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This paper presents a new approach to query expansion in search engines through the use of general non-topical terms
(NTTs) and domain-specific semi-topical terms (STTs). NTTs and STTs can be used in conjunction with topical terms
(TTs) to improve precision in retrieval results. In Phase I, 20 topical queries in two domains (Health and the Social
Sciences) were carried out in Google and from the results of the queries, 800 pages were textually analysed. Of 1442 NTTs
and STTs identified, 15% were shared between the two domains; 62% were NTTs and 38% were STTs; and approximately
64% occurred before while 36% occurred after their respective topical terms (TTs). Findings of Phase II showed that query
expansion through NTTs (or STTs) particularly in the ‘exact title’ and URL search options resulted in more precise and
manageable results. Statistically significant differences were found between Health and the Social Sciences vis-à-vis key-
word and ‘exact phrase’ search results; however there were no significant differences in exact title and URL search results.
The ratio of exact phrase, exact title, and URL search result frequencies to keyword search result frequencies also showed
statistically significant differences between the two domains. Our findings suggest that web searching could be greatly
enhanced combining NTTs (and STTs) with TTs in an initial query. Additionally, search results would improve if queries
are restricted to the exact title or URL search options. Finally, we suggest the development and implementation of knowl-
edge-based lists of NTTs (and STTs) by both general and specialized search engines to aid query expansion.
� 2007 Published by Elsevier Ltd.
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1. Introduction

1.1. Current problems in information retrieval on the Web

The World Wide Web has now become one of the most used sources for accessing public as well as schol-
arly information. However, retrieving the relevant information on the Web and identifying the most useful
items are not an easy task for many users. The number of Web documents generally retrieved in response
to a search is huge and it is hard and unrealistic for the user to scan many. For example, an undergraduate
student who needs a few simple and short documents defining ‘globalization’, enters the term ‘globalization’ in
one of the search engines and is provided with thousands of Web documents, many of which may not be sim-
ple or short. The student may look through a number of sites appearing on the first few pages but still may not
be happy with the results because either the document type or the approach of the content of the documents to
the topic is not what is expected.

There are many intelligent search engines which, with their advanced search features, can help users fulfil
their information needs. While a majority of users are too easily satisfied with what they retrieve, many remain
dissatisfied with the results as often the retrieved documents are generally irrelevant to their specific needs
(Casasola & Gauch, 1997; Chowdhury & Soboroff, 2002; Pokorny, 2004; Soboroff, 2004; Sugiura & Etzioni,
2000).

Some of the major problems with information retrieval in search engines are:

1.1.1. Choice of search term(s)
The formulation of queries is difficult for many Web searchers (Baeza-Yates, Hurtado, & Mendoza, 2004;

Chowdhury, 1999; Chowdhury & Chowdhury, 1999Doan et al., Doan, Plaisant, Shneiderman, & Bruns, 1997;
Filman & Pant, 1998; Lawrence & Giles, 1998; Lykke & Ingwersen, 1999; Voorbij, 1999). It is also very dif-
ficult for the average searcher to carry out phrase searching since they may not be familiar with the right set of
terms which constitute the phrase.

1.1.2. General keyword searching as the default

Recall is high and precision and relevance are low (Chowdhury & Soboroff, 2002; Soboroff, 2004; Sugiura
& Etzioni, 2000; Tillett, 2001).

1.1.3. Navigating and browsing retrieved pages

Time consuming and sometimes frustrating tasks; may mislead many searchers (Dias, Gomes, & Correia,
1999; Oyama, Kokubo, & Ishida, 1999; Spink & Xu, 2000).

1.1.4. Search algorithms

Often with inadequate explanation of how queries are interpreted by the search engines (Ellis, Ford, & Fur-
ner, 1998; Spink, Greisdorf, & Bateman, 1998).

1.1.5. Query refinement, reformulation and/or expansion

Generally unknown to many users, or if known, preference is to ignore the functions. Many users do not
modify their original query or view subsequent results (Jansen, Spink, & Saracevic, 2000). They often
approach IR systems with a query formulated from words that come to mind (Lykke & Ingwersen, 1999).

1.1.6. Facilities for query expansion

A few search engines (e.g., Lycos, Altavista and AskJeeves) have limited facilities for query expansion
through proposing related topical terms (Baeza-Yates et al., 2004), but many do not normally provide users
with additional, relevant search terms.

