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ABSTRACT

Phrase browsing technigues wuse phrases extracted
automatically from a large information collection as a basis
for browsing and accessing it. This paper describes a case
study  that uses an automatically constructed  phrase
hierarchy to facilitate browsing of an ordimary large Web
site. Phrases are extracted from the full text using a nowvel
combination of mdimentary syntactic  processing  and
sequential grammar induction techniques. The interface Is
simple. robust and easy o use.

To convey a fealing for the quality of the phrases that are
generated  automatically, a  thesaurus used by the
organization responsible for the Web site 1s gtudied and its
degree of overlap with the phrases In the hierarchy Is
aralyzed. Our ultimate goal 1s to amalgamate hierarchical
phrase browsing and hierarchical thesauns browsing: the
latier provides an authoritative domain vocabulary and the
former augments coverage In areas the thesaunis does not
reach.

INTRODUCTION

Suppose you are browsing a large collection of information
such as a digital Hbrary—or a large Web site. Searching 1s
easy. If you know what you are looking for—and can
express it as a query at the lexical level. But current search
mechanisms are not much use if you are not looking for a
speciflc plece of Information, but are generallty exploring
the collection. Studles of browsing have shown that it 1s a
rich and fumdamental human Informatlon behavior. a
multifaceted and multidimensional human activity [3]. But
it 1s not well-supported for large digital collections.

Web sites link together Information In a way that 1s
designed to help the browser. But as the scale of collections
increase, links becomes wery difficult to create and
maintain. Inserting
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links mannally 15 labor-intensive. and this kind  of
information rapldly goes stale as the collectlon grows. For
large collections, the complexity of manually ocrganizing
the Information Is daunting.

Metadata provides information that can be used for
browsing—pgiven the relevant metadata, it 1s possible o
provide the human browser with indexes of anthors and
tifles, classification hierarchies, and so on [17]. But as the
scale of the information Increases, the value of such lists
decays—they become too large to be of much use. With
large Indexes one s reduced to searching rather than
browesing.

We have been experimenting with different ways of
automatically absracting hierarchical stmichires of phrases
from large collections of Information and using them to
facilitate  browsing [10, 12]. This paper reports an
application of these techniques to a large Web slte.

Cur case study is based on the site of the United Matlons
Food and Agriculture Organtzation (FAQ, www fao.org),
an international organizaton founded in 1945 whose
mandate 15 to ralse levels of nutrition and standards of
Iwing. to improve agricultural productivity, and to better
the condition of rural populations. Web presence Is seen as
an Impartant part of the FAQ s information dissemination
acthvitles, and the site |5 organlzed and maintained by the
World Agricultural Information Center (WAICENT), a
aubunit of the FAD. The version that we use in this shdy is
dated 1998 and contairs 21.700 Web pages. as well as
arourd 13,700 associated files (image files, PDFs. etc).
Thi= corresponds to a medwm-sized collection  of
approximately 140 million words of text. Figures | and 2
show typloal pages from the slie.

This site exhibits mamy problems comman to large, public
Web sites. It has existed for some time. 15 large and
continues to grow rapidly. Despite gtrenuous efforts to
organize it, It 15 becoming increasingly hard to find
information. & search mechani=m is in place. but while this
allows some specific questions to be answered 1 does not
really address the needs of the user who wishes to browse
In a less directed manner.
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Figure 1: Bxarnple Web page (English)

We suppon browsing of the FAQ site with an interactive
interface to the phrases present In the documents: this
Interface Is discussed In the next sectlon. amd the
succeeding sectlon describes the technilques nsed to create
the underlying index of phrases. We then examine the
quality and potentlal usefulness of the phrases by
comparing them with terms and phrases contained in
AGROVOC [4], a manually constructed thesaurus for the
fleld of agriculture.

PHRASEBASED SUBIECT INDEX INTERFACE

The phrase-based browser that we have developed 1= an
interactive Interface to a phrase hlerarchy that has been
extracted automatically fram the full text of the Web site. Tt
Is designed o resemble a paper-based suhbject index or
thesaurus. Figure 3 shows the interface in use. The user
emters an initlal word in the search box at the top. On
pressing the Search button the upper panel appears. This
shows the phrases at the top level in the hierarchy that
contain the search word—In this case the word forest. The
list is sorted by phrase frequency; on the right is the numbser
of times the phrase appears. and to the left of that Is the
number of documents in which the phrase appears.

