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Keeping Up-to-date with Scholarly Publications:
An Ever-Increasing Challenge

➢ Number of publications produced per year grows 5-9% every year

➢ For example the number of publications in Science and Engineering published 
per year grew from 2.1M in 2012 to 3.3M in 2022
Source: https://ncses.nsf.gov/pubs/nsb202333/publication-output-by-region-country-or-economy-and-by-scientific-field

➢ Challenges of massive growth:

○ Finding relevant new knowledge about materials, processes, and properties 
across a fast-growing literature 

○ Researchers need precise links between materials, processes, properties, 
and supporting publications

○ This imposes a high barrier for new or interdisciplinary researchers
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https://ncses.nsf.gov/pubs/nsb202333/publication-output-by-region-country-or-economy-and-by-scientific-field


Metadata for Searching Scholarly Publications

➢ To increase findability, publications are now commonly tagged with metadata
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DOI
Title
Authors
....
Abstract
Keywords

DOI:10.1007/s10570-021-03771-4
Title: Towards a 
cellulose-based society: 
opportunities and challenges
Authors: Wang et al.
......

https://doi.org/10.1007/s10570-021-03771-4


More Granular Semantic Search is Helpful (and Needed)

It remains difficult to

➢ Search publication content at a level of specific terms (e.g. materials, processes, 
properties) rather than only by title, abstract, or keywords

➢ Identify specific materials, properties, processes, and their relationships in the 
exact publications and paragraphs in where they are discussed

For example:
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Publications

Which cellulosic materials are 
mentioned in conjunction with 

permeability? Where (in which 
publications and paragraphs)?



Vision: A Knowledge Graph System for Cellulosic Materials

A data-driven, knowledge-based system with

➢ a knowledge graph at its core

➢ ontologies for structuring the knowledge graph
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Vision: Key Non-functional Requirements of the System

➢ Scalability: continuous accumulation of information with minimal manual 
intervention

➢ Adaptability: ability to support refinement of knowledge and ontological changes 

➢ Stability: no major redesign of the knowledge graph

➢ Provenance: a detailed record of added information and its origin 

➢ Accuracy and Trustworthiness: incorporating a human-in-the-loop approach 
with provenance to enhance trustworthiness 
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CelloGraph: Key Components
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Stores Metadata Stores Contents Store Entities



Language models are pretty good at recognizing and classifying named entities:

Entity Recognition: A Named Entity Recognition (NER) System

8

Start End Label Named Entity

214 232 PROPERTY nanoparticle shape

307 317 PROCESS modulation

327 352 PROPERTY mass transfer properties

356 371 MATERIAL nanocomposites

Text from 
Publication

Entity Recognition 
System Recognized Entities

... the nanoparticle shape [...] 
on the modulation of the mass 
transfer properties in 
nanocomposites, as a 
function of filler volume 
fraction and in the light of the 
nanocomposite structure 
achieved.



Language models are pretty good at recognizing and classifying named entities:

Entity Recognition: Limitations
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➢ Disconnected: Recognized entities are typically stored separately for 
each document and are not easily searchable across publications

➢ Coarse: Very limited number of categories are typically used

Start End Label Named Entity

214 232 PROPERTY nanoparticle shape

307 317 PROCESS modulation

327 352 PROPERTY mass transfer properties

356 371 MATERIAL nanocomposites

Text from 
Publication

Entity Recognition 
System Recognized Entities

... the nanoparticle shape [...] 
on the modulation of the mass 
transfer properties in 
nanocomposites, as a 
function of filler volume 
fraction and in the light of the 
nanocomposite structure 
achieved.



Solution: A Structured and Semantic Representations of Entities
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➢ Coarse: Very limited number of categories are typically used

2) Linking entities and their classification labels 

2) to a domain ontology

➢ Disconnected: Recognized entities are shared as lists (one per document)

1) Representation as a Knowledge Graph: OnNER

- captures the caption and context of entities

- allows querying entities more easily



Why a Knowledge Graph?