In refining a search query, searchers normally add terms which describe further topical aspects of the doc-
uments. Iivonen (1995) reports that inexperienced searchers use a surprisingly wide range of words to describe
the same thing; that is, they try alternative (synonymous) terms rather than terms designating a particular
Please cite this article in press as: Fattahi, R. et al., An alternative approach to natural language query expansion ...,
Information Processing and Management (2007), doi:10.1016/j.ipm.2007.09.009
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aspect of the subject of interest. This, as stated earlier, leads to the retrieval of pages which are less relevant or
irrelevant to the searcher’s needs.

1.2. Aim of the study

The aim of this research was to identify and categorise English language non-topical (i.e., general) terms
and phrases in Web documents in two subject domains: Health and the Social Sciences. The researchers
attempted to analyse the text of Web documents to see what general (i.e., non-topical) terms and phrases
do normally occur in conjunction with keywords illustrating the content of the documents. Therefore, iden-
tification of the most frequently general terms in each domain and also the possible development of a dictio-
nary list were the main motivations for the research being undertaken. The outcome would facilitate natural
language query expansion in two ways: (1) it would help the searcher to specify his/her query more precise,
and (2) the search engine designer can develop an intelligent tool to provide the searcher with most frequently
general terms occurring with keywords in a given domain.

1.3. Definitions of major concepts

1.3.1. Query expansion (QE)

The process of refining a query retrieving too many or too few relevant items. QE occurs when users mod-
ify, amplify or further specify their search queries by typing a variety of additional terms. The intention of QE
is to improve precision in topic search results, through specifying aspects of what is needed such as, document
type, intended audience, readership level, and depth of content.

1.3.2. Topical terms (TTs)

Topical terms represent the subject content of documents. TTs are typically the terms which web searchers
use to find relevant sources of information. Terms such as ‘globalization’, ‘child abuse’, ‘Skin care’, and ‘Cos-
metic plastic surgery’ are examples of topical terms. Lists of subject headings (e.g., Library of Congress Sub-
ject Headings) and thesauri cover topical terms.

1.3.3. Non-topical terms (NTTs)

In most subject searches, these general NTTs are not used independently. NTTs usually occur in conjunc-
tion with (before or after) topical terms (expressions or concepts, for example) to represent a specific aspect of
the subject (i.e., the nature of the document such as readership level, approach to the content, type of docu-
ment, and so on). Using NTTs in queries can improve precision in retrieval. Examples of general NTTs and
their uses are: ‘� for beginners’ (e.g. ‘Internet for beginners’), ‘introduction to �’ (e.g. ‘introduction to glob-
alization), ‘� Websites’ (e.g. ‘skin care Websites’), ‘� surveys’ (e.g. ‘child abuse surveys’), ‘about �’ (e.g.
‘about breast cancer’) and so on.

1.3.4. Semi-topical terms (STTs)

Like non-topical terms, these terms do not normally ‘stand alone’ and are not normally used for searching
by themselves. STTs are used in conjunction with topical terms to narrow or further specify the subject aspect
of the TTs. Thus, the difference between NTTs and STTs is that the latter are normally domain-specific. Terms
such as ‘� prevention’, ‘risk of’ �, ‘� commission’, ‘� incidents’ and so on belong to this category. Note that
domain-specific STTs can occur in multiple domains as in, for example, ‘risk of globalization’ or ‘risk of lung
cancer’.

1.4. The semantics of non-topical terms (NTTs)

The distinction between TTs and NTTs is based on differences of meaning and function, which are matters
of linguistic, and particularly semantic interest. Lyons (1995) points out that meaning is simultaneously deter-
mined at several levels; by the words that are used (lexical meaning), by the sentences in which they appear
(sentence meaning), and by the wider context and the use to which a text is put (utterance meaning).
Please cite this article in press as: Fattahi, R. et al., An alternative approach to natural language query expansion ...,
Information Processing and Management (2007), doi:10.1016/j.ipm.2007.09.009
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The typical document information retrieval (IR) system exploits lexemes and phrasal expressions freely
occurring in full-text documents, or more precisely, exploits the specific instances (string tokens) that are evi-
dent. Some of these will be lexically simple (single words, irreducible phrases), but some will be less tightly-
linked (composite phrasal expressions). TTs and NTTs appear in both these classes. Besides drawing on nat-
urally occurring expressions, some IR systems also use pre-assigned subject terms to provide additional lexical
handles to aid IR.