Only the first ten phrases are shown, because It s
impractical with a Web Interface to download a large
number of phrases, and many of these phrase lists are very
large. At the end of the list Is an itern that reads Gefmore
phrases idisplaved n a distinctive color); clicking this will
download another ten phrases. and so on. A scroll bar
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Figure 2: Bxarmple Web page (French)

appears to the right for use when more than ten phrases are
displayed. The number of phrases appears above the list: in
this case there are 493 top-level phrases that contain the
term fmrest.

So far we have only described the upper of the teo panels
In Figure 3. The lower cne appears as soon as the user
clicks one of the phrases n the upper list. In this case the
user has clicked Grest products (that 1= why that line is
highlighted in the upper panel) and the lower panel, which
shows phrases contalning the texi forest products, has
appeared.

If cne continues to descend through the phrase hierarchy,
eventually the leaves will be reached. A leaf comresponds to
a phrase that ocours in only cne document of the collecilon
ithough the phrase mav appear several tmes In that
document). In this case. the text above the lower panel
shows that the phrase forest products appears In 72 phrases
ithe first ten are shown), and. In addition, appears In a
undque context in 382 documents. The first ten of these are
avallable too, though the list must be scrolled down to make
them appear in the visible part of the panel. Figure 4 shows
this. In effect, the panel shows a phrase lst followed by a
document 1ist. Either of these lists may be null {in fact the
document list is null in the upper panel, because every
context in which the word forest appears coours more than
oncel. The document lst displays the titles of the
documents.

It Is possible, in both panels of Flgores 3 and 4, to click &a
more phrases o increase the number of phrases that are
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Figure 3: Browsing for infomnation abouk forest

shown In the 1ist of phrases. It is also possible, in the lower
panels. to &ef more docwments (again it is displayed at the
end of the list in a distinctive color, but to see it that entry Is
necessary o scroll the parel down a lHitle more) to increase
the number of doouments that are shown In the lst of
documents,

Clicking on a phrase will expand that phrase. The page
holds cnly teo panels. and if a phrase in the lower panel is
clicked the contents of that panel will mowve up into the top
one o make space for the phrase’s expanslon.
Altematively. clicking on a dooument will open that
document In a new window. In fact. the user in Figure 4 has
clicked on 1V FORESTS AND TRADE AND THE
ENVIRONMENT, and this brings up the page shown in
Figure 1. A= Figure 4 indicates, that document contains 15
occurrences of the phrase forest produats,

Figures 5 and G show some more examples of the Interface
in u=e. In Figure 5 the user has entered the word dadin and
expanded on New Zealand dairy (note that this collecton is
from the FAD in Eome, Italy; it 1s impressive to be able o
home in on informatlon about the local dairy indusiry in
Mew fealand so rapldly). Flgure G shows a French user
typing the word poisson. The FAD site contalre documents
in French. but our phrase extraction system s tallored for
English as described below. The French phrases are
displayed are of much lower quality than the English ones
in Figures 2, 4 and 3; the lig of ten phrases in the upper
panel of Figure & contains only four useful ones. Phrases
like du podsson (meaning of fsh) are not meaningful, and
can even obsoure more interesting materlal. However, the

Figure 4: Exparnding on forest products

system s still usable. Here, the user has expanded
comgnercialisation du posson and, In the lower panel. has
clicked INFOPECHE which brings up the page in Figure 2,

DERMMNG THE PHRIASES

We have experimented with several different ways af
creating a phrazse hierarchy from a document collection.
Mevill-Manning & af. [10] describe an algorithm called
SEQUITUR that bullds a hierarchical structure containing
every single phrase that occors more than once In the
document collection. We have also worked on a scheme
called KEA which extracs keyphrazes from sclentific
papers. This produces a far smaller, controllable, number of
phrazes per document [5]. The scheme that we use for the
Interface described in this paper Is an amalgam of the bwvo
e hnlgues.

Constnacingpirase hierardies wsing SEQUTLR

The basic mnsight of SEQUITUR is that any phrase that
appears more than once can ke replaced by a grammatical
rule that generates the phrase, and this process can be
continued  recursively. The result 1= a hlerarchical
representation of the original sequence. It is not a grammar,

for the miles are not generalized and are capable of
generating only one siring.

