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AbstractIn this report, a study and analysis of the e�ectiveness of the Latent SemanticIndexing Retrieval System (LSIRS) is presented. Using a Motif-based X-Windowsapplication, LSIRS uses the truncated singular value decomposition (SVD) of theassociated term-document matrices to perform document retrieval. The LSIRS userinterface was initial prototype graphical user interface (GUI) of the recently developedXLSI application. The indexing and SVD software used to employ Latent SemanticIndexing (or LSI) was developed at Bellcore and the University of Tennessee.Based on data collected from the usage of the system by graduate students andUniversity of Tennessee library patrons, LSIRS is shown to be an e�ective and usefuldocument retrieval system for both the inexperienced and advanced user. Suggestionsfor future system improvements are also described.
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Chapter 1IntroductionThis chapter introduces the Latent Semantic Indexing Retrieval System (LSIRS),gives the motivation for performing a study of LSIRS, and discusses the anticipatedoutcomes of the study.1.1 Overview of the Latent Semantic Indexing SystemThe Latent Semantic Indexing Retrieval System (LSIRS) [BAM93] is a Motif-basedX-Windows application that performs document retrieval by searching with keywordsand with documents entered as relevance feedback [SB90] by the user. The phraselatent semantic refers to the inherent underlying associations between words usedto express a particular concept. LSIRS uses a latent semantic indexing technique,speci�cally singular value decomposition [GL89], in order to facilitate fuzzy searchingbased on patterns of word association. LSIRS uses singular value decomposition tomodel word usage patterns in user queries and compare them to usage patterns thatoccur within the documents of a database. This is in contrast to traditional documentretrieval systems which attempt to match documents with queries through literal termmatching.Additional indexing and searching techniques employed by LSIRS include termweighting schemes and relevance feedback. Global term weightings de-emphasize theimportance of terms that occur frequently across a database, and local term weight-ings emphasize the importance of a term within a particular document. Relevancefeedback helps overcome di�culties users encounter in selecting optimal search termsby allowing the user to search using the text of relevant documents and thereby guidethe system toward similar documents. 1



1.2 MotivationLSIRS was developed as a joint project between the University of Tennessee andBellcore. The indexing and retrieval software used to deploy Latent Semantic Indexing(LSI) was initially designed by Bellcore and later re�ned by students at the Universityof Tennessee. The LSIRS Motif-based graphical user interface (GUI) was developedby graduate students enrolled in the Department of Computer Science as an initialprototype of the XLSI application.A study of the LSIRS system was performed [Shi95] in order to evaluate the us-ability of the Motif GUI and the e�ectiveness of the LSI for indexing and searching.To facilitate such a study, a graduate level seminar (Fall Semester 1992) in the De-partment of Computer Science at the University of Tennessee was o�ered. In thisseminar, the students were required to observe users of the system and to submitreports on their observations. The 17 students from the Department of ComputerScience and School of Library and Information Science who participated in the sem-inar each submitted one written report per week for a duration of eight weeks, fora total of 136 reports in all. This report comprises a formal analysis of the datagathered from the study (see also [Shi95]).1.3 Anticipated OutcomesThe purpose of this study was to analyze the data contained in the weekly studentreports in hopes of determining some measure of the usability of the Latent SemanticIndexing Retrieval System. The goal was to uncover trends, statistics, and commen-taries from the users that would assist in the evaluation of the user interface and thesearch engine. It was hoped that the study would:� Prove LSIRS to be an e�cient means for locating documents within a collectionand an improvement over performing a manual search of the same text.� Show users' tendencies for using a particular method for reformulating a failedsearch, and determine if any strategy for re�ning a search is more productivethan the others.� Provide insight on the variance of search terms chosen by di�erent individualswho are searching a collection for the same information.� Determine if users become more skilled at using LSIRS as their experience withthe system increases. 2



Chapter 2Background InformationThis chapter provides the reader with background information on the Latent Seman-tic Indexing Retrieval System (LSIRS). Section 2.1 gives an overview of the LSIRSsearch engine and Section 2.2 describes the LSIRS's user interface. In order to bet-ter understand the results of the study, it is essential that the reader have a basicfamiliarity with the material covered in the next two sections.2.1 The LSIRS Search EngineThe LSIRS search engine was designed to overcome limitations and problems inherentin literal search engines. Speci�cally, latent semantic indexing techniques, relevancefeedback [SB90] capability and term weighting schemes are utilized to obtain improve-ments over the performance of traditional retrieval systems that search for documentscontaining exact term matches.2.1.1 Latent Semantic IndexingLatent semantic indexing [DDF+90] is designed to overcome limitations inherent intraditional document indexing and retrieval systems that perform literal searches onquery terms. Literal searching techniques overlook many documents because numer-ous words can be used to express the same idea. Also, since many words have multiplemeanings, literal searches commonly yield documents which are unrelated to the sub-ject matter of the query. In information retrieval literature, the concept of wordshaving more than one meaning is referred to as polysemy, and the concept of morethan one word having the same meaning is referred to as synonymy. Failure to addresssynonymy results in low recall, or the ratio of the number of pertinent documents re-trieved to the number of pertinent documents contained in the database. Failure toaddress polysemy results in low precision, or the ratio of pertinent documents re-trieved to the total number of documents retrieved by the query. LSI attempts to3



overcome these problems by using fuzzy searching techniques to locate documentsthat have the same conceptual meaning as the query.The key idea behind latent semantic indexing is the deployment of a method foranalyzing the semantic structure of the documents and queries to determine overallword usage patterns. Documents containing word usage patterns similar to thosecontained in the query are considered relevant to the query. LSIRS in particular uti-lizes linear algebra via the singular value decomposition [GL89], or SVD, of associatedterm-document matrices to approximate the underlying word structure of the doc-uments. Conceptually the documents are plotted in an n-dimensional vector space,where n is the number of unique terms, or words, that appear across the database.Document similarity judgements are based solely on the dot product of, or cosineof the angle between, document vectors. Document vectors in close proximity of aquery vector have a higher dot product with the query vector and are returned as thehighest ranked documents judged to be similar.The conceptual vector space is represented mathematically by constructing asparse matrix of terms by documents de�ned byA = [aij] ; (2.1)where aij is the frequency of term i in document j. The construction of a termsby documents matrix is illustrated in Tables 2.1 and 2.2. Table 2.1 contains the textof three articles from the Concise Columbia Encyclopedia that discuss abortion andSupreme Court rulings on cases related to a woman's right to decide whether or notto bear a child. The indexed terms (or keywords) appear in boldface. Table 2.2shows a terms by documents matrix constructed from the three articles. All termsthat appear in more than one document are included in the matrix. This matrixwas constructed by hand for the purpose of providing an illustration for the reader,however the actual matrices used by LSIRS are generated automatically by parsingsoftware.A truncated singular value decomposition (SVD) of matrix A is computed to ap-proximate the original n-dimensional space of the terms by documents matrix in aspace of k orthogonal dimensions, where k is substantially less than n. The discus-sion of the linear algebra techniques involved in computing the SVD of the terms bydocuments matrix is beyond the scope of this report. Readers interested in obtainingadditional information on the singular value decompositions should consult [Ber92]and [GL89].An obvious bene�t of truncated SVD is that it reduces the complexity of the vectorspace, hence decreasing both the amount of disk space required to store the data andthe time for real-time query analysis and data retrieval [Ber92]. Another bene�tof the truncated SVD is that it attempts to diminish the inuences of individualterms while preserving the primary term usage patterns. While each dimension in4



