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ABSTRACT

Finding information on the World Wide Web is easy; finding relevant information is not. While search engines provide a more
directed approach to resource discovery than browsing, the pages they identify as “ matching” a query often have little
relevance to the information being sought. To examine the relationship between query terms and the pages they match, the
queriesthat were used to locate five WWeb pages were collected over a five-month period. The relevancy of page content to the
query terms was then analyzed.

Page content was judged as being irrelevant to more than one-third of the queries. Search engines disagreed; a test page link
appeared within the first one percent of the total number of links retrieved in response to forty percent of those queries. This
supported the supposition that conducting searches with popular search engines often results in too many links with little
relevance to the query terms. An alternative approach is therefore proposed in which metadata, hyperlinks, and other sub-
ject-related Hyper Text Markup Language (HTML) tags are used to improve the effectiveness of Web queries. By relying on
the structural components of HTML documents, it should be possible to conduct intelligent searches that yield more relevant

results.

INTRODUCTION

The ability to find information on the World Wide Web was
greatly enhanced by the introduction of search enginesin the mid-
1990s. Anyone using a search engine, however, has submitted a
query that returned thousands of documents of questionable rel-
evancy. As the number of Web pages continues to grow, it be-
comes both more important and more difficult to ensure the rel-
evance of the results returned. In [1], it was estimated that there
wereat least 275 million distinct, static pages on the Web, and that
the size of the Web was growing by about 20 million pages per
month.

The major search enginesall claim to maintain full-text in-
dices of Web pages, up to some maximum limit on the file size.
Maintaining these indices for an ever-expanding Web is a daunt-
ing task. At the present time, each engine indexes small, varying
portions of the Web [9]. Without acompleteindex, itisimpossible
for any one search engine to find al of the relevant pages that
exist in response to a query. Given that the indexing of new or
modified pages can take severa months or more [9, 11], those
pagesthat are found may no longer meet the search criteriaif their
contents have changed but have not been updated in the index.

When viewing search results, links to matching pages are
listed in decreasing order of relevance, with relevancy ratings de-
termined by proprietary algorithms[7]. Those pages whose links
appear on thefirst page of results are the most likely to be viewed
[15, 16]. If the rating algorithm used is not reliable, then alink to
atruly relevant page may never be viewed because of al theirrel-
evant links that precedeit.

The research presented here begins with the hypothesis that
the ranking methods used by the most popular search engines are
inadequate for finding relevant pages. Five Web pages were cre-
ated to test this hypothesis. The relevancy ratings assigned by the
search engines to these pages in response to queries entered by
their usersare compared to judged relevancy ratings. Then, ameth-
odology that relies on the structure of HTML documents for im-

proving the relevance of search resultsis developed and tested. Its
premise is that the content of META and other HTML tags plus
the network of hyperlinksjoining Web pages can be used to elimi-
nate many of the irrelevant links that appear in response to que-
ries.

RELATED WORK

There are many studies that analyze the precision of search
engine results, where precision is defined as the ratio of the num-
ber of relevant documents retrieved to the total number of docu-
mentsretrieved. To makethese studiesfeasible, analysisislimited
to the top ten or twenty results returned in response to a query.
Two examples of such studies are[10] and [5]. The former found
AltaVista, Excite, and Infoseek to bethetop three performers, while
thelatter found that AltaVistaoutperformed Excite and Lycos. The
focus of the research presented here is on the queries used to find
Web pages, regardless of where links to those pages fell in the
search results. The total number of links returned is also consid-
ered when judging the accuracy of the search engine-assigned rat-
ings.

A variety of methodologies for improving query results are
currently under development. LASER [2] uses HTML formatting
and tagsplus hypertext linksto improve search engine performance.
Google [4] takes advantage of link structure and link text to in-
crease the relevancy of search results. Other features include its
use of term proximity and the font size of terms in computing
rank. In the methodology presented later in this paper, the content
of HTML tagsand link structure are the sole criteriafor determin-
ing page relevance.

RESEARCH METHODOLOGY

In order to evaluate the relevance of Web page content to
the queries that led searchersto them, five Web pages were regis-
tered with the five most-visited search engines [13]: AltaVista,
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Excite, HotBot, Infoseek (now part of the GO Network), and Lycos.
Estonian recipes were chosen as the topic for these pages because
of the many unique keywords that could be used to search for
them. At the same time, the topic is not so popular that thousands
of Web pages would include those keywords, as that would de-
crease the possibility of anyone finding and clicking on alink to
one of the test pages.

