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Introduction

The MUCHMORE Project has identified several major needs where language constitutes a relative barrier in medical information use and retrieval for the main user groups described in the User Requirements document of the project:

· Reducing the gap between medical documentation and multilingual media by automatically extracting descriptors and building a meta-record from the patient history, descriptors that would be further used for medical literature, web documents or guidelines retrieval. The organization of medical data by using concept hierarchies would offer a structured way of representing medical knowledge and enhance the rapid deployment of expert systems and content aware applications in the medical field.

· Eliminating the language barrier between media and medical professionals. At present, the preferred medical literature is the one that is intelligible. Each physician informs himself through documents in his mother tongue or in other languages he knows. If through intelligent information retrieval queries and their results would be cross lingual, the amount of intelligible documents for the medical community would definitely be augmented.

· International comparison and benchmarking of medical records. Based on concept and relation extraction in different languages the medical community would benefit from comparative studies of similar cases, eliminating the language barrier. Also multi-center studies would profit from UMLS indexed documents, making result interpretation and management of such studies easier.

· Multilingual medical software solutions. In particular electronic patient records, with recognition of design constraints imposed by implementing new languages and specific country coding systems, would benefit from improved medical cross-lingual retrieval. 

Usability and acceptance testing is needed to determine the most effective use of new multilingual information access and management tools, including user interfaces for search via keyword queries and domain concepts. The usability tests were carried out by ZINFO. The user evaluation was performed with physicians from different hospitals and with different specializations, which participated in an advanced course on medical informatics. The information access test case explored was the connection between a patient's medical history and the medical literature. The gain of the technologies and resources developed in the project was measured against the “traditional” existing methods. The expected results were information about the usability and acceptance of different aspects of the developed prototype in a realistic scenario, and about required improvements needed for the construction and deployment of an information access system based on the technologies and resources developed in the project.

[image: image1.png]classillcation

diagnosis Xmed statistics
patient physician Medical register rescarcher | [ experiment
history

\
! individual :nmparzhveJ general valid J !

information ™ information information





The „BAIK Information Flow Model“ which, for some people at ZInfo was a guideline of a working life-time in specifying and building software for the medical community, recognizes the three cyclical processes: patient care, teaching and knowledge acquisition (see MUCHMORE – User Requirements document). The MUCHMORE Project makes the link between general info through comparative info and supporting the individual info gained directly from the patient. This link was also the key to the usability and acceptance testing of the prototype.

1. Test Case

The prototype, as a result of the development efforts of the consortium partners, can be accessed via Internet at:

http://lit.dfki.uni-sb.de:8000/prototype/index.html
There is also a link in the Demo section of the projects’ home site at:

http://muchmore.dfki.de/
The link leeds to a java-servlet application that was the interface for the user evaluation. The user starts his inquiry by uploading a patient record, a patient report, any kind of medical document related to a certain problem of the patient. The document language is instantly recognized by the Web-Application. By clicking the „Extract Terms and Relations“ button, the report is automatically annotated and UMLS terms and relations are displayed for the interactive query building. UMLS Concepts and relations are displayed as a tree in the browser. The user then selects some if not all concepts and eventually relationships between concepts that closely apply to the patient status or are related to his therapy and submits them for literature search. Selection of concepts and relationships is highly dependent upon user profile. The user then has three language options (English, German or both) and seven search-engine options (CMU, CSLI, Eurospider or pooled-results from search-engine combinations) for document retrieval. The different search engines use diverse types of search-algorithms. By choosing one or both languages and submitting our choices we retrieve titles from a literature database containing approx. 12000
 German-English parallel documents. The list of titles retrieved is internally ranked, language independent. Apart from the abstract the prototype also extracts UMLS concepts and relations of the document retrieved in order to examine the eventuality of an iterative search using the document found. The document retrieval steps were intentionally left transparent for the user, giving him the chance to build interactive queries according to his/her profile for the purpose of usability and acceptance evaluation. The resulting test case was then formulated in Table 1:

	Test Case ID
	MMTC

	Test-Case Name
	Retrieval of bilingual pooled documents

	Tested System
	MUCHMORE Prototype

	Test Type
	Functional, global

	Use Case
	Cross Lingual Information Retrieval

	Preconditions
	MUCHMORE prototype demo access through the Internet +

ASCII formatted patient record or report

	Postcoditions
	The system returns to patient record upload for the next case

	Step
	Action
	Data entered
	Response
	CLIR Validation

	1.
	Upload patient record
	Path to locally stored PR
	Display file dialog for selection
	

	2.
	Extract terms and relations for retrieval
	Patient record or report
	File is parsed, annotated, concepts and relations are displayed
	

