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Transliterated Pairs Acquisition in Medical Hebrew
or

Leveraging English resources to improve segmentation 
and POS tagging in Hebrew



Ø Hebrew – what we need to know
Ø Medical NLP– English Vs. Hebrew
Ø Transliterations in the Medical Domain
Ø Identifying Transliterations
Ø Using English resources to improve Hebrew 

NLP:
- Transliterated Pair Acquisition
- Results
- Effect on Segmentation, POS
- Effect on Information Extraction

Outline



 Affixes
v and , from, to, the, which, as, in are prefixes
v Possessives are suffixes to nouns

In her net -> inhernet
Ø Unvocalized writing system:

v Vowels dropped when writing
v Diacritics are rarely written

In her net -> inhernet -> inhrnt
Ø Rich morphology

v inhernet could be further inflected into different 
forms based on sing/pl,masc/fem properties

Introduction to Hebrew crash  
course*

*Adapted from slides by Goldberg and Tsarfaty



To sum it up:
 Complex, productive morphology
 Many word forms (487K distinct tokens in a 

34M words corpus)
 High level of ambiguity

2.7 tags/token, vs. 1.4 in English
 POS carries a lot of information:

◦ Gender, number, tense, possessiveness…

Introduction to Hebrew crash  
course – cont`



HebrewEnglishAdapted Resource

6,500 conceptsUMLS (800K concepts)  
     

Lexicon

N/AUMLS (~1M Relations)Ontology

N/A      98% [Tsuji Lab]POS Tagger

N/A      82.9% [Lease &     
                Charniak]

Parser

N/AMetaMap, Medlee, 
cTAKE…

Information Extraction

The Medical Domain



 Common Information Extraction approach: 
lexicon / ontology

 In Hebrew:
◦ transliterations 
◦ agglutination of suffixes and prefixes
◦ “Smihut” form (construct state)

 Difficult to extract terms and align concepts

What’s the difference from 
Medical-English?



Our Resources

News 
Corpus

Morphological 
Disambiguator

[Adler and 
Elhadad]

“General” Hebrew (News Domain) Medical Hebrew

Infomed 
Corpus

Clinical 
Corpus 

(Neurology)

Dictionary
(MILA)

Infomed 
Word List



 The medical domain in English presents many 
unknown tokens

 Algorithms designed to adapt to the medical 
domain mention unknown words to be the 
major source of error [Lease and Charniak, 
Blitzer]

 The Morphological Disambiguator is based on 
MILA’s Morphological Analyzer which is 
hampered by unknown words

Unknown words and domain 
adaptation



Unknowns and our corpora

Infomed Neurology
Token Types 74,030 12,896
Unknown 16,514 3,919
% of unknown ~20% ~30%

Many of the unknowns are transliterated (Later)



 Translation by sound: translating a word 
phonetically, according to its sound instead 
of its meaning.

 Common transliterations are names (proper 
names, brand names), named entities and 
sometime adjectives.

 

What are transliterations?



 Names are usually transliterated.
 Technical words missing in the target 

language.
 In medical-Hebrew, many words are 

transliterated due to training with English 
textbooks or by non-native speakers. 

 Just to sound cool (Damages-> da-ma-ge-s 
.(ד-מ-ג'-ס <-

When are words transliterated?



Transliterations and our 
Corpora

Infomed:  ,מטהכולין, פרדוקסוס, האנדוקרינולוגית
היפסאריתמיה, מיקרואדנומות, הקרוטינואידים, 
…קלוויקולריים, בלרה, סטרף

Neurology:  ,האןקסיפיטלית, בסברילן, מיאלינזציה
…קורטיקלית, פרולפס, וואלפורל, מאבצס

Distribution of Unknown Tokens



 Transliterated words acquire agglutinations 
(suffixes and prefixes) like regular Hebrew 
words. 

 For example:
“Stent” -> "סטנט"

   “Stents” -> " יםסטנט- " (the Hebrew plural suffix 

    is acquired).
    “The stent” -> " -סטנטה " (“The” is translated 
    as the prefix "ה").

Transliterations and 
Agglutination



How do transliterations affect 
us?



Token Suggested 
Segmentation

Correct 
Segmentation

ונודולריות ונודולריות ו – נודולרי - ות

בביספוספונאטים בביספוספונאטי
ם

ב-
ביספוספונאט-
ים

בבינסקי ב – בינסק - י בבינסקי
השימוטו ה-שימוטו השימוטו

Segmentation Faults



Token POS Tag

(hemiplegia)  המיפלגיה DEF:PARTICIPLE-M,P,A,ABS:

(spastic) ספסטית :NOUN-F,S,ABS:

(with) עם :PREPOSITION:

  קונטרקטורות
(contractures)

:NOUN-M,S,ABS:

(mostly) בעיקר :ADVERB:

(in the right)  ביד PREPOSITION:NOUN-F,S,CONST:

(hand) ימין
:NOUN-M,S,ABS:

Part of Speech errors



 Transliterations are abundant in Medical-
Hebrew

 Transliterations confuse NLP tools.
 Most segmentation errors (~90%) are due to 

transliterated words.
 Let’s get to work…

To sum it up



Transliterated pair acquisition

Ganciclovir

ירוונציקלאג

ירבנציקלואג

ירבגנציקלו

=



Related Work
 Kirschenbaum and Wintner (2009) – 

transliteration from Hebrew to English for 
machine translation.

