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Abstract

The purpose of this study was to investigate ttercbebehaviour of users. Undergraduate and
postgraduate users from the Department of Archams Library Sciences, lonian University,
were invited to indicate the way they formulate aefbrmulate their queries. Students were
asked to formulate queries and complete a questimmrResponses from the questionnaires and
data collected from log files provided us with \able information concerning the number of
terms users type in the searching field, the typfaited queries users make and whether users
reformulate their queries by using terms providedhie retrieved results. Results revealed that
users mainly type in the searching field one tean query. Furthermore typographical errors,
and specifically the substitution of a charactethveinother, appeared to be the main reason for
failed queries. Additionally, the vast majority iefspondents declared that they used a term from
the retrieved results. And finally, it is worth nteming that users have equal chances to direct
their queries in either a more specified or geimzdlterm, whereas their choice of submitting
parallel terms outweighed all other strategies.

Categories and Subject Descriptors

H.1.2.[User/ Machine Systems]; H.3 [Information i&fpe and Retrieval]; H.3.3 Information Search and
Retrieval; H.3.7 Digital Libraries

General Terms

Measurement, Performance, Experimentation, Evalnati

Keywords

Query formulation, Query reformulation, Query faduSearch behaviour

1 Introduction

This study is part of a broader research in praga¢she Department of Archive and Library
Sciences, lonian University regarding the seardtatieur of users. Our interest is focused on
gaining an understanding of users’ thinking behawighile they are in the process of retrieving
information relevant to their information needsisTimplies the associations that users make and
consequently the use of words as query terms.

In particular, this study aims to shed a light lba following issues:

e How users formulate and reformulate their queries

e How many terms users type in the searching field

e What type of failed queries users make

e Whether users reformulate their queries by usingsgrovided in the retrieved results
Such results are useful to help library users beaithieving their goals and library system
developers to better design their systems.



2 Related literature

There are numerous studies on user search behakaiware focused either on traditional IR
systems such as OPACs or on more modern systeinasutgital libraries. Concerning the users’
search behaviour, there is a large body of liteeasuggesting that when end-users look for data
relevant to their information needs, they prefeadoomplish their goal with the less effort from
them (Buzikashvili 2005). Lau and Goh (2006) spedithat users are not patient in searching for
information and this lack of perseverance leadmtteterminate their searches rather than look
beyond the first screen of results (hits).

This attitude is more or less the same when usars to deal with failed searches. Jones et al.
(2000) defined a failed search as one that matob&®cuments in the collection. A survey on the
OPAC of the Nanyang Technological University (NTigyealed that a total of 317.840 queries
returned zero hits and this figure accounted fo5%Pof the total number of queries submitted.
This indicates that users have an almost equalcehainsubmitting a query that returns no hits (a
search failure) or one that returns at least ooerde(hit) (Lau and Goh 2006).

At this point, it would be useful to provide songasons that are responsible for users to have
searches with zero results. One reason is thertiacouse’ of searching terms. According to
Jansen et al. (2000) an incorrect use is when dgespelling or grammar mistakes, use Boolean
operators that are not supported by the IR systdeawe spaces between searching terms. Another
reason for failed searches is when users make tgpbiral errors. Brown (1988) and Hirst &
Budanitsky (2003) have categorised the typograpleicars in four (4) groups named
substitutions, omissions, insertions and transjpost A substitution error is when a character of a
term is replaced by another incorrect characteromission error is when one or more characters
of a term are missing. An insertion error occur&wbne or more characters are added in a term.
And a transposition error is when two or more cbins of a term are not in the right order.
Specifically, research of Lau and Goh (2006) aredyssers’ searching terms from typographical
error point of view and concluded that only 24 ofu1000 failed queries were identified with
typographical errors, while substitutions were emtered as frequently as omissions.

However, a quite interesting and optimistic conicngs that users learn how to formulate better
queries during their searching process. Joachirak €007) specified in their article that althbug
users gave a negative feedback about the redwdtssaid that they learned to carry out a better

query from these ‘not good’ results.