Table 2.1: Concise Columbia Encyclopedia articles used as documents.Document TextD1 ABORTION expulsion of the embryo or fetus before it is viable outsidethe uterus, i.e., before the 28th week after conception, in humans(see [reproduction]). Spontaneous abortion, or miscarriage, may becaused by the death of the fetus due to abnormality or disease or bytrauma to the expectant mother. Abortion may also be induced, thefetus removed from the uterus by such methods as vacuum suction,dilation and curettage, intrauterine saline injection, the "abortionpill" (the drug RU486 in combination with another drug), andhysterectomy (surgical incision of the uterus). Abortion was longpracticed as a form of [birth control] until pressure from the RomanCatholic Church and changing opinion led in the 19th cent. to thepassage of strict anti-abortion laws. Attitudes toward abortion havebecome most liberal in the 20th cent. By the 1970s, abortion had beenlegalized in most European countries, the USSR, and Japan; in theU.S., according to a 1973 Supreme Court ruling (see [roe v. wade]),abortions are permitted during the �rst six months of pregnancy.Abortion remains a controversial issue in the U.S., however, and in1977 congress barred the use of Medicaid funds for abortion exceptfor therapeutic reasons.D2 GRISWOLD V. CONNECTICUT case decided in 1965 by the U.S.[supreme court], establishing a right to privacy in striking down aConnecticut ban on the sale of contraceptives. The Court, throughJustice [douglas], found a \zone of privacy" created by severalamendments to the U.S. [constitution] guaranteeing againstgovernmental intrusion in the homes and lives of citizens. TheGriswold decision was important in later cases, such as [row v.wade].D3 ROE V. WADE case decided in 1973, with a companion case, Doe v.Bolton, by the U.S. [supreme court]. Justice Blackmun, for theCourt, ruled that states may not ban [abortions] in the �rstsix months of pregnancy; that a fetus is not a \person" protectedby the 14-th amendment to the U.S. [constitution]; and that theamendment protects a woman from state intrusion into her decisionas to whether or not to bear a child. Blackmun asserted, however,that the right to an abortion is not absolute; After the �rsttrimester the state may regulate that right for health reasons;after six months it may ban abortions except in cases in whichthe woman's health is in danger. The Roe decision led to attemptsby anti-abortion groups to draft a constitutional amendment.5



Table 2.2: Sample term by document matrix.Term D1 D2 D3abortion 9 0 1abortions 1 0 2abortions 1 0 2anti-abortion 1 0 1cases 0 1 1constitution 0 1 1court 1 2 2decision 0 1 2fetus 3 0 1intrusion 0 1 1justice 0 1 1pregnancy 1 0 1reasons 1 0 1right 0 1 1roe 1 1 2supreme 1 1 1wade 1 1 1
6



the original n-space represented a single term, each derived dimension in the reducedk-space loosely represents a concept conveyed by a group of terms. As a result of thedimension reduction, documents with varying word usage patterns may be reducedto the same vector in the k-space. At the minimum, the truncated SVD causes thedistance between document vectors due to di�erences in the word usage patternsof varying authors to diminish, so that similarity judgements are based on overalldocument content rather than the actual occurrence of words. However, it should benoted that some care and consideration must be given to selecting the proper numberof dimensions k for the reduced matrix since too few dimensions will results in a lossof pertinent data [DDF+90].User queries are processed by treating them as if they were small-scale pseudodocuments. The query is represented as a vector sum of vectors corresponding tothe individual words that comprise the query, and the query vector is plotted in thedocument vector space. Documents whose vectors are in the vicinity of the queryvector are returned to the user as relevant documents. The closeness of a documentvector to the query vector is determined by taking the dot product of the two vectorsto obtain the cosine of the angle between them. The higher the cosine, the closer thevectors are to one another and the more potentially relevant the document is to thequery.In order to achieve a certain level of precision within the set of relevant documentsreturned to the user, a relevance threshold is applied. The threshold is typicallyset as the documents associated with the x closest document vectors, where x issome predetermined number, or as a cosine value which the dot product between thedocument and query vectors must equal or exceed. The documents are returned tothe user in a rank-ordered list, sorted in descending order.For the purpose of this study, two separate collections of data were analyzed usingLSI. One of the collections consisted of six months of articles from the local news-paper, The Knoxville News Sentinel, and the second consisted of all of the articlesfrom the Concise Columbia Encyclopedia (1989 Second Edition, on-line version). Thedimension of the original terms by documents matrix generated from the newspaperarticles was 40; 140 terms by 12; 615 documents. The dimension of the original termsby documents matrix generated from the encyclopedia articles was 29; 670 terms by15; 460 documents. Documents parsed from both databases were comprised of thefull article title and text. All words that appeared in a collection were included inthe semantic analysis with the exceptions being words one letter in length, wordsoccurring in a single document (singletons), and words included on a stop list of 1000commonly-used words. No attempt was made to perform word stemming or to deriveroot form variants and include the resulting terms in the analysis. The truncatedSVD was computed to reduce the dimensions for the newspaper and encyclopediavector spaces to 310 and 236 dimensions, respectively.7



