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Data Science in Elsevier
Using new capabilities (machine learning, natural language

processing, Al) to increase our content utility

Data Science

* What we do | Data
/ mining

Turn Unstructured Content
into Structured Content

* Text Mining _ Artificial
* Images intelligence
* Video

- Enabling Data Mining Statistics

- Enabling Data Analytics
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Data Science In Elsevier

Content
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What kind of content we are dealing with?

ELSEVIER

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



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

ELSEVIER



Challenges and tasks for scientific document understanding

Experimenfs are conducted on two corpora with different characteristics (Cardoso-
. .y Cachopo, 2007), i.e., Reuters-21578 dataset and 20 Newsgroups dataset. More
°
N am ed E ntlty Recog n Itl on specifically, there are 8 categories in Reuters-21578 dataset, including 5485 training

o Specific to scientific documents texts and 2189 test texts; 20 categories in 20 Newsgroups dataset, including 11,293

« Scientific conce ptS training tex'ts and 7528 test texts. In additi.on,.Reuters-21578 dataset is highly
. Methods skewed, whits the 20 Newsgroups datasets hightybalaneed.
problems (Wang et al., 2018; Souery et al., 2007) or lack of effects (Rush, 2007).
- Datasets The twin support vector machine (TSVM) as a classifier with non-parallel hyper-
* Equipments planes was proposed in [16], which is four times faster than traditional SVM. A

reauce symptoms OI depression \nennlngs €t al, ZUL5; Wegner et al., 2ul4;
Khanzada et al., 2015; Stanton et al., 2016). However, there are also studies, showing
no additional effect of exercise compared to antidepressant medication alone

° M a p i n g re Se a rCh O u t p u tS to d iffe re nt t,— (Danielsson et al., 2013; Kvam et al., 2016) or cognitive behavioral therapy alone

C (Bernard et al., 2018).

° TaXOnomy of science The Fourier transform infrared (FTIR) spectral analysis was carried out on a

e Sustainable Deve|opment (G0 Thermo Scientific spectrometer (Nicolet iS10) and performed in transmission mode

e Taxon omy of rare diseases using KBr pellets. Raman spectra were obtained with a WITec Alpha300RA
spectrometer using an excitation wavelength of 488 nm. Thermogravimetric
analysis (TGA) data was recorded on a Netzsch TG209-F1 instrument at a heating
rate of 10 °C min™' in N,. Thermogravimetric analysis with mass spectrometry

ELSEVIER 8



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

ELSEVIER



Science Direct Topic Pages

Empowering Knowledge



When users,eome across an unknown term in an.article, they stop
reading, open-up Wikipedia and_leek up the unknownterm to get

definitions and background information about the concept.

\
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Understanding an article from users perspective

* 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

* 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



natomy of a topic page

Definition,
clearly
delineated

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

v

ELSEVIER

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

ScienceDirect

Amygdala

The amygdala (AMY) is a key brain region that regulates emotionality, aggression and af-

fect-based learning and memorv, such as fear condif

Foom: ! ) y 1

Learn more about Amygdala

Genetics and Neuropathology of Hunt-
ington's Disease

Anton Reiner, loannis Dragatsis, Paula Dietrich, in /nternational
Review of Neurobiology, 2011

e amygdala comprises pallial and subpallial subdivisions. Sig~
nificant amygdala shrinkage has been reported in HD, based on
MRI and CT (Douaud et al,, 2006; Rosas et al., 2003), and Kipps et
al,(2007) reported declining emotion recognition in others with

amygdala volume loss in HD, possibly contributing to HD affec-
tive symptoms. Zech et al. (1986) reported that the central nu-
cleus of the Subpallial amygdala in one choreiform HD case was
g<cdly shrunken, with considerable attenuation of immun)
& /!P, ENK, neurotensin, and NPY.

Read full chapter

/' Amygdala- ScienceDirect .. x \ G amygdala.sciencedirect - G... X | + [e@][=]
€ P () ec2-54-85-199-129.compute-1.amazonaws.com/topics/page-test/Amygdala?f=-all+ ents freql ¢ || Q search wE 9 3 A =
18) Most Visited @ Getting Started | Se.. | - F

@ Detection of Chirality -.. @ CHROMATOGRAPHY ... | Particulate Organic De...