There exisis a remarkably efficlent algorithm o derlve
these phrases from an Input sequence. and the Hme i takes
Is linear in the length of the input [11]. This has allowed us



e oot dory |1 pf v, o T of 4 coc smare
ey SRl i Ber 13
riEw Tk iy Giog £
rarwy Faalayll ceiry compary PRYOINTE 1

v e -
Loy Cadioes i - 4
iy Cuilnsi i
Crvwivhas of Tee Wi Daing Slusior
Diwrn Cuflomh I - 7
Ta Ry i
Tran in bk Cormargon
Dy ol b B - T

RS R L R ey N
= i

|l I

R B Wes G O Halp Fim G Wwe oo O g
FOOD AND ACRICULTURE ki FOOD AND AGRICULTURE ekl
H L ) nE!E!!mH el ol
s = ==t [TTET e Tt [T e
b e L - b Pl b e
maeti| M | gy el M | gamen
shiiry ol 101 pleasas| L= ] by iyl 10 pi 31 prwwse L=l ]
wmary o s w1 L il
Ery mu aok - 223 ECANEE iU R IT &4
oy o AR o g s s LI |
Ay W F R S Rk i e T Bz
dmry Bu lain - | L1 T i w (LU | |
FE Dol i iy (PR | | L e iz 1§
inisre ntin s Sy L | | CL pmETEe 14 14
L if W 1
ol By 15 I Far R iy palETEe il
iy ey (1S | T

CETErTEin e & pEean (1 pres il 100 1) doceaee ([ =0, 1]
e L e ] I i
FEOPRTHE 1
Basrparm el bl Ecirceven ol FAD - CORMTE DFS FECHES Fl
rEOPEHE

#0 Foveren Deopoesrnsin Hr COURTE PRAOFLE H
i ol b PR BT b P COm s p 8 i 60l el
]

Fa [l Do pariom

[RET

[T '

Happeitnr | 'wacsien on pra o
B il i ] G o O e 0GR PR - CTTETE CET FECHEE

= [ 1

1

1
1
1

Figure 5: Browssing for imformation on dary

to Investigate hierarchies fommed from sequences of words
containing up to 60 million tokens,

Mevill-Banning & alf [10] reported character-tased
hierarchies, formed by using characiers as tokens, and
word-based hierarchies, formed using words. Interesting
effects ocour In both cases, although word mode s most
suitable for interactive browsing of large Information
collectlons.

In order to display the phrase hlerarchy Interactively, a
number of additlonal facllities are Incorporated into the
browser. Waords like a and the cause problems because they
are often used to form miles, but as far as the user Is
concerned thew add litle meaning to the phrase. Mobody
realty wants to know that the most common use of the work
index s in the phrase the index. Hence we label as common
wirds the one hundred mos frequently occurring words in
the collection, and weed out phrase expansions that differ
from the orginal phrase only by the addition of common
wiords, At the other extreme, phrases that occur rarely
Increase the number of potential phrases but conribute Hitle
to our understanding of the collection. This effect s
mitigated by the SEQUITUR  algorithm, which lgnores
singleton phrases: by according more weight to frequent
phrases; and by discarding phrases whose frequency falls
below a low-frequency threshold. These measures greatly
Increase the usability of the resulting interface [12].

Figure &: Brovesing for infomation on poisson

Exracting keypiTases using HEA

In a separate project, we imvestigated algorithms for
extracting kevphrases from technical documents [5).
Eeyphrases provide a kind of semantc metadata that Is
uzefill for a wide variety of purposes. [t ums out that
keyphrases can be extracted automatically from the full texi
of documents with surpising accuracy. To do this,
candidate kevphrases are identlfied. features are computed
for each candidate, and machine learning 15 o=sed to
generate a classifler that determines which candidates
should b= assigned as kevphrases. Ome feature, TF=IDF,
requires a corpus of text from which dooiment frequencies
can be caloulated; the machine learning phase requires a set
of training docmments with keyphrases assigned. The
auccess of varlous stages of the procedure was evaluated on
a large test corpus. In terms of how manmy author-assigned
kewphrases are comectly Identified (a measure that is
aibject to some caveais).

