Evaluation of the DEFINDER System for FullyAutomatic Glossary

Construction

Judith L. Klavans PhD 1 , Smaranda Muresan 2

1 Center for Research on Information Access, Columbia University

2 Department of Computer Science, Columbia University

New York, New Yor k 10027

ABSTRACT

In this paper we present a quantitative and qualitative evaluation of DEFINDER, a rule - based system that mines consumer - oriented full text articles in order to extract definitions and the terms they define. The quantitative evaluation sh ows that in terms of precision and recall as measured against human performance, DEFINDER obtained

87% and 75% respectively, thereby revealing the incompleteness of existing resources and the ability of DEFINDER to address these gaps. Our basis for compari son is definitions from on - line dictionaries, including the UMLS Metathesaurus. Qualitative evaluation shows that the definitions extracted by our system are ranked higher in terms of user - centered criteria of usability and readability than are definitions from on - line specialized dictionaries. The output of DEFINDER can be used to enhance these dictionaries. DEFINDER output is being incorporated in a system to clarify technical terms for non - specialist users in understandable non - technical language.

INTRO DUCTION

T he problemwe address is that on - line dictionaries of technical terms are difficult to build and are often lacking in completeness. For example in the

UMLS (Unified Medical Language System)

Metathesaurus, 1 basic terms are often undefined since pro fessionals are assumed to knowthem.

Common terms and their definitions are also missing fromon - line glossaries, such as the OMD

(Online Medical Dictionary) . 2 T he contribution of this research is in utilizing natural language processing techniques to mi ne text for embedded definitions and to extract these definitions along with their associated terms. T hese results are used to create a newglossaryfor layusers and to enhance existing resources.

1 http://umlsks.nlm.nih.gov/

2 http://www.graylab.ac.uk/omd/index.html

Our definition finding system, DEFINDER, is being develope d as part of Columbia University’s medical digital libraryproject PERSIVAL [1]. At the larger level, this research is part of an effort to build useful lexical resources fromexisting on - line material using robust language technologies.

T his paper repor ts on three research contributions :

1. T he first quantitative evaluation of our results shows that in terms of precision and recall, measured against human performance, our systemachieves 86.95% precision and 75.47% recall. T hese results correlate with the fact that consumer - oriented documents fromtrusted resources are a rich source of definitions, and demonstrate that our systemoffers a novel and useful technologyto identifyand extract terminologyand definitions.

2. T he qualitative evaluation of results i n terms of the user - based criteria of readability, usefulness and completeness indicates that the definitions extracted fromtext are often more readable and useful than those in existing thesauri and glossaries.

3. A second quantitative evaluation shows that

DEFINDER extracted definitions not found in existing on - line dictionaries. T hus the output fromrunning DEFINDER over full text can be used to fill gaps in these dictionaries.

BACKGROUND

One goal of the PERSIVAL project is to present information to patien ts in language theycan understand. A keycomponent is to provide accurate and readable laydefinitions for technical terms, which maybe present in articles of intermediate complexity[2]. A preliminaryversion of

DEFINDER, a systemfor automaticallyiden tifying and extracting definitions fromconsumer - oriented text, was presented in [3].

In order to extract valuable definitions for the non - specialist user we need reliable resources. We started with MEDLINEplus, the MEDLINE equivalent for consumer health information. We identified five full - text resources fromdifferent text genres that are addressed to laypeople 3 , as judged bya medical specialist. Definitions extracted by

DEFINDER include:

TNF - alpha - one of a class of proteins called cytokines, w hich allow cells to communicate with each other

AV node - the structure that governs impulse traffic from the atria to the ventricles mitral valve prolapse - a condition in which the valve between the upper and lower chambers on the left sid e of the heart closes imperfectly.