However they are analysed linguistically, NTTs stand in a qualifying relationship to the TTs with which
they are associated. This relationship appears to function at both the lexical and the sentence level, for an
aspect of their meaning is derived from their grammatical construction also. In practice, distinguishing
between TTs and NTTs also draws on resources in the reading process which point to the ways language is
actually used and understood (i.e. the pragmatics of language) in different knowledge domains. Those
resources involve semantics at a comprehensive level, namely, language-meaning within a specific social
and cultural setting. All this suggests that an exclusive reliance on the attributes of string tokens to differen-
tiate TTs from NTTs has intrinsic limitations, but they are ones that are worth exploring, as in this research.
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P2. Literature review

Query expansion and related issues have long been of interest in IR research. The literature on how search-
ers formulate and reformulate their queries to improve precision and/or recall is extensive (see for example
Anick & Tipirneni, 1999; Billerbeck & Zobel, 2003; Bruza, McArthur, & Dennis, 2000; Efthimiadis, 1995,
2000;Harman, 1988; McArthur & Bruza, 2000). 1 Many research projects have investigated different
approaches to the use of thesauri (manual or online) for query expansion. However, it should be noted that,
in many cases, subject clustering of results and thesaurus-based expansion of queries do not improve precision
without considering aspects of the documents and the users’ queries. While information sources may differ
with respect to document types, intended audience, readership level, depth of content, etc., such differences
have not been dealt with adequately in many thesauri and in query enhancement features.

Little research has been undertaken on the use of general and non-topical terms for query expansion. A
research project, somewhat in line with this study, was carried out by Sugiura and Etzioni (2000). With their
prototype Q-Pilot routing system they found that each query can be routed to an appropriate specialized
search engine by identifying the appropriate query category. This was based on extracting phrases and then
clustering terms into two groups: topical and non-topical. Non-topical terms were then added to the original
user query to get new topical terms and the revised queries were then re-routed to relevant search engines.
Their research focus, however, was on the architecture of routing the queries to specialized search engines.
Q-Pilot does not deal specifically with the identification and categorisation of non-topical terms based on their
frequency, location and linguistic attributes.

Another study, which aimed at the use of non-topical terms in query expansion, was conducted by Chan,
Childress, Dean, O’Neill, and Vizine-Goetz (2001) on the Dublin Core metadata record to develop a new
approach to subject vocabulary for Web searching. Their research on FAST (Faceted Application of Subject
Terminology) is based on the LCSH (Library of Congress Subject Headings). In FAST, non-topical terms are
separate from topical terms and placed in different elements provided in the Dublin Core metadata record.
However, FAST is restricted to non-topical terms only to pre-determined sub-divisions (such as geographical,
chronological and form) appearing in LCSH.

An approach to query expansion similar to the present research has been implemented in the search engine
‘Ask Jeeves’ (www.askjeeves.com) from May 2005. In its ‘Zoom’ query refinement tool, Ask Jeeves provides a
list of suggested phrases related to the user’s query. While the concept has technically been implemented well
by Ask Jeeves, the scope and range of suggested terms and phrases are limited and do not cover many of the
non-topical phrases frequently being used in Web documents. Furthermore, there is no distinct arrangement
or categorisation in the list of suggested phrases and in many cases there are phrases which have no contextual
or topical relation to the query. For instance, in the query ‘child abuse’ (carried out on the 23rd October,
2005), Ask Jeeves variously displayed phrases like ‘drug abuse’, ‘animal abuse’ and ‘alcohol abuse’ for query
1 A list of major research in this area can be found at: http://wotan.liu.edu/docis/search?query=query+expansion.

Please cite this article in press as: Fattahi, R. et al., An alternative approach to natural language query expansion ...,
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In a new approach to consider expansion terms, a number of researchers (White, Jose, and Ruthven, 2005; Tombros, Jose and Ruthven, 2003; Ruthven et al, 2002) have attempted to study users’ queries and to identify top-ranking sentences based on deeper examination of the content of documents retrieved. They stress that by reformulating of users search terms, retrieval results would be significantly effective and efficient. 

a
Note
In their research on elicitation of term relevance feedback Kelly and Fu (2006) examine a technique for identifying or selecting terms, and sources of expansion terms based on users’ feedback. They conclude that user-generated terms improve precision.
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expansion. Many of the phrases suggested by Ask Jeeves are not extracted from the actual Web documents.
These suggested phrases, which may belong to Ask Jeeves’ own dictionary/thesaurus, are like ‘blind refer-
ences’ where query phrases in the retrieved documents are not present. Hence, questions about the relevance
of the results arise.

Our approach to query expansion in this study is different since we focus on the use of non-topical terms in
‘exact phrase’ searching using the ‘Advanced search’ options in Google; we mainly investigated the most fre-
quently occurring non-topical and semi-topical terms in conjunction with topical terms in Web documents. As
will be discussed below, the use of non-topical terms for query expansion can improve precision (to varying
degrees) in information retrieval on the Web.