	4.
	Select appropriate concepts and relations
	Relevant Concepts, relationships between concepts
	Concepts and relations are marked for query building
	

	5.
	Select both document retrieval languages
	Click “both” Radio Button
	Radio Button on both
	

	6.
	Select all search-engines
	Click all search-engine checkboxes
	All search-engine checkboxes checked
	

	7.
	Retrieve documents
	Click the “search” button
	Documents are retrieved for survey
	

	10.
	Mark the ranking place of the most relevant English/German retrieved title
	Click on document checkbox
	Most relevant English/German document is marked
	

	11.
	Select the most relevant title
	
	Retrieve abstracts for the title, extract terms and relationships from abstract
	

	14.
	Fill the MM-User evaluation inquiry
	MM evaluation parameters
	
	


2. User Evaluation Group and Methods

From 28 physicians of the post-graduate “Medical Informatics” specialization course in Bad-Nauheim, 10 German medical judges with over 3 years clinical experience and a good knowledge of the English language were selected for the on-line testing of the MUCHMORE prototype. Each judge provided 3 anonymous bilingual query texts (case reports, patient discharge letters, epicrisis) as input. In all there were 60 retrieval-runs - 30 for German and 30 for English documents. User profile and result forms for each query text were then completed (Appendix 1a, 1b German/English). Some examined profile attributes were:

1. Spoken languages

2. Medical degree and institution type (hospital, practice, university-hospital etc..)

3. Speciality

4. Bibliographic resource preferences and timely needs

5. Internet experience in document retrieval

The document database for literature retrieval consisted of a parallel collection of recent medical abstracts from 40 monthly Springer periodicals. Some listed titles are: Arthroskopie, Der Anaesthesist, Der Chirurg, Der Gynaekologe, Der Hautarzt, Der Internist, Der Nervenarzt, Der Opthalmologe, Der Orthopäde, Der Pathologe, Der Radiologe, Der Schmerz, Der Unfallchirurg, Der Urologe, Ethik In Der Medizin, Forum Der Psychoanalyse, Gefäßchirurgie etc. 

The UMLS Version 2001 was used for annotation, term and relation extraction during project development. For the structure and content of the UMLS Metathesaurus and MESH Terms please consult the “National Library of Medicine” UMLS-site at:

http://www.nlm.nih.gov/research/umls/

After completion, the inquiry results were grouped and a statistical analysis was performed identifying several usability, relevance and general acceptance parameters for evaluating the MUCHMORE prototype:

1. Relevance of extracted terms and relationships for the patient document

2. English/German document ratio in the first 20 retrieval results.

3. Document relevance in the first 20 results.

4. Machine versus human document ranking of the most relevant English/German document

5. Relevance of extracted terms and relationships from the most relevant English/German document for a future iterative search.

6. Subjective estimation of the prototypes’ “translation through concepts” feature.

7. General acceptance and usability estimation.

3. Results

4.1 User Profile

All 10 users that participated in the evaluation spoke German and English fluently. Other spoken languages included French, Russian and Romanian either as a mother language or as a second language learned in school. 5 users were residents and the other 5 were specialists taking their MI post-graduate specialization course. 5 worked in a university clinic and 5 in a non-educational clinic. Represented specialities included: 3 in surgery, 2 in internal medicine, 1 general practitioner, 2 in psychiatry, 1 radiologist and 1 in hygiene and environmental medicine. All had over two years of Internet IR experience, the majority using Internet for literature retrieval once a week. Used medical Internet engines were represented by Medline and PubMed for English documents and DIMDI and Dr. Antonius for German documents.

4.2 Term and relationship Extraction for Query building

The user relevance of the extracted terms and relationships for a given profile and clinical case was examined taking into account the language of the input document (Table 2):

	
	Concepts
	Relations

	German Input Document
	32,82%
	23,18%

	English Input Document
	16,87%
	11,56%


After retrieval and identification of the most relevant English/German document in the first 20 results, terms and relationships were also extracted in order to evaluate the relevance of the most relevant retrieved document in an iterative search (Table 3):

	
	Most relevant German Abstract
	Most relevant English Abstract

	
	Concepts
	Relations
	Concepts
	Relations

	German Input Document
	24,66%
	18,07%
	18,02%
	18,81%

	English Input Document
	24,53%
	19,59%
	17,31%
	16,93%


On a scale from 1 to 5 the user was asked to subjectively estimate the accurateness and usability of extracted terms and relationships for his/her profile and according to the medical case (Table 4):

	
	Concepts
	Relations

	German Input Document
	2,83
	3,50

	English Input Document
	3,03
	3,50

	Total
	2,92
	3,21


The subjective estimation roughly follows the concept and relationship extraction metrics.