Journals  Books @

Relat~ " s

Central control of autonomic function
and involvement in neurodegenerative
Qsorders

Maria G. Cersosimo, Eduardo
Clinical Neurology, 2013.

Benarroch, in Handbook of

Amygdala

The amygdala provides affective or emotional value to incoming
sensory information (LeDousx, 2007). The amygdala is structurally
complex and has multiple downstream targets that participate in
the autonomic and neuroendocrine response to stress (Ulrich-Lai
and Herman, 2009). The amygdala nuclear complex consists of
two major divisions: the basolateral complex and the extended
amygdala. The basolateral amygdala has an affiliation with the
cerebral cortex and includes the lateral, basal, and accessory nu-
clei. The extended amygdala is a continuum that includes the
central nucleus of the amygdala (CeA),lateral bed nucleus of the
stria terminalis (BNST), and associated regions of the sublenticu-

of

Related
terms link to
further topic
pages drives
serendipity

Title links to
chapter, drives
usage
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The Topic Pages solution

AP Rosenberg's Molecular and Genetic Basis of
acapiwic — Neurological and Psychiatric Disease (Fifth
i) i e Edition)
v

ompulsiv

Obsessive—C e Disorder

2015, Pages 1301-1310

Chapter 106 — Obsessive-Compulsive Disorder
Possible role of neuropeptides in obsessive compulsive

disorder

Introduction

Disease Characteritics, Halimark Manft

Linked concepts
in article pages
lead to Topic

Obsessive—compulsive disorder (OCD) is characterized by recurrent and intru
hts or images (obsessions) that are often accompanied by intentional repetiive:
s (compulsions). 1 Geneic studies among OCD subjects suggest that both

tal factors play a criical role in the etiology and expression of

netic and environm

Diagnosis and Testing

Author connections

1 H (OCD) ized by
A o o CCD i ety e solybased o el evaloton g provide detailed

d thoughts, images orimpulses) and compulsions (mental or
crteria. 1 Rating scales such as the Yale-Brown Obsessive Compulsi

i i formed to reduce the anxiety associated with obsessions)
St (1-20C o el o e Chirens. 8- Eoun Cosee Conputis \ information about

re you are logged in 50 we can find y

hd animal studies have implicafed hyperactivation o frontal cortico-
(CY-BOCS)fo chiren are usefl i measuring Symptom severy and monioring i e e e e .
response o ooment 2.4 a concept/to ic e .
Sl on OCD have notbeen identfied. Selective serotonin reuptake inhibitors and cognitive—
behavioraltherapy are istine, evidence-based treatments for OCD. Although a

t Research

efi studies in OCD patients implicate several neurotransier systems, including

Chapter 105 - Sehizophvenia

rctoninand ltamate sgnaiing, yieing promising reatment trgets. S sl subsanka majrofbo chenandacuts in OCD provewine um:nem
Neuroimaging studies n humans have revealed aterations in OCD in several brain s reatments, approx a o notrespont
regions ncucing the rbiorontal cotex,anterior cinguete, and basal ganii Anitpsychotic ological
serotonin,norepinephrin and dopamine. Furthermore, one-tird to STEalfof OCD proveneficacy ctory OCD. Other or0CD
patents do notexperience a clinically meaningful improvementwith SUl reatment oed 1 chobler

Investigaton beyond the monoamine systems may be necessary in orderto more fully
understand the pathophysiology of obsessive—compulsive symptoms and develop

Evidence from preclinical studies suggeststhatneuropeptides
may have importantinfluences on memory acquisition, maintenance and retrieval
grooming. maternal, sexual and aggressive behavior: fixed action patterns; and
stereotyped behavior; these phenomena may relate to some features of OCD. In
addition, extensive interactions have been identified in the brain between ARy isarders
neuropegtidergic and monoaminergi systems, including co-localization among
specifc populations ofneurons. The purpose of this review is to presentthe current
knowledge ofthe role. ofneuropeptides in the clinical neurobiology ofchildren,
auotescents and aduts with OCD focusing primariy on resuls from phamacological
challenge and ¢ fuid studies. Whe

esin neuropeptide function bety

include deep brain stimulation, glutamate modulating agents, and repetitive
transcranial magnetic stimulation.