T he first two definitions were judged accurate by two medical consultants, although the third was judged possiblyvague. (We discuss accuracy below.) For comparison, the corresponding definitions of T NF - alpha fromthe UM LS and

OMD (Online Medical Dictionary) are given below:

TNF - alpha

(UMLS) - Serum glycoprotein produced by activated macrophages and other mammalian mononuclear leukocytes which has necrotizing activity against tumor cell lines and increases ability t o reject tumor transplants.

TNF - alpha

(OMD) - Originally described as a tumour inhibiting factor in the blood of animals exposed to bacterial lipopolysaccharide or

Bacille Calmette Guerin .

T hese examples highlight the fact that although the

UMLS´s and OM D´s definitions are accurate, they maybe too technical for the average user.

T he goal of the DEFINDER project is to extract readable definitions and the terms theydefine.

Automatic identification and extraction of terms fromtext has been widelystudi ed in the computational linguistics literature [4] [5], and manysystems exist for this task using both symbolic and statistical techniques [6]. T he extraction of definitions and their associated terms has been less widelystudied, although extraction of l exical knowledge has a rich literature [7] [8] [9].

We combine shallownatural language processing with deep grammatical analysis to extract

3 a. The Merck Manual of Medical Infor mation ˘ Home Edition b. Columbia UniversityCollege of Physician & Surgeons

Complete Home Medical Guide c. Cardiovascular Institute of the South d. Reuters Health Newspaper for Consumers e. Medical IndustryToday

definitions that are embedded in on - line full text.

T hrough an analysis of a sample set of consumer - oriented artic les, we identified typical cue - phrases and structural indicators that introduce definitions and the defined terms.

Our systemis based on two main functional modules: 1) a pattern analysis module that performs shallowtext processing using a finite state grammar, guided bycue - phrases (^is called~, ^is the termused to describe~, ^is defined as~, ^is the termfor~, etc.) and a limited set of text - markers

(^()~, ^ -- ^); and 2) a grammar analysis module that uses a rich, dependency - oriented lexicalist grammar for analyzing more complex linguistic phenomena

(e.g. apposition, anaphora). T he pattern analysis module is based on a surface part of speech tagger with a finite state grammar for identifying medical terminologyand for extracting definitions. We used t he Brill tagger [10] and the baseNP chunker

[11] for identifying simple noun phrases (head noun + premodifiers). For the medical application, the lexicon was augmented with the most frequent medical terms found in our corpora. T his eliminated incorrect ta gging due to unknown words. A filtering module was added in order to remove some of the misleading patterns introduced bytext markers (e.g. explanation, enumeration).

T he grammar analysis module is based on English

Slot Grammar (ESG) [12]. T he rich repres entation provided byESG allows the identification of definitions that are introduced bymore complex linguistic phenomena and not easilyidentifiable by shallowprocessing.

METHODS

In this section three methods for evaluating the

DEFINDER systemare pres ented: 1) performance in terms of precision and recall against a gold standard, 2) qualityof extracted definitions in terms of user - based criteria of readability, usefulness and completeness, and 3) coverage of DEFINDER output vs. existing on - line diction aries. For the first two, a user - centered evaluation using non - specialist subjects was performed. For the third we chose a set of defined terms extracted byour systemand compared themto three on - line dictionaries [3].

T he results were run over a limite d set of articles in order to thoroughlytest our methods before moving to a larger scale user - based evaluation of significantlymore data.

DEFINDER Output vs. Gold Standard

. T he first evaluation method involves the comparison of

DEFINDER output against a reliable ^gold~ standard. For this experiment we recruited four subjects who were not trained in the medical domain and who did not assist in the development of the system. Each subject was given a set of nine consumer - oriented articles chosen fromour set of five text resources, and theywere asked to manuallymark - up definitions and their associated terms. We selected balanced examples fromeach genre (medical articles, newspapers, manual chapters, book chapters). Each subject was given instructions wi th examples of definitions found in articles similar to the ones we chose for the experiment. T he gold standard consisted of 53 definitions identified byat least three out of four subjects. We measured DEFINDER performance in terms of precision and recall compared to this gold standard.