 Kirschenbaum and Wintner (2010) – Pair 
acquisition from Wikipedia articles.

 Goldberg and Elhadad (2008) – 
Transliteration identification. Not treating 
affixes.



Ø Our practical definition:
Words originating in Western languages 
which are not present in our lexicon.

Ø “Strategy” = “אסטרטגיה“ is already in the 
lexicon.

Transliteration identification



Ø We extended the semi supervised method of 
Goldberg et al 2008

Ø We add support for affixed words based on 
the Morphological Analyzer

Ø The classifier was adapted to the medical 
domain.

Identifying transliterations
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 SNOMED-CT is combined with the Mirriam 
Webster Medical Dictionary pronunciation 
information

 A manually created list of foreign drug names 
is used as to evaluate robustness

Adaptation to the Medical Domain

Medical 
Lexicon 

(with 
pronunciation)

N-Gram model 
for

 foreign words
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Results  (F-Score)  
Identifying transliterations
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Leveraging English resources to 
improve Hebrew NLP

Medical QA 
Corpus

Dictionary
(MILA)

Infomed 
Word List

News
 Corpus

UMLS 
Vocabulary



Transliterated Pair Acquisition

Medical 
Lexicon
(UMLS)

Noisy Pairing with 

unknown tokens
(all possible 

segmentations)
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Manual 
QA

(~7,284 
Pairs)

Transliterat
ed 

Pair List
(~2,719)

יםהידרוקולואידב  

יםהידרוקולואידב  

הידרוקולואידב

יםהידרוקולואיד  

יםידרוקולואיד  

הידרוקולואיד hydrocolloid 



 Task: given unknown word find English origin

 Recall – 73% of transliterated unknown tokens

 This covers over 50% of the unknown tokens

 2,600 transliterated pairs
 1,600 missing from the Medical Lexicon

Results

רבאמאזאק
פין

קרבאמאזפין

carbamezapi
ne

לזטראמט

metatarsalלסמטטר

לזמטטר



Effect on Segmentation / POS

NeurologyInfomed (Medical QA)

44% error reduction
(28/63)

49% error reduction 
(41/83)

Segmentation

16% error reduction
(24/151)

7.6% error reduction 
(15/196), 30% on 
foreign

POS



Results – Neurology domain

 3,896 new transliterated pairs suggested
 1,993 of these were new
 30% of the correct pairs appeared only with 

an affix
 336 added to the medical Lexicon

NeurologyEffect on:
51% total error reduction
(33/64)

Segmentation

20% total error reduction
(31/151)

POS



Token POS Tag

(hemiplegia)  המיפלגיה DEF:PARTICIPLE-M,P,A,ABS:

(spastic) ספסטית :NOUN-F,S,ABS:

(with) עם :PREPOSITION:

  קונטרקטורות
(contractures)

:NOUN-M,S,ABS:

(mostly) בעיקר :ADVERB:

(in the right)  ביד PREPOSITION:NOUN-F,S,CONST:

(hand) ימין
:NOUN-M,S,ABS:

Impact on Morphological Analyzer



Token POS Tag

(hemiplegia)  המיפלגיה DEF:PARTICIPLE-M,P,A,ABS:

(spastic) ספסטית :NOUN-F,S,ABS:

(with) עם :PREPOSITION:

  קונטרקטורות
(contractures)

:NOUN-M,S,ABS:

(mostly) בעיקר :ADVERB:

(in the right)  ביד PREPOSITION:NOUN-F,S,CONST:

(hand) ימין
:NOUN-M,S,ABS:

Impact on Morphological Analyzer

√
√

√



Impact on Information Extraction
Infomed (Medical QA) – annotated corpus:
Recall              56%    -> 60.4%
Precision         86.1% -> 87%
F-Score           68%    -> 71.3%

Neurology – not annotated:
20% increase in number of identified concepts.
7,746 -> 9,181 concepts



Domain Adaptation of 
Morphological-Disambiguator

 News Domain -> Medical Domain
 Identified unknown words as major issue for 

domain adaptation
 Identified transliteration as major source of 

unknown word types

Conclusions



We presented a method to acquire 
transliterated pairs in medical domain

 UMLS data source 
 Non-annotated Hebrew text (Infomed, Patient 

Records)
 Combined to acquire transliterated pairs

Conclusions



Transliterated pairs help us

 Reduce POS/Morphological analysis (error 
reduction ~50%)

 Improve information extraction (increased 
recall)

Conclusions



Thank You



LDA



 “Febrile seizures” cluster:

 Contains “סטזוליד“ (Stesolid), the treatment 
drug, only when run with the Transliterations 
Lexicon

  appears affixed 50% of the time and “סטזוליד“
is not segmented correctly

Impact on LDA (Neurology 
Corpus)

(event|febrile|seizure) א�רוע�|חום|פרכוס