Childhood M Keywords

roycopedia of

S-HTTLPR; Antipsychotic augmentation; Cortco-striato-thalamo-cortical circuits
(CSTC); Obsessive~compuisive disorder; SAPAPI/DLGAP3; Select

tive serotonin
reuptake inhibitors; SLC141

Obsessive-Compulsve Diorder
Obsessive—compulsive disorder (OC
ofsymploms: absessions and compu
repeated, ntrusie, iratonal, and un
pmentally obsessions), whih are often accom
and adolescents relieve the anxiety (ie., compulsions)

Introduction

Disease Characteristics, Halim:

Chapter links
lead to SD book
chapters

ark Manifestations and Inheritance
Obsessive-compulsive disorder (OCD) s characteri

sy thoughts or sessions)
Genetic studi CD subject:

i2ed by recurrentand intrusive

petitive

» 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

Sl
ELSEVIER




Used technologies

AR T
ELSEVIER

TAXONOMY
BUILDING
Over 15 taxonomies in
different fields have been
used to identify the most
important concepts to
build Topic Pages.

DATA

MINING
We run our taxonomies
across all Elsevier book
content to identify potential
candidates for extraction.

GENERATING TOPIC PAGES

Topic Page

ALGORITHMIC
INFORMATION
EXTRACTION

We then use natural
language processing
algorithms to ensure the
right sections of content
are being chosen.

QUALITY
CONFIRMATION

By collecting feedback

from subject matter

experts and measuring

quality, topic pages are

continuously improving.

RELEVANCY
RANKING
Heuristic techniques are
used to rank definitions
and snippets to push the
most relevant and diverse
information to the top.

15



Generation pipeline

Defnition ranking

Jouranls &
books

ELSEVIER

Annotation

Sections
Snippets

Sentences

Concept annotations

Snippet ranking

Regression Analysis

Definition Regression analsi s he study of mathematicllyfincing out how achange on predictor vriables ffectsthe response varizble

Source:

Related concepts:

Research and Methods

sy (second Eiton), 2022

is s another popular ad
i can produce on the treated.
major and Kang, 2008).The first i i
i ff fhen dir i increases, it i forms of relationshif

egrssion diagnostic procedures..

Continue reading

Linear Hypothesis: Regression (Graphics)

Related concepts

Source: RD. Cook,in the Social & Behavioral ciences, 2001
Howa resp depends Inregresi n

cimensional suffcent summary plots These lots, which do not reqite a model for their construction,contan ll the information on the

response that i available from the predictors. The o to guide the

choice of afirst model, This atic 3l ycanbe

Continue reading
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Definition extraction

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

ELSEVIER
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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

ELSEVIER
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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

i

T.

A

T

LST™M

CNN

CNN

sentence

1.

sentence

MLP
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SciBERT model

Softmax

[ Fully conn
4

ceted layet ]
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Performance

Results on the WCL dataset

Results on Elsevier dataset

ELSEVIER

Model P R F1
Jin et al. (2013) 092 0.79 0.85
Lietal. (2016) 090 092 091
Navigli and Velardi (2010) 0.99 0.61 0.85
LSTM+CNN 094 091 093
SciBERT 094 093 0.93
Model P R F1

LSTM+CNN 0.70 0.69 0.69

SciBERT

0.79 0.78 0.78

21



Types of bad definitions

Concept Definition Error source
Association  An association list is
List simply a list of name Too generic

/value pairs.
Hierarchical In a hierarchical DB,

DB relationships are defined Too generic
data by storage structure.

Wearable Smart glasses are wearable

Device devices that can be Too specific
used as AR or VR devices.

Habilitation  The acquisition of abilities
not possessed previously. Too specific
TCP is a popular

TCP means of transmitting Partially good
data through IP packets.

Sample the set of all possible

Space outcomes in a Partially good

probability model

ELSEVIER



Impact of domain difference

“ e
o

. SciBERT LSTM+CNN
domain
P R F1 P R F1

Chem. 0.78 0.80 0.79 0.69 0.68 0.68
Ear.Sc 0.80 0.84 0.82 0.66 0.64 0.65
Mat.SC 0.80 0.88 0.83 050 049 049
Com.Sc 0.56 0.60 0.58 043 048 045
Soc.Sc 0.39 043 041 0.38 046 042

ELSEVIER
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Topic pages help i urcoverag

Topic page
users are, in
fact, students

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

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

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

ELSEVIER



Exit Survey

Why were you
interested in [this term]
today?