In the final procedure that we developed for keyphrase
extractlon. stop words were used to determine whether or
not a phrase 15 a candidate phrase. Our experiments on
kevphraze extractlon also used a syntactlc method for
identifving candidate phrases: we trled to identify noun
phrazes. The two approaches are equally accurate on the
kevphrase extraction task. but we used stop words in the
fimal system because 1t is slgnificantly faster.

The svntactic analysis first tags the inpui by asslgning
syntactle classes to each word. We use the Brill tagger



ACROVOC Extracted phrases ACRONGC Extracted phrases
length  momber percentage  mumber percentage length  niomber percentage  number percentage
in wonds in characters
1 12342 445 SEA54 212% l-5 1207 4.4% 11513 4.4%
2 13046 4T.5% | 2EA50 45.T% G- 10 B0E0 20.5% 4TEGS 18.1%
K] 164Gz 2% STa44 20.8% 11-15 BTaT 3.8% ER4T 26.07%,
q T 2% 19356 7.0 16 - 20 G146 22.4% FIE 23.1%
5 5l 0.2% 7194 2.6 21-25 2477 0,096 35508 13.5%
g T 0,0 T L2% 26 - 30 504 2.2% L TE0E 6.79%
7 1 0,0 1724 0.6 a1 -35 211 0.8% BOLD 34%
] 1050 0.4% 36 - 40 4752 LE%
9 630 0:2% 41 - 45 260 L0
10 - 42 1108 0.4% 46 - 50 1544 0.6
average l=ngth 1.64 words 237 words 51-55 1037 0.4%
Table 1: Length of phrases fwonds) =55 2674 LG
average length 13.58 characters I7.62 charactars

[1.2]. Then we experimented with two heuristics for noun
phrase identification. The firg was suggested by Tumey (in
press) as matching almost all of the keyphrases in the
cofpuses he used. It specifies zero or more nouns of
adjectives, followed by one final noun or gernd:

inoun | adjective)* (noun | verb-gerund)

where a “noun” is either a singular or plural noun or proper
noun. (%" means repetition, appearing zero o more times.)

Although this structure resembles a noun phrase, it tums
out that the notion of “noun phrase” is only loosely defined
in the first place. Also. in our work we have encountered
marry author-defined keyphrases that are not noun phrases
according to this regular expression.

Consequently, we experlmented with a different regular
expression to locate candidate phrases, which we describe
as “augmented ” noun phrases:

[{noun | adjective | verb)+ (conjunction | prep)]*
inoun | verb-genind |

where conjunctions and prepositions are members of a
predefined list {and "+  means one or mare repetitions).
This allows sequences of nouns. adjecttves, and verbs to be
interspersed with connectives, before the terminating noun
or gerund, and permits phrases such as programsming by
demanstradion.

Several browsing Interfaces are based on keyphrases. Jones
ard Paynter [7] automatically insert hyperinks into digital
library collectlons using kewvphrazes as link anchors and
document clusters as destinations. Martin and Turney [15]
use keyphrases to construct searchable subject indexes.
Gutwin et al. [B] search for clusters of documents that share
keyphrases. Phrases in the result list can be reused as search
terms, allowing the user to search Increasingly specific
variations on a phrase. All three Interfaces treat phrases as

(=4

Tabl 2: Length of phrases (chamcers)

indivislble units: they do pot explolt thelr hierarchical
nature for browsing.

Constiactimg ieraniies of noun pirases

For the interface described in the present paper, we have
employed a combination of the two approaches, As noted
above, SEQUITUR produces all phrases that occur more than
once. However, users who are browsing are generally far
more interested in gows phrases rather than in other fypes
of phrase. SEQUITUR, when applied to the full input text,
tends to produce many other phrases that are not so useful
for browsing Information collections  (though they are
useful fior other purposes).

If SEQUITUR produces too many phrases, then keyphrase
extraction produces too few. A typical document contalns
thousands of candidate phrases, which the extraction
algorithm pares down to fewer than a dozen. Inevitably,
hurdreds of valuable phrases are discarded. Further. by
compressing every occumence of a phrase to a single
simmary occumence, the phrase’s context and frequency
are sacrificed. Without contexct and frequency—the de facto
measure of relatlve Importance—we are unable to corstmict
a browsable hlerarchy.