➢ A knowledge graph represents information as a network of connected concepts.

➢ Instead of isolated pieces of information, we can see how things are connected 
and explore relationships across data.
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● Nodes represent concepts 
● Edges represent relationships between 

nodes



Ontology: The Structure Behind a Knowledge Graph

➢ A structured framework to organize knowledge for consistent understanding and 
representation. 

➢ An ontology defines:
○ What types of things exist
○ How different things are related
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Concepts
● Document Part: Section 2.1, Paragraph 1
● Material: Cellulose
● Property: Strength

Relationships
● Cellulose ⇨ is-a ⇨ Material
● Section 2.1 ⇨ contains ⇨ Paragraph 1



OnNER’s Approach: Representation of Entities
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Publications
(PDFs)

Start End Label Named Entity Context

214 232 property nanoparticle 
shape

Section 1, 
Paragraph 1

307 317 process modulation Section 1, 
Paragraph 1

327 352 property mass transfer 
properties

Section 1, 
Paragraph 1

356 371 material nanocomposites Section 1, 
Paragraph 1

Entities with Relative Positions in Text

NER

Encode

Queryable Knowledge Graph

Encode
Defines 

Structure
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Khoshkava, V., 
& Kamal, M. R. 
(2014). Effect of 
drying 
conditions on 
cellulose 
nanocrystal 
(CNC) 
agglomerate 
porosity and 
dispersibility in 
polymer 
nanocomposite
s. Powder 
Technology, 
261, 288-298.

Section

Section

Paragraph
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Curating the Knowledge Graph

➢ Automated knowledge graph construction is not reliable

○ Language models may miss or incorrectly classify specialized cellulose terms.

○ The same term may have different meanings depending on its context.

➢ That’s why human review is needed

○ Human review improves the quality and reliability of the knowledge graph.

➢ We developed AnNER, a review tool for efficient validation of extracted entities.

○ Domain experts can correct these errors and confirm the extracted entities.
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AnNER: A Tool for Reviewing and Validating Extracted Entities
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AnNER: Key Capabilities
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Suggested

Candidate

Accepted

Rejected



➢ Which two terms occur in the same paragraph? In which publications and 
paragraphs do they occur?

➢ What are the most recent publications that mention a specified term at least a 
specified number of times?

➢ Find all terms with a specified label from a particular publication.

○ Find all processes mentioned in the publication titled “Effect of Drying Conditions on 
Cellulose Nanocrystal (CNC) Agglomerate Porosity and Dispersibility in Polymer 
Nanocomposites.”

Querying the Knowledge Graph
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➢ Scientific information on cellulosic materials is distributed across a rapidly 
growing body of literature.

➢ CelloGraph aims to organize scattered scientific knowledge about cellulosic 
materials and make it easily accessible to users.

➢ OnNER makes materials, properties, processes, and other scientific terms easier 
to search across publications.

➢ AnNER allows domain experts to validate automatically extracted terms.

➢ A domain-specific NER model is currently being tested to improve cellulosic 
entity extraction.

➢ Together, these components support more precise, transparent, and trustworthy 
knowledge discovery.

Summary and Future Work
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➢ Develop a high-performing NER model to accurately recognize specialized 
materials, properties, processes, and applications in scientific publications.

Summary and Future Work
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Start End Label Named Entity

214 232 PROPERTY nanoparticle shape

307 317 PROCESS modulation

327 352 PROPERTY mass transfer properties

356 371 MATERIAL nanocomposites

Text from 
Publication

Entity Recognition 
System Recognized Entities

... the nanoparticle shape [...] 
on the modulation of the mass 
transfer properties in 
nanocomposites, as a 
function of filler volume 
fraction and in the light of the 
nanocomposite structure 
achieved.



➢ Develop a domain ontology to provide

Summary and Future Work
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● More granular categories 
(e.g., Nanoparticle)

● Clear structure (e.g., Material vs 
Physicochemical Property)

● Consistent labeling of entities

● Relationships between concepts
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