Regarding the query length, there is not a clegtupe of how many terms users type in the
searching field. Jansen et al. (1998) believedtti@atircumstances and the context between
searches done by users of IR systems such as DIA@Gearches done by the general Internet
population of the Web are different. Still, studées concentrated on different aspects related to
searching and followed different methodologies.réfae, this comparison may have little
meaning. However, it is worth mentioning some Wgland results. According to Jansen et al.
(1998) Web search queries contain fewer terms otfzer IR systems queries. Specifically, their
study focused on user queries on the Web showéadthaverage, a query contained 2,35 terms.
Similarly, a later study of Jansen (2000) indicétest approximately 93% of the Web queries
contained between 0 and 4 terms. These findingsarsistent with the outcomes of some other
studies based on Web searches (Silverstein e9@9; Tansen et al. 2000) which concluded that
standard Web search queries tend to be 2-3 tertaagth.

It is also worth mentioning that Lau and Goh (20§&cified that when query length increases, the
number of search terms used in a query could atfiecprovided results. Specifically, when query
length increases there is a higher probability tisgrs would encounter unsuccessful searches. The
percentage of successful queries with one seanchw@s double that of failed queries (15,9%
versus 7,7% respectively). For queries with twangrthe success rate was 19,7% against a 14,4%
failure rate. Barsky and Bar-llan (2005) providedhe useful advice to users on how to search on



the Web regarding the number of keywords shoulohtleded in a query. They mentioned that the
longer the query, the less probability that all werds will appear to be close to each other.
Furthermore, when users are not familiar with thigiect they are searching for, it would be better
to use no long queries. Still, users who want teecbas much information as possible are
recommended to use single terms and make a vafisfynilar queries, consisting of all possible
synonyms. Users who look for precise answers arisedi to create more focused queries.

Regarding the terms that users type in the seaydtahl, Barsky and Bar-llan (2005) made a
distinction between general queries and complexigsieGeneral queries are consisted of some or
all words extracted from the task description, whibmplex queries are consisted of words from
the task description and of other keywords, progdseusers. In both exercises, students showed a
preference on both queries; there were 85 genaegilas and 93 complex queries. They also
analysed the use of phrases and concluded that wiana within phrases were used in 15,29
percent of the general and 9,67 percent of the tagueries.

Finally, concerning the way that users refine trgdarches, research has shown so far that
relatively few users specialise, generate or refitate their searches (Lau and Horvitz, 1999).
Druza and Dennis (1997) categorised 1040 querteslih different transformation types and found
that most of the times users simply repeated ayqnat they have already submitted. A greater
attempt on describing the terms that users typihensearching field was made by Suppes and
Béziau (2004). According to them the relation betwéhe terms is symmetric.

3 Methodology
3.1 System

For the purpose of this survey we used a z39.5@&sé&wr hosting selected bibliographic metadata
records, approximately 14,400, from the databaskeofEvonymos Ecological Library”
(http://www.evonymos.gr The participants used a z39.50 client to quieeydatabase. The system
was customised to meet the needs of the experimamely we dismissed the Boolean operators
feature, offered only one search field for submétgueries with the structure “words”, used only
the “Subject” index and set a “Login area” for @dirticipants to keep track of the logs. The
truncation option was a default “right”.

Using a specific library system and collection, aotla web search engine, had two positive side
effects; the system is providing a direct decigiarrelevance of the documents, by including them
or not in the result set, while the result gradimgthods, like the web search engines, are more
difficult to evaluate for relevance. Additionallye were able to identify both the relevant
documents found and those not found during a seascive had a predefined set of documents.

3.2 Participants

The participants were undergraduate and postgradtadents of the Department of Archive and
Library Sciences at the lonian University in Cofireece. For the 27 undergraduates the task took
place under supervision during course attendande wie seven (7) postgraduates participated
voluntarily at their own time without supervisidfrom the total of 34 participants 30 of them were
female and four (4) of them were male.

3.3 Task
We provided the participants with a printed forngafdelines and specific tasks to follow in given

order. We advised them to formulate queries in otoleetrieve the more relevant documents for
the given subjects. We set a maximum limit as o hwany queries they could submit for each



question along with the term limit we set for egciery. Briefly, the instructions we provided the
participants with were to fill in the appropriatells in the given forms by writing down the terms
used to formulate a query. This should be done¥Yery single query submitted to the system
following the exact order of submission. Both thsktand the questionnaire were in Greek
language. Thus for the purpose of this paper, wiseessary, we translated some data in English.

