
CLuBS
Cross-Lingual Bibliographic Search

Juliane Stiller & Cristina España-Bonet

Final Workshop
7th June 2019



The CLuBS Project
Contents

1 Introduction

2 Queries in PubPsych

3 Content Translation in PubPsych

4 Evaluation

2 / 125



Introduction

1 Introduction

2 Queries in PubPsych

3 Content Translation in PubPsych

4 Evaluation

3 / 125



Introduction
The Project

CLuBS
Cross-Lingual Bibliographic Search

Cross/multi-lingual search in DE, EN, ES and FR

A retrieval platform —PubPsych— is already online. We want
to improve existing translations and add new ones, improve
retrieval components with the latest advances in the area.
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Introduction
Motivation of the CLuBS project

academic discourse happens in several languages

language barrier ⇒ researchers might not understand or
even find relevant articles

basing research solely on results published in dominant
languages such as English bears the risk of drawing
conclusions on sub-populations [3]
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Introduction
Goals of the CLuBS project

aims to improve multilingual access to academic
bibliographic information

develops, implements & evaluates different approaches to
enable Cross-lingual Information Retrieval (CLIR)

prototypical domain: psychology with PubPsych search
engine (https://pubpsych.eu)
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Introduction
PubPsych – https://pubpsych.eu
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Introduction
PubPsych

database of psychological literature, treatments, test and
research data

aggregates bibliographic metadata from nine databases
produced by several international partners, e.g.
MEDLINE, PSYNDEX and NORART

metadata mainly in English, German, French and Spanish

very uneven distribution due to different indexing
practices
20% of all content has no English metadata; 5% of
content retrievable with Spanish

⇒ results on a topic vary depending on query language
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Introduction
A typical document in PubPsych
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Introduction
Approaches to Cross-lingual Search

1 Query translation

2 Content translation

3 English as a pivot language
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Introduction
Query Translation

translation of queries
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Introduction
Content Translation

a translation of content (metadata in this case)
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Introduction
English as a Pivot

a translation of content and query into English
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Introduction
Methods employed

1 Statistical Machine Translation

2 Neural Machine Translation

3 Vocabulary Mapping
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Queries in PubPsych
Contents
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Queries in PubPsych
Query languages
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Queries in PubPsych
Query types and distribution in different domains
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Queries in PubPsych
Approach

88.4% of queries in PubPsych are informational:
mapping approach

Obtention of quadrilingual lexicons

Avoid direct language detection

In-domain but also out-of-domain lexicons

Seed for query translation

Seed of the seed: MeSH (Medical Subject Headings)
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Queries in PubPsych
Multilingual MeSH

<concept id="M0000020">

<term id="T000045" lang="eng" preferred="true">

<string>Abomasum</string>

<permutation>Abomasums</permutation>

</term>

<term id="spa0000603" lang="spa" preferred="true">

<string>Abomaso</string>

</term>

<term id="spa0049997" lang="spa" preferred="false">

<string>Cuajar</string>

</term>

<term id="ger0000018" lang="ger" preferred="true">

<string>Labmagen</string>

</term>

<term id="fre0063293" lang="fre" preferred="true">

<string>Abomasum</string>

</term>

<term id="fre0000018" lang="fre" preferred="false">

<string>Caillette</string>

</term>

</concept>
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Queries in PubPsych
Lexicon extraction

(key, value) list per language L1 with preferred, non-preferred, and

permutations describing a concept mapped to only the preferred

term in the other languages L2, L3 and L4.

mesh.dekey.txt:

Labmagen|||en:Abomasum|||es:Abomaso|||fr:Abomasum|||ID:M0000020

mesh.enkey.txt:

Abomasum|||es:Abomaso|||de:Labmagen|||fr:Abomasum|||ID:M0000020

Abomasums|||es:Abomaso|||de:Labmagen|||fr:Abomasum|||ID:M0000020

mesh.eskey.txt:

Abomaso|||en:Abomasum|||de:Labmagen|||fr:Abomasum|||ID:M0000020

Cuajar|||en:Abomasum|||de:Labmagen|||fr:Abomasum|||ID:M0000020

mesh.frkey.txt:

Abomasum|||en:Abomasum|||es:Abomaso|||de:Labmagen|||ID:M0000020

Caillette|||en:Abomasum|||es:Abomaso|||de:Labmagen|||ID:M0000020
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Queries in PubPsych
Is this good enough? As always: Accuracy vs. Recall

