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Abstract 

We translated an existing English negation lexicon (NegEx) to 

Swedish, French, and German and compared the lexicon on 

corpora from each language. We observed Zipf’s law for all 

languages, i.e., a few phrases occur a large number of times, 

and a large number of phrases occur fewer times. Negation 

triggers “no” and “not” were common for all languages; 

however, other triggers varied considerably. The lexicon is 

available in OWL and RDF format and can be extended to 

other languages. We discuss the challenges in translating ne-

gation triggers to other languages and issues in representing 

multilingual lexical knowledge. 
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Introduction 

One study estimated that approximately half of all clinical 

conditions described in narrative reports are negated [1], indi-

cating the importance of differentiating conditions that are 

present from those that are absent in natural language 

processing (NLP) applications. A variety of negation algo-

rithms have been developed and evaluated on English texts [2-

5]. Fewer algorithms have been developed for other languag-

es. However, the NegEx algorithm has been ported, applied, 

and evaluated on a few European languages [6, 7].  

Our objective was to compile a shareable lexicon for NegEx 

that enables lexical representations in other languages. In this 

paper, we describe the process we applied and the challenges 

we encountered in translating NegEx lexical cues into three 

European languages (Swedish, French, and German), as well 

as the knowledge representation format we chose to use for 

the NegEx Multilingual Lexicon. We also present an initial 

comparison of the lexicon on clinical corpora of the four lan-

guages. 

Background 

Negation Detection  

Recently, negation identification has been the focus of shared 

tasks including the 2010 i2B2/VA Challenge for clinical text 

[8], CoNLL 2010 for biomedical texts [9], and BioNLP 2009 

for biological texts [10]. Many negation algorithms have 

shown high performance at identifying negation of clinical 

conditions in English text [2-5]. Regardless of the algorithm 

for assigning negation status to a concept, lexical cues for ne-

gation like “no” and “without” are a critical ingredient in de-

termining whether a patient suffers from a clinical condition. 

One negation algorithm, NegEx [2], provides a rich list of 

lexical cues that indicate negation in clinical text, and that 

lexicon has been leveraged in a variety of both rule-based and 

supervised machine learning applications for English clinical 

text [11]. NegEx has also been integrated into open-source 

information extraction systems such as MetaMap [12], 

cTAKES [13], and HITEx [14]. 

The NegEx Algorithm  

The NegEx algorithm relies on three types of lexical cues: 

negation triggers that indicate a negation (e.g., “denies”), 

pseudo-negation triggers that contain negation triggers but do 

not negate the clinical condition (e.g., “no increase”), and ter-

mination terms that stop the scope of the negation trigger (e.g., 

“but”). Any clinical condition within the scope of a negation 

trigger is negated. All NegEx lexical items have an action—

negation and pseudo-negation triggers can modify information 

to the right of the term (i.e., forward in the sentence) or to the 

left of the term (i.e., backward in the sentence). Termination 

terms have an action to terminate scope, which otherwise ter-

minates at the end of the sentence. Pseudo-negation triggers 

attempt to compensate for NegEx’s lack of syntax by listing 

exceptions to the occurrence of negation triggers such as “no” 

in phrases like “no previous”. Because the lexicon is the keys-

tone of the algorithm, adaptation of NegEx to other languages 

relies mainly on translation of the lexical cues. Our goal was 

to develop a representation of the lexicon that facilitates trans-

lation to other languages. 

NegEx performance on other languages 

NegEx has been recently ported and evaluated on clinical texts 

in Swedish [6] and French [7] and has shown good perfor-

mance (recall 82%; precision 75%) for Swedish assessment 

sections of the Stockholm EPR corpus and better performance 

(recall 85%; precision 89%) for French cardiology notes. In 

both studies, the adapted NegEx systems achieved comparable 

recall to the English NegEx with observable differences in 

precision (differences of -9.3% and 4.4%, respectively). Error 

analyses from these studies suggest that increasing lexicon 

coverage, improving scope detection, and including uncertain-

ty assertion could boost the algorithm’s porting performance. 

Although not evaluated yet, the NegEx lexicon has also been 

translated to German and is included in our lexical analysis.  