The queries submitted to search engines that led visitors to
these pages were collected for analysis. Unfortunately, the five
search engines to which the page registration forms were directly
submitted were often unable or unwilling to correctly index the
five Web pages [11]. Having only some of the pages indexed by
some of theleading search engines at any point intime limited the
number of queries available for analysis.

ANALYSISOF RESULTS

The analysis presented here examines the rel evance of page
content to query terms. First, the relevancy of the test pages' con-
tents to the query terms that resulted in their retrieval is judged.
Then, the accuracy of therelevancy rankings assigned by the search
engines to the test pages in response to those queriesis compared
to the judged ratings.

The Queries

A total of one hundred and eighteen queries submitted to
fifteen search engines and metasearchers, which submit queriesto
multiple search engines, led people to the test pages, as shown in
Figure 1. Of those queries, 38% were unique (data available upon
request).

Search engines support avariety of query styles. The major-
ity (77%) of the unique queries used to locate the test pages were
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term queries, in which a digunctive comparison is performed to
determine if at least one of the terms matches the page's content.
The remaining queries were phrase, Boolean, and Boolean-like
(i.e., used the + and - symbols).

Judged Relevancy Ratings

A three-level scoring method was used for judging the rel-
evancy of thetest pages’ contentsto each unique query. Thelevels
assigned were 1.0 for relevant, 0.5 for somewhat relevant, and O
for irrelevant. Asin [5], two independent evaluators made these
judgments in order to reduce bias. Their level of agreement was
88%. Averages of the two independently arrived-at scores were
then calculated for each query. Figure 2 shows the distribution of
these scores.

The average judged relevancy rating for how well the test
pages contents match the query terms is 0.46 + 0.054 (using a
95% confidenceinterval). On average, thetest pages are therefore
somewhat relevant to the queries that retrieved them. Test page
content was judged as being irrelevant to 35% of the unique que-
ries. Links to those pages should therefore not have been listed in
response to those queries.

Test Page Relevancy Rankings

The next step isto examine the relevancy rankings assigned
by the search engines to the test pages. The “judged accuracy” of
these rankings refersto the level of agreement with them. Eighty-
nine percent of the unique queries had ranking dataavailable from
one or more search engines. This data was either present in the
information stored with each submitted query, or was obtained by
resubmitting the original query to the search engine. In the latter
case, the position of atest page link in response to a query could
have changed from when that query was originally
submitted. Therangeinto which atest link fell, rather

Figure 1: Summary of Queries by Search Engine

than an absolute value, was therefore used in judg-
ing the accuracy of arelevancy ranking. Percentage

rating information, available from one or more search

enginesfor 44% of the unique queries, was also con-

sidered in judging accuracy.

A three-level scoring method was used once

againin making thesejudgments. Thelevelsassigned
were 1.0 for agree, 0.5 for somewhat agree, and 0

for disagree with therankings assigned by the search
engines. In each case, scores were arrived at inde-
pendently and then averaged. Thelevel of agreement
on the independent scores was 80%.

Figure 3 shows the distribution of the judged
accuracy rankings by scoring level, and Figure 4
shows the distribution by search engine. The overall

average for agreement with the search engine-as-

signed relevancy rankings is 0.49 + 0.056 (using a
95% confidence interval), which corresponds to
“somewhat agreeing” with the rankings provided by
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the search engines in response to the queries. Agree-
ment is highest with the relevancy rankings of
AltaVista and Infoseek, but the sample sizes are too
small to form any significant conclusions. Most of
the disagreement with assigned rankings comes from
the fact that test page links appeared in the first 10%
of the total number of links returned in response to
all queries whose content was judged as being irrel-
1 evant to the page content. Forty percent of thoselinks
were within the top 1% of the total number of links
retrieved.




used as the basis for determining how well a query
matches adocument. Whilethis method can have anega-
tiveimpact on recall, it will result in thelisting of fewer

irrelevant links. Thistradeoff of recall in favor of preci-
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Figure 3: Judged Accuracy Distribution
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sion becomesincreasingly attractive asthe Web contin-
uesto grow. The goal of the methodology described in
this section is therefore to improve the relevancy of
search engine results by listing fewer links of question-
able value.

Evaluation Metric
An evaluation metric is needed to analyze how
changes to indexing and ranking practices affect the

number of matches found and their relevancy rankings.

Figure 4: Judged Accuracy by Search Engine

A simple method for determining if a page and a query
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ispresent in the page or query, thenitsvector valueis 1.