2.1.2 Term WeightingAs is the case with many document retrieval systems, LSIRS utilizes global and localterm weighting schemes to improve performance [Dum91]. Words are given a globalweight to stress their importance across the total document collection, and a localweight to stress their importance within a particular document. Global weightingstypically have an intended e�ect of diminishing the inuence of words that occurfrequently or in many of the documents.Global and local weightings are applied prior to the singular value decompositionof the matrix A in Equation (2.1). The local weighting for term i in document j,L(i; j), is applied to cell ai;j, and the global weight for term i, G(i) is applied acrossrow i. As a result of the weightings, a new matrix~A = [~ai;j]is derived from matrix A such that~aij = L(i; j)�G(i):In the terms by documents matrix shown in Table 2.2, local raw term frequencyand no global weighting are used (i.e., L(i; j) = ai;j and G(i) = 1). The weightingschemes applied to the databases used in this study were raw term frequency localweighting and global entropy weightingG(i) = 1�Xj pij log(pij)log(ndocs) ;where pij = aijgfi (2.2)where gfi is the number of times term i appears in the collection and ndocs is thenumber of documents in the collection [Dum91].2.1.3 Relevance FeedbackRelevance feedback helps guide users toward relevant documents by giving the systemfeedback as to which documents returned by a previous search are relevant to theinitial query [SB90]. The system can then use the feedback to perform a subsequentsearch that will result in a list of documents with a higher precision and recall.LSIRS combines the text of the documents selected by the user to form a singlepseudo-document and plots the vector sum of the terms found in the combined textin the document vector space. Users are unlikely to choose the best terms to expresstheir queries. Relevance feedback allows them to use the words contained in relevant8



documents in a query which greatly increases the likelihood that the vector sum ofthe query will be plotted in the document vector space near relevant documents.In research performed by Dumais, et. al [Dum91], usage of relevance feedback wasfound to greatly improve overall search performance. They discovered that queriescomposed from the highest ranked relevant document returned by the initial querygave an average overall improvement of 33% and queries composed of the three highestranked relevant documents gave an average overall improvement of 67%. Their studiesalso found that the user typically must view only a small number of the documentsreturned by the initial search in order to locate a few relevant documents. On theaverage, the most relevant document was the top ranked document and the threemost relevant documents were within the top seven ranked documents.2.2 Description of the LSIRS User InterfaceThe following section describes the LSIRS user interface [BAM93]. The informationcovered in this section parallels the content of the LSIRS User's Manual that was madefreely available to users of the system. The users were provided no other informationin addition to what was contained in the manual.2.2.1 Choosing a Book to SearchThe initial LSIRS screen is shown in Figure 2.1. The screen contains an Item windowdisplaying a list of the titles for available databases, or books. The user selects a bookto search by using the mouse to point and click on an entry in the list. When a bookhas been selected, LSIRS highlights the list entry for the book and places the booktitle in the Selection subwindow. A book can be deselected by clicking on the Cancelpushbutton.The user can click on the Help pushbutton at the bottom right of the screen toview an online help screen, or exit LSIRS by selecting Quit from the File pulldownmenu on the menu bar above the Item window.To proceed to the LSIRS Search screen and begin searching the selected book, theuser must click on the Ok pushbutton. For the purpose of describing the user interfaceand illustrating the use of LSIRS, the remainder of this section assumes that the userselected the Concise Columbia Encyclopedia (CCE), and clicked on OK.2.2.2 Performing a SearchOnce a book has been selected, the LSIRS Search screen (Figure 2.2) appears andremains on the screen until the user chooses to exit.9



Figure 2.1: LSIRS startup screen.
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Figure 2.2: Composing a search.
11



The titles of the documents in the book are initially sorted in descending alpha-betical order, and the titles of the �rst 50 articles appear in the Document TitleList window. The text from the article at the top of the Document Title List isimmediately displayed in the Document Text window.When the user �rst enters the Search window LSIRS is in browse mode, whichmeans the user may browse through the documents in the Document Title List win-dow by clicking on a document's title to trigger the display of its associated text inthe Document Text window. To enter keywords for a query the user must �rst clickon the Mode pushbutton to transition LSIRS to search mode. The label on the Modepushbutton is toggled between Browse Mode and Search Mode to reect the currentmode of the system.After LSIRS has been placed in search mode, the user may position the mousepointer in the Keywords subwindow and enter search terms. If the user makes atyping error, the backspace key may be used to delete the mistake. If necessary,the mouse can be used to move the cursor to the character or character(s) to bedeleted. After the search terms have been entered in the Keywords subwindow, theuser triggers a search by clicking on the Search pushbutton.When the search is initiated, LSIRS examines the search terms in the query forterms found in the original term-document matrix (i.e., indexed for the collection),calculates the sum of the corresponding term vectors, projects the result in the docu-ment vector space and takes the dot product of the query vector with each documentvector in the space. If the number of documents in the book is large, the search maytake a few seconds. LSIRS indicates its progress in computing the dot products ofthe query and document vectors by updating a counter in the Documents Searchedwindow to reect a running count of the number of documents searched out of thetotal number of documents in the book. After all of the dot products have beencalculated LSIRS sorts the documents by their associated cosines (dot products) indescending order and returns a list of documents corresponding to the top 50 cosinevalues.Upon completion of the search the Documents Searched window indicates thatn of n documents have been searched, where n is the number of documents in thebook. The query terms that were indexed and used in determining the vector sumof the query are displayed in the Status window. The titles of the 50-highest rankeddocuments appear in the Document Title List window, and the actual keywords thathad been entered in the Keywords subwindow are logged in the Search History windowpreceded by a K: to denote that they were used in a keyword search. The text ofthe top document is shown in the Document Text window with the query termshighlighted (Figure 2.3). At this point, LSIRS has reverted back to browse mode toallow the user to browse through the titles in the Document Title List window byusing the mouse to click on a document's title and thereby display its text in theDocument Text window. 12



Figure 2.3: Text of Highest Ranked Document.2.2.3 Using Relevance Feedback TechniquesTo perform relevance feedback queries using documents displayed in the DocumentList window, the user must �rst toggle LSIRS to Search mode by using the mouse topoint and click on the Mode pushbutton Once LSIRS in Search mode, the user canselect documents to use for relevance feedback by pointing and clicking on the titlesof the desired documents in the Document Title List window. As the user selectsdocuments LSIRS places their titles in the Title subwindow. The user may enterkeywords in the Keywords subwindow to compose a hybrid query that consists ofboth keywords and documents. After the user has entered any keywords and selectedthe documents, the search is initiated by using the mouse to point and click on theSearch pushbutton. LSIRS performs the search as described in Section 2.2.2.The results of a relevance feedback search using the Roe V. Wade Concise ColumbiaEncyclopedia article (returned by the search performed in Figure 2.2) is shown in Fig-ure 2.4. As with the case of the keyword search performed in Section 2.2.2, the titlesof the top 50-ranked documents are displayed in the Document Title List window andthe Documents Searched windows indicates that all documents in the book have beensearched. The highest ranked document is Roe V. Wade with a relevance ranking of100 (cosines were multiplied by 100 prior to display in Document Title List window),or cosine of 1:0, which reects the fact that the document vector and the query vec-tor are identical. Of course, one would expect the system to judge the contents of adocument used for relevance feedback to be identical to the actual document.13