3. Research questions

From our primary research aim, the following research questions arose:

1. What are the most frequently occurring non-topical terms in Health and Social Sciences subjects?
2. What are the most frequently occurring non-topical terms used with topical terms in Health and the Social

Sciences?
3. What are the most frequently occurring non-topical terms appearing either before or after the topical terms

in the two subject areas?
4. Is there a significant difference between Health and Social Sciences subjects vis-à-vis the frequency of

retrieved pages in different search options expanded with non-topical terms: keyword, exact phrase, exact
title, exact URL?

4. Design of the study

This research used textual analysis (TA) generally referred to as content analysis: words or phrases of the
text are taken to signify their meaning. Words in the text were counted; their semantic relationships identified;
and their co-location noted. Two techniques of content analysis, ‘elemental analysis’ and ‘structural analysis’,
were used. Elemental analysis deals with the identification of words, word groups and word frequencies, while
structural analysis is concerned with the identification of elements (words) and the relationships between them
(Hicks, Rush, & Strong, 1977, p. 90). This procedure primarily aims to identify meaning at a lexical level, and
not so explicitly identify it at a sentence or contextual level (c.f. Section 1.3).

4.1. Data collection

The research was carried out in two phases
Phase I: Twenty simple queries in two broad subject domains (10 queries in the Social Sciences and 10 in

Health) were searched in Google (www.google.com). The subjects or topical terms (see below in Tables 2 and 3
of the Section 5) of the queries were selected from those of current interest to Web searchers such as under-
graduate students or the general public. We did not use the terms identified as most highly used in 2004 or
2005 by the different Websites, as most were either proper names or terms outside the scope of our study.

We chose Google as it is one of the most highly used search engines (Griffiths & Brophy, 2005). For each
topical term searched in Google, ten websites were selected from the retrieved lists on the first, second and/or
third pages. We excluded commercial Web sites as most had sparse or irrelevant text. In total, 200 web sites
were selected for textual analysis to identify and extract non-topical terms occurring in conjunction with top-
ical terms.

Since web searchers tend to browse only the first few pages of the sites retrieved in response to their searches
(Spink et al., 1998; Jansen et al., 2000; Henzinger, Motwani, & Silverstein, 2002), only the first four pages
retrieved were analysed. Thus over 800 web documents were analysed. Only the phrases/sentences which
included the query term (i.e., the topical term) were selected for textual analysis and extraction. Furthermore,
only the terms occurring immediately before or after the topical terms were extracted for further analysis. This
Please cite this article in press as: Fattahi, R. et al., An alternative approach to natural language query expansion ...,
Information Processing and Management (2007), doi:10.1016/j.ipm.2007.09.009
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procedure is based on the notion that the average user normally enters one or two terms in his/her query and
does not formulate a long phrase or sentence (Jansen et al., 2000).

The non-topical terms thus identified were extracted and entered into SPSS to determine: (1) the frequency
of each NTT in the two subject areas, (2) the frequency of NTTs occurring before and/or after the TTs, and (3)
the frequency of NTTs shared between the two domains. Altogether 1442 terms were identified as non-topical
terms, but those which were either proper names (e.g., acronyms for associations and organisations) or
occurred less than three times were excluded. Thus 1071 NTTs (387 in Health and 684 in the Social Sciences)
were ranked based on their frequencies in the retrieved Web documents of both subject domains.

Phase II: In the second phase of the study,2 each of the 20 topical terms examined in the first phase were
searched in Google’s four search options (i.e., keyword search, exact phrase search, exact title search, and
exact URL search), this time in conjunction with their respective NTTs identified in Phase I. In all, 4284
searches (1071 NTTs in 4 search options) were performed and the number of items retrieved was recorded
in SPSS. Relevant statistical analyses, such as frequency, percentage, mean, T-test, and v2 test were carried
out on the data gathered.

4.2. Data analysis

To analyse the data collected we used two different statistical methods. Descriptive statistics, such as fre-
quency and percentage, were used to find out about the frequency of NTTs and STTs for different search
options in the two domains. Also, T-test and v2 were applied to show the difference between the results of
the frequencies in the two domains.

5. Results and discussion

5.1. Frequencies of NTTs and STTs in Health and Social Sciences

The 1071 terms and phrases identified as NTTs or STTs were ranked based on their frequency of occur-
rence in the 800 pages analysed. The top 50 NTT and STT terms/phrases in the two domains are shown in
Appendix A. Table 1 summarizes the complete frequency data for NTTs (including STTs) for the Health
and Social Sciences domains separately, for both domains, and for shared (or overlapping) numbers and per-
centages. The locations of NTTs (including STTs), either before or after the topical terms (TTs), and the num-
bers and percentages separately for NTTs and for STTs are also given.

