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Abstract


The Office of the Surgeon General, Department of the Army is publishing the Textbook of Military Medicine (TMM) at The Center of Excellence in Military Medical Research and Education located at the Walter Reed Army Medical Center (WRAMC).  Publication of the TMM will occur in two educational formats: the book form and the electronic form.  The book version is a twenty volume traditional hardcover academic series written for military physicians.  A prototype of the electronic version for the series is being evaluated using optical disc technology, specifically, Compact Disc Interactive(CD-I).  Through a Cooperative Research and Development Agreement with The Walter Reed Army Institute of Research and PAIV, Inc., an evaluation was made of candidate access systems for the TMM.  One element of this system, READWARE®, (or LexCor1 as it is referred to for optical disc application) is a lexical correlator.  It accepts conversationally formatted queries to detect and extract comparative subject matter from The Textbook.  Algorithm description and test results are included.





Introduction


In a peacetime health care setting, the problem of integrating the sense of combat readiness into the daily routine of the physician creates certain challenges for graduate n-medical education policy of the Army medical department.  The lessons of past wars must be archived in a readily accessable computer readable format, so as to preserve the contributions of the medical corps.  The TMM program is intended to full fill this role.





The TMM series, which began in 1987, is organized into four major parts that concentrate on the activities of the Army medical department in time of war, and are thereby concerned with the issues of combat readiness, combat casualty care, and casualty prevention: I. Warfare, Weaponry and the Casualty; II. Principles of Medical Command and Support; III.  Military Preventive Medicine and the Environment; and IV.  Surgical Combat Casualty Care.





Publishing the TMM on optical disc permits an interactive method of managing and accessing information.  In the prototype phase of the program, discs will be published that will demonstrate several ways of representing, searching, retrieving, displaying and readout of the multimedia data base.  This integrated access system will be derived from, The Harvard Medical School's Decision


System Group DeSyGNER2 combined with LexCor.





Selection of an Access System


An investigation of available electronic publishing formats that would be appropriate for the TMM project was completed.  Published data from MEDLINE on CD-ROM, a national evaluation of 10 currently available commercial products and The Proceedings of Symposium on Computer Applications in Medical Care (SCAMC) was used as the source for the evaluation.





The DeSyGNER authoring environment as developed by Dr. Robert Greenes at the Decision Systems Group at the Brigham and Women's Hospital, Harvard Medical School is the most mature and complete system available when considering the range of issues that must be addressed for the TMM.  DeSyGNER allows a user to access a variety of knowledge domains, using common conventions for traversing them, and interact with dynamic procedures unique to these domains.  Software and screen design have been developed that provide:





Keyword or index access to knowledge units


Menu-based access


Semantic link (Hypertext-based) access to knowledge units from within other knowledge units


Access to bibliographic references





For medical applications, there are many bibliographic search systems available.  There will be at least one such system included in the DeSyGNER architecture for the TMM application.  However, once the pertinent document is found, the tools to search out concepts with multiple word queries in the chosen document, are very limited.  Further, proficiency with Boolean operators is often required.





In addition, a requirement for the TMM access system is to provide a natural language-like or a conversational access mode that facilitates the process of building semantic links; that is searching for like concepts across multiple documents.  Building semantic text links within a document or through a series of documents is a time consuming and expensive process.  We wish to provide the ability to build semantic links between the text and the references either by the author or the user.





LexCor is an encoding technology designed specifically to meet these requirements.  Though it does not involve AI techniques, that is it does not contain induction or inference, LexCor does allow the user to converse with the disc contents in their own vocabulary. The software has been ported to an optical disc operating environment (CD-I) along with the first volume of the TMM, a textbook entitled Medical Consequences of Nuclear Warfare, (MCNW).  The remainder of this paper will discuss the details of LexCor and the test result to date.





Theory and Test Results


A conversationally formed query of up to 50 words can be posed to a single document or multiple documents to detect and extract comparative subject matter.  Any combination of words can be used to gain access to a particular document or collection of documents.  The queries are transparent to domains regardless of subject, syntax or grammar.  The results form a semantic linked set of responses that may then be edited and preserved at will by either the author or the user.





The theory of Letter Semantics states that sound symbolism represented by alphabetic letters and letter combinations used to represent these sound symbolisms have elemental meanings which relates to the real world thing or process being represented.  This means that a word's meaning can be computationally determined without table look up; that is without dictionaries of controlled vocabularies, and without induction or inference.





