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Data Science in Elsevier
Using new capabilities (machine learning, natural language 
processing, AI) to increase our content utility
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Answers: users wanting knowledge – tailor 
cut to the exact needs of the moment.
next-generation search and recommendation
Evolved expectations by emergence of AI, 
Knowledge Graph, new UXes

Data: accumulated, structured knowledge. 
Meta-data around the known entities (authors, 
articles, geographicals, references, 
institutions, concepts, relations) – human or 
machine generated

Content: the underpinning of anything good –
published material from Journals, Patents, 
Web, client data.

Knowledge

Data

Content

Data Science in Elsevier
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• Technical terms/concepts

• Concise language

• Inherent complexity of scientific language

• Documents not being self-contained

• Ambiguity across or within domains

• Long documents with multi-modal information
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What kind of content we are dealing with?



What kind of content we are dealing with?

Plavén-Sigray P, Matheson GJ, Schiffler BC, Thompson WH. The readability of scientific texts is decreasing over time. 
Elife. 2017 Sep 5;6:e27725. doi: 10.7554/eLife.27725. PMID: 28873054; PMCID: PMC5584989. 6



Users of scientific content
• Researchers and scholars

• Help them to track advancements

• Clicials/Hospitals/Patients
• Help them track advancements in helath and clinical domains

• Government/Funding agancies
• Help them to find areas to invest on

• General public
• Help them understand complex scientific content

• Students
• Help them to find and understand key learning material 
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Challenges and tasks for scientific document understanding

• Named Entity Recognition
• Specific to scientific documents

• Scientific concepts
• Methods
• Datasets
• Equipments

• Maping research outputs to different taxonomies
• Taxonomy of science
• Sustainable Development Goals
• Taxonomy of rare diseases
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Challenges and tasks for scientific document understanding

• Summarizing (single) scientific articles
• Highlight extraction/generation

• Creating an inventory of scientific concepts
• Assisting users by providing contextual global information on unfamiliar 

scientific concepts as users face them
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Science Direct Topic Pages



Observation:
When users come across an unknown term in an article, they stop 
reading, open up Wikipedia and look up the unknown term to get 
definitions and background information about the concept.

Understanding an article from users perspective11
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Problem
• Academic articles have scientific concepts
• Researchers need information about unfamiliar concepts they encounter
• They lose time searching for foundational information that is trusted and citable

How
• Summarize relevant content from ScienceDirect on Topic Pages
• Enrich content with links to the Topic Pages
• Automated to make processing the content scalable
• Automation presents its own challenges:

• Disambiguation of terms
• Extraction of good definitions

12

12

Understanding an article from users perspective



Definition, 
clearly 
delineated

Related 
terms link to 
further topic 
pages drives 
serendipity

Title links to 
chapter, drives 
usage

Card presentation 
supports easy 
scanning and short 
snippets preferred 
by users, saves 
time

”Read full chapter” links at end of 
snippet, drives usage

Anatomy of a topic page
13
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The Topic Pages solution

Linked concepts 
in article pages 
lead to Topic 

Pages

Concept 
Overviews 

provide detailed 
information about 
a concept/topic

Chapter links 
lead to SD book 

chapters

Chapter links 
lead to SD book 

chapters

Article Page Topic Page SD Chapter Page

• Integrates book content alongside journal articles
• Leverages user behavior to deliver content at the point of need
• Free layer of selected, relevant content
• Links to SD chapter pages from Topic Pages
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Used technologies
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Generation pipeline

16



|   17

• Need to automatically identify good definitions from text

• Large amount of data 

• Most sentences are not definitions

• Sentences that look like definitions may not be definitions

• Ambiguous concepts
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Definition ranking

• Task
• Given a pair of <concept, sentence> assign a score reflecting if the 

sentence provides a good definition for the concept

• Ranking
• Estimate the score for all candidate sentences
• Rank candidates and pick the top-ranked one

• Models
• LSTM+CNN using structural information
• SciBERT
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LSTM+CNN model

• Captures strctural, sequential, and spatial information inside text

• A set of hand-crafted features are added to inject concept information to the 
model
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SciBERT model

C1CLS … S1

SciBERT

SEP … Sn

T1C T3T2 Tm

Fully connceted layet

Softmax
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Performance

Results on the WCL dataset

Results on Elsevier dataset
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Types of bad definitions
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Impact of domain difference
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Topic pages help 
students find answers

360,000 topic pages
Across different subject areas

Hyperlinked from 6 million journal articles and 
book chapters on Science Direct 
And highly discoverable in search engines

23 million visits on average every month
With customer research regularly carried out to 
ensure optimal user experience

As a research student… it helped me 
achieving the knowledge of a 
complicated topic more effectively… 
I am thankful to the entire team for 
providing such useful and authentic 
information at one click

“

We uncovered 
that 69% of 
Topic page 
users are, in 
fact, students
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How helpful would this type of page be to you 
in the following situations?