Figure 2.4: Performing relevance feedback.
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Figure 2.5: Text of document used for relevance feedback search.The text of the highest-ranked document appears in the Document Text window(Figure 2.5). LSIRS doesn't highlight search terms taken from documents used forrelevance feedback, so no words in the Document Text window are highlighted. Docu-ments can be long and contain a number of unique terms. The purpose of highlightingsearch terms within documents returned by the search is to draw the user's attentionto sections that might be particularly relevant to their search. If LSIRS highlightedterms from documents used in relevance feedback in many cases a large portion ofthe text in the Document Text window would be highlighted, which would defeat thepurpose of highlighting terms. If the user had performed a hybrid query using bothkeywords and document text, the keywords entered by the user would be highlightedin the document text.The unique identi�er numbers for the documents used in relevance feedback arelogged in the Status window. A line containing the document title(s) is added to theSearch History window, and pre�xed with a T: to indicate that the correspondingdocuments were used for relevance feedback. If the user had performed a hybridquery, the keywords used in the search would be added to the Search History windowon a separate line with a pre�x of K:.When the relevance feedback search was completed, LSIRS once again placed itselfback in Browse mode to allow the user to browse through the documents returnedby the search. The 9-th highest document, with a relevancy ranking of 69 appears inFigure 2.6. By inspection of the text one can see that it is very similar to the RoeV. Wade document in that it discusses a Supreme Court ruling on a case concerning15



Figure 2.6: Text of document retrieved by relevance feedback search.a woman's right to decide whether or not to bear a child, but uses di�erent words.2.2.4 Pulldown Menu OptionsThe menu bar above the LSIRS Search window contains several pulldown menusthat give the user access to various functions that he or she might need during atypical LSIRS session. The user can print out or clear contents of the various displaywindows. The contents of the Search History, Document Title List, or Document Textwindows can be printed by selecting the Print History Text, Print Title Text or PrintDocument Text options from the File pulldown menu (Figure 2.7) respectively. TheKeyword and Title subwindows may be cleared by selecting the Clear Keyword Searchor Clear Title Search options from the Actions pulldown menu.The user can increase the number of titles displayed in the Document Title Listwindows by selecting the Con�gure option from the Parameters pulldown menu andentering a value in the Maximum Documents popup window. The new value is savedby choosing Save from the Parameters pulldown menu. The number of documentsin the Document Title List window does not reect the change until the next searchis performed. A change made to the number of documents displayed is only in e�ectuntil the user modi�es the value again or until the user selects the Exit option fromthe File pulldown menu to exit the LSIRS Search window.16



Figure 2.7: File pulldown menu.
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Chapter 3Case StudyThis chapter provides details on how the study outlined in Chapter 1 was conducted.Section 3.1 discusses how the data was obtained by graduate students enrolled in aspecial topics course in which they were required to observe the usage of LSIRS byclassmates and University of Tennessee library patrons, and submit reports summa-rizing their observations. Section 3.2 gives a brief overview of how the data containedin the student reports was standardized, entered into a database, and statisticallyanalyzed.3.1 Gathering the DataThe LSIRS software was installed on a Hewlett-Packard 9000-720 workstation andplaced in the Reference Department of the John C. Hodges library on the University ofTennessee campus in Knoxville, Tennessee. An informal manual providing a brief butthorough overview of LSIRS was placed beside the workstation. Two databases thatwould be of general interest to librarians and patrons of the Reference Departmentwere installed on the workstation. One of the databases contained back issues ofthe local newspaper, The Knoxville News Sentinel, from January 1, 1991 throughJune 30, 1991. The second database contained the complete text of the ConciseColumbia Encyclopedia, 1989, Second Edition . (The Concise Columbia Encyclopediawas generously donated for use in the study by the Columbia University Press.)The data collection was performed by seventeen Computer Science and LibraryScience graduate students who received three hours of graduate-level credit for par-ticipating in the study. Each student was assigned a weekly three hour time slotduring which he or she observed patrons (and librarians) who used the system. If thepatrons had di�culty using the system, the students were instructed to only answerpatrons' questions on the user interface. Under no circumstances were the studentsto do any searches for the patrons since the purpose of the study was to examine the18



usability of the system. The students were also discouraged from explaining the de-tails of latent semantic indexing. It was permissible, however, for the students to helpthe patrons in using the Hewlett Packard workstation, the mouse, and the printer.The students submitted a weekly report on their observations and were gradedon its clarity and content. In order to achieve some consistency in the informationcontained in the reports, a standard set of questions were answered for each patronobserved. It was stressed to the students that the list should in no way be consideredcomplete, but was intended to give them some guidance as to what should be coveredin the reports. A list of these questions is included in the Appendix.During periods when no librarians or patrons wished to use LSIRS, the studentsused the system themselves. While the students were encouraged to use LSIRS tosearch on topics of their own interest, they were also given weekly assignments thatrequired them to use LSIRS to locate speci�c information. The students worked onthe assignments in teams of two or three. Examples of queries from the assignmentsare provided in the Appendix.The �rst three weekly assignments consisted of eight questions that could be an-swered from the Concise Columbia Encyclopedia on-line text. These questions wereprepared by browsing through the LSIRS database and formulating questions thatwould require the students to successfully locate a particular article in order to de-termine the answer. Two teams competed to �nd the answer to each question, butone team was told to use LSIRS while the other was told to manually search forthe answer in the hardcopy of the encyclopedia. Each team randomly selected twoquestions by drawing two slips of paper, one from the pool of on-line questions andthe other from the pool of hardcopy questions. If a team drew a question for whichany of the members of knew the answer, they selected a new question and returnedtheir original selection to the pool so it could be assigned to another team.For the remainder of the semester, except for the �nal week, the assignments werefocused on the Knoxville News Sentinel articles. For the �rst assignment with thenewspaper, the students were told to think of a cliche that would be likely to appearin the newspaper between January 1, 1991 to June 30th, 1991 and to search on thatcliche. Some examples of the cliches used were a thousand points of light and themother of all battles. After the initial search, the students were instructed to performsubsequent searches by formulating relevance feedback searches with documents re-turned by the previous search. The intent of this exercise was two-fold. First, thestudents were to see if the initial search returned documents that were indeed relevantto the true meaning of the cliche. Secondly, the students were to make note of thetopics of any clusters of documents with a common theme that were returned by thesearches.For the second and third assignments with the Knoxville News Sentinel, each teamwas assigned a single question for which they were to �nd the answer by using LSIRS.No team was told to manually search the newspaper for the answer as had been the19