As a compromise, we extract just the noun phrases that
appear n the full text of the domumenis. and base a
SEQUITUR hierarchy on those, To do this we convert the
Web pages to plain ASCII text, using the Lynx browser to
grip out all HIML tags, then process the resulting
sequence with the Brill tagger. We extract every sequence
of words whose tags have the syntactlc structure given
above for angmented noun phrases, and Insert a special
delimiter symbaol betwesn noun phrases and at clause



ACGROVOC thesauras Extracted phrases

| forest canooy forest Academy

2 forest decline forest access

3 forest dieback forest Act

4 forest ecology forest activities

5 forest establishment forest administration

6 forest fires forest agencis

T forest floor vegatation forest agenda

& fored graring forest animats

0 forest heakh forest area

10 fores lndustoy forest assessment
11 fores ek ories farest authorities
12 fores fand forest authority

13 forest litter forest base

14 fores management forest tenefis

15 forest messurement forest bdodiversity
16 fores mensuation forest biology

1T fores metearology forest biomass

18 forest nursenies forest Botamy

15 fores pathology forest boundaries
20 forest pesis forest canogy

21 forest planizdoms forest capital

22 fores policks forest cerdfication
23 fores producis forest characteristics
24 fores prodect lndestor® forest charges

25 forest prodection forest clearance
26 forest rangs forest oo management regime
2T fores regulaions*®* forest codes

28 fores rehabiliiadon forest coflege

20 forest replanting forest comimons
A0 forest reserves forest comimuni tes
3l fores resoumes forest companies
A2 forest refurns forest composition
23 forew roads forest concession
M forest solls forest condition
35 forest stands forest conflicts

35 forest siepps forest cons=nation
AT fores sprveys ** forest contol

38 forest thinning forest comversion
20 forest tree nurseries forest oover

40 forest trees forest crisis

41 fores workers forest criops
235 forest mones
236 forest zoology

breaks llke commas and the ends of sentences. The resuli 1s

Table 3: Phrases beginming with the word forest

a long sequence of delimited noun phrases.

There are many problems with this procedure, and the
result 1s only an approedmation to the actual noun phrases
that occur In the Input. First the Brill tagger is not
perfect—for example, unrecognized words are assumed to
be nouns. Second. I is not easy to define a regular
expression on the tags that result that captures all and every

noun  phrase. But most importantly, some of these
documents (e.g. Figure 2) are in other languages—mostly
French and Spanish—and this maturally plays havoc with
the tagger. Mon-English words are assimed to be nouns and
u=ad to build nonsense phrases.

Another issue is whether or not to apply stemming before
bullding the noun phrase st Without stemming, we will
get different verslons of the =ame basic noun phrase. In our
wiork on kewvphrase extraction, we stemmed words and
conflated different verslons In order to remove duplicate
phrases and count phrase frequencles, but kept a record of
the most frequent unstemmed verslon of each phrase In
order to reexpand the stemmed verslon for display to the
uzer. This is also an option for the present system, although
the {llustrations In this paper do not use any stemming.

The final phase 1= to bulld a hlerarchy from the noun
phrazes by mnning SEQUITUR over the sequence of noun
phrases, specifying the delimiter symbol as a delimiter fior
SEQUITUR. In fadt. the SEQUITUR algarithm is really
designed for long undelimited sequences—the problem of
generating a hierarchy from a set of shor phrases In
reasonable time 1s much easler than treating a single long
sequence. And SEQUITUR makes some sacrifices In
accuracy to operate In reasonable time. Thus this step also
adds a degree of approedmation to the phrase hierarchy that
resulis, which could be avodded by using a more sultable
meizthod.

COMPARING THE PHRASES TOATHESALRLIS

The phrases extracted represent the toplcs present in the
FAD site. as described in the terminclogy of the document
authors. But how well does this set of phrases match the
standard terminology of the discipline? We investigate this
by comparing the exiracted phrases with phrases used by
the ACGEOVOC agricultural thesaurus. The degree of
overlap betwesn the two sets of phrases provides a rough
indication of the quality of the exiracted phrases as subject
desciptors—aor  comversely, the applicabllity of  the
AGROVOC thesaurus to the FAD site can be assessed by
meaziing the extent to which the AGROWVOC phrases
appear n the natral text of the documents.