Quality of Def initions . We assume that non - technical definitions are more useful for consumers than specialized definitions. We evaluated the qualityof DEFINDER output in comparison with two specialized on - line dictionari es (UMLS and

OMD). Eight non - specialist subjects not connected with the project were provided with a list of 15 medical terms and with their definitions fromeach of the three resources . T he source of each definition was not given in order not to bias the experiment. T he task was to assign to each definition a qualityrating for usefulness (U), readability(R) and completeness (C) on a scale of 1 to 7 (1 verypoor, 7 excellent). Usefulness means that the definition could help the user to understand a techn ical termin the context of a technical article;

readabilitymeans that the definition is easyto read and understand; completeness means that the definition is judged to contain full information about the term. As we discuss in the next sections, complete ness is a less reliable feature for evaluation performed bynon - specialist subjects but will be used in a future evaluation of accuracybymedical specialists.

We performed two studies for quality. In the first study, we measured the Average QualityRatin g

(AQR) for each of the three definitional sources on the three criteria. Our hypothesis was that

DEFINDER would outperformboth UMLS and

OMD in terms of usefulness and readability, but that in terms of completeness, the on - line specialized dictionaries wo uld be judged higher.

We applied the sign test [13] to statisticallyvalidate our results.

One issue that arises in computing the AQR is whether the high scores given byone subject can

compensate for the lower values given byother subjects, thus introduc ing noise. T o validate this we performed a second studyto evaluate the relative ranking of the three definitional sources (1 best, 3 worst). First we measured user agreement on ranking the definitions based on usefulness, readabilityand completeness on e ach individual term. T hen for the terms for which the agreement was significant, we compute the overall mean ranks of the three sources and then measure again the significance of the results. In this analysis we used

Kendall´s coefficient of correlation, W [13], to measure interjudge reliability. T he values of W are from0 to 1, 0 showing no agreement, 1 showing perfect agreement. In computing W we include the corrections due to ties in ranking (when two or all three definitions of the termare given the sa me rank byone subject). A significant value for W means that the judges are applying essentiallythe same standard in ranking, thus eliminating the null hypothesis that the agreement is due to chance. As described in [13] the best estimate for the ^true ~ ranking of the N objects (i.e., our three definition sources) is provided bythe order of the mean ranks, given that W is significant.

Coverage of DEFINDER Output vs. On - line

Dictionaries

. T he method for determining coverage is based on the comparison of

DEFINDER output with existing on - line dictionaries. T o quantitativelyevaluate coverage, we selected three existing on - line dictionaries: the

UMLS Metathesaurus, On - line Medical Dictionary

(OMD) and Glossaryof Popular and T echnical

Medical T erms (GPT MT ). A base test set of 93 terms and their associated definitions, extracted by our systemfromtext, was chosen for this experiment. T hree cases were found: 1) the termis listed in one of the on - line dictionaries and is defined in that dictionary(defined) ; 2) the termis listed in one of the on - line dictionaries but does not have an associated definition (undefined); 3) the termis not listed in anyof the on - line dictionaries

(absent).

RESULTS

DEFINDER output vs. Gold Standard . T he resulting gold standard consisted of 53 definitions marked - up byat least 3 out of the 4 subjects.

DEFINDER identified 40 out of these 53 definitions, obtaining 86.95% precision and 75.47% recall. Besides the correct definitions (40),

DEFINDER extracted 6 false positive definiti ons, thus decreasing precision. An interpretation of these results is given in the Discussion section.

Quality of Def initions . In comparing the average qualityrating values, results showthat the definitions extracted byour systemare judged higher t han the definitions fromthe two other dictionaries in terms of usefulness and readability.

In terms of completeness both UMLS and OMD showbetter results. Figure 1 shows the relative average qualityrating (AQR) values of the three sources on all three ch aracteristics: usefulness ( U ), readability( R ) and completeness ( C ).

1

2

3

4

5

6

7

AQR

U R C

DEFINDER

UML S

OMD

Figure 1 Average Quality Rating (AQR)

T he sign test shows that the statistical significance of our results is p=0.0003 for usefulne ss and readability, and p=0.04 for completeness.

