-
data retrieval via external APIs, which can be problematic in low-
connectivity environments. When references are unavailable online,
users must rely on local downloads, limiting real-time updates and
overall convenience.

Citation detection accuracy is another challenge, especially with
various citation formats across disciplines. The system performs
best with well-structured citations but may struggle with older
works, inconsistent formatting, or unusual characters, leading to
missed or misparsed citations that affect citation network accuracy.
One other limitation of CitePeek is that certain features, such as
the related papers network, require analyzing the full reference
list and paper content, making the process computationally inten-
sive and slower for large documents. Our prototype demonstrates
promising functionality, but empirical validation is still needed. As
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the system remains under development, our efforts have focused
on core features rather than extensive testing. To address this, we
plan to conduct a structured user study comparing CitePeek with
traditional PDF readers and basic citation tools. This study will
evaluate the system’s effectiveness in enhancing citation compre-
hension and reading efficiency through quantitative metrics (e.g.,
task completion time, comprehension accuracy, citation tracing
speed) and qualitative feedback (e.g., perceived usefulness, trust,
and usability). These evaluations will validate the system’s core
claims and inform future refinements based on real user needs. In
addition, to enhance citation detection, we plan to combine mul-
tiple approaches to support a broader range of citation styles. We
will explore rule-based parsing techniques and pattern recognition
using regular expressions tailored to known citation structures.
By integrating heuristic rules and configurable templates that re-
flect domain-specific citation conventions, we aim to improve the
system’s adaptability and robustness across academic disciplines.

5 Conclusion

The Interactive PDF Assistant illustrates the potential of conversa-
tional interface principles to enhance academic reading by enabling
in-context access to relevant information, supporting better compre-
hension, and reducing cognitive load. These early insights suggest
this approach can enhance academic reading tools. The progres-
sive disclosure model helps balance content richness and usability,
enabling readers to decide how much detail they wish to explore.
As digital reading evolves, our work highlights the value of con-
textual citation analysis in supporting more effective knowledge
acquisition.
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