The AGROWOIC thesauns

AGROVOC 35 a multiingual thesaurus for agricultural
Information systems, developed by the FAQ to support
aubject control for the AGRIS agricultural biblicgraphic
database and the CTARIS database of agricultural research
projects [4]. The thesaurus supports the three working
languages of the FAO—English, French, amd Spanish—and
verslons in Arabic, Germman, Itallan, and Portuguese are
under congruction. AGROVIC s actively supported be
the FAD and its intematioral community of users, and Is
perlodically updated to reflect changing terminology or



ACGROVOC thesaiirus Extracted phrasss
| coppice fonest achial fonest
2 duff iforest Hiber) aggregate forest
3 high fores Amazon forest
4 minor forest produces * amenity forest
5 mixed forest stands American forest
6 monsoon fonest artificial forest
T nontimbsr forest products avadlable forest
& poowood forest prodecis®  Bangladesh fonest
O secopday forest prodiecis® bavarian forest
10 semiliki forest vine Black forest
11 slash {forest litter) bioreal fonest
12 thorm forest Chimares forest
204 wiorld forest
205 Wiight forest hat
206 yioung fionest

Table 4: Plwases containing the word forest

shifis in the boundares of the research field. & searchable
version is accessible at www fao.org/ AGROVOC,

The thesaurus 15 of a significant size—each language
version  Includes more than 15700 descriptors, and
approximately 100000 npon-descriptors  (also colocfully
referred to as “forbidden terms”. non-descriptars are
synonyms that are linked to a descrptor by a “use”
reference). Thesaurus terms are nouns or noun phrases, and
all—including non-descriptors—were selected for inclusion
on the basls of thelr common usage in the agriculiural
research lterature. The AGROVOC vocabulary forms a
rich semantic network describing the agricultural domain,
with links between terms  describing  hierarchical
relationships (broader ferm marrower fenm), assoclative
relations  (refated terms), and synonym links between
descriptors and non-descriptors (use, wse L.

Tables | and 2 summarze the structural characteristics of
the AGROWOC phrases and the extracted phrases. The
AGRONVOC phrases are taken from the English version
only. and include both descriptors and non-descriptors. The
non-descriptors appear o this analysis because, despite
their title, they are useful in thesaums searching, since they
are simply synomyms of thelr assoclated descriptors.

The algorithm extracts phrases of two or more words, The
phrases in the hierarchy are drawn from a vocabulary of
single word terms. and this vocabulary Is the source of the
single-word phrases in Tables 1-6.

The extracted phrases tend to be longer than the
AGRONOC ones, measured bath by the number of words
ard the number of charaders per phrase (Tables 1-Z). This
difference was expected. since AGROVOC phrases were
deliberately designed to be brief (three or fewer words) and
compact (maximum of 25 characters). These limitations

-

were Imposed by the orginal thesaurus software [4]. The
strict upper limlt on characters has proven problematic, in
that lengthy terms (much as the names of organizations,
enzymes, chemical compounds, etc.) have had o be
abbreviated—sometimes in arbifrary or non-standard ways.
This practice can make querying more difficult for users,
who have to guess when and how a phrase has been
abbreviated. The potential overlap between the extracted
and AGROVOC phrases Is also reduced. though only

slightly.
Cheriap with AGROVOC phrases

We begin with an example to illustrate the degree and type
of overlap found between the two sets of phrases. Table 3
shows phrases beginning with the word Grest In
AGROVOC and at the top level of the phrase hierarchy.
Italics indicates that the AGROVOC phrase oocurs amongst
the extracted phrases (and vice versa). All ftalicized phrases
cocur at the top level except the ones marked with a single
asterisk—in Table 3. just forest producs induséy—uwhich
appears at a lower level of the hierarchy. This distinction is
visible n Figure 3. where forest products induséry appears
as an expansion of the top-level phrase forest produces (as
do the three asterisked phrases in Table 4). The doubly-
asterisked phrases. forest regulations and forest survers,
appear in the plural only coincide with extracted phrases if
they are stemmed—io forest regulafion and forest sunvey
respectively.