=0 If it is not present, its value is 0. A dot product of the
00.25 query vector and each page vector is then performed,
@05 and the results are used to rank the pages[8]. Weighted

matches can al so be computed by increasing the weights
B0.75 of certain terms found in the document on the basis of
8l frequency, position, or some other criteria.

In composing vectors for the test pages, each oc-
currence of a query term in the page was assigned a
value of 1, while each phrase was assigned a weighted
value of 2. If aterm or phrase occurred more than once

Inflated ratings could be somewhat reduced by better query
formation on the part of submitters. For example, atest page was
listed in response to a query for Bath Oil Making. Both “ail” and
“making” appear in a pancake recipe on that page. “Bath” never
appears at al. If the terms “Bath” and “Qil” had been entered as
“Bath Qil”, then the test page would probably have appeared later
inthelisting than within the range of 26-50 out of 126,788 matches.
Unfortunately, it still would have appeared because of the match
on the remaining query term.

Entering “Bath Oil Making” would have excluded the test
page, but would also have excluded documents on “making bath
oil”. The best way to exclude irrelevant pages would be to enter
the query as +“Bath Qil” +Making. This requires some degree of
sophistication on the part of the query submitter, plus an accurate
and up-to-date index in order for the results to be correct.

Therelevancy of atest pagein responseto aquery wasjudged
as being underrated by a search enginein only one case. Thiswas
for aquery on estonian food submitted to AltaVista. Thetest page
did not appear until the fifth page of matches, and was far more
relevant than many of the linksthat appeared beforeit, such asthe
one leading to: Estonian choir finds successin a post-

in the document, its value was doubled. Search engines
will often exclude Web pages that repeat the same term
many times from their index. Needless repetition is viewed as
“spamming”, or an attempt to manipulate a page’s rank. Having a
term or phrase appear two or more times may be beneficial, but
beyond some limit it has a negative effect. Given the short length
of the test pages, alimit of two occurrences was chosen.

Terms that were identified as “stop words’ were excluded
from document and query vectors. These are terms that search
engineswill not “stop for”. They are either not included in indices
or are indexed but ignored during searches because they are too
common and have little subject-related significance to add mean-
ing to the search.

Figure 5 showsthe dot products cal culated for the forty-five
unique queries and the test pages they retrieved. For Boolean que-
ries containing an AND condition, the dot product was O if both
query terms did not appear in the test page. For an OR condition,
if both query terms appeared in the page, the higher score of the
two was used. These dot products provide a baseline for compar-
ing the effects of the methodol ogies described next.

HTML Tags

Soviet world.

RETRIEVAL HEURISTICS

Figure 5: Original Dot Products

Evenif queriesto search engineswere optimally

O Product =1

formed and correctly executed, itislikely that too many
irrelevant pages would still be listed. Indexing all the

Product = 2

2 Product =3

termsin aWeb page and retrieving any page that con-
tains at least one search term has a positive effect on
recall, which is defined as the ratio of the number of
relevant documents retrieved to the total number of
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relevant documents in the collection. Precision, how-
ever, suffers.

To maximize precision, terms with higher cor-
respondence to page content must be identified and

m Product =4
@ Product =5
B Product = 6
B Product = 7
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Figure 6: Dot Products Affected by
Matching on Tag Terms

from HTML tags were used in the matching pro-
cess.

Table 1 showsthefourteen queries (asentered
by search engine users) to which test page content
isno longer relevant when the dot product is calcu-
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lated using termsfrom thetitle, heading, and META
tags. Page content has judged relevancy ratings of O
for nine of these queries, and from 0.25 to 0.50 for
theremaining five. For 56% of the caseswhere page
content isirrelevant to the query and for 42% of the
cases where it is slightly to somewhat relevant, the
relevancy rating fallsto 0.
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Hyperlinks

The hypertext structure of the Web provides

Using Tag Terms

Figure 7: Average Amount of Change in Dot Products

valuableinformation for indexing and ranking pages.
Graphically, the Web can be represented as nodes
joined together by directed links. Anchor tagswithin
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pages and include the address of the referenced page
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as well as alabel describing it. The ancestors of a
page, its descendents, and the contents of its anchor
tags all provide information about a page’s subject
matter.