Each text word in the text file is read and encoded.  Meaningful words, i.e. words whose stem contain more than one consonant, are compared as to the level of abstraction using letter-semantic analysis to each meaningful word of the query expression.  Comparisons are done on a block of


meaningful text words whose size (in number of words) can be adapted to the size of the query expression.  For the letter semantic analysis to measure the relatedness of the concepts presented by the words of the text file to the concepts presented by the words of the query expression, each meaningful query word is letter-semantically analyzed with respect to each meaningful word in each block of text.  Thus the relatedness of groups of words are analyzed, as opposed to literal text matching which attempts a one-to-one match of the query word with each text file word.





As an example, the word "replace" is encoded along with its level of abstraction as follows:





�





The fully encoded query is then matched or correlated against the text base that is being searched.  Because the concepts presented by words are contained within the letters of words, letter-semantic analysis does not require a dictionary of meanings limited to the selected words.





�





In the mechanization, the user has complete control over the thresholding process with the result


that the depth and breadth of search may be controlled over a wide range.





Though LexCor is fundamentally different than a full text indexed system, we will make reference to the standard measures of performance of such systems.  For indexed systems there are two measures of performance, Precision and Recall.  Precision is taken as the ratio of relevant responses to the total number of responses for a particular query, and Recall is defined as the fraction of relevant material retrieved.3 Unlike indexed systems, the user determines where to cut off results; that is, precision is under user control.  'Thus in the case where the user is uncertain as to how to pose the query, he has the option of lowering Precision in order to assure high Recall. As confidence is gained, the user can "tune" his queries, raises the threshold, thus gaining both high Precision and High Recall.





Tests of LexCor on The TMM


The MCNW of the TMM is a 273 page document with 11 chapters.  For each query, all text was


searched. The query statements were designed to measure LexCor retrieval capabilities which would consider:





Completeness or Recall.  Choose a query word, or phrase, on a subject already listed in the index of the book.  Compare the manually produced index reference citations to the LexCor search to measure Recall.  The total number of responses is a measure of Precision.





The generality of the query in relation to the Recall.  Determine how broadly stated the LexCor query can be and still bring the reader to the desired information-nation in the text, that is preserve a high R.





The ability to accept multiple word queries.  There is now data to show substantial improvement in retrieval performance for object naming schemes that allow as many names as possible4.  Since LexCor permits up to 50 words in a query, complex compound naming


was tested.





The response of LexCor to misspelled words.





The ease of use of the system.  The ability to limit the number of preset options that must be entered by the user.





This is a summary of the results of a series of questions posed to the TMM/MCNW.  The following 33 queries are considered to be typical of what the Army expects from the users.  In these results, reference is made to the following LexCor parameters:





Strategy:


Focussed(F),  Focussed is used for finding very specific information.  This is used when you


know what you are looking for and are reasonably certain that it is there.





Freestyle(Free),  Freestyle is used for multiple word queries when there is less certainty as to


whether the match is there.





Spread(S),  Spread is used for the most generalized queries.





Tolerance(T),  Tolerance is the complement to Fidelity.  It controls the quantity of results received and the semantic relevance of those results to the text enquiry.  Fidelity represents the constancy and closeness of the relation between text and query.  The higher the Fidelity (the lower the Tolerance), the more relevant the results and the greater the Precision.  'the greater the tolerance (30%-50%) the more results are obtained with the possible penalty of obtaining more "noisy" or lower Precision.











SCOPE(S), The scope settings range is 0.1 to 10.  Queries are matched by comparing blocks of target text to the words in your enquiry.  Scope determines the size of each of these text blocks; that is, how many significant words they will contain.  A scope of I will match one word of query to 1 word of text.  A scope of 10 will match ten text words to each query word.  Scope can have a strong effect on Recall.





Key Word, Literals Enclosing a word or a series of words or a portion of a word with <>


guarantees 100% recall on the bracketed data.





Work done to date for the TMM indicates that we will use only two options, Focussed and Freestyle in the default settings.  There are examples of Spread; this strategy did not improve results.  It is anticipated that the user will only have two choices to make in the query process.