As previouslymentioned, the results of the AQR can be noisy. In the second studywe analyzed the relative ranking of the three definition sources, using Kendall´s coefficient of correlation to statistical lyvalidate the results.

In terms of usefulness, users agreed in 13 out of 15 cases, with significant values of W ranging from

0.47 to 0.92 [13]. For these 13 terms we measured the level of correlation between themand then we computed the mean of ranks for the three definition sources. Since W=0.45 is significant, we can take as the ^true~ value of relative ranking the order provided bythe mean ranks. Figure 2 shows that

DEFINDER outperforms both UMLS and OMD in terms of usefulness.

In case of readabi lity, the agreement between judges was significant in 14 out of 15 cases, W ranging from0.56 to 1.00 (for 50% of the terms the values were above 0.85). T he correlation between the rankings on these 14 terms was significant

(W=0.54) and thus the ordering is relevant. As seen in Figure 2, DEFINDER definitions are judged

higher on the readabilityscale than both UMLS and

OMD.

1.3

2.57

2.11

1.25

2.64

2.1

1

1.5

2

2.5

3

MeanRanks

U R

DEFINDER

UMLS

OMD

Figure 2 Ranking

Analyzing the agreement for completeness, in only

11 out of 1 5 cases was there significant agreement between subjects (W values between 0.38 and

0.92). T he significance test for the correlation between the rankings of these 11 terms failed to provide a statisticallyrepresentative value for W

(W=0.26). T hus no infer ence regarding the order of rankings between the three definitional sources can be made. Reasons for this are presented in the discussion section below.

Coverage of DEFINDER Output vs. On - line

Dictionaries . T he results fromT able 1 (also presented in [3]) showthat on - line medical dictionaries are incomplete compared to potential

DEFINDER output.

T erm UMLS OMD Glossary defined 60% (56) 76% (71) 21.5% (20) undefined 24% (22) - - absent 16% (15) 24% (22) 78.5% (73)

Table 1 Coverage of On - line Dictionar ies

For example column three shows that in OMD only

71 definitions out of 93 possible definitions are found, thus giving only76% completeness.

GPT MT , although a glossaryspecificallyaddressed to layusers, is far frombeing complete; only20 out of 93 t erms were present, i.e. 21.5% coverage. T his shows that DEFINDER identifies manyterms and definitions that are lacking fromexisting resources.

DISCUSSION

T he quantitative and qualitative evaluations presented in this paper showthat the output of the

DEF INDER systemcan be used in at least two ways: (1) to enhance on - line dictionaries and (2) to clarifyterminologyfor non - specialist users by providing readable and useful definitions.

T he results of the systemperformance in terms of precision and recall provide a strong baseline for further evaluating DEFINDER when applied on larger scale corpora. A careful analysis of human performance on identifying definitions and their associated terms fromtext shows that this is a very difficult task. Besides the 5 3 definitions, which constitute our gold standard, 8 definitions were identified byonlyone subject and 10 definitions by two subjects. T he decrease in precision was because the systemidentified 6 false positive definitions. However, four out of these si x definitions were also marked byone subject. T he decrease in recall was because several definitions identified byhuman judges contain complex linguistic phenomena (anaphora or parallel definitions), not currentlyhandled byour system.

We expect these r esults to improve as we improve the DEFINDER system.

T he qualitative evaluation of DEFINDER in terms of user - based criteria of usefulness, readabilityand completeness, shows that DEFINDER provides high qualitydefinitions for non - specialist users.

Howeve r our results raise a question regarding the evaluation of completeness and the abilityof the layuser to rate on this criterion. In our future evaluation of DEFINDER on larger scale data, we will ask medical specialists to judge completeness and accuracy of the definitions.