Conference Other

. Prep 5%
Teaching 2%1 ya

Materials
2%

Background
Reading
22%

ELSEVIER

How helpful would this type of page be to you Very or Quite
in the following situations? Helpful

Multidisciplinary work
Investigating a new area
Unfamiliar term in a journal article

Reading in my current research area

Looking up a technique or methodology

Did you find the content helped you for these
purposes?

Background reading in primary specialty
Background reading in new area
Planning future research

Current research

Writing up current research

Teaching or Coursework

Conference

87%
97%
84%
87%
81%

75%
82%
72%
74%
68%
85%
57%

25



Extracting Article Summaries

Empowering Knowledge



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

27



Available Data

ELSEVIER

Full Text

Australia, and several other industrialized nations, require an extensive science,
technology, engineering, and mathematics (STEM) workforce for economic
prosperity, productivity, and global competitiveness. However, the demand for
people in STEM outweighs the supply of STEM-trained individuals. One reason
for this supply-demand issue is a decline in the proportion of students choosing
STEM-related pathways (Ainley, Kos, & Nicholas, 2008). In response to this
concern, bourgeoning research has been devoted to identifying predictors of
STEM educational and career choices (Shoffner & Dockery, 2015). Among the
determinants examined is vocational interests (Bartlett, Perera, & MclIlveen,
2016), which is unsurprising, given not only theory positing a central role of
interests in choice behaviors (Lent, Brown, & Hackett, 1994) but also extant
evidence demonstrating that interests predict choices (Gasser et al., 2007, Larson
etal,, 2010, Pifler and Hell, 2012). However, existing research, with few
exceptions (Leuty et al., 2016, McLarnon et al., 2015), is limited to investigating
the unique and additive relations of interests with choices from a variable-
centered perspective. This approach assumes that individuals in a sample are
from the same population and share the same set of parameters, disregarding
the potential existence of multiple latent subpopulations that may show distinct
configurations of interests. The near-exclusive focus on unique relations is
problematic given work showing that individuals may simultaneously endorse
multiple interests (McLarnon et al., 2015, Strahan and Severinghaus, 1992, Tay et
al., 2011). From a social cognitive perspective on the career choice process, such
interest combinations may be more important for people's educational and
vocational choices than interests in isolation and may be a truer representation
of individuals' interest profiles, which themselves emerge, in part, from people's
dispositional characteristics. However, only little research has been conducted
to determine how interests can be combined, and even less is known about how
these combinations predict individuals' choices and are predicted by
theoretically-meaningful antecedents in the career choice process, such as

personality dispositions.

28



Available Data

Title
A social influence model of consumer

participation in network- and small-group-based

virtual communities

¢ N
ELSEVIER

Abstract

We investigate two key group-level determinants of virtual community participation
—group norms and social identity—and consider their motivational antecedents

and mediators.

We also introduce a marketing-relevant typology to conceptualize virtual
communities, based on the distinction between network-based and small-group-based
virtual communities. Our survey-based study, which was conducted across a broad
range of virtual communities, supports the proposed model and finds further that
virtual community type moderates consumers' reasons for participating, as well as
the strengths of their impact on group norms and social identity. We conclude with
a consideration of managerial and research implications of the findings.

29



Available Data

References

Keywords

Ainley et al., 2008 J. Ainley, J. Kos, M. Nicholas

Participation in science, mathematics, and technology in Australian education

Vocational interests; Interest profiles; STEM career choices; Academic and career ACER Research Monograph (No. 63)
. . . . T (2008)
choices; Latent profile analysis; Profile invariance; Profile similarity http:/frescarch.acer.cduaufacer_monographs/4

Google Scholar

) ) Ainley et al., 1990 J. Ainley, W. Jones, KK. Navaratnam
A rti Cl e M etrics Subject choice in senior secondary school
Australian Publishing Service, Canberra, ACT (1990)

Google Scholar

Citations
Armstrong and Vogel, 2009 P.I. Armstrong, D.L. Vogel

o Interpreting the interest-efficacy association from a RIASEC perspective
Citation Indexes: 6 Journal of Counseling Psychology, 56 (3) (2009), pp. 392-407, 10.1037/20016407