3.4 Questionnaire

The participants had to keep track of the quetieg submitted in the database by filling in the
form provided. In this form we included information the nature of the database, the purpose of
the experiment, some guidelines concerning theotiiee system and an example of how to
complete the form. Users had to complete the quasdires whose responses we could also verify
from the transaction log files, namely time ancedaitlogging in and out of the system and their
matriculation number, as well as the terms andigaeubmitted. The forms ended up with brief
guestionnaire on demographic data and opinion gathdn order to avoid biased answers we also
used transaction log files.

3.5 Transaction log files

The system kept transaction log files both fromdteser and the client traffic. Besides the
responses we collected from the questionnairesave additionally able to either confirm or reject
certain aspects of them through the data fromdgdilles.

3.6 Difficulties in research

The first difficulty we had to deal with was to dde which database we would use in order to

carry out our research. We decided that we shaddadatabase that covers a knowledge area that
most people are familiar with and at the same ttroffers options for more specific activities in
future implementations. Therefore, we concluded #hdatabase covering subjects related to
EcologyandEnvironmental issuesould be a reasonable solution.

The second difficulty was to customise the datalraseway that we could collect valuable
information about the searching behaviour of uséts.were allowed to have access to the
bibliographic metadata records of the Evonymos &giohl Library and make the appropriate
customisation. The database was customised regattemumber of records that users had access
to, but we extracted all those that could provideadf no use, meanimpise

The third difficulty was to collect the questionres given to the postgraduate students. In contrast
with the undergraduate students who were obligexdtoy out the task and complete the
questionnaire during laboratory hours, postgradsiatéents were volunteers. This means that we
should contact them in order to do the experimadt@mplete the questionnaire.

Finally, the fourth problem was concerned with titemsaction log files. Due to a technical
problem a log file was corrupted and all informati@as lost. In this case for the particular
respondent we considered only the responses fremuastionnaire.

4 Results analysis

In order to analyse our results in terms of idgimii the users’ thinking behaviour while searching
in a digital library we mainly categorised the teraubmitted according to the studies of Rieh and
Xie (2001; 2006). They examined the facets, sultéaamed patterns of query reformulations with a
focus on the semantic analysis of queries. Thegzging of the data was done manually. We

present the results related with both the phaseafching and the phase of retrieving results. All



queries were examined manually to identify bothgbery formulation patterns and the
typographical errors.

4.1 Definitions

As stated right above, we used certain subfacettifted at the studies of Rieh and Xie. Below we
provide their definitions along with additional défions that we used in order to categorise our
raw data.

4.1.1 Definitions for Subfacets used

Specification: when users specify the meaning of the query loyngdmore terms or replacing
terms with those that have more specific meaning.

Generalisation: when users generalise the meaning of the quedel®ting terms or replacing
terms with those that have more general meaning.

Replacement with synonyms. when users replace current terms with wordsghate similar
meaning.

Parallel movement: when users do not narrow or broaden previousiegieFhe previous queries
and the follow-up queries have partial overlap gaming, or two queries are dealing with
somewhat different aspects of one concept

Term variation: when users change the format of terms while stiflrching for the same topic.
Variations include spelling out the abbreviatioddiag a preposition (e.g., of, to, for), changing
from the singular to the plural, or vice versa.

Error correction: when users change query terms in order to coarggting or spelling error they
have made.

4.1.2 Additional definitions
Term provided: a provided term from the description of a task.

Undefined: an inappropriate term for retrieving resultsttoe given task; no apparent connection
between the term used and the given task can béfidd.

Term: an unbroken string of alphanumeric charactersredtby a user (Spink et al. 2000). Terms
that were considered as single terms included diiimited to whole words, truncated words and
articles.

Uniqueterm: every single term (case non-sensitive) enterea bger either in every session
(unigue term/ question) or throughout the taskduaiterm); the varying term could be
modifications of any previous term or entirely nesm.

Query: a term or a sequence of terms submitted to tesyusing the “Search” button.

Session: a query or a sequence of queries submitted teytsiem by a user in order to perform a
given task

Failed search: a query that resulted with no hits.

Association: a set of nodes with links between them, mearhiegise of notions associated with
the input (Suppes & Béziau; 2004).