Very or Quite
Helpful

Multidisciplinary work 87%

Investigating a new area 97%

Unfamiliar term in a journal article 84%

Reading in my current research area 87%

Looking up a technique or methodology 81%

Background 
Reading

22%

Current 
Research

27%Future 
Research

6%

Coursework
36%

Teaching 
Materials

2%

Conference 
Prep
2%

Other
5%

Why were you 
interested in [this term] 
today? 

Did you find the content helped you for these 
purposes? % Yes

Background reading in primary specialty 75%

Background reading in new area 82%

Planning future research 72%

Current research 74%

Writing up current research 68%

Teaching or Coursework 85%

Conference 57%

Exit Survey
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Extracting Article Summaries 



Can we use extractive 
summarization to find the key 
finding/points within a 
document?

Our authors are 

the best writers
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Available Data 
Full Text 
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Available Data 
Title
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Available Data

30



Available Data – Author Submitted Highlights

• Cover 100% of newly 
submitted documents

• Cover 8% of all 
documents

• Covers 25% of traffic
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Greedy Rouge Sampling
1. Select best sentence compared to 

author highlights
2. Select second sentence, which 

combined with best set makes 
biggest increase in score when 
compared to author highlight 

3. Repeat until stop criteria

Rouge-l-f

Document 

Highlights
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Culture's impact on institutional 
investors' trading frequency

• Culture influences institutions' 
trading frequency within their own 
portfolio.

• Institutions' turnover decreases with 
cultural distance to stocks' home 
market.

• Cultural ambiguity aversion is 
negatively related to trading 
frequency.

• Cultural trust is positively related to 
trading frequency.

• In addition, we find evidence that 
cultural ambiguity aversion is related to 
lower trading frequency and that 
cultural trust is related to higher trading 
frequency.

• In order for the results to be consistent 
with H1, we expect Cultural distance to 
be negatively related to institutions' 
turnover.

• Cultural ambiguity aversion reduces 
trading frequency.

• Cultural trust increases trading 
frequency.

Author Highlights

Sampled Data
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Training Data

138,735 randomly selected documents with 
author highlights

Split into Train (60%), Test (30%), Validation 
(10%)

Top 10 sentence labels with Greedy Sampling
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Initial Model – Sentence Classification
• Section Classification
• Content overlap
• Number of numbers
• Sentence length 
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Collins, E., Augenstein, I., & Riedel, S. (2017). A Supervised Approach to Extractive Summarisation of Scientific Papers. CoRR, 195–205. 
http://doi.org/10.18653/v1/K17-1021



Sequential RNN
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Kedzie, C., McKeown, K. R., & Daumé, H., III. (2018). Content Selection in Deep Learning Models of Summarization. Emnlp.



Effectiveness of Sentence Extractors

Sentence 
Embedding

Word Embedding 
Trainable Rouge-l-f

CNN FALSE 22.13
CNN TRUE 22.70
MEAN FALSE 22.60
MEAN TRUE 22.28
RNN FALSE 22.53
RNN TRUE 21.36
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Section Analysis

14%

29%

13%

13%

11%

20%

Intoduction Results Conclusion Method Discussion Section Unlabeled

38



“Human (Editor) in the loop”
Simplicity: are the sentences which have been 

selected simply to read or are they too long and using 

over-complicated language.

Informativeness: do the sentences which have been 

selected inform the user about what is going on within 

the papers

Relevancy: are the sentences which have been 

selected relevant to the main findings of the paper

Diversity: are all the sentence which have been 

selected covering the same points or is their diversity 

across the sentences.
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Usabilla Results

Provides a good quick summary of the 
research easier to take in at a glance than 
an abstract. Probably useful as a first step 
to decide whether the paper is of interest.

Highlights are too similar to an abstract.

Response

Yes No Somwhat
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Summary
• Scientific document processing poses new challenges and tasks that 

are unique for such documents
• Specific named entities, technical jargon, long multi-modal documents 

and much more
• Summarization is found to be helpful (especially by students) to 

understand scientific articles
• Students can potentially benefit from text simplification and relevant tasks

• Limitations and future steps
• Search result diversification for snippet ranking
• Logical ordering of snippets rather than ranking by relevance
• A high level summary of the topic page

• More informative than the definition and less complex than snippets 

45



Zubair Afzal George Tsatsaronis Emma Bruun Janneke van de Loo

Rob Koeling Daneil Kershaw



Thank you