TMM Test Results


A "hit" is defined as a point of text reference that was semantically linked (or matched) in the query search process.  A text reference could be a single word, but more likely a section of a paragraph, highlighted in the LexCor system.





1.  Type of Query


This query and its variants was formed to test the ability of LexCor to access the TMM on a subject that is treated to some degree throughout the whole volume but primarily in chapter 11.





Query la:


what are the chances of the development of pharmacolicalogical agents reduce effects of ionizing radiation  Note misspelling of "pharmacolicalogical".


Settings: Strategy Focussed.  Tolerance 23%, Scope 1





Query 1b:


same as query la but "chances" changed to "hopes"


Settings same as 1.





Query 1c:


"what are the hopes for developing some kind of <protection> from ionizing radiation"


Settings:	Strategy Spread, T 38%, Scope 3





Query 1d:


Same as 1c but no literals


Settings: Strategy Free, T 45%, Scope 2





Query 1e


Same as 1c but no literals and deleted "ionization"


Settings: Strategy Free, T 45%, Scope 2





Query 1f:


same as query la but Strategy Free, T 45%, Scope 2





Query 1g


same as query la but tolerance tightened to 30%.





Query 1e


same as la but literals on "reduce"





Results:


In every case reference was given to the primary chapter where this subject is treated in depth within the first three hits.  The precise reference was provided by no later than the 7th hit.  This was achieved over a broad range of settings.  Raising the tolerance (lowering the threshold) in query 1b picked up 5 additional references all of them relevant.  In this case additional relevant hits were made that were not contained in the index.





2.  Type of Query


The following is an example of LexCor being used as a glossary aid.  The TMM currently does not have a glossary.  The term "LET" is used extensively throughout the volume.





Query 2


what is the definition of <LET>


Settings: Strategy Focussed, T 30%, Scope I





Results


The definition of "LET" was contained in the fourth hit.





3.  Type query:


These queries are on a subject that is treated extensively and consequently is covered in the index.  For these queries, we kept the same wording, varied the settings and the use of the Literals and then examined the variation in the results.  By cross checking with the Index it is possible to verify the completeness (Recall) of the result.





Query 3a


effect of shielding in protection from radiation


Settings: Strategy Focussed, T 30%, Scope 1





Query 3b


same as 3a but literals on "shielding"





Query 3c


Same as 3b but used Free Strategy.





Query 3d


Same as 3c, but no literals.





Results


For both 3a and 3b all of the references were found that were identified by the index.  In the case of 3a, in one case the reader would have to read to the next page to find the reference in the index.  The cross references (in this case to "radio protective agent") were also picked up.  In the case of 3b, all of the index references were selected; for 3d one index references was missed.





4.  Type query:


Single-word literal with awkward phraseology





Query 4a


what damage is caused to nervous cells by <beta> radiation Strategy Free, T 37%, Scope 2


(Note the use of "nervous" rather than the correct word "nerve", or neurons.)





Query 4b


<Chernobyl> and its impact what did it do to the victim and what was the impact of the accident


Strategy Free, T 0%, S 2





Result:


4a, found all references in Index plus additional relevant references. 4b, all 7 index reference were


identified plus 29 additional references 3d of which were relevant.





5.  Type query:


Questions of a very general nature.





Query 5a


what are the consequences of nuclear warfare





Query 5b


What is the impact of nuclear war





Query 5c


What are the medical force requirements


Settings: Strategy: Free.  Tolerance 37% Scope 2





Result:


5a provided relevant results in the first 5 hits.  For 5b, there were 30 hits most of which were relevant.  For 5c, 2nd, 4th and 5th hits gave the desired information.





6.  Type query:


This query was posed as a test of LexCor to search in context.  The inversion of the "s" and the “t”  in "blats" is not just a misspelling but changes its basic formulation in the abstraction matrix.








Query


What are the blats and thermal effect of radiation.


Settings: Strategy: Free, Tolerance 37%, Scope 2





Result:


If the word "blats" is entered alone then hits are made on "battle" and not on "blast".  This had no effect in the query, that is to say that the same hits were made as if the word were spelled correctly (blast).





7.  Type query:


In these examples, we test the degree to which the given query must match the correct reference.  We seek to test how general can the query be, versus Recall that is, still find the appropriate references.  The search parameters for each query are the same (Strategy Free, Tolerance 45%, Scope 2).