5.2. Difference in frequencies of NTTs between the Social Sciences and Health

Based on the NTTs (including STTs) with frequencies over three, the average frequency was nearly five for
Health and slightly over six for the Social Sciences. Hence, it is likely that topics in the Social Sciences domain
on the web will use, on average, more NTTs than topics relating to Health. This may be due in part to the
older (more mature) terminology of topical subheadings used in conjunction with Medical Subject Headings
(MeSH) in the Health Domain – e.g., analysis, diagnosis, methods, prevention, trends, etc. (National Library
of Medicine, 2006; HealthLink, 2006).

5.3. Most frequent non-topical terms shared between the Social Sciences and Health

Of the 1071 NTTs (including STTs), only about 15% (n = 156) were shared between the documents of the
topics searched in the two domains. The overwhelming majority of the NTTs (including STTs) were unique to
each of the subject domains and perhaps, even to topics within the same domain. This finding may have con-
siderable implications in developing intelligent tools especially for specialized search engines. Since even fewer
STTs (n = 20) overlap in the two domains, this implies that each major subject domain has its own separate
terminology especially in providing STTs to qualify aspects of a topical term. For example, the STT ‘economic
2 Both Phases of this study took place during August–September, 2005.

Please cite this article in press as: Fattahi, R. et al., An alternative approach to natural language query expansion ...,
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Frequencies, locations, and overlaps of non-topical terms and phrases (NTTs and/or STTs) in two domains

Combinations of subject domains Frequencies of NTTs (incl. STTs) Location of NTTs (incl. STTs) Separate frequencies

Before TTs After TTs NTTs STTs

No. % No. % No. % No. % No. %

Health 387 36.1 232 59.9 155 40.1 235 60.7 152 39.3
Social Sciences 684 63.9 464 67.8 220 32.2 434 63.5 250 36.5
Total for both domains 1071 100.0 696 65.0 375 35.0 669 62.5 402 37.5
Shared (overlap) 156 14.6 86 55.1 70 44.9 136 87.2 20 12.8
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5.4. Location of NTTs (including STTs)

The location of terms in a search query is very important, since algorithms for relevance ranking of retrieval
results on the web generally consider term proximity and co-occurrence of words/terms. Table 1 shows that
nearly two-thirds of NTTs (including STTs) occur before the topical terms, somewhat higher in the Social Sci-
ences (67.8%) than in Health (59.9%). A v2-test showed that there is a significant difference (p = .001) between
the two domains.3 Our study therefore shows that the discourse in the Social Sciences domain is more likely to
place qualifying terms (NTTs or STTs) before topical terms as in, for example, ‘Definition(s) of � ‘ where the
topical terms can be ‘domestic violence’, ‘terriorism’, etc. Interestingly, the NTT, ‘Definition(s) of �’ did not
appear with any of the Health domain topical terms searched (see Appendix A, Ranks 13 and 48, respectively).
A further interpretation leads to the more likely occurrence of NTTs (including STTs) before topical terms as
more ‘natural’ in normal English discourse in the Social Sciences than in Health domains.
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5.5. Separate NTTs and STTs Frequencies

With respect to the type of non-topical terms (general or domain-specific) found in our study, a v2-test
again showed that there is a significant difference (p = .000) between the two domains with general terms
(NTTs) occurring nearly two-thirds of the time in both domains and domain-specific terms (STTs) only in
about one-third of the time. These findings suggest that STTs should be considered (with caution) for query
expansion in certain sub-domains, despite the fact that STTs tend to be more ‘specific’ than NTTs and there-
fore more likely to improve the precision of a search on the web. Additionally, the selection of STTs for a
subject domain (or sub-domain) may be too time consuming and therefore too costly to implement.
U
N

C
O

5.6. Differences in search results between the Social Sciences and Health

As stated above, all of the 20 topical terms were searched in Google’s four search options twice: first alone
and then in conjunction with each of their related NTTs and STTs. The results are shown in Tables 2 and 3.

The average number of retrieved pages in response to topical searches using Google’s four search options is
much more than what an average searcher can browse through. Even the progressive reduction in search
results from ‘Keyword search’ to ‘Exact phrase’, to ‘exact title’ and finally to ‘exact URL’ option would still
retrieve too many pages. As stated elsewhere (e.g. Chowdhury & Soboroff, 2002; Soboroff, 2004; Sugiura &
Etzioni, 2000; Tillett, 2001), this is a serious problem for search engine users. Performing topical queries with-
out further expanding them with other relevant terms results in an overwhelming number of hits.