The overlap between the AGROWOC thesaurus and the
phrazes extracted from the FAD site is quantified in Tables
5-6. For comparison’s sake, we also include statistics for
the raw text and the keyphrases extracted from it by KEA.
The former represents an upper bound for matches. and was
generated by extracting every sequence of one to four
words present in the FAD site. The latter emphasizes
precision rather than recall in a match, since there are fewer
kevphrases assoclated with each dooument (a maximum of
six). The keyphrases are also more likely to be true
Indicators of the focus of the document. and so are closer to
the intent of AGROWOC thesaurus entries,

As lustrated in the forest example, stemming can affect
the degree of match. We examine this effect by comparing
the overlap between unstemmed phrases and phrases
gemmed using the Lovins and lterated Lovins algorithms
[9]. The Lovins algorithm stems words to thelr root form;
for example, dicticnary 15 reduced to dicgos. The lterated
algorithm repeatedly applies the Lovins stemmer until the
stemn no longer changes: dictionary Is thus stermmed o dlict.
When phrases are stemmed more severely, the number of
unique entrles decreases becanse similar phrases are
sternmed to equivalent root terms, as can be seen in the top
row of Table &,



Unstemmed Lowins [terated
LR OET Laovins
Mumber of vniguie terms
Agrovoc 20574 17293 15670
FAD Web pages 165205 123075 107870
Extracted phrases 44226 0441 25013
Eevphrases 7886 5013 L2ad
Mumber of Agrovor terms covered by words in..
FAD Web pages 45 BERS 2210
exiracted phrases G186 5500 ERLY
kevphrases 2483 2356 2204
Fropartion of Agrover terms covered by words in...
FAD Web pages 45.3% 50.2% S2.4%
exiracted phrases 0.1 12.4% A%
keyphrases 12.1% 13.6% 14.6%
Table & Term onerlap bebeeen AGROVOE, exfracted phrases, and
keyplrases

Mote that slightly owver half of the words appearing in the
AGRONVOC thesaurus phrases are also present in the FAD
documents (Table 3). This overlap is a strong indication
that AGROWOC 15 a suitable thesaurus to use with those
pages. The proporton of AGEOWOC wards contalned in
phrases in the extracted hierarchy is smaller, bui stlll
represents a respectable one-third of the AGROVOC terms.
Including vocabulary terms from the extracted herarchy
increases the coverage of the AGROVOC terms. As
expected. the Kea keyphrases cover a smaller propartion of

AGRONVOC terms.

The proporion of full AGREOVOC phrases that are
included in the FAD site and the extracted hierarchy is
high—4(F% and 26% respectively (Table G, This is
particularly encouraging, as it Indicates that a significant
number of links exist between AGROVOC  terms
documents. and the esracted hierarchy. These inter-
relations could form the basis for a rich tool to support
collection browsing. For example, the user interaction
depicted in Flgures 3 and 4 begins as the search term Sorest
i5 entered into the phrase-based browser. The phrase
hierarchy is scanned and the phrase Srest produces 15
selected. But this term is also represented in  the
AGRONOC thesaurus; access to the thesaurus would also
have brought to the user’s attention 44 specific types of
forest product (for example, Christmas trees. charooal . and
particle boards), and 10 related topics isuch as logeing
wastes, cellulose produds. and tanning agents). These
AGRONVOC terms could then be browsed in the interactive
interface. Interestingly. in the AGROVOC entry for forest
product, three of the 34 namowerrelated phrase links
contain the word frest, ope contalns forestry; and six
contain products. The majorty of the AGROVOC links

bring In new search or browsing terms for the user to
cansider.

Stemming increases the number of AGROYOC words and
full phrases that can be matched to the FAD site the
extracted hlerarchy, and the kevphrases. but  only
marginally. lterated Lovins provides a higher degree of
matching than Lovins, but again, the advantage 1s small.

DISCLSSION

A free-text Index is the most common access method for
Web collections, mainly because the Index can be
constructed automatically. Searchers typically experience
difficulty in constructing effective querles, since they must
match thelr personal vocabulary to that of the collection.
The mierface presented in this paper provides a tool for
spanning the gap between the two vocabularies, The
phrazes extracted from the document collection are noun
phrazes, and noun phrases are by far the most common
queries submitted to retrleval systems. Users, then, can
explore the collectlon’s terms and tenm relationships
through a display that mimors the query construcion
naturally favored by users.