T he results on dictionarycoverage showed that on - line dictionaries are incomplete. DEFINDER output can be used to address the gaps. In the

UMLS, 24% of the terms were present but they belong to the axiomatic vocabulary, which in the case of specialized vocabularies is often highly technical and thus of limited use for laypeople, e.g.

^coumadin~, ^Holter monitor~. T able 1 shows that

15 terms out of 93 were absent fromUMLS.

Following [14] we analyzed the missing terms and conclude t hat in some cases modifiers playan important role in deciding which are the ^real~ terms, e.g. ^ cardiac defibrillator~ was the defined termextracted byour system, while in UMLS only the term^defibrillator~ was present. Another example is ^valvuloplasty ~ (DEFINDER) vs.

^balloon valvuloplasty~ (UMLS). Deciding which of these are terms is a task that requires specialist insight; we plan to further analyze these cases.

CONCLUSION AND FUTURE WORK

We present a definition finding system,

DEFINDER that aut omaticallymines online text for embedded definitions and their associated terms. We extract these definitions linked with the terms theydefine, and build a glossary. Our

baseline results show87% precision and 75% recall over a test set. Our results sho whigh readability and usefulness of DEFINDER definitions, compared with existing on - line resources.

In future work, we plan to: 1) extend to additional data; 2) address the issue of merging multiple definitions fromdifferent sources; 3) develop a method to evaluate for accuracyand completeness; and 4) integrate DEFINDER in the PERSIVAL medical information system.

REFERENCES

1. McKeown KR, Chang S - F, Cimino JJ, Starren J,

Klavans, JL. P ERSIVAL sytem. Available from:

URL: http://www.cs.columbia.edu/diglib/P ersival/

2. Hahn U., Romaker M. Text Structures in Medical text P rocessing: Empirical Evidence and a Text

Understanding P rototype. P roceedings of AMIA

Fall Symposium; 1997; p. 819 - 823.

3. Klavans JL., Mur esan S. DEFINDER: Rule - Based

Methods for the Extraction of Medical Terminology and their Associated Definitions fromOn - line Text.

P roceedings of AMIA Symposium2000; p. 1049.

4. Justeson J., Katz, S. Technical Terminology: Some

Linguistic P roperties and an Algorithmfor

Identification in Text. Natural Language

Engineering; Vol 1(1); 1995; p. 9 - 27.

5. Smadja F. Retrieving Collocations fromText:Xtract.

In: Armstrong S, editors. Using Large Corpora.

London: MIT P ress; 1994; p 143 - 177.

6. Klavans JL., Resnik P , edit ors. The Balancing Act.

Combining Symbolic and Statistical Aproaches to

Language. The MIT P ress; 1996.

7. ZeigenbaumP , Bouaud J, Bachimont B, Charlet J,

Seroussi B, Boisvieux JF. FromText to Knowledge:

a Unifying Document - Oriented View of Analyzed

Medical Language. P roceedings of IMIA WG6;

1997.

8. Campbell DA, Johnson SB. A Technique for

Semantic Classification of Unknown Words Using

UMLS Resources. P roceedings of AMIA Annual

Symposium; 1999; p. 716 - 720.

9. Johnson SB. Conceptual Graph Grammar ˘ A simple For malismfor Sublanguage. P roceedings of

IMIA WG6; 1997.

10. Brill E. A Simple Rule - based P art of Speech Tagger.

P roceedings of the Third Conference on Applied

Natural Language P rocessing. Trento, Italy; 1992

11. Ramshaw LA., Marcus MP . Text Chunking Using

Transform ation - Based Learning. P roceedings of

Third ACL Workshop on VeryLarge Corpora, MIT;

1995

12. McCord MC. The Slot Grammar system. IBM

Research Report; 1991

13. Siegal, S. and Castellan, NJ. Non - parametric statistics for the behavioural sciences 2nd Edition.

New Yor k: McGraw Hill; 1988.

14. McCrayAT, Browne AC. Discovering the

Modifiers in a TerminologyData Set. AMIA

Annual Symposium; 1998 on CD - ROM [D004985]