<concept id="M0025843">

<term id="T050794" lang="eng" preferred="true">

<string>Negotiating</string>

</term>

<term id="T050795" lang="eng" preferred="false">

<string>Negotiation</string>

<permutation>Negotiations</permutation>

</term>

<term id="T366631" lang="eng" preferred="false">

<string>Mediation</string>

</term>

<term id="spa0016382" lang="spa" preferred="true">

<string>Negociación</string>

</term>

<term id="ger0016234" lang="ger" preferred="true">

<string>Verhandeln</string>

</term>

</concept>

mesh.enkey.txt:

Mediation|||de:Verhandeln|||es:Negociación|||fr:Négociation
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Queries in PubPsych
Our Bet:

Recall

Retrieve as many related documents as possible

Enlarge the lexicon with related and out-of-domain
multilingual sources
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Queries in PubPsych
Multilingual Wikipedia Entries
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Queries in PubPsych
Multilingual Wikidata Entries
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Queries in PubPsych
Multilingual Wikipedia Entries II

Wikipedia (key, value) dictionaries:

wp.dekey.txt:

Wahrnehmung|||en:Perception|||es:Percepción|||fr:Perception

Echoisches Gedächtnis|||en:Echoic memory|||es:Memoria ecoica|||fr:Mémoire auditive

wp.enkey.txt:

Perception|||es:Percepción|||de:Wahrnehmung|||fr:Perception

Echoic memory|||es:Memoria ecoica|||de:Echoisches Gedächtnis|||fr:Mémoire auditive

wp.eskey.txt:

Percepción|||en:Perception|||de:Wahrnehmung|||fr:Perception

Memoria ecoica|||en:Echoic memory|||de:Echoisches Gedächtnis|||fr:Mémoire auditive

wp.frkey.txt:

Perception|||en:Perception|||es:Percepción|||de:Wahrnehmung

Mémoire auditive|||en:Echoic memory|||es:Memoria ecoica|||de:Echoisches Gedächtnis
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Queries in PubPsych
Multilingual Wikipedia Entries II

1 Quad-lingual in-domain titles from aligned articles in the
psychology and health domains
81,369 entries (union among languages)

2 Aligned category names
38,038 entries

3 Wikidata aligned entries
5,576,686 entries
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Queries in PubPsych
Apertium Dictionaries & Post-edited Translations

Apertium dictionaries

We use three bilingual dictionaries (en-de, en-es, es-fr)

Extraction of a quadrilingual dictionary with the
overlapping entries

Post-edited automatic translations

We use DeepL to translate a set of tokens within our
controlled terms not covered by the previous resources

Post-edited with the help of the APA thesaurus...

...Wikipedia & Google
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Queries in PubPsych
Extended Quad-Lexicon

Number of key entries per language, quadlingual components

German English French Spanish

MeSH 70,694 175,004 96,333 66,828

WPtitles (h+ph.) 81,369
WPcategories 38,038
Wikidata 5,576,686S
Apertium 7,792 5,935 6,020 5,846
Manual 4,262 4,142 4,047 4,081

S0: MeSH 70,694 175,004 96,333 66,828
S1: QuadLex 202,128 304,277 225,607 195,937
S2: QuadLex 5,778,814 5,880,963 5,802,293 5,772,623
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Queries in PubPsych
Coverage on Controlled Terms (English)

Full descriptors, classes
Source translated (%)

S0 ACCNO 344,453 (30.4%)

S0 DFK 544,275 (33.3%)

S0 NORART 5,630 (24.6%)

S0 PDID 197 (43.9%)

S0 PMID 2,987,945 (86.9%)
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Queries in PubPsych
Coverage on Controlled Terms (English)

Full descriptors, classes Tokens
Source translated (%) translated (%)

S0 ACCNO 344,453 (30.4%) 1,325,648 (70.9%)

S0 DFK 544,275 (33.3%) 2,043,618 (77.2%)

S0 NORART 5,630 (24.6%) 34,048 (86.9%)

S0 PDID 197 (43.9%) 623 (80.5%)

S0 PMID 2,987,945 (86.9%) 5,007,120 (97.1%)
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Queries in PubPsych
Coverage on Controlled Terms (English)

Full descriptors, classes Tokens
Source translated (%) translated (%)

S0 ACCNO 344,453 (30.4%) 1,325,648 (70.9%)
S2 ACCNO 598,348 (52.9%) 1,867,350 (99.8%)

S0 DFK 544,275 (33.3%) 2,043,618 (77.2%)
S2 DFK 917,681 (56.1%) 2,645,782 (99.9%)

S0 NORART 5,630 (24.6%) 34,048 (86.9%)
S2 NORART 7,263 (31.8%) 39,167 (100.0%)

S0 PDID 197 (43.9%) 623 (80.5%)
S2 PDID 287 (63.9%) 774 (100.0%)

S0 PMID 2,987,945 (86.9%) 5,007,120 (97.1%)
S2 PMID 3,096,000 (90.0%) 5,160,435 (100.0%)
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Queries in PubPsych
Comments

Using the quadrilingual lexicon to translate an entry does
not assure a correct translation:

Noise (remember mediation!)