However, as an alternative, query expansion through non-topical terms (adding the NTT to the TTs in nat-
ural language phrases) has much greater success in finding more manageable results (i.e., low recall, high pre-
3 However, When considering only the top-50 occurring NTTs (including STTs), their locations either before or after the topical terms
are equally divided: 25 before and 25 after (see the Appendix).
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Table 2
Frequencies of search results for topical terms in health

Topical terms/phrases Keyword Exact phrase Exact title Exact URL

Suicide 93,600,000 93,600,000 1,550,000 465,000
SARS 15,000,000 15,000,000 879,000 837,000
Occupational health 66,200,000 16,600,000 315,000 44,700
Eating disorder 9,510,000 2,090,000 85,000 41,500
Breast cancer 59,600,000 44,600,000 1,400,000 695,000
Skin care 54,600,000 13,800,000 2,470,000 879,000
Drug abuse 49,900,000 18,700,000 228,000 254,000
Cosmetic plastic surgery 10,500,000 525,000 32,300 2,550
Yoga 28,000,000 27,800,000 1,840,000 2,430,000
Mental health 142,000,000 93,500,000 1,660,000 2,340,000

Average (mean) 44,921,000 23,438,500 895,970 752,457

Table 3
Frequencies of search results for topical terms in the Social Sciences

Topical terms/phrases Keyword Exact phrase Exact title Exact URL

Child abuse 55,700,000 14,500,000 296,000 47,400
Abortion 12,500,000 12,600,000 360,000 164,000
Human cloning 13,900,000 1,770,000 50,400 819
Social security 273,000,000 110,000,000 1,840,000 384,000
Domestic violence 38,000,000 22,300,000 428,000 98,900
Globalization 51,000,000 51,000,000 563,000 287,000
Human rights 440,000,000 126,000,000 3,170,000 177,000
Terrorism 139,000,000 139,000,000 1,770,000 635,000
Adoption 127,000,000 127,000,000 1,660,000 2,300,000
Feminism 13,800,000 13,800,000 238,000 153,000

Average (mean) 116,390,000 61,797,000 1,037,540 424,712
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Ecision). Findings based on the strategies for query expansion in this research showed that the frequencies of
retrieved pages were reduced considerably and led to more precise and more manageable results to browse.
Table 4 illustrates the difference between the average frequencies of retrieved pages in response to ‘TT
searches’ and ‘NTT + TT searches’ in the two domains.

As Table 4 shows, there are significant differences between Health and the Social Sciences with respect to
keyword (p = 0.001) and exact phrase (p = .006) searches. More items are retrieved in the Social Sciences
through these two search options. However, there is no significant difference between the two domains with
respect to Exact title (p = 0.851) and Exact URL (p = 0.170) searches. It can be said that query expansion
through NTTs in Exact title and Exact URL searches in the two domains perform equally well.

Also to illustrate the value of query expansion though NTTs we divided the average frequency of
‘NTTs + TTs’ to ‘TTs’ in each of the four search options and came to the ratios shown in Tables 5 and 6.
U
NTable 4

T-test for retrieval results in different search options (queries expanded through NTTs)

Search options Domain Number of
Web pages

Mean Standard
deviation

jt-testj Degree of
freedom

Probability
value

Keyword Health 387 9361203 13926204
Social Sciences 683 20298788 33517754 6.126 1068 0.001

Exact phrase Health 387 148476 690518
Social Sciences 683 324080 1149376 2.738 1068 0.006

Exact title Health 387 3236 19175
Social Sciences 683 3483 21496 0.188 1069 0.851

Exact URL Health 387 754 8672
Social Sciences 683 279 1940 1.374 1069 0.170
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Table 5
Average frequency and ratio of results for ‘topical search’ and ‘topical search expanded through NTTs

Subject area Mean Keyword Exact phrase Exact title Exact URL

Health Average (of TTs) 44,921,000 23,438,500 895,970 752,457
Average (of TTs expanded through NTTs) 9,332,489 148,094 3,227 752
Ratio (of ‘TTs + NTTs to TTs) 20.77% 0.63% 0.36% 0.1%

Social Sciences Average (of TTs) 116,390,000 61,797,000 1,037,540 424,712
Average (of TTs expanded through NTTs) 20,258,444 382,811 3,505 279
Ratio (of ‘TTs + NTTs to TT) 17.40% 0.61% 0.33% 0.06%

Table 6
T-test for means of results (TTs expanded through NTTs) in different search options