case with the Concise Columbia Encyclopedia assignments, since it would have beentoo di�cult and time consuming for the students to browse through six months ofback issues on micro�che. These questions were prepared by browsing through theLSIRS database and formulating questions that required students successfully locate aparticular article, or set of articles, in order to determine the answer. The questions forthese weeks were formulated around a common theme. Themes for these assignmentsincluded local environmental issues and the Persian Gulf War.The �nal assignment with the Knoxville News Sentinel consisted of �fteen triviaquestions on water. The questions were divided into three levels of di�culty, thesebeing elementary school level, middle school level and high school level. The teamscompeted against one another on this assignment, the winner being the team whichanswered the largest number of questions. The questions were chosen at random withno prior knowledge as to whether they were actually in the LSIRS database or not.The last assignment for the semester was for the students to write a two to threepage description of any query on either database using LSIRS. The query could be anew one or one that had been performed before, but it had to be a good illustrationof the usefulness of LSIRS. The description of the query was to be in the student'sown words, could not be a joint team e�ort, and was to be thorough enough that itcould serve as a tutorial for new users. The students were told to explicitly point outhow to use any LSIRS features they utilized and to elaborate on any strategies theyused in formulating their searches.3.2 Analyzing the DataConsiderable time and e�ort was invested in putting the data contained in the studentreports into a form that could be analyzed. The data needed to be transformed into astandardized format against which programs could be executed to generate statistics.A copy of FoxPro for Windows was readily available, so it was decided that the �rststep would be to enter the data into a relational FoxPro database. The students hadsubmitted their homework assignments and observation reports via electronic mail, sothe data was available in electronic form. However, due to the fact that the studentshad not been given a standardized format for keying in their reports, there was noway to automate extrapolating the raw data from their electronic mail messages andplacing them into the proper database �elds. The only option was to read throughthe data �les and manually enter the data into the database.As the data was entered into the database, it became obvious that some pertinentinformation was missing. Although the students were given a set of standardizedquestions, there was still a great deal of inconsistency in the level of detail containedin their reports. Early in the semester the students had been asked to provide the rankand cosine of the document that contained the answer to their homework assignment.20



Some of the students consistently provided the rank and cosine information for theduration of the semester on both homework assignments and ad hoc searches theyperformed, but many did not. In addition to the rank and cosine being missing formany of the student performed queries, neither of the items were provided for thesearches performed by library patrons. In fairness to the students, it would havebeen awkward for them to have obtained this type of information on the patronobservations. The students were instructed to explain that they were participatingin a study of LSIRS and if the patron would mind if he or she was observed. Thestudents discovered early in the semester that a majority of the library patrons didnot want to be observed. In these situations the best the student could do was observethe patron's interactions with LSIRS from a distance and examine the search historyafter the patron left. However, the keywords used in all but a few of the searcheswere known, and quite often the titles of documents used in relevance feedback wereprovided, therefore the information necessary to recreate the searches was available.In order to �ll in the rank and cosine data missing from the student's reports, it wasnecessary to redo the searches. As many of the searches as possible were reprocessedvia a C-shell script using a command line interface to LSIRS, but a large number ofthe searches had to be performed manually via the LSIRS user interface.After the data was installed in the FoxPro database, a �le containing a formatted,labeled listing of the data was produced. The �le was uploaded from the PC envi-ronment to a Sun Workstation where PERL [WS90] scripts were written to scan theformatted �le and calculate statistics on the data. The scripts examined the datafrom various angles, comparing on-line versus manual searches, calculating the suc-cess and frequency of use for modi�cation strategies, examining word usage trendsfor queries that were performed by multiple users, and looking at usage statistics byweek for queries performed by the students. The statistics generated by the scriptsare discussed in detail in the next chapter.
21



Chapter 4Results of the Data AnalysisThis chapter discusses the results of the analysis performed on the data collectedby the students. Section 4.1 establishes the de�nitions for the terminology used indescribing the �ndings of the study. The remaining sections convey the �ndings of thestudy. Statistics on search success and failure rates, cases where the same informationwas searched by multiple users and trends in student usage techniques as the semesterprogressed are presented.4.1 TerminologyBefore the results of the study are presented, several terms used to describe theresults should �rst be de�ned. In the discussions that follow, the term query is usedto denote a particular user's or student team's attempt to locate an answer to aspeci�c question or information on a certain topic. A query consists of a series ofrelated searches, including an initial search and one or more subsequent searches inwhich the user or team tries to modify the initial search in order to improve upon thesearch outcome. Searches are categorized based on when they occurred within theseries of searches for a query. The initial search is referred to as the 1=n search, thesecond search as the 2=n search, the third search as the 3=n search, etcetera. The�nal search in a series is referred to as the n=n search, where n denotes the totalnumber of searches in the series.In general, when a user utilizes a particular methodology to modify an earlier searchin order to improve upon its results, he or she is considered to be using a modi�cationstrategy. Users' attempts to formulate a new search by revising a previous search arecategorized into three major categories: keyword modi�cations, relevance feedbackmodi�cations and hybrid modi�cations. Searches classi�ed as keyword modi�cationsare those which involve only a change in the keywords used. Keyword modi�cationsfall into one of three subclasses based on whether the search has more keywords than22