Creating multilingual lexical knowledge resources  

Formal ontologies can be distinguished from lexical or termi-

nological ontologies [15,16].  Unlike formal ontologies, which 

focus on axioms and logically defined relations between con-

cepts, lexical ontologies are concerned with the various ways 

concepts can be instantiated in language. 
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(indicated by -). These numbers are reflected in the three slic-

es of the pie charts in Figure 2. Subsequent rows list each of 

the frequently occurring triggers and the corresponding pro-

portion of trigger counts in the corpus. Empty cells indicate 

that the concept was not one of the most frequent triggers in 

the corpus for that language. Two phrases in a single cell indi-

cate that there is more than one translation for the concept. 

The number of unique triggers found in the corpora was much 

larger than the number of triggers summing to 80% coverage 

that are shown in the table’s cells. Similar to previous findings 

[1], Zipf’s law holds true for negation triggers such that a few 

phrases occur a large number of times, and a large number of 

phrases occur with fewer counts. 

Table 2- Definite negated term counts and their occur-

rences in corpora^ 

English (60) French (111) German  (125) Swedish  (83)

> < - > < - > < - > < - 

4 24 32 7 66 39 2 16 107 5 44 34

no (0.40) aucune (0.04)  
aucun (0.04) 

kein (0.14) ingen (0.15)  
inga (0.09) 

not (0.08) pas de (0.17)  
pas d' (0.12)  
n'a pas (0.05) 

nicht (0.70)  inte (0.31)  
ej (0.18) 

without (0.05) sans (0.31)  utan (0.10) 

denies (0.28)    

neither F ni (0.08)   

^ Italicized English words did not occur in the English corpus 
but in corpus indicated by F (French), G (German), or S (Swe-
dish). Counts in header indicate the number of unique terms in 
the lexicon for that language; Shaded row shows the number of 
frequently occurring unique terms in the corpus (>), infrequent-
ly occurring unique terms in the corpus (<) and terms that did 
not occur in the corpus (-). 

Table 3- Probable negated term counts and their occur-

rences in corpora 

English (78) French* (81) German (124) Swedish (97)

> < - > < - > < - > < - 

3 37 38 1 10 70 12 12 100 10 32 55 

not appreciate 
(0.59) 

   

to exclude 
(0.10) 

éliminer 
(0.83) 

  

nothing (0.20)    

unlikely G  unwahrschein-
lich (0.06) 

osannolikt (0.07)

not provable G 
cannot see S 
not obvious S 
no ground S 

 
 

nicht nach-
weisbar (0.09)  
nicht  
nachgewies 
(0.02) 

kan inte se (0.04) 
ingen uppenbar 
(0.03)  
inga hållpunkter 
(0.30) 

not known G 
no sign of S 

 nicht bekannt 
(0.03) 

utan tecken på 
(0.04) 

rather G  eher (0.14)  

doubtful G  fraglich (0.18)  

absence of G  fehl von (0.03)  

no pain G  keine besch-
werd (0.03) 

 

not think S   tycker inte (0.12)

not to be S   inte vara (0.09) 

not a sure S   ingen säker(0.05)

no sure S   inga säkra (0.05) 

cannot rule out 
S 

  kan inte uteslutas 
(0.03) 

no indication 

of/for G 

 kein hinweis 
auf (0.14) 
kein hinweis 
fur (0.05) 

 

no definite G  kein definitiv 
(0.02) 

 

no clear G  kein eindeut 
(0.02) 

 

* French translations were generated from an earlier version of the 
lexicon that did not contain as many probable negation triggers. 

Table 4- Pseudo negated term counts and their occurrences in 

corpora 

English (16) French (14) German (32) Swedish (14) 

> < - > < - > < - > < - 

2 13 1 2 6 6 4 3 25 3 5 6 

without difficulty 
(0.79) 

sans difficulté 
(0.55) 

problemlos (0.35)  

no change (0.20)  keine Veränder 
(0.18)  

ingen  
förändring 
(0.54) 

no increase F,G pas d'augmen-
tation (0.30) 

  

not only S  nicht nur (0.12) inte bara 
(0.24) 

no irregularities 
G 

   

not necessarily G  nicht unbedingt 
(0.18) 

 

gram negative S   gramnegativ 
(0.07) 

French showed the most diversity in its triggers: seven triggers 

made up 80% of all negation triggers in the corpus, and two-

thirds of the triggers occurred in the corpus. German showed 

the least diversity: two triggers comprised 85% of negation 

triggers in the corpus, and only 18 of 135 triggers (13%) oc-

curred in the corpus1. The trigger “denies” only occurred in 

English, and the trigger “neither” was only frequent in French. 