Search options Domain Number of Web pages Mean Standard deviation Probability value

Keyword Health 387 9332488.82 13905474.23
Social Sciences 684 20258444.24 33501509.51 .001

Exact phrase Health 387 148094.29 689665.99
Social Sciences 684 382811.20 1200271.72 .001

Exact title Health 387 3227.36 19150.41
Social Sciences 684 3505.43 21488.72 .832

Exact URL Health 387 752.47 8661.31
Social Sciences 684 279.20 1940.15 .171

Table
Ratios

Doma

Health
Social
Health
Social
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� 100
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T-test analysis shows that there are significant differences between the two domains with respect to the means
of the pages retrieved in ‘Keyword’ and ‘Exact phrase’ search options. However, regarding the ‘Exact title’ and
‘Exact URL’ searches, there is no significant difference in the two domains. This finding is in agreement with
the previous findings on the average ‘NTT + TT’ retrieval results (Table 4). This suggests that query expan-
sion through general terms in exact title and exact URL search options is equally successful in the two do-
mains and, therefore, is recommended to all searchers.

The ratios of pages retrieved in response to query expansions through NTTs can also be calculated from a
different perspective. The average frequencies of retrieved Web documents in the ‘Keyword’ search options
can be divided by other options. The aims would be: (1) to see how the number of retrieved documents are
reduced and results are more precise when moving from a more general search option to a narrower one,
and (2) to see if there is any significant difference between the two domains. Tables 7 and 8 show the findings.

As can be seen, there is a significant difference between the two domains with respect to the three ratios. The
P-value for the ratio of ‘Exact phrase to Keyword’, ‘Exact title to Keyword’ and ‘exact URL to Keyword’
searches are (.024), (.006) and (.017), respectively. This finding implies that searching through NTTs and nar-
rowing the searches from ‘Keyword’ to other options in Health led to more precise results. As the ratio of
retrieved documents using an ‘Exact title search’ and ‘Exact URL search’ in Health is relatively less than
the respective ratios in the Social Sciences (see Table 7), there is a greater chance of retrieving more precise
results in Health through query expansion using NTTs in Exact title and URL search options. The possible
U7
of retrieval results in different search options to one another (based on query expansions through NTTs)

in Type of terms/phrases ‘Exact phrase’
to ‘Keyword’ (%)

‘Exact title’ to
‘Keyword’ (%)

‘Exact URL’ to
‘Keyword’ (%)

TTs (without QE) 52 1.99 1.67
Sciences TTs (without QE) 1.58 0.34 0.008

TTs + NTTs 52 0.89 0.36
Sciences TTs + NTTs 1.88 0.017 0.001

se cite this article in press as: Fattahi, R. et al., An alternative approach to natural language query expansion ...,
rmation Processing and Management (2007), doi:10.1016/j.ipm.2007.09.009



O
F

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343 Q1

344

345

346

Table 8
T-test for means of retrieval results in different search options in Health and the Social Sciences

Ratios Domain N Mean SD jtj df P

Keyword/ Exact phrase Health 387 90849.34 985444.11
Social Sciences 682 5248.05 38419.35 2.266 1067 .024

Keyword/ Exact title Health 323 636036.74 1643141.78
Social Sciences 579 1480592.04 5366069.39 �2.757 900 .006

Keyword/ Exact URL Health 227 1367462.68 4174828.74
Social Sciences 414 4904793.23 22079173.32 �2.390 639 .017
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Oreason for this is that, although the range of NTTs in Health is limited in comparison to the Social Sciences
(see Table 1), such terms have a wider usage in the title and URL of Web documents in Health.

6. Conclusions

Language is one of the most important factors in creating, representing and retrieving documents with dif-
ferent features. It is through the words and phrases that the topical as well as non-topical aspects of documents
can be represented to the readers. It is therefore vital for IR systems to do word-related analysis of documents
for more effective indexing and retrieval. This paper aimed to extend the options for information storage and
retrieval through the identification and categorisation of a range of non-topical terms/phrases which normally
occur in conjunction with topical terms in Web documents. Our findings show that the retrieval results would
be more precise if the searcher enhanced a topical query with one or more non-topical terms or phrases.

One important semantic issue which should be taken into account by search engine developers is that the
indexing of Web documents should not only take topical terms into consideration but also general and
domain-specific non-topical terms which usually come in conjunction with topical terms in the natural lan-
guage word order. In the indexing of Web documents, search engines can give more weight to NTTs in exact
titles and URLs. Therefore, retrieval results would be more precise and more manageable if the queries are
carried out in the ‘exact title’ or ‘URL’ search options. Thus the problem in retrieving irrelevant information
on the Web would be solved considerably through adding non-topical terms to queries in exact title and exact
URL searches. Also the default search option in search engines can be set on ‘exact title’ or ‘exact URL’ search
to retrieve more precise and more manageable results.