The concatenation of word translations does not need to
correspond to the term translation

Let’s see more analyses when applied to
query translation!
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Queries in PubPsych
Contents

1 Introduction

2 Queries in PubPsych
Queries & Languages
Keyword & Query Translation
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Queries in PubPsych
Application to Query Translation

On-line translation of the queries using the
language-independent version of the quadrilingual lexicon

Contrary to CT translation, we do not know the language
of a query

Duplicates (multiplicates!) among languages do exist.
Priorities:

1 query language frenquency: de→en→es→fr

2 lexicon domainess: MeSH→Rest
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Query Translation
Application to Query Translation

INPUT: Parsed term
action potentials

in quad-
lexicon?

Extract entry
action potentials ||| es:potenciales de

acción ||| de:aktionspotentiale |||
fr:potentiels d’action

OUTPUT: Quad-term Split by tokens

yes

no

Token alternatives

in quad-
lexicon?

Extract entry

more
tokens?

Recompose full entry

OUTPUT: Quad-term

Singular form

in quad-
lexicon?

Copy token

yes
yes

no

no

no

33 / 125



Query Translation
Application to Query Translation

INPUT: Parsed term
action potentials

in quad-
lexicon?

Extract entry
action potentials ||| es:potenciales de

acción ||| de:aktionspotentiale |||
fr:potentiels d’action

OUTPUT: Quad-term Split by tokens

yes

no

Token alternatives

in quad-
lexicon?

Extract entry

more
tokens?

Recompose full entry

OUTPUT: Quad-term

Singular form

in quad-
lexicon?

Copy token

yes
yes

no

no

no

33 / 125



Query Translation
Coverage

Analysis of 2 milion system logs (queries)

Terms Tokens

Source trad (%) untrad (%) trad (%) untrad (%)

MeSH 167,152 (7.7%) 2,010,469 (92.3%) 2,225,598 (64.2%) 1,240,800 (35.8%)

QuadLex 324,033(14.9%) 1,853,588 (85.1%) 2,945,959 (85.0%) 520,439 (15.0%)

85% of tokens are translated
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Query Translation
Comments

Using the quadrilingual lexicon to translate an entry does
not assure a correct translation:

Noise

The concatenation of word translations does not need to
correspond to the term translation

Copying the source word into the output does not
necessarily correspond to a wrong translation
(e.g. named entities)
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Query Translation
Human Evaluation, Adequacy

Annotations Category description Example

de, en, fr , es, other unique language ”Brain”
mixed at least two languages ”schreiben older adults”
ambi identical in at least two languages ”Psychologie”
none not a specific language (e.g. ISSN) ”1869-7712”
unclear query language and content unclear ”ey Lim”

500 queries (100/language + none)

3 raters

3-point scale [0, 1, 2]

Adequacy: 1.4
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Query Translation
Automatic Evaluation, Accuracy

Annotations Category description Example

de, en, fr , es, other unique language ”Brain”
mixed at least two languages ”schreiben older adults”
ambi identical in at least two languages ”Psychologie”
none not a specific language (e.g. ISSN) ”1869-7712”
unclear query language and content unclear ”ey Lim”

500 queries (100/language)

Manual translation of this test set

Automatic MT-like evaluation with BLEU
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Query Translation
Automatic Evaluation, ”Accuracy”

Evaluation of query translation quality on the previous test set
according to BLEU

BLEU is the de facto MT evaluation metric

BLEU averages n-gram matches between translation and
gold standard

BLEU-1 similar to accuracy at token level
(but BoW in the full query)

BLEU-2, BLEU-3... similar to accuracy for longer strings
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Query Translation
Query Translation Evaluation

BLEU scores for different lexicons, average of the 5 languages
and without considering stopwords:

Lexicon BLEU BLEU-1 BLEU-2 BLEU-3 BLEU-4

MeSH 5.34 40.10 20.18 7.64 2.96
QuadLex4 13.30 54.58 31.78 14.46 5.90
MeSH+QuadLex4 17.74 58.44 36.42 16.78 7.62