4.2 Analysis of Questionnaires
4.2.1 General results

The participants had to find relevant documentsetarh of the following topics:
- Q 1: migration birds,
- Q 2: fruit-bearing trees,
- Q 3: protection of environment,

Q 4: greenhouse effect,

- Q 5: alternative energy sources

For the first topic the participants could submmaximum of two queries. For the second, third
and fifth topics they could submit as much as fqueries whilst for thegreenhouse effectbpic
they could go for eight queries. The total numifegqueeries submitted for the completion of the
task was 605.

In the 605 queries, the total number of terms weasl913. An interesting comment from the
results analysis is that only 178 of them were ueitgrms, approximately one fifth of the total
terms used. All others were repeated either witthénsame question or within the whole task.
These findings are provided in Figure 4.1.

Figure4.1: Queries — Terms — Unique terms

Categorisation of Failed Results (%)
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||:| Failed results 21,4 1,4 74,5 2,8

It is worth mentioning that the sum Bhique termavhich occurs if adding all recordethique
termsper each question does not come in accord witfighee given previously for thenique
termsidentified, namely 178. This is due to the faetttatermmay be used once within a query
but it may also appear asique termwithin more than one of the given questions (Qs).
Consequently, it is worth mentioning that @7ique termsvere repeated throughout the whole
task. This figure is the occurring difference of gubtraction of the exact numbergfique terms
identified across all queries (178) from the surofque terms/ questiof215). The 178 terms
were used only once overall.

As we mentioned in the definitions section, timque termgounted were case non-sensitive,
meaning that the tern&nvironment, environmeahdENVIRONMENTwere counted as one.



Furthermore, since we focused our research on’wssciations, truncated terms that were
obvious parts of an identified term were also cedrds one i.environ.

The participants could use between one and threestir each query, not more than three. The
majority of queries contained only one term — 57 dtotal queries included one term, while
33,6% of them consisted of two terms. Only 8,8%otdil queries had three terms.

Figure 4.2: Number of terms to formulate a query (%)

Number of terms to formulate a query (%)
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4.2.2 Queries

Results of the questionnaires showed that querggs divided into seven main categories:
specifications, generalisations, replacements syittonym, parallel movements, term variations,
use of the term provided and undefined terms. Tridirfgs for each category are provided below.
Specifications: 15,3% (93) of the total queriesevapecifications of previous terms or of terms
provided for the task.

Generalisations: 15,2% (92) of the total queriesvgeneralisations of previous terms.

Replacements with synonym: 3,14% (19) of the tgtedries were synonyms of previous terms or
of terms provided for the task.

Parallel movements: 47,60% (288) of the total qegewere related in a way with previous terms
but were neither generalisations nor specificatimrsany other of the categories identified. An
example is the consecutive use of the words “swéilend “stork” for the question oMligratory
birds.

Term variations: 2,31% (14) of the total querieseweariations of previous terms or of terms
provided for the task.

Term provided: 33,9% (57) of the total queries weeries described in the task.

Undefined: 6,9% (42) of the total queries were tpsewith very broad meaning. Users were
explicitly informed that the content of the databass about ecologic issues. Nevertheless, they
used words with very broad meaning, suckeslog.Also, in this category we included terms
which did not have an apparent connection to tlaergtopic, such aBiologyfor Q 4 or terms
which were too general in the specific contexthsasNaturefor Q 1.



According to the preceded analysis, the categaisatf queries is presented below in Figure 4.3.

Figure 4.3: Categorisation of query formulation (%)

Categorisation of query formulation (%9
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with synonyms| novenents
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4.2.3 Query reformulation based on retrieved result

After the completion of the task we asked the pgudints to provide information as to whether they
used or not terms identified within the retrievedult set in order to reformulate their queries. We
received 33 responses which are distributed asrshowigure 4.4.

Figure 4.4: Distribution of terms used from retrieved res(ig

Use of terms fromretrieved results (%9
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From the participants’ responses we, also, obsdahatdhe most commonly used field to provide
ideas for query reformulation was the fieldSafbject This was not only the most commonly used
field (72%) but also the one that participants désd as the most important to use by giving it the
relative value (1 in Figure 4.5) in their respondd®e fields ofTitle andAuthorwere used equally

in order to derive information for the formulatioha new query, althoughitle was chosen as
second preference (2 in Figure 4.5) againséidorfield which most of the participants ranked
as their third choice (3 in Figure 4.5). A summafyhe preferences of users is shown in Figure
4.5.