the initial search, fewer keywords than the initial search and or the same number ofkeywords as did the initial search. Relevance feedback modi�cations include searcheswhich use one or more documents from the initial search and no accompanying key-words. Hybrid modi�cations are searches which use relevance feedback along with oneor more keywords.The results of searches performed by the graduate students who assisted in con-ducting the study are examined separately from those performed by librarians andlibrary patrons. The graduate students received training on how to use the systemin order to prepare them for their participation, and therefore had a better under-standing of how the system worked than would the casual user. This segregation ofthe data is interesting because it allows the success rate and modi�cation techniquesof the experienced student users to be contrasted with those of the lesser-experiencedpatrons and librarians, and it permits the examination of changes in modi�cationtechnique usage and success rates among the student users as they gained experienceover time. When the data is broken down by user classes, the graduate studentsenrolled in the course will be referred to as the students, and users not enrolled in thecourse will be referred to as patrons. The term user, or users, will denote studentsand patrons collectively.4.2 Analysis of Search Success and FailuresThe data was analyzed to determine the success and failure rate of the system. Theoverall success rate, the success of the initial search versus subsequent modi�cationattempts, and the success of the various modi�cation classes were examined. Addi-tionally, the success of manual versus on-line queries was examined for cases wherestudents searched for answers to questions in the Concise Columbia Encyclopediaboth manually and with LSIRS.4.2.1 Overall Query SuccessThe overall query success rates are shown in Figure 4.1. Across the entire usercommunity, 72% of the queries performed were ultimately successful. In most casesif a query was unsuccessful the user felt con�dent that the information he or she wassearching for was not in the database.Queries performed by the students were successful 75% of the time, while queriesperformed by patrons were successful only 57% of the time. It is not surprising thatthe queries success rate for the students was higher than the success rate for thepatrons for two reasons. First, the students had received some training in the usageof LSIRS prior to their �rst attempt to use the system. Secondly, the students wererepeat users over an eight week time period, so one would expect the students to23



naturally become more adept at searching with LSIRS as their experience with thesystem increased.
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Figure 4.1: Overall success of queries.4.2.2 Success of Manual Versus On-line SearchesFigure 4.2 shows success rates of on-line versus o�-line queries in cases where thestudents were assigned homework which required them to perform the same queryboth on-line using LSIRS and o�-line by manually browsing through the ConciseColumbia Encyclopedia. Queries performed using LSIRS were 90% successful, whileonly 68% of the manual searches were successful. The success rate given here foron-line queries is higher than the overall query success rate cited in Section 4.2.1because the queries assigned to the students were derived from articles in the ConciseColumbia Encyclopedia. 24
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Students performing on-line queries had a 74% likelihood of locating the answeron their �rst attempt, but if the answer was not found on the �rst search it wasworthwhile to make subsequent search attempts since 52% of the 1+=n searches weresuccessful.Comments from students indicate that manual queries were unsuccessful in morethan one instance because the answer was the actual title of the article that containedit, therefore the student would need to know the answer in order to locate the an-swer. (One example of such a query is Who would have become president if AndrewJohnson had been impeached. The answer to this particular query, Benjamin FranklinWade is located in the article entitled Benjamin Franklin Wade.) Several studentsreported that after having spent a great deal of time searching the Concise ColumbiaEncyclopedia with no success, they declared the manual search attempt a failure but,since they were curious to learn the answer, they opted to use LSIRS and were thenable to quickly locate the answer.The students also reported that the on-line queries were unsuccessful when a keysearch term occurred in a single article because terms appearing in only one articlewere discarded from the original terms by documents matrix derived from the Con-cise Columbia Encyclopedia text (see Section 2.1.1). For example, if the user wasattempting to �nd the meaning of the term syzygy without any knowledge of the con-text the term is usually used in, a likely beginning search might be a single keywordsyzygy. The term syzygy only appears in the article syzygy, therefore it is not included(by default) in the terms by document matrix and will not be included in the queryvector calculations.4.2.3 Success of Initial Search and Subsequent Modi�cation AttemptsFigure 4.3 illustrates the success rates of initial searches and subsequent attempts tore�ne an initial search. Only the �rst six search attempts for any series of searcheswere examined because there was not an adequate number of series that consisted ofseven or more searches.The user was most likely to �nd the information they were seeking on the �rstsearch attempt. The initial search was successful 63% of the time. The success ratesof the subsequent searches decreased signi�cantly, with the 6=n search successful 17%of the time. The biggest drop in success rate occurred between the �rst and thesecond search, where there was a decrease of 30%. Since the overall success rate ofthe queries was 72%, the answer to the successful queries was located on the �rstsearch 87% of the time. It is interesting to note that the mean rank of the documentcontaining the answer was fairly constant regardless of which search it was locatedon. The mean rank was 19:88 for 1=n searches, 22:54 for 1+=n searches, and 23:76for n=n searches.The success rate for subsequent searches for the on-line queries in student home-26



work assignments performed against the Concise Columbia Encyclopedia (Section 4.2.2)was 52%, signi�cantly higher than the overall rate of success for subsequent searches.This discrepancy may be due to the fact that the queries associated with the studentassignments typically required the user to search for an answer to speci�c question.The user might not �nd the answer on the �rst search attempt, but could then per-form relevance feedback using a document returned by the �rst search to steer thesystem to the article that contains the answer. However, the calculations for the over-all success of subsequent searches include queries in which the user is merely searchingfor any information on a particular subject, and in such cases it is highly probablethat LSIRS would return relevant information on the �rst search attempt.
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Figure 4.3: Success of x=n (1 � x � n) searches.27



4.2.4 Success of Modi�cation StrategiesAnalysis of the success rates of the various modi�cation techniques showed keywordmodi�cations to be the less successful than either hybrid searches or relevance feed-back alone (Figure 4.4). Relevance feedback searches were successful 31% of the time.The hybrid modi�cations were the most e�ective, successful approximately 41% ofthe time. Keyword modi�cations failed to locate pertinent information in 81% of thecases.Keyword modi�cation was most e�ective when the number of keywords used inthe search was decreased (Figure 4.5), but even then the success rate was only 25%.The students reported that they found keyword searching to work best when theymade an e�ort to select a few terms that were fairly unique to the intended targetsubject of their query therefore unlikely to occur in other contexts. One studentcommented that if the term rock was used to search for material on rock music, manyof the articles returned by the search would be related to geology. This observationindicates that LSIRS is still somewhat e�ected by polysemy.
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Figure 4.4: Success of modi�cations by category.28
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Figure 4.5: Success of keyword modi�cations by subcategory.4.2.5 Usage of Modi�cation StrategiesThe overall user tendency to select a particular strategy for modifying the initialsearch was tabulated along with the tendency to use more, less or the same number ofkeywords as the original search when a keyword modi�cation was performed. Userswere most likely to re�ne the keywords used for a subsequent search (55%) andsigni�cantly less likely to use relevance feedback (31%) or hybrid searches (14%). Apreference for keyword searches is not surprising, since the user would be accustomedto using traditional document retrieval systems that permit only keyword searches.Ironically, users chose to increase the number of keywords most often (28% of totalmodi�cation attempts) in spite of the fact that this modi�cation strategy was theleast e�ective of the modi�cation strategies.Modi�cation strategy usage for the student and patron subgroups is shown inFigure 4.6. The students and patrons used keyword modi�cation techniques in ap-proximately 51% and 65% of subsequent searches, respectively. Both groups tendedto increase the number of keywords used when performing a keyword modi�cation,and both formed relevance feedback searches a little less than 1=3 of the time.The students used hybrid modi�cation techniques more often than the librariansand library patrons. The students commented that hybrid searches had an advantage29