Wikidata 2.47 39.84 21.08 10.96 0.88
MeSH+QuadLex5 18.75 59.82 37.76 18.96 8.78

Accuracy? Synonymy, ambiguity...
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Wikidata 2.47 39.84 21.08 10.96 0.88
MeSH+QuadLex5 18.75 59.82 37.76 18.96 8.78

Google 10.16 56.66 26.10 10.82 3.32
DeepL 13.52 53.58 26.64 14.64 5.74
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Query Translation
Comments

Parsed query: +(annorexie mentale)

String components of query: annorexie mentale

Translations:
en::anorexia nervosa de::anorexia nervosa
es::anorexia nerviosa
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Query Translation
Comments

Parsed query: +(+(annorexie) +(mentale))

String components of query: annorexie, mentale

Translations:
en::anorexia de::anorexia es::anorexia
en::mental de::mental es::mental

41 / 125



Query Translation
Comments

Parsed query: +(+(annorexie) +(mentale))

String components of query: annorexie, mentale

Translations:
en::anorexia de::anorexia es::anorexia
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Query Translation
Other Experiments

What we have seen:
Rules and lexicons to translate queries

But... can we use distributional semantics?
(Gareth Jones talk)

Multilingual BPEed embeddings

Easily obtained in multilingual NMT systems

Simultaneous translation and query expansion

Cool research!!

As today... The lexicon approach seems to
be better for us (but not giving up!)
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We’ve been talking for a while...
before Deep Learning in CLuBS,



Content Translation in PubPsych
Contents

1 Introduction

2 Queries in PubPsych

3 Content Translation in PubPsych
CLuBS Settings
Neural Machine Translation

4 Evaluation
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Content Translation in PubPsych
Remember... A typical document in PubPsych
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Content Translation in PubPsych
Approaches to Metadata Translation

1 Controlled Terms

Quadrilingual lexicons

2 Relation to Query Translation

2 Titles & Abstracts

SMT, NMT, HMT...

2 Goal: Improve retrieval, not high quality translation!
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Content Translation in PubPsych
CLuBS Languages
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Content Translation in PubPsych
CLuBS Language Pairs
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Content Translation in PubPsych
In-domain CLuBS Language Pairs
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Content Translation in PubPsych
In-domain CLuBS Language Pairs
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Content Translation in PubPsych
Data-Based Machine Translation

Data!

More data better results. For us...

German–English

German–Spanish
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Content Translation in PubPsych
Data-Based Systems: SMT vs. NMT in CLuBS

SMT needs a system per language pair

SMT has a translator for titles and another one for
abstracts

SMT uses pivot translation for unknown language pairs

NMT has a single system for multiple language pairs and
structure

NMT allows zero-shot translation

NMT shows higher perfomance (BLEU) for the evaluated
pairs
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Content Translation in PubPsych
Basic Architectures

Per language pair:

SMT NMT
Generic (GEN) X X
PubPsych (PP) X X

GEN+PP X X
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Content Translation in PubPsych
Neural Machine Translation

−→
h1

−→
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−→
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attention mechanism

softmax

context vectors

dense vectors

one-hot encoding

The marshmallow has to be on top

Der Marshmallow muss
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Neural Machine Translation
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The marshmallow has to be on top

Der Marshmallow muss

Vocabulary
Marshmallow,

muss, oben,

drauf,

sein...

Vocabulary
marshmallow,

has, to,

be, top...
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Content Translation in PubPsych
Multilingual Neural Machine Translation

−→
h1

−→
h2

−→
h3

−→
h4

−→
h5

−→
h6

−→
h7

−→
h8

←−
h1

←−
h2

←−
h3

←−
h4

←−
h5

←−
h6

←−
h7

←−
h8

−→q

−→z1
−→z2

−→z3
−→z4

−→z5
−→z6

en
co

d
er

d
ec

o
d

er

< 2de > The marshmallow has to be on top

Der Marshmallow muss oben drauf sein
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< 2de > De marshmallow moet er bovenop . < eos >

Der Marshmallow muss oben drauf sein
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Content Translation in PubPsych
Multilingual Neural Machine Translation
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< 2en > De marshmallow moet er bovenop . < eos >

The marshmallow has to be on

Vocabulary
Marshmallow,

muss, oben,

has, to,

be, top...

Vocabulary
marshmallow,

has, top,

oben,

bovenop,

moet ...
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Content Translation in PubPsych
Multilingual Multigenre Neural Machine Translation
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Content Translation in PubPsych
Always NMT but several Architectures, Software, Data...