4.3 German/English partition ratio

We also examined the German/English partition when retrieving documents from the Springer collection. Independent of the language of the input document the ratio was always in favour of the English language although, as we have seen the choice of English concepts for query building/expansion was significantly lower as that of German concepts (Table 3):

	
	Retrieved German Documents
	Retrieved English Documents
	G/E partition

	German Input Document
	1236
	1393
	47% / 53 %

	English Input Document
	887
	1288
	41% / 59%


4.4 Cross-lingual precision

The cross-lingual precision of the top 20 results (for 600 retrieved documents) dependent upon the language of the input document can be observed in Table 5:

	Input Document Language
	Relevant German Documents
	Relevant English Documents
	German Document Precision
	English Document Precision

	German
	58
	61
	9,67%
	10,17%

	English
	37
	62
	6,17%
	10,33%

	Total
	95
	123
	7,92%
	10,25%


4.5 Search-engine versus expert ranking

Interestingly enough the results were also compared over search-engine relevance ranking versus expert ranking and English most relevant documents found were definitely better placed than German ones although the difference was only slight.

	
	most relevant German document rank
	most relevant English document rank
	Distance from 1st - German
	Distance from 1st - English

	German Input Document
	7,3
	6,52
	5,3
	4,91

	English Input Document
	7,9
	7,22
	5,8
	5,57


4.6 User CLIR satisfaction

Finally, the judges gave an overall verdict of their satisfaction with the CLIR features of the system on the one hand and the general satisfaction with the MUCHMORE search methodology. CLIR satisfaction was constant independent of direction. The users subjectively seem to be more satisfied with MUCHMORE handling English Input documents as with documents in their mother language (Table 6):

	
	User Satisfaction

	German to English
	2,43

	English to German
	2,57

	CLIR Satisfaction
	2,44


4.7 Overall user satisfaction

On a scale from 1 to 5 users were asked to estimate the overall satisfaction and usability of the language technologies implemented in the MM prototype. Results can be seen in Table 7:

	MUCHMORE
	User Satisfaction

	German Input
	3,43

	English Input
	3,13

	MM Prototype satisfaction
	3,2


4. Facit

MUCHMORE is a medical language technology that was generally accepted and positive evaluated by nine judges out of ten. The search-methodology using patient records, reports or epicrisis is new and interesting for the medical community used to traditional keyword – logical operator query building. Although this involves a certain initial accomodation for users of the prototype, all judges concluded that an optimised medical CLIR-prototype would soon replace the search-profiles of the medical community, once it recognizes the advantages of analysing whole medical texts in rich context instead of isolated nominal phrases like diagnoses and procedures. Above all optimised algorithms for search-engine ranking of pooled documents and summarizing features are high priority in improving acceptance. The CLIR features of the prototype were very appreciated by all judges and found useful in augmenting the quality of search results if the “translation through concept hierarchies” would improve with time.

The cross-lingual experiment using combined traditional thesaurus based and statistical language technologies applied to the medical domain has demonstrated that, despite the encyclopaedic nature of the medical language, users may also benefit from the hierarchical organization of concepts and their relationships in the UMLS Metathesaurus and in particular MeSH for literature retrieval. Furthermore the prototype usage showed that the retrieval of documents in a different language as the input language has still a long way to go before the overall satisfaction reaches an acceptable level.
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MuchMore User :_____________________________________________________
Spoken Languages :___________________________________________________
User profile:

1. I am

 FORMCHECKBOX 
 Specialist
 FORMCHECKBOX 
 Resident
 FORMCHECKBOX 
 Intern
 FORMCHECKBOX 
 General Practitioner

2. I work

 FORMCHECKBOX 
 in a clinic  FORMCHECKBOX 
 in a practice  FORMCHECKBOX 
 in a University  Clinic  FORMCHECKBOX 
 at present not in the medical domain

3. Speciality: ________________________________

4. My medical information resources are mainly:

 FORMCHECKBOX 
 books  FORMCHECKBOX 
periodicals  FORMCHECKBOX 
Internet  FORMCHECKBOX 
 CD-ROM databases

 FORMCHECKBOX 
 post-graduate courses  FORMCHECKBOX 
 collegues  FORMCHECKBOX 
 other:___________________