over relevance feedback alone because keywords used in the hybrid searches werehighlighted in the document text window and this made it easier for them to spotthe answer to a query when browsing through the documents in the Document TitleList window. The students seemed to feel that if the keywords they were lookingfor were not brought to their attention by highlighting, they would overlook relevantdocuments, especially if a document was rather lengthy and the answer to their querywas located somewhere in the middle of the text.
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(0.03) Figure 4.6: Student and patron usage of modi�cation techniques.4.3 Analysis of Queries Performed by Multiple UsersThe initial (1=n) searches for queries performed by more than two users were analyzedto determine the variance in the search terms chosen. Identical 1=n searches occurredfor 22% of the queries when the order of the keywords is considered, and in 24% ofthe queries if order of the keywords is ignored. When a query did have 1=n searchesthat contained duplicate terms, regardless of order, from 20% to 100% of the initial30



search attempts for the query were identical.The �rst terms of the keyword phrases used in the 1=n searches were compared toobtain the frequency of identical �rst terms. Speci�cally, the percentage by query of1=n searches which began with a word that was chosen as a �rst term by multiple userswas recorded. Overlapping �rst words occurred across all of the queries, with 95% ofthe queries having a �rst word in common for at least 50% of their 1=n searches. 29%of the queries had duplicate �rst terms occurring in 100% of the �rst search attempts.Nineteen percent of the queries had two or more words that appeared as a �rst termmore than once.The frequency of overlapping terms regardless of their position in the initial searchphrase is worth noting. For 97% of the queries, 60% or more of the terms were usedby multiple users. Forty-three percent of the queries had overlapping terms 90% ofthe time, and 20% of the queries had 100% overlapping terms.The reason for the fairly frequent occurrence of duplicate queries and a high rate ofoverlapping search terms is likely due to the fact that most of the queries performedby multiple users were part of student homework assignments. The queries werepresented to the students in the form of a question, e.g., What percentage of thehuman body is water?. When composing the �rst search the students were naturallyinclined to read through the question, selecting terms as they scanned from left toright. Hence, it is not surprising that often the students selected the same terms.4.4 Analysis of Student Searches by WeekThe student queries were broken down according to the week of the semester inwhich they were performed then examined to determine if either student preferencefor modi�cation techniques changed or the success rate increased as the studentsbecame more experienced with using the system. Figure 4.7 shows the success ofstudent performed queries by week. The success rate was fairly consistent during theweeks when the answers to the queries given in student homework assignments wereknown to be present in one of the databases. There was a slight decrease in the successrate during the second and third weeks, and a slight increase during the sixth andeighth weeks. The success rates for the fourth week, when the students were told touse cliches as their search phrases, and the seventh week, when the assigned querieswere randomly chosen with no guarantee that the answers were actually in eitherdatabase, were signi�cantly lower. Similar success rates occur when the statistics arecalculated on the 1=n searches for each query (Figure 4.8). These statistics show thatLSIRS performs consistently well for both novice and experienced user.31
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Figures 4.9 and 4.10 illustrate the student tendency to select particular modi-�cation techniques as the semester progressed. The data shows no evidence of arelationship between user preference for modi�cation techniques and the user's ex-perience with the system. Several hypotheses can be formed to explain why certainmodi�cation techniques were selected during the fourth, seventh and eighth weeks.There was a high percentage of relevance feedback modi�cations during week 4 be-cause the students were instructed to perform relevance feedback on the documentsreturned by the cliches used as their initial searches. A high percentage of keywordmodi�cations occurred in week 7 since the students were unable to �nd informationrelevant to their query and therefore did not locate any documents that were candi-dates for relevance feedback. Also, it is interesting to note that in the eight week,when the students were told to compose a query and write a detailed narrative fora user's guide describing how they used LSIRS to perform the query, the studentschose to perform hybrid searches most often.Overall, the students were just as likely to use any of the modi�cation techniquesduring the early weeks of the semester as in the �nal weeks. Since the studentswere lectured on the usage of LSIRS prior to performing their �rst query, they weresomewhat better educated on its use than the typical library patron who simplyhappened upon the system and attempted to use it. However, the statistics do suggestthat with minimal training a user can successfully choose appropriate modi�cationtechniques to navigate LSIRS towards the answer to a query.
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Chapter 5ConclusionsThis chapter summarizes the results of the study, cites possible improvements andenhancements to the system, and suggests how future studies on LSIRS might beconducted.5.1 Summary of Study ResultsThree of the four anticipated outcomes of the study were met. LSIRS was shown to bean e�ective means of information retrieval for the novice user, and that, with minimaltraining, the user can quickly become pro�cient in using the system. Moreover, on-line searching via LSIRS was shown to be more e�ective than attempting to locateinformation by manually searching through the text. The study also provided insighton how often initial search attempts failed, how users formulated subsequent searches,and on whether any of the modi�cation strategies were more productive than theothers. Over half of the time the answer to a query was found on the initial searchattempt. When the initial attempt did fail the users showed no tendencies towarda particular modi�cation technique, but appeared to chose what they thought tobe the best strategy for the given situation. However, when the success rates forthe modi�cation techniques were compared, hybrid searches proved to be the mostsuccessful.The study failed to provide useful data on the variance of terms chosen by users whoperformed the same query. Although a high number of overlapping terms occurred, itis likely that this is due to the fact that the students were biased toward the selectionof words used to communicate the assigned query to them. One would expect a greatervariance in terms if the students had composed the queries themselves. Instructingthe students to select search terms that do not appear in the assigned query mighthelp in overcoming this bias. 35