Test set: newstest14 (22k sentences, multilingual)

Software & Architecture (BLEU scores)

Nematus Seq2Seq 1st: 24.94

Nematus Seq2Seq 2nd: 27.76

OpenNMT Seq2Seq: 23.64

OpenNMT Transformer: 29.65

Marian Transformer: 32.10
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Content Translation in PubPsych
Prototype 3: Base system

Software Marian

Architecture Transformer Big
Heads 8
Layers 6 (enc) + 6 (dec)
WE dimension: 1,024
FF dimension: 4,096

Corpus size: 96,000,000 parallel sentences (balanced)
Vocabulary size: 150,000 + 2,000 BPE units
Batch size: 5000 tokens

https://github.com/clubs-project/DBtranslator
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Content Translation in PubPsych
Prototype 3: Domain Adapted NMT

Base system

Transfer learning for domain adaptation

Continue training with only PubPsych data

But no balanced PubPsych corpus!

Back-translation to improve transfer learning

Synthetic corpus by translation with previous system

Translations only used as source

If bad quality, bad adaptation

Iterative process

https://github.com/clubs-project/DBtranslator
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Content Translation in PubPsych
Prototype 3: Back-translation, the Extent of the Tragedy

Sentences: Real corpus Back-translated corpus

en2es titles 25,105 25,000
en2de titles 50,000 –
en2fr titles 45,137 –

de2es titles – 52,399
de2en titles 50,000 –
de2fr titles – 47,529

es2de titles – 50,000
es2en titles 25,105 25,000
es2fr titles – 47,529

fr2es titles – 52,399
fr2en titles 45,137 –
fr2de titles – 50,000
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Content Translation in PubPsych
Prototype 3: Back-translation, the Extent of the Tragedy II

Sentences: Real corpus Back-translated corpus

en2es abstracts 88,848 100,000
en2de abstracts 241,749 –
en2fr abstracts – 150,537

de2es abstracts – 168,419
de2en abstracts 241,749 –
de2fr abstracts – 150,537

es2de abstracts – 150,000
es2en abstracts 88,848 100,000
es2fr abstracts – 150,537

fr2es abstracts – 168,419
fr2en abstracts – 150,000
fr2de abstracts – 150,000
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Content Translation in PubPsych
Prototype 3: Automatic Evaluation

German–English: we have real data

de2en en2de

Titles BLEU NIST TER MTR BLEU NIST TER MTR

Google 40.91 8.07 43.04 70.55 31.02 6.46 56.32 53.05
DeepL 40.86 8.04 43.57 70.43 30.38 6.34 57.17 52.52

P3 44.61 8.47 40.26 72.39 36.11 7.19 49.94 57.44
Base+DA 45.84 8.55 40.02 72.80 36.44 7.28 49.10 58.20

Abstracts

Google 18.74 5.20 79.25 45.44 13.32 4.19 86.07 32.46
DeepL 19.04 5.24 79.51 46.04 14.23 4.29 85.63 33.27

Base 18.62 5.32 75.46 46.01 13.55 4.37 81.20 33.55
Base+DA 18.95 5.37 74.15 46.45 14.10 4.43 80.12 34.30
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Content Translation in PubPsych
Prototype 3: Automatic Evaluation

Spanish–English: we have some real data

es2en en2es

Titles BLEU NIST TER MTR BLEU NIST TER MTR

Google 42.96 8.02 41.73 73.23 49.92 8.45 39.20 69.97
DeepL 45.08 8.19 39.98 74.61 50.65 8.56 37.19 70.48

Base 46.89 8.40 38.60 74.86 53.44 9.02 33.85 72.62
Base+DA 48.56 8.58 36.75 76.13 56.26 9.27 31.98 74.22

Abstracts

Google 34.43 8.05 53.06 65.16 37.89 8.43 50.85 60.20
DeepL 34.82 8.10 52.82 65.19 39.74 8.63 49.56 61.34

Base 33.93 8.17 52.85 64.71 36.56 8.49 50.17 60.52
Base+DA 34.33 8.22 52.65 64.85 38.21 8.74 48.79 61.75
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Content Translation in PubPsych
Prototype 3: Automatic Evaluation

French–English: we have mostly back-translations

fr2en en2fr

Titles BLEU NIST TER MTR BLEU NIST TER MTR

Google 47.33 7.19 39.70 75.50 42.64 7.08 42.95 65.98
DeepL 45.61 7.09 41.32 73.75 45.88 7.21 42.15 67.14