5.  Medical documents and literature that I find are mainly in:

 FORMCHECKBOX 
 English  FORMCHECKBOX 
 French  FORMCHECKBOX 
 Spanish  FORMCHECKBOX 
 Italian  FORMCHECKBOX 
 Russian

 FORMCHECKBOX 
 other european Languages:________________________________________

 FORMCHECKBOX 
 other Languages:___________________________________________________

5. I have been using the Internet for literature retrieval for:

 FORMCHECKBOX 
 > 5 years  FORMCHECKBOX 
 4-5 years  FORMCHECKBOX 
 2-3 years  FORMCHECKBOX 
 1 year
  FORMCHECKBOX 
 not at all

6. I search for literature over the Internet:

 FORMCHECKBOX 
 daily  FORMCHECKBOX 
 weekly  FORMCHECKBOX 
 monthly  FORMCHECKBOX 
 rarely  FORMCHECKBOX 
 not at all

7. I usualy search the Internet with the following search-engines:

_____________________________________________________________________

8. I found working with the MUCHMORE prototype was :

 FORMCHECKBOX 
 more helpful  FORMCHECKBOX 
 as helpful as  FORMCHECKBOX 
 less helpful  FORMCHECKBOX 
 not sure

compared to other search modalities.
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Filename:__________________

The used document is in: 
 FORMCHECKBOX 
 German

 FORMCHECKBOX 
 English

Primary diagnosis:___________________________________________________________________________

Relevant secondary diagnoses:_________________________________________________________________

	1
	How relevant are the extracted terms (concepts) for the patients’ main problem?

very relevant                 1         2         3         4         5                              not at all relevant



	2
	How relevant  are the extracted relationships between terms (concepts) for the patients’ main problem?

very relevant                 1         2         3         4         5                              not at all relevant




	3
	Which concepts or relationships between concepts do you think are missing?



	4
	How many concepts and relationships were found and how many were used for the query?

1. Number of concepts:___________               2. Number of concepts used:__________

3. Number of relationships:__________          4. Number of relationships used:__________



	5
	How many German and how many English documents were retrieved in the first 20 results?

1. Number of German documents:__________

2. Number of English documents:__________

	6
	How many German and how many English documents would be interesting to read for the actual patients’ status?

1. Interesting German documents:__________

2. Interesting English documents:__________

	7
	What is the ranking position of the most relevant Article (German/English) which should be read in order to eventually make decisions in the actual medical case?

1. Most relevant German article ranking position:________

2. Most relevant English article ranking position:________

	8
	How many concepts and relationships between concepts were extracted from the most relevant article (German/English) and how many of these would be used in an iterative query?

Most relevant German article

                    Most relevant English article

1. Number of concepts:_____________                    2. Number of concepts:____________

3. Number of relationships:____________
              4. Number of relationships:___________

5. Number of  concepts for a new query:_______    6. Number of  concepts for a new query: _____

7. Number of  relationships for a new query: ___    8. Number of  relationships for a new query:___               

	9
	How convincing was the translation quality for the present medical case?

very convincing                   1         2         3         4         5                         not at all convincing



	10
	In all did the generated query find an answer for the present medical case?

The query was                     1         2         3         4         5                        The query was

Definitely answered 



                                      not at all answered




Appendix 1b
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MuchMore Benutzer :___________________________________________________

Sprachkenntnisse:______________________________________________________
Benutzerprofil:

1. Ich bin

 FORMCHECKBOX 
 Facharzt
 FORMCHECKBOX 
 Assistenzarzt
 FORMCHECKBOX 
 AIP
 FORMCHECKBOX 
 Niedergelassener Arzt

2. Ich bin

 FORMCHECKBOX 
 in einer Klinik  FORMCHECKBOX 
 Praxis  FORMCHECKBOX 
 in einer Uni-Klinik  FORMCHECKBOX 
 derzeit nicht ärztlich          tätig.