Low frequencies of unique probable negated triggers for 

French (11/80) are probably due to the fact that the transla-

tions occurred before the lexicon was enhanced with addition-

al probable negation triggers (July 2012). English showed 

very little diversity in its frequently occurring triggers (three 

triggers made up 99% of all probable negated triggers in the 

corpus). There was very little overlap in probable negated 

triggers among the languages.  

Discussion 

We measured the prevalence of English NegEx trigger terms 

translated into French, German, and Swedish across clinical 

corpora. The most common negation triggers, “no” and “not”, 

were frequent in all four languages, but beyond those two 

terms, each language showed a lot of variation in the types of 

triggers that occurred. Probable negation triggers showed the 

most variation with a large number of unique triggers in Eng-

lish and Swedish and fewer in German, and with little overlap 

among the languages. Because NegEx does not use syntax to 

determine scope, pseudo-negation triggers are necessary to 

avoid false positives. Pseudo-negation triggers reflected the 

                                                           

1 The smaller corpus size for German could be partly responsible. 
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prevalence of “no”, “without”, and “not” in phrases where the 

negation scope extends only to the following noun or adverb 

(e.g., “without difficulty”).  

Knowledge Representation  

The English NegEx lexicon comprises a text file with one 

string per line that has been used in rule-based and machine 

learning negation applications. Extending the lexicon to mul-

tiple languages necessitated devising a more complex repre-

sentation. In representing the lexicon, we wanted to maintain 

the simplicity that encourages wide use of the lexicon, under-

standing there would be a cost in representational power. The 

simplest option would be to create a text file for strings in 

each language without cross-mapping among languages.  

Another guiding principle was to follow best practices for 

multilingual lexical representation. Best practices dictate 

representing each trigger as a concept that can have a variety 

of different labels, including synonyms, misspellings, alternate 

phrasing, and manifestation in other languages, rather than 

anchoring the term to a specific language. This approach also 

allows us to model the relationship between a type of trigger 

(e.g., definite negated trigger) and the class of terms that ter-

minate the scope of that trigger, which is necessary when ap-

plying the lexicon to other tasks, such as assigning the expe-

riencer (patient or family member). For instance, termination 

terms such as “but” and “however” terminate the scope of 

definite and probable negation triggers, and we have assigned 

these terms to a class called conjunctions. The conjunctions 

class does not terminate the scope of experiencer triggers like 

“father” and “family history”. Instead, terms in the patient or 

presenting class terminate experiencer triggers. The OWL 

representation can be output in RDF, which is not as simple to 

process as a simple text file, but we hope it meets our target 

balance of representational power and simplicity. We plan to 

host a version of the lexicon in Web Protégé
2—a cloud-based 

OWL ontology editor—for collaborative updates and en-

hancements of this community resource. 

Translating NegEx Triggers 

We encountered a number of interesting issues when translat-

ing the English triggers to other languages.  

• Agglutination – Fusional languages like German or lan-

guages with highly agglutinative features in their lexicon 

can add a bounded morpheme representing negation to a 

word, such as “diabetesfri” (diabetes+free) in Swedish or 

“problemlos” (problem+without) in German. Neither the 

NegEx algorithm nor the lexicon address this. 

• Inflections – English is a weakly inflected language. Trans-

lating negation triggers to languages with more morpho-

syntactic variation requires a number of linguistic variants 

for a single concept. For example, “no” can be translated in 

French with four different variants (“aucun” / “aucune / 

“aucuns” / “aucunes”) due to gender and number agreement. 

• Ambiguity – Some triggers in English exhibit more ambi-

guous usage in other languages. For instance, the Swedish 

translation for “without” is “utan”, which is also used as a 

conjunction (but). Disambiguation requires context from the 

sentence and is not modeled in NegEx’s lexicon or algo-

rithm, causing false positive negations [26]. 