Figure 4.5: Distribution of terms used from retrieved res(isg
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4.3 Analysis of Log files

Transaction logs described the use of the “EvonyBEwsogical Library” online database by 33
users. These users made 548 queries in total, @8j#6 of these queries had zero results (failed
queries). This means that due to the fact thatrtfeemation system did not retrieve any relevant
records, if users wanted to continue to use th&esyshey should started their search from the
beginning.

In our attempt to categorise these failed queriermganised them into four (4) main groups. The
first category referred to the queries with typgdnaal errors namely, substitutions, omissions,
insertions and transpositions. These subcategariesdescribed extensively in the articles of
Brown (1988) and Hirst and Budanitsky (2003). Theahd category included the queries whose
terms were inseparable. For example, a user typede searching field the ternemvironment
greenhouseeffecinstead ofenvironment greenhouse effebrt. the third category, we grouped
together all the undefined terms. This means thlineluded the terms that they did not have any
particular meaning or were inexistent. And in toeth category, we included the queries whose
terms did not have any spelling or grammar mistakeertheless users did not retrieve any record.

Proportionally most queries (74,5%) belonged toldisé group, which implies that users typed one
or more meaningful terms, but still they did natdiany relevant record. The second most famous
category was the typographical errors where 3ligsievere typed incorrectly - 21,4% of the total
number of failed queries (Figure 4.6).

Figure 4.6: Categorisation of Failed Results (%)
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Regarding the typographical errors, results shothatl the most regular error for users was to
replace a character with another character (substits); 58,1% of the total number of
typographical errors belonged to this subcategboy. example users typereening instead of
cleaning The next most typical error was to insert addiilocharacter(s) to a term (22,6%), while
the least famous error was to type two or moreadtars of a term not in the right order -only
6,5% of the failed queries included in this grokm(re 4.7).

Figure 4.7: Typographical Errors (%)
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5 Conclusions — Future work

Previous literature has shown that it is diffidolimeasure users’ search behaviour because isvarie
according to certain circumstances. Thus, it isaasly to setup appropriate experiments covering
and controlling - if not all - at least an adequateportion of factors affecting the users’ search
behaviour. Based on relative studies and formeemapce on the field we attempted to put into
scheme some of these aspects. In our study we@tdno retrieve some initial results on user
search behaviour. The results are summarised below.



In terms of query length, although we set limitatido the participants regarding the number of
terms they could use to formulate a query, ourltesg@em to be consistent with the outcomes of
previous studies. According to these findings, siseainly type in the searching field one term per
query. Our study showed that 57,7% of the totaltiggecontained only one term. Two-term queries
appeared in 33,6% of the cases and only a limif@%h&f queries contained three terms.

An important observation is the numberbfique termghat respondents used. The number of
total terms used for all queries was 913. Amongitbaly 178 i.e. one fifth were actuallyique
This fact is encouraging for our research becausigoiws that users’ queries can actually be
modeled, at least under certain circumstancesleaudto specific patterns.

Furthermore, we observed that users have equatebada direct their queries in either a more
specified (15,4%) or generalised (15,2%) term, whsitheir choice of submitting parallel terms
outweighed all other strategies (47,6%). This imparably very close to the results presented in
the study of Rieh and Xie (2006) who specified 8t#% of movements turned out to be parallel
movements.

Also, an interesting finding is the limited useT@rm variationsas a search strategy, only 2,3% of
the queries involved use of this pattern. It serasusers tended to alter significantly the terms
used rather than try submitting a different fornittegm, such as the same term truncated or the
changing between singular and plural. The partidpalso made little use (3,1%)Réplacing

with synonymerm in order to reformulate a query.

Indicative of both the need to easily retrievetbguired information and the associations the users
make was the monitored use of tferm providedn the task description. In 9,4% of the queries

the participants used the given term or a slighltigred form of it. Specifically, the majority of

such instances occurred in the very first query.