Base 45.72 7.11 40.90 74.96 43.43 7.06 43.11 66.11
Base+DA 47.17 7.34 39.20 74.97 45.35 7.24 41.21 67.32

Abstracts

Google 29.26 6.70 60.96 59.29 26.42 6.44 62.92 50.77
DeepL 29.69 6.79 59.99 59.31 27.90 6.60 61.70 51.53

Base 27.22 6.62 61.38 58.29 23.66 5.79 63.67 49.19
Base+DA 27.06 6.63 61.11 58.12 24.55 6.03 63.46 49.82

62 / 125



Content Translation in PubPsych
Approaches to Domain Adaptation

Transfer learning with back-translation
of in-domain data

Other approaches

Use of EMEA and Scielo

Not similar enough

Use synsets to generalise among languages
(tested in a general domain)

Minor improvements
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Content Translation in PubPsych
Approaches to Domain Adaptation

Other approaches based on Wikipedia

Extract parallel sentences in the domain of psychology
and health

As a pre-processing, language-dependant, too much
noise in general

Extract multilingual sentences in the domain of
psychology and psychiatry

As unsupervised on-line training, language imbalance,
still need of back-translation
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Translation in CLuBS

Lots of experiments, evaluations and reports
with few but very good hands to do them:

Sophie Henning

Ádám Varga Dana Ruiter
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Evaluation
Contents

1 Introduction

2 Queries in PubPsych

3 Content Translation in PubPsych

4 Evaluation
Experiment Design
Experiment in Progress ...
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Evaluation
Evaluation Plan
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Evaluation
Goals

Determine the influence of machine translation of
different parts of the system on retrieval

Determine which system performs best with regard to
information retrieval

Compare influence of automatic query translation to
human query translation on retrieval
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Evaluation
Contents

1 Introduction

2 Queries in PubPsych
Queries & Languages
Keyword & Query Translation
MeSH-based Quad-lexicon
Application to Query Translation

3 Content Translation in PubPsych
CLuBS Settings
Neural Machine Translation

4 Evaluation
Experiment Design
Experiment in Progress ...
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Evaluation
Experiment Design

50 queries in 4 languages will be used to query Solr
instances with different translated components

Each query gets a topic description to determine relevant
documents

For 200 searches (4 x 50 queries) we store up to 10 results

Remove duplicates in retrieved records

Pool documents per language

Assessors assess relevance of documents in their language

Measuring relevance
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Evaluation
Experiment Design
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Evaluation
Solr with translated content
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Evaluation
200 original queries

In English, Spanish, French and German

Domain experts determined the information need for each
query quadruple

Example:
”
immigrant depression Canada“ - ”immigrant

dépression Canada” - ”Einwanderer Depression Kanada” -
”depresión inmigrantes Canadá”

Topic description: Highly relevant are documents
providing information on the prevalence of depression
among immigrants in Canada. Partially relevant are
documents containing information on depression of
immigrants in other countries.
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Evaluation
Relevance Assessment

1 Highly relevant - the record as presented fulfills the
information need and is highly relevant

2 Partially relevant - the record partially fulfills the
information need, but there are some doubts as to
whether the whole information need is covered

3 Not relevant - record does not fulfill the information need
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Evaluation
Rating Tool
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Evaluation
Measures

R-precision: If the number of relevant documents is r <=
10, we only look at the documents up to the r-th rank of
the list. If the number of relevant documents is > 10,
then we calculate R-precision based on 10.

P@10: We calculate the precision at 10 for the result list.

Recall(10): How many of the relevant documents were
found?

nDCG (discounted cumulative gain): rank-based measure
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Evaluation
Testing the Experiment Design
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Evaluation
Results

Assessor Rating # of documents
Spanish Highly relevant 207

Non relevant 66
Partially relevant 127

German Highly relevant 212
Non relevant 74

Partially relevant 114
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Evaluation
Rating German documents

Rater 1 Highly Partially Non Total
Highly 43 11 0 54

Partially 7 13 1 21
Non 2 10 13 25
Total 52 34 14 100
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Evaluation
Interannotator Agreement

According to Landis and Koch [5], the kappa for all categories can be interpreted as ranging from

fair (0.21 - 0.40) and moderate (0.41 - 0.60) to substantial (0.61 - 0.80) agreement. The same

applies for Scott’s Pi.

80 / 125



Evaluation
Intraannotator Agreement

According to Landis and Koch [5], the kappa for all categories can be interpreted as ranging from

fair (0.21 - 0.40) and moderate (0.41 - 0.60) to substantial (0.61 - 0.80) agreement. The same

applies for Scott’s Pi.