Many leading search engines, including Ex-
cite, HotBot, Infoseek, and Lycos, includelink popu-
larity asadeterminant of relevanceto aquery. Higher

mup
s down

HTML is auniversal language that enables the publishing
and retrieval of documents on the Web. Members of the World
Wide Web Consortium recommend its specification. The docu-
ment type definition (DTD) declares the element types that are
may appear astags embedded within HTML documents[14]. Some
of these tags contain information directly related to the subject
matter of aWeb page. The methodol ogy for page ranking described
hererelies on the contents of those tags as the sol e determinants of
page rank.

Themost popular search enginesalready giveincreased rel-
evancy weightingsto termsfound in title tags. Headings may also
convey information about page content. The DTD specifies six
levelsof headings, ranging from most to least important. M etadata
isanother source of information about apage’s content. It is speci-
fiedin HTML by the META tag.

To see the effects of using only termsfound in HTML tags,
rather than all terms from the page, on the ranking process, a new
dot product calculation was performed. The weighting of terms
found in title and META tags was increased to 2, while phrases
were increased to 4. For heading tags, term weightings were in-
creased to 1.5, while phrase weightings were increased to 3. Once
again, up to two occurrences per query term or phrasewere counted.
Figure 6 shows how the dot products change as a result of these
calculations.

The dot products that are most affected are those for which
the test pages were either judged to be the most relevant or the
least relevant in response to the queries. The match between query
content and page content typically rose for the former and fell for
the later. The desired effect of improving the rank of the test page
when it is relevant to a query and decreasing its rank when it is
irrelevant is therefore achieved.

Figure 7 shows the average amount of change to the dot
products by relevancy rating. Overall, the average change was -
0.122 + 0.841 (using a 95% confidence interval) when only terms

ratings are given to pages with several linksleading
tothem, particularly if thoselinks originate at popu-
lar pagesthemselves. While aval uable source of information, link
popularity will favor more established pages over newer, less es-
tablished ones.

The links leading from a page should aso be incorporated
into the ranking algorithm, as pages that serve as portals to other
relevant pages provide a valuable service. The addition of an in-
ternal link from one of the test pages to another Web page about
Estonian recipes, for example, would increase the usefulness of
that test page for any searcher looking for information on that
topic. In [4], it is demonstrated that the use of link structure and
link text in indexing pages improves the quality of search resullts.

Table 1: Queries with Dot Products of 0

Query Judged Relevancy
cleargelatin 0.50
sauerkraut+cooking 0.50
“pork” 0.25
potatoes 0.25
sauerkraut 0.25
Bath Oil Making 0.00
hard boil eggs 0.00
making butter 0.00
sat pickles 0.00
crock pot 0.00
neck bones 0.00
reefer pot marijuana chronic not trucks

and not houseware and not pain and

not pottery and not sex 0.00
ruff salad 0.00
small intestines 0.00
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Resultsand Implications

Using only the text from adocument’s HTML tagsin deter-
mining relevanceto aquery canimprovethe precision of the match-
ing process by decreasing the number of irrelevant links. Thematch
between query terms and page content, as calculated by the dot
product, increased for the majority of cases where the pageisrel-
evant to the query, and decreased for the majority of caseswhereit
isnot.

Objectionsto the use of META tags in indexing documents
include the additional burden they place on authors of Web pages,
the fact that they are not compulsory, and the need for better clas-
sifications of Web objects [12]. Many of these objections can be
overcome by providing a metadata form to be completed when
submitting a page to a search engine or resubmitting an updated
one. Some search engines, such as Excite and WebCrawler, al-
ready ask for keywords during the submission process.

Standards for metadata classification are also needed and
are currently being developed. The W3C Resource Description
Language (RDF) isworking on acommon framework for metadata
[3]. One of itsintended usesisto improve search engine capabili-
tiesby providing machine-understandabl e information about \Web
resources. Many other metadata classification schemes, such as
the Dublin Core metadata element set [6], are also being devel-
oped for this purpose.

CONCLUSIONSAND FUTURE WORK

Maintaining full-text indices is becoming less and less vi-
able as the Web continues to grow. The research presented here
supports the hypotheses that current ranking methods used by
today’s most popular search engines are inadequate for finding
relevant results. An aternative approach that relies on indexing
only the content of subject-related HTML tags was explored.
Matching query termsto tag content was shown to reduce the num-
ber of links to pages with little or no relevancy. This finding sup-
portstheresultssited in [2], in which indexing the structural com-
ponents of HTML documents was shown to improve the perfor-
mance of the ranking function.

Directions for future work include an analysis of how the
query formation process affects the relevancy of search results,
and how that process can be enhanced. Alternative presentations
of search resultsin order to increase their usefulness will also be
studied.
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