5.2 Future WorkImprovements to Database and Document Retrieval EngineSuggested possible improvements to the database include indexing singletons, apply-ing a stronger global weighting scheme to further dampen the e�ects of frequentlyoccurring terms, and assigning a heavier local weight to terms that appear in the doc-ument title. Indexing terms that appear in only one document would achieve bettersuccess rates for data collections that cover a broad range of unrelated topics andare likely to have a higher proportion of singletons. A global weighting scheme thatfurther diminishes the e�ects of commonly used terms should be used to counteractLSIRS's tendency to be misdirected by terms used loosely within a wide variety ofcontexts. Terms in a document title should be given a heavier local weight since theyplay an important role in conveying the subject matter of the document.The incorporation of the ability to transition the search engine to boolean searchmode to perform literal term matching should be considered. Also, the addition of aphrase searching capability that permits the user to indicate when search terms mustappear adjacent to each other in the document text would be bene�cial.Enhancements to User InterfaceLSIRS restricts searching to a single database at a time and forces the user to returnto the Startup screen to switch from one database to another. The interface should beredesigned to allow the user to select multiple databases for simultaneous searching,and permit the selection of the databases from the LSIRS Search screen.The user should be able to redisplay the results of a previous search in the Searchscreen by selecting the search from the Search History list. Currently the user canreconstruct a search by dragging keywords and titles from the Search History list tothe Keywords or Titles subwindows, but must reiterate the search in order to recallits results.The state of the Search screen is lost when the user exits to the Startup screen.The ability to save the state of the Search screen so that it may be restored during afuture session would be a useful feature.Suggestions on How Future Studies Should be ConductedThe subjects in this study were from two distinct groups of users. The patrons wereusers by happenstance, they chose to use the system because the databases containedinformation that could bene�t them. The students actively chose to participate inthe study by enrolling in the course. Valuable data can be gained from observingboth of these groups, but the collection of data from each group must be approachedin di�erent manners. 36



The task of collecting data on users by happenstance might be better facilitatedif there was an automated means of logging the searches performed and the cosines,ranks and titles of documents browsed by the users. A major obstacle encountered incollecting the data for this study was �nding patrons who were willing to be observed.Many of the patrons were not receptive to having a student observe their interactionwith the system, and for this reason su�cient data was not obtained on a number ofthe patrons' searches. The logging of the patron's activities would have helped enablethe collection of this missing data.The information obtained from active participants in the study can be much moredetailed than that obtained from passive participants. In future studies, active par-ticipants should be again be given a list of questions to answer about the queriesthey perform, but the questions should be as speci�c as possible. For example, theparticipants should be asked to record the keywords and relevance feedback titlesused in all searches, the rank, cosine, title and identi�er of the document containingthe answer to the query, and the number of documents they browse before locatingthe answer. They should be given a strict format for submitting the data so that itcan be loaded into a database with minimal manual intervention.AcknowledgementsThe authors would like to thank James Raimes, Editorial Director of the ReferenceDivision at Columbia University Press, for providing an on-line version of the 1989(Second Edition) Concise Columbia Encyclopedia as one of the test databases for thisstudy.
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Student Observation ChecklistThe students were to include the answers for the following questions in their weeklyreports. The entire set of questions were answered once for each patron observed.The students were also instructed to answer this same question set for queries thatthey performed themselves. The questions are worded exactly as they were given tothe students.1. What were the queries? (Answer remaining questions per query!)2. How were the queries formulated (mouse, typing, relevance feedback, hybrid)?3. How successful were the queries? (Can you tell if they got the information theywanted?)4. What errors with LSI were detected? (Missed documents or keywords?)5. What errors with the interface were detected?6. How often did they request help? What type of help?7. What problems did they have in searching? (Couldn't think of search terms,terms, poor results, couldn't understand relevance feedback or document-basedsearching, etc.)8. Why were they using the system? (Playing? Trivial Pursuit? Research?)9. What database (CCE or KNOXNS) did they use?10. Did they have any comments or suggestions for improvements?11. Did they attempt to print any text? How much? Any problems?In addition to the eleven questions above, the students were required to provide asummary of the observations, give constructive comments on the system, and reportany other information that they felt to be pertinent.39



Student Homework AssignmentsExamples of queries from the weekly student homework assignments appear below.Since the type of queries in the assignments varied, sample queries for each weekare provided. The database searched is denoted with the abbreviation CCE, for theConcise Columbia Encyclopedia, or KNOXNS, for the Knoxville News Sentinel. Thequeries are worded exactly as they were presented to the students.Week 1 (CCE)� What is the name for the religious and ethical duties of the individual in Hin-duism?� What was the 1972 court case in which the U.S. Supreme Court ruled that Amishchildren could be exempted from compulsory school attendance beyond the 8thgrade?� What music term was originally used to indicate that a certain part was indis-pensable to the music?� What type of lens, which is thicker at the edges than at the center, bends parallellight rays passing through it away from each other?Week 2 (CCE)� What U.S. Senator was expelled for helping the British seize Spanish Florida?� Father of the actor who starred in Gunga Din (1939)?� What are the larvae of harvest mites called?� What is the largest reservoir in the U.S.?40



Week 3 (CCE)� What American admiral uttered the famous cry \Damn the torpedoes mines!"?� Who was the �rst vice president to succeed in presidency?� In what game is the object to punch, dribble, or kick the ball into or directlyover the goal?� What term describes the position of three planets along a straight line?Week 4 (KNOXNS)� \Read my lips, no new taxes."� \Mother of all battles."� \A thousand point of light."� \Kinder gentler nation."Week 5 (KNOXNS)� What was the average age of a Desert Storm soldier? Average age of a Vietnamsoldier?� Who said \We have grasped the mystery of the atom and rejected the sermonon the mount"?� What is the date of the Iraqi invasion of Kuwait?� Who said \It is war's prize to take all vantage"?Week 6 (KNOXNS)� How much hazardous waste did TN ship across the state line in 1989?� What former UT student gave a workshop on hazardous materials at the UTConference Center during the month of March in 1991?� What type of dogwood tree has multi-colored leaves with red blossoms?� What is the name of a Blount County recycling program that raised over $1000:00for a girls' home in 1991? 41



Week 7 (CCE and KNOXNS)� On average, what percent of the human body is water?� What is the most important step in treating our water supplies before we usethem?� How many gallons of water will one gallon of gasoline contaminate?� How many gallons of water and liquids are recycled through your kidneys eachday?Week 8 (CCE and KNOXNS)� How much oil does the United States import from Kuwait each day?� What makes an airplane y?� What characteristic determines whether a tree is deciduous or a conifer?� What is the University of Tennessee football team's record at the Sugar Bowl?
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