81 / 125



Evaluation
Learnings from Pilot Experiment

To minimize bias due to MT, show original language
content to raters: French content to French rater, etc.

To maximize information for raters: extract English
translation of content that is provided from sources

Assessed 50 docs/h (for comparison: assessment of
pictures/short documents in CH: 400 docs/h)

It is an extremely hard task due to topics, domain
vocabulary and the nature of abstract (very compressed
information)

Show keywords
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Evaluation
Example: Adapting Topic ’Addiction’

Highly relevant are
documents investigating
how addiction influences

personality and the
influence of personality

on the probability of drug
addiction. Partially

relevant are documents
on the general

psychological effects of
drug addiction.

Highly relevant are
documents investigating
how addiction influences

personality and the
influence of personality

on the probability of drug
or non-substance

addiction. Partially
relevant are documents

on the general
psychological effects of

addiction.
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Evaluation
Contents

1 Introduction

2 Queries in PubPsych
Queries & Languages
Keyword & Query Translation
MeSH-based Quad-lexicon
Application to Query Translation

3 Content Translation in PubPsych
CLuBS Settings
Neural Machine Translation

4 Evaluation
Experiment Design
Experiment in Progress ...
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Evaluation
Testing Systems
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Evaluation
Effects of Improved Ranking
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Evaluation
A Closer Look on Queries

Which query produces the better results list?

Original German query?

German query translated from DE, EN or FR?

87 / 125



Evaluation
Effects of Query Translation
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Evaluation
Effects of Content Translation
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Evaluation
Translated Content vs. Translated Queries
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Evaluation
Different Systems on a Glance

System 1 System 2 System 2 QT System 3

Queries 200 orig. 200 orig. + 600 trans. 200 orig. 200 orig.

Content not altered not altered not altered all translated
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Evaluation
Result Set Sizes

Sending 200 original queries to each instance to
retrieve first 10 results

System 1 System 2 System 2 QT System 3

0-result queries 53 24 15 5

Sum of found docs 123,182 118,987 964,975 377,074

# of docs top10 1,323 1,477 1,635 1,910
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Evaluation
Language of Retrieved Documents
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Evaluation
A Closer Look on Queries: Translations ↔ German
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Evaluation
A Closer Look on Queries: German → English

Source query: Frauen Mathematik
Source English query: women math
Machine translation: women mathematics

What is correct?
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Evaluation
Results Lists

190 Results 519 Results
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Evaluation
A Closer Look on Queries: English → German

Source query: women math
Source German query: Frauen Mathematik
Machine translation: Frauen math

What is correct?
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Evaluation
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Machine translation: Frauen math

What is correct?

97 / 125



Evaluation
Results lists

139 Results 38 Results
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Evaluation
Discussion

Assessments in such a specialized domain are time
consuming

Domain specificity calls for the involvement of experts →
crucial for our project

Multilinguality makes every problem worse

Real data is messy, real systems are messy

Multilinguality is far from being solved, e.g. user
interactions, preferred languages, UI design, etc.
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Evaluation
Discussion II

CLuBS addresses multilinguality through translation

The nature of the engine depends on the element to be
translated (keyword vs. abstract)

All engines have to be adapted to the domain and that
implies a need for in-domain data

A real scenario such as Pubpsych generates continuously
in-domain data (1.0k docs. in 2017 vs. 1.8k docs. today)

So, the MT tomorrow will be better than the MT today.
But... CLIR will be better because MT is better?
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C. Behnert.

Evaluation Methods within the LibRank Project.

Working Paper, LibRank, 2016.

A. Broder.
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In ACM Sigir forum, volume 36, pages 3–10. ACM, 2002.
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Thanks! But...
wait!
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Extra Slides
Comments on Query Translation

Parsed query: +(+(risikobereitschaft) +(prm))

String components of query: risikobereitschaft, prm

Translations:
en::risk taking es::asuncion de riesgos fr::prise de risque

Projektorientiertes Risikomanagement
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Comments on Query Translation

Parsed query: +(+(risikobereitschaft) +(prm))

String components of query: risikobereitschaft, prm

Translations:
en::risk taking es::asuncion de riesgos fr::prise de risque

en::photoplethysmography es::fotopletismografia
de::photoplethysmographie
Projektorientiertes Risikomanagement

104 / 125



Extra Slides
Comments on Query Translation

Parsed query: +(alltagsmanagement)