• Language-specific terminology and usage – Some transla-

tions from the English, although linguistically correct, are 

rarely or never used in other languages, which explains the 

large number of negation triggers that never occur in a cor-

pus. Some triggers, like “rule the patient out”, occurred in 

                                                           
2 http://webprotege.stanford.edu/ 

the English corpus but not in corpora for the other three lan-

guages. However, variations could occur. For example, 

whereas in English a report may say that the clinician will 

rule the patient out for a disease, in Swedish, the clinician 

would rule out the disorder for the patient. 

• Use of prepositions –Scope in the initial version of NegEx 

extended for only five terms, whereas scope in the current 

version is extended to the end of the sentence unless en-

countering a termination term. One remnant of the previous 

scope rule is the inclusion of a variety of prepositions at the 

end of negation triggers to avoid consuming the window for 

potential content terms, as in “rule out against” and “rule out 

for”. Such overuse of prepositions unnecessarily compli-

cates translation to other languages. 

• Word order – NegEx’s approach is extremely dependent on 

word order in both its lexical triggers and its direction of 

scope (forward, backward, or bidirectional). Word order in 

Swedish, for example, is more flexible than it is in English. 

For instance, the trigger “does not have” could be translated 

to “har inte” or “inte har”. We therefore included variant 

word order when needed in translations. In addition, we 

sometimes had to modify the direction of scope after creat-

ing multilingual translations for a concept. For example, the 

concept for “declines” had a forward scope in English but 

required a bidirectional scope in German. The scope direc-

tion (action) is a property of the trigger concept in the OWL 

representation and can be different for each language (e.g., a 

term can have a German action and an English action). 

• Abbreviations – A few of the English negation triggers are 

not easily translated, e.g., “-ve” and “neg”.  

Implications for NegEx Lexicon 

Translating the NegEx lexicon to European languages has 

proven to be mostly straightforward and has demonstrated 

comparable negation performance in French and Swedish. 

Translation is a tedious task with hundreds of trigger terms, 

many with multiple variations. The strikingly small ratio of 

frequent triggers (black slices in Figure 2) to unseen triggers 

(light grey) suggests that the lexicon could be substantially 

reduced before translation without a large effect on perfor-

mance. It remains to be seen whether the lexicon can be effec-

tively translated and applied for non-European languages. 

Limitations 

The main limitations in our study relate to the preliminary 

analysis we performed across corpora of different languages. 

Each corpus differed greatly in size and in character. The 

German corpus exhibited different patterns of prevalence for 

negation triggers, which could have been partly due to its sub-

stantially smaller size. This was an opportunistic, retrospective 

study that did not allow us to control for similarity of the cor-

pora. Perhaps more important than size differences was the 

difference in the report genres in the corpora. Previous studies 

have shown that negation triggers differ significantly across 

report types [1, 27] (e.g., negation triggers in radiology reports 

differ from triggers in emergency department reports). Hidden 

variation due to report genre could explain some of the varia-

tion among frequently occurring triggers across languages. 

With limited accessibility of clinical reports and differences 

across countries and even individual hospitals, a study that 

matches report genres across languages may not be realistic, 

making this comparative study worthwhile in spite of the limi-

tation. Finally, our analysis did not address the amount of ac-

tual negation in the corpora but only the presence of strings in 

the negation lexicon as a surrogate; we do not make any 

claims about accuracy of the lexicon across languages. 
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Future Work 

We are building a web application called pyConTextKit for 

experimenting with the algorithm and lexicon. The user inter-

face allows lexicon editing and real-time evaluation on a cor-

pus. We plan to extend the capability of the interface to enable 

user extensions of the lexicon to other languages, including 

functions for generating machine translations and for retrieval 

of sentences containing lexical items in a relevant corpus for 

quick validity checking of proposed triggers.  

Conclusion 

We translated the NegEx lexicon from English to French, 

German, and Swedish, modeled the lexicon in OWL, and per-

formed a preliminary analysis of multilingual negation trig-

gers. Lexical cues varied greatly across languages as did the 

number of unique triggers found in the corpora. We hope oth-

ers will continue to extend the lexicon and experiment with its 

usefulness for detecting clinical negation. 
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