The responses we received concerning the usero$ tieom the retrieved data sets is a strong
element as to what they would find helpful in theqess of searching. A percentage of 72,8%
declared that respondents used a term from thevetf results. Variations include the frequency
with which they recorded this use, namely othersefery query, for most of the queries, for some
queries or for few. Furthermore, what occurred ftbmparticipants’ responses was that the most
favoured field for providing new ideas for queneas theSubjecffield with a percentage of 72%.

Regarding the type of failed queries, results shibthat typographical errors, and specifically the
substitution of a character with another appeasdzktthe main reason. The cases where the search
term was not contained within the searchable dat&wxcluded from this remark.

In the context of further confirmation of the resule have already planned to repeat the task
adding more queries and collecting data from aoloiti users.

Furthermore, in our plans is to verify certain tastwhich we have evidence that influence the
search behaviour of users, such as using diffeeemts for describing the same subject and asking
the participants to retrieve relevant results. Enick collected for th€erm providedtategory

shows that users would not make the same seleaftisords if they were provided with different
initial terms.

References
1.Barsky E. and Bar-llan J. 2005. From the seproblem through query formulation to results
on the web. IOnline Information Revie®9(1): 75-89.



2.Brown A. (1988). A Singaporean corpus of miskpgs: analysis and implications. Journal
of the Simplified Spelling Sociey Available at:
http://www.spellingsociety.org/journals/j9/singapgrhp (Accessed 23 October 2007).

3. Buzikashvili N. (2005). Information searchinghbeior: between two principles. In: F.
Crestani and I. Ruthven (ed€)oLIS 20053507: 79-95.

4.Druza P. D. and Dennis S. 1997. Query refornanain the Internet: empirical data and the
Hyperindex search engine. ! RIAO ConferenceAvailable at:
http://citeseer.ist.psu.edu/cache/papers/cs/2 1p¥BizzSzwww.dstc.edu.auzSzRDUzSzreports
zSzraio97.pdf/pd97query.pdfAccessed 15 September 2007).

5. Hirst G. and Budanitsky A. 2003. Correcting reakld spelling errors by restoring lexical
cohesion. Available at: http://ftp.cs.toronto.edwfgh/Hirst+Budanitsky-2005ms.pdf
(Accessed 30 October 2007).

6.Jansen B. J. 2000. An investigation into theafsemple queries on Web IR systems. In
Information Research: An Electronic Jourrg{[l). Available at:
http://jimjansen.tripod.com/academic/pubs/ir20@WD0.htm| (Accessed 15 September 2007).

7.Jansen B. J., Spink A. and Saracevic T. 2008l Re, real users, and real needs: a study and
analysis of user queries on the Weblnformation Processing and Managem@&gt 207-227.

8.Jansen B. J., Spink A., Bateman J. and Saraewi898. Real life information retrieval: a
study of user queries on the webSIGIR Forum32(1): 5-17.

9.Joachims T., Granka L., Pan B., Hembrooke HdliRski F. and Gay G. 2007. Evaluating the
accuracy of implicit feedback from clicks a queeyarmulations in web search. ACM
Transactions on Information Syste@%&2): 1-27.

10. Jones S., Cunningham S., McNab R. and Bodd2@@®. A transaction log analysis of a
digital library. InInternational Journal Digital Libraries3(2): 152-169.

11. Lau E. P.and Goh D. H.-L. 2006. In searchusry patterns: a case study of a university
OPAC. InInformation Processing and Managemdg@t 1316-1329.

12. Lau T. and Horvitz E. 1999. Patterns of seaadlalyzing and modelling web query
refinement. IlProceedings of the™nternational Conference on User Modeling19-128.

13. Rieh S. Y. and Xie H. 2001. Patterns and sempgeaf multiple query reformulations in
web searching: a preliminary study.Rnoceedings of the 64th ASIST annual mee2Big?46-
255.

14. Rieh S. Y. and Xie H. 2006. Analysis of mukgjuery reformulations on the web: the
interactive information retrieval context. lmformation Processing and Managemd@t 751-
768.

15. Suppes P. and Beziau J.-Y. 2004. Semantic ciatipos of truth based on associations
already learned. ldournal of Applied Logi@: 457-467.

16. Silverstein C., Henzinger M., Marais H. and MpM. 1999. Analysis of a very large
AltaVista query log. I'5SIGIR Forum33(1): 6-12.