Based on our findings, Web site developers should be encouraged to assign more meaningful terms in the
title and URL of Web documents to help search engines give more weight to such elements in the indexing of
the Web. Our findings could also be used to improve retrieval effectiveness by means of developing an intel-
ligent interface providing searchers with a list of such terms (e.g. Appendix B). Such a tool could be integrated
into these search options so that searchers can browse and choose the non-topical terms/phrases that most suit
their information needs. Since many of the non-topical terms in the Social Sciences and Health are domain-
specific, specialized search engines can develop their own list of non-topical terms which relate particularly to
their speciality.

This line of research is a fruitful area of study, particularly because it contributes to the development of
methods which match the language of queries to the actual language of Web documents. Web searchers
always look forward to seeing more powerful and more intelligent aids which enable them to do that match.
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Appendix 1

Top 50 non-topical terms/phrases in the Health and Social Sciences Domains

Rank Non-topical
terms/phrases

NTT STT Location:
before/after

Total
frequency

Frequency
in Social
Science

Frequency
in health

Shared
terms

1 about � X B 78 40 38 X
2 � is X A 72 47 25 X
3 � and X A 63 44 17 X
4 � prevention X A 49 11 38 X
5 And � X B 40 15 25 X
6 National � X B 40 22 18 X
7 � Information X A 25 9 14 X
8 information about � X B 22 4 18 X
9 � in X A 20 7 13 X
10 International � X B 20 20 0
11 � research X A 15 2 13 X
12 � issues X A 15 15 0
13 Definition of � X B 15 15 0
14 Teen � X B 15 0 15
15 � foundation X A 14 12 2 X
16 � reform X A 14 12 2 X
17 risk of � X B 14 0 14
18 � of X A 13 10 3 X
19 � cases X A 13 0 13
20 Commission on � X B 13 13 0
21 Economic � X B 13 13 0
22 � system X A 12 7 5 X
23 What is � X B 12 10 2 X
24 � products X A 12 0 12
25 Against � X B 11 10 1 X
26 Types of � X B 11 10 1 X
27 � Awards X A 11 11 0
28 diagnosed in � X B 11 0 11
29 Prescription � X B 11 0 11
30 To prevent � X B 10 3 7 X
31 Nuclear � X B 10 10 0
32 � statistics X A 9 7 2 X
33 Information on � X B 9 3 6 X
34 � program X A 9 9 0
35 Diagnosed with � X B 9 0 9
36 The term � X B 9 9 0
37 � articles X A 8 2 6 X
38 � laws X A 8 6 2 X
39 � news X A 8 6 2 X
40 � survivors X A 8 1 7 X
41 Prevention of � X B 8 6 2 X
42 Survivors of � X B 8 2 6 X
43 � attempt X A 7 0 7
44 � law X A 7 7 0

(continued on next page)
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347

348
349

Appendix 1 (continued)

Rank Non-topical
terms/phrases

NTT STT Location:
before/after

Total
frequency

Frequency
in Social
Science

Frequency
in health

Shared
terms

45 � outbreak X A 7 0 7
46 � patients X A 7 0 7
47 � tips X A 7 0 7
48 Definitions of � X B 7 7 0
49 Domestic � X B 7 7 0
50 Radical � X B 7 7 0

Appendix 2

A sample list of non-topical and semi-topical terms occurring with the topical term ‘globalization’

About globalization globalization articles
Against globalization globalization attempt
Articles on globalization globalization awareness
Aspects of globalization globalization basics
Basic information about globalization globalization benefits
Benefits of globalization globalization campaign
Books on globalization globalization center
Combating globalization globalization FAQs
Commission on globalization globalization foundation
Counter globalization globalization Guide
Definition of globalization globalization information
Definitions of globalization globalization information center
Economic globalization globalization issues
Effects of globalization globalization laws
FAQs about globalization globalization links
History of globalization globalization news
information about globalization globalization principles
Information on globalization globalization problems
International globalization globalization process
national globalization globalization programs
Prevention of globalization globalization refers to
Radical globalization globalization reform
Resources on globalization globalization research
Risk of globalization globalization statistics
Survivors of globalization globalization stories
To prevent globalization globalization system
Types of globalization globalization taxes
Understanding globalization

Victim of globalization

War on globalization

What is globalization
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