CrossRef  View Record in Scopus ~ Google Scholar

rmstrong et al., P.I. Armstrong, W. Allison, J. Rounds

Captures A getal, 2008 PIL A g, W. Alli d

Development and initial validation of brief public domain RIASEC marker scales
Journal of Vocational Behavior, 73 (2) (2008), pp. 287-299

Exports-Saves. 18 https://doi.org/10.1016/j,jvb.2008.06.003
Readers: 43 Article %) Download PDF  View Record in Scopus  Google Scholar
Asparouhov and Muthén, 2014 T. Asparouhov, B. Muthén
Social Media Auxiliary variables in mixture modeling: Three-step approaches using M plus
Structural Equation Modeling: A Multidisciplinary Journal, 21 (3) (2014), pp.
329-341
Tweets: 13 https://doi.org/10.1080/10705511.2014.915181

CrossRef  View Record in Scopus ~ Google Scholar
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Available Data — Author Submitted Highlights

« Cover 100% of newly
submitted documents

* Cover 8% of all
documents

« Covers 25% of traffic

E Sl
ELSEVIER

Highlights
« Latent profiles of vocational interests were identified.
« The profiles replicated across subsamples.

« Big-Five personality dimensions differentiated the profiles.

« Profile membership was associated with the probability of STEM
major choice.

31



Greedy Rouge Sampling

1. Select best sentence compared to
E author highlights
2. Select second sentence, which
Highlights combined with best set makes
biggest increase in score when
[] compared to author highlight
k 3. Repeat until stop criteria

Rouge-I-f

Document

ELSEVIER



Culture's impact on institutional
investors' trading frequency

Author Highlights

Sampled Data

« 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.

33



Training Data

m 138,735 randomly selected documents with
B2 guthor highlights

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

X Top 10 sentence labels with Greedy Sampling

34



Initial Model — Sentence Classification

| ence with Emboctings « Section Classification
« Content overlap

— «  Number of numbers
l « Sentence length

Features ’

v v v
Fully Connected Fully Connected
\“ Concat ’J
v v v
Fully Connected
v v v

[ argmax/softmax ’

I & R edel, S. (2017). A Supervised Approach to Extractive Summarisation of Scientific Papers. CoRR, 195-205.

El 5[—\ IH{ 35



Sequential RNN

Classification Classification
j »| LSTM
LSTM [«

Classification

Sentence Encoder

Sentence Encoder

Sentence Encoder

Kedzie, C., McKeown, K. R., & Daumé, H., lll. (2018). Content Selection in Deep Learning Models of Summarization. Emnlip.

36



Effectiveness of Sentence Extractors

Sentence Word Embedding

Embedding Trainable Rouge-I-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




Section Analysis

20%

14%

11%
29%
13%

Intoduction = Results

E Sl
ELSEVIER

= Conclusion

13%
= Method

m Discussion

m 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.

FoiSlles.
ELSEVIER

3,5
3

Mean Response
-A -M
- (6] N (6]

=
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systemic view on the ontogeny of the
human neonatal immune system.
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Outline ~ Cited by Q @& (@ -+ AddtoMendeley &, Save Article info Hide X

£ Previous PDF Next PDF > Highlights

« We also describe evidence of a critical period in the
development of B, NK, and DCs during the first 3 months of
life, as these cell populations reach adult-like phenotypes
during this period, suggesting that environmental influences
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development of B, NK, and DCs during the first 3 months of
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during this period, suggesting that environmental influences
imprinting on these cells during this time window could have
long-term consequences.

If microbial stimuli present during the first 100 days have
similar effects on DC development, this might establish an
individual’s DCs on a trajectory associated with reduced
disease risk.

We also propose that in-depth analyses during early life
adaptation to environmental influences provides a unique
opportunity for better understanding the molecular
mechanisms of immune system adaptation to environmental
influences in humans.

These results show that immune cell compositional changes
after birth follow a stereotypic pattern of development in all
children, preterm and terms alike, despite their differences in
both maturity and postnatal environmental conditions.

This also suggests that specific cell populations and pathways
have different critical periods of calibration when they would
be most amenable to environmental imprinting, allowing
specific exposures at specific time points in the context of a
given genetic makeup to contribute to an individual’s risk of
individual immune-mediated diseases.
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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
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