String components of query: alltagsmanagement

Translations:
cp::alltagsmanagement
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Extra Slides
From Query Rule-based Translation to Embeddings

Parsed query: +(alltagsmanagement)

String components of query: alltags@@, management

Translations:
en::everyday es::cotidiano fr::ordinaires
en::management es::gestion fr::gestion

106 / 125



Extra Slides
From Query Rule-based Translation to Embeddings

Parsed query: +(alltagsmanagement)

String components of query: alltags@@, management

Translations:
en::everyday es::cotidiano fr::ordinaires
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Extra Slides
Flashback: Context Translation Engine

ML-NMT {en, es, fr , de} ⇒ {en, es, fr , de}

150K vocabulary (+BPE)

Example:

< 2en > bis zur Gerichtsverhandlung befand sie sich vor Ort in
Polizeigewahrsam .

< 2en > bis zur Gerichts@@ verhandlung befand sie sich vor
Ort in Polizei@@ gew@@ ahr@@ sam .
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Extra Slides
Multilingual Word Embeddings in NMT

ML-NMT systems create a semantic representation in a
multilingual common space

But (seq2seq) NMT uses much more than multilingual
word embeddings for translating (e.g. sentence
embeddings, attention)

More important... NMT uses a language model, the
decoder
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Extra Slides
Multilingual Word Embeddings for Query Translation

Purpose: improve coverage with MLWE (avoid
verbatim translations)

In-domain terms still translated by MeSH quad-lexicon

Out-of-domain terms translated by this by-product of
the general domain NMT system
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Extra Slides
MLWE, 2D representation I
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Extra Slides
MLWE, 2D representation II
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Extra Slides
MLWE, 2D representation III
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Extra Slides
MLWE, 2D representation IV
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Extra Slides
MLWE, 2D representation IV
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Extra Slides
Comments

Word embeddings do not deal with multiword expressions
or compounds

Embeddings describe semantics not language, a
synonym or a translation or a synonym of a translation
have the same right to be close to a given word

Query expansion or query translation?

Even within a language, translations do not need to be
the closest word
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Extra Slides
Flashback: MLWE, 2D representation I
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Extra Slides
MLWE, the Need for Reranking

kopf vs. think
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Extra Slides
Reranker

Input

Pairs source word w1 and n-best list of translations w2

Dataset

BPEd Quad-lexicon

Features

22 features: basic, lexical, semantic and LM-like

Algorithms

Mainly SVM, XGB and MLP
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Extra Slides
Features I

Basic Features

2 words (w1 –source–, w2 –target–)

2 languages (L1, L2)

2 subunits: source is a BPE subunit instead of word
(srcSubUnit), or src and tgt have a BPE mark
(bothBPEmark)
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Extra Slides
Features II

Lexical Features

3 length in characters without BPE mark @@ (l1,l2,l1/l2)

1 Levenshtein distance between tokens w1 and w2 (lev)

3 character n-gram similarity
(cosSimN2,cosSimN3,cosSimN4)

1 Levenshtein distance between Metaphone 2 phonetic
keys (levM2)
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Extra Slides
Features III

Semantic Features

1 Similarity between words
sim(w1, w2)

1 Rank of the translation, rankW2

4 Distances in similarities to certain ranks
sim(w1, top1)− sim(w1,w2)
(simRankt1,simRankWnext,simRankt10,simRankt100)
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Extra Slides
Features IV

Language Model-like Features

1 Similarity between previous words
sim(w1−1, w2−1)

1 Similarity between bigrams
sim((w1−1+w1)/2, (w2−1 + w2)/2)
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Extra Slides
Dataset: BPEd Quad-lexicon

Need for positive and negative examples:

Positive: the translation w2

Negative: a word w3 in the n-best list close to w2

Current approach takes as w3 the +1/-1 word in the cosine
similarity ranking

For top1 translations always +1;

higher probability to -1’s to get a balanced corpus (5/6!)

Probably good for margin-based algorithms, but for others,
should it be completely random?
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Extra Slides
Dataset: Comments

We can arbitrarily create a data set that allows > 90%
accuracy

No reason for a concrete design: need for extrinsic
evaluation in MT

Manual translation of the 500 queries test set (now,
literaly, ∼ 300)

Even then, we will not know the effect on retrieval
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Extra Slides
Conclusions

No-one would use MLWE for word translation...

But:

We do not aim at perfect translation, but at good
retrieval

It has been shown that retrieval can be improved by query
expansion

MLWE can perform at worst multilingual query expansion

The specific in-domain terms are still translated by MeSH
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