3. Fachrichtung: ________________________________

4. Meine medizinischen Informationquellen sind üblicherweise:

 FORMCHECKBOX 
 Bücher  FORMCHECKBOX 
Fachzeitschriften  FORMCHECKBOX 
Internet  FORMCHECKBOX 
 CD-ROM Datenbanken

 FORMCHECKBOX 
 Fortbildungsveranstaltungen  FORMCHECKBOX 
 Kollegen  FORMCHECKBOX 
 sonstiges:___________________

5.  Gefundene fremdsprachliche medizinische Dokumente sind meistens in:

 FORMCHECKBOX 
 Englisch  FORMCHECKBOX 
 Franzosisch  FORMCHECKBOX 
 Spanisch  FORMCHECKBOX 
 Italienisch  FORMCHECKBOX 
 Russisch

 FORMCHECKBOX 
 andere europäische Sprachen:________________________________________

 FORMCHECKBOX 
 andere Sprachen:___________________________________________________

5. Ich arbeite mit Literatursuche über das Internet seit:

 FORMCHECKBOX 
 > 5 Jahren  FORMCHECKBOX 
 4-5 Jahren  FORMCHECKBOX 
 2-3 Jahren   FORMCHECKBOX 
 1 Jahr
  FORMCHECKBOX 
gar nicht

6. Ich nutze Literatursuche über das Internet

 FORMCHECKBOX 
 täglich  FORMCHECKBOX 
 wöchentlich  FORMCHECKBOX 
 monatlich   FORMCHECKBOX 
 selten  FORMCHECKBOX 
 gar nicht

7. Ich arbeite üblicherweise mit folgenden medizinischen Literatursuchdienste:

_____________________________________________________________________

8. Ich fand die Suche mit dem MuchMore Prototyp:

 FORMCHECKBOX 
 sehr nützlich  FORMCHECKBOX 
 genauso nützlich  FORMCHECKBOX 
weniger nützlich  FORMCHECKBOX 
 weiß nicht

im Vergleich zu meiner sonstigen Vorgehensweise.
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Dateiname:__________________

Das verwendete Dokument ist in: 
 FORMCHECKBOX 
 deutscher Sprache

 FORMCHECKBOX 
 englischer Sprache

Hauptdiagnose:_____________________________________________________________________________

Evtl. relevante Nebendiagnosen:_______________________________________________________________

	1
	Sind die gefundenen Konzepte relevant, bezogen auf das Problem des Patienten?

sehr relevant                    1         2         3         4         5                              gar nicht relevant



	2
	Sind Beziehungen zwischen den angezeigten Konzepten relevant für das Problem des Patienten?

sehr relevant                    1         2         3         4         5                              gar nicht relevant




	3
	Welche Konzepte bzw. Beziehungen zwischen Konzepten fehlen?



	4
	Wie viele Konzepte und wie viele Relationen wurden gefunden und wie viele davon für die Abfrage verwendet?

1. Anzahl Konzepte:___________                               2.  Verwendet wurden:__________

3. Anzahl Relationen:__________                                4. Verwendet wurden:__________

	5
	Wie viele deutsche und wie viele englische Dokumente wurden in den ersten 20 Dokumente gefunden?

1. Anzahl deutsche Dokumente:__________

2. Anzahl englische Dokumente:__________

	6
	Wie viele deutsche und wie viele englische Dokumente könnten für den Patientenzustand von Interesse sein?

1. Interessante deutsche Dokumente:__________

2. Interessante englische Dokumente:__________

	7
	Auf welchem Platz befindet sich der relevanteste Artikel (deutsch/englisch), der unbedingt gelesen werden muss, um eventuell Entscheidungen am vorliegenden Fall zu treffen?

1. Relevantester deutscher Artikel Platz:________

2. Relevantester englischer Artikel Platz:________

	8
	Wie viele Konzepte und wie viele Relationen wurden im relevantesten Artikel (deutsch/englisch) gefunden und wie viele davon würde man für eine zukünftige Abfrage anwenden?

Relevantester deutscher Artikel

                    Relevantester englischer Artikel

1. Anzahl Konzepte:_____________  
            2. Anzahl Konzepte:____________

3. Anzahl Relationen:____________
             4. Anzahl Relationen:___________

5. Konzepte erneut zu verwenden:____________   6. Konzepte erneut zu verwenden:___________

7. Relationen erneut zu verwenden:___________   8. Relationen erneut zu verwenden:___________                    

	9
	Wie überzeugend war die Übersetzungsqualität im vorliegenden Fall?

sehr überzeugend               1         2         3         4         5                gar nicht überzeugend



	10
	Wurde die Frage im vorliegenden Fall beantwortet?

Frage wurde                            1         2         3         4         5            Frage wurde      

erschöpfend beantwortet




   nicht beantwortet




MUCHMORE Prototype – Evaluation Form





Inquiry for Relevance Estimation





MUCHMORE Prototyp - Evaluationsbogen





Fragenbogen zur Beurteilung der Relevanz








� The document set of the CMU search engine contains approximately 12,000 documents, the set that the CSLI and EIT search engines work with consist of a subset of approximately 9,000 documents.