In the case of queries 7a through 7f, there is a single match that provides the correct reference.  Query (7a) had six of the key words (which are underlined) providing a match to the correct response.  The query is posed with decreasing quality of match between the query and the reference in the text by reducing to only one word that matches the response and introducing synonyms (in bold) for the other words.





Query 7a


What is the most precise method for the determination of human radiation injury





Query 7b


What is the most accurate method for the determination of human radiation injury





Query 7c What is the most accurate method to determine the presence of human radiation injury 





Query 7d


what is the best way to find out if the human body has been injured by radiation





Query 7e


what is the best way to find out if the body has been injured by radiation





Query 7f


what is the best way to find out if some one has been injured by radiation





Results (7a-7f):


For Q. 7a, 7b, and 7c, the correct answer was found in every case on the first hit.  The correct hit is: "Although the most widely used biological dosimeter of radiation injury is prodromal symptomatology as revealed by physical examination, the most precise method is the determination of chromosomal aberrations in human blood lymphocytes." Changing "precise" to "accurate" the correct answer was still found on the first hit.  Changing "determination of' to "to determine-nine the presence of' again the correct match was made on the first hit.





For Q. 7d, 7e and 7f the correct reference was made on the second, tenth, and the sixteenth hit


respectively





For Q. 7d, 7e and 7f changing "injured" to "hurt” the correct paragraph reference was found contained in the first hit for 7d, the fourth for 7e, and the sixth for 7f That is, the reader was referred to a paragraph on chromosomal aberrations.  On that same page is the section "Chromosomal Dosimeters", the first sentence of which contains the correct reference.  The particular hit in this case discusses the limitations to this technique.





Query 7g


what is the fetal mortality rate for humans irradiated in utero





Query 7h


what happens to the fetus if it is irradiated





Results (7g-7h):


For 7g the most pertinent reference was made on hit 3, "HUMANS IRRADIATED IN UTERO" located in chapter 9, for 7h on the 2nd hit, in this case two pages earlier reference in the same chapter, "RADIATION EFFECTS IN UTERO".  Further, on query 7h, more detailed data is given later in the same chapter on two subsequent hits, the 4th and 5th.





Query 7h


what precautions should be taken in the operating room for patients who have been irradiated





Query 7j


what precautions should be taken when there are indications of contamination by fallout





Query 7k


what should you do when you think there is fallout in the area





Results (7i-7k):


For 7i, the correct reference was made on the first hit "Operating-Room Care of Contaminated


Patients" in chapter 10.  For 7j, the most pertinent reference was the first hit, and the 2nd for 7k.





These results show that LexCor permits broad generality in the formation of the query with high


assurance of recall, that is, recovering relevant data.





8.  Type query:


Multiple word complex queries.


Strategy Free, T 45%, S 2





Query 8a


what is the difference between conventional and nuclear war and in particular what are the


psychological differences





Query 8b


what impact did the atomic bomb that was dropped on Japan have on the civilian population





Query 8c


what happened to the operators at the Chernobyl power plant accident and what effect did the use of bone marrow transplants have





Results


In all cases pertinent results were given on the first hit.  In the case of 8a, there were pertinent


results given out to the 28th hit, for 8b the first 12 hits were all relevant.





Conclusion:


The described design of the conversational portion of the TMM access system and test results illustrate the first of several phases in the development of the electronic form of the Textbook of Military Medicine series.  The tests of the LexCor search system indicates that the user with use only two options, Focussed and Freestyle in the default settings thus considerably simplifying the choices to be made and thereby the whole interface design.





The results also show that LexCor can readily accommodate multiple word queries and provide high recall with many variations allowed in the query.  Though controlled tests have yet to be made, the data indicates the greater the number of words in the query, both higher Precision and Recall are achieved.  What is not clear is the degree to which the user will be permitted to form their own queries versus some form of preset queries so that some degree of control over Recall is retained.  Further tests will be made in a clinical environment. What is promising is that LexCor appears to be a powerful tool in the authoring process for linking like concepts both within a document and across multiple documents.





For the next phase of the program we will be extending this technology by the inclusion of portions of The DeSyGNER Knowledge Environment into the CD-I operating system thereby greatly extending the users options for accessing medical data bases.  This is expected to considerably enhance the learning systems for the future of military medicine.
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