A controlled vocabulary such as a mubject thesaurus is
u=eful as a complement to free-text indexing: it can provide
a framework for understanding the domain and leaming its
technical terminology [14]: as a primary interface for
searching’browsing a document collection [13]; and as a
aupporting tool for guery construction  (bypically  in
automated or  seml-automated query  expansion;  for
example, see [7]). Usupally the information rescurce
explored through a thesaurs is a bibliographic database. or
iless commaonly] a highly stuctured database such as the
CARIS descriptiore of agricultural research projects. In
principle, users of an unstructured but fooused document
collection such as the FAD site should also benefit from the
avallability of a subjed-specific thesaurus. However, the
potential beneflis are difficult to realize: the problems
remaln of matching the natural terminclogy of the searcher
to the vocabulary of the FAD site and the thesaurus, and
matching the terminology of the thesaurus to the site.

Cine approach to addressing the latter problem 1s to require
the creator of a document at the FAD sie to supply
cataloging information that includes a set of applicable
AGROVOC terms—in fact, this procedure is cumrently in
use, But relatively few authors provide suitable
AGROVOC kevwords; perhaps the authors are themselves
unfamiliar with AGEOYOC and, Ike many searchers, find
it difficult to select quality AGROWOC descriptors.

Our next step will be to amalgamate the phrase and
thesaumis  hierarchles, both  for  searching and  for
AGROVOC term  assignment during cataloging, Our
analysis of the overdap between the AGROVOC and Web



Ut e mamed Lewims liered
S T Lovins
Mumuber of phrases
Agrovoc phroses 27466 26T0L 25801
FAD Web site phrases 19071445 18008815 17764015
Extracted phroses 278091 245374 233005
Eeyphroses 13855 12183 11655
Mumaber of Agrevor phroses covered. .
ko FAD Web site 0835 10750 10855
by extracted phrases G166 613 TolLd
by kevphrases 1447 1793 1874
Fropsrtion of Agrovee phrases covered...
boe FAD Web site 35.8% 40.3% 41.9%
by extracted phrases 22.4% 25.0% 27.1%
by keyphrases 5.0% 6.7% 72%
Takxle 6: Phwese overlap bebavean AGROVOC, exdracted plvases,
anvd keyplrases

site wocabwilarles indicates that the two are similar enough
that a tool linking the two hlerarchies is likely to be useful.
We envisage an interface that will allow users to gracefully
navigate between their parsonal vocabulary, terms exiracted
from the FAD site, and AGROVOC tenms/phrases. We can
exploit the overlap between the extracted and AGROVOC
phrases to support cataloging by running the extraction
process over a submitted Web page and using the resulting
phrases to link to potentially relevant portions of the

AGROVOT Merarchy.

ACKNOWLEDGKENT S

We gratefully acknowledge Cralg Mevill-Manning. Carl
Gutwin, Eibe Frank and Steve Jones, who have waorked
with us on phrase extraction and phrase Interfaces, and all
members of the Mew Zealand Digital Library project for
thelr enthusiasm and Ideas.

REFERENCES

1. Bnll, E. (1992} “A simple ruls-based part of speach
tagger.” Froc ACL Conérence on Appiied Natural
Language Frocessing, pp. 152-155, Trento, lialy.

2. Ball, E. (1984) “Some advances in mule-based part of
speech tagoing,” Froc A44NM, pp. T22-T27, Seattle.

2. Chang, 5]. and Rice, BE. (19093) “Browsing: a
multidimensional framework.” Ammal  Fewew of
Information Sclence and Technology, Vol 28, pp
231-276.

4. FAQ {Food and Agrculture Organization of the
United Mations) (1993) ACROVOC:  muliigual
agricuiral thasaurus. FAD, Bome,

10.

11.

12.

13

14.

Frank, E., Paynter, G.W.. Witten, LH., Guitwin, C. and
Mevill-Manning, C.G.  (1939) “Domain-specific
keyphrase extracton.” Froc It oo Conf on
Artificial Imtelligence, pp. G68-G73, Stockholm,
Sweden.

Gutwin, C.. Paynter, G., Witten, LH., Nevill-Manning,
C., and Frank, E. {in press) “Tmproving Browsing in
Digital Libraries with Keyphrase Indexes™ T
Decision Support Svstams,

Jones, 5. Gatford. M., Eoberison, 5., Hancock-
Beauliu, M. Secker. ]. and Walker, 5. (1905)
“Interactive Thesaurus navigation: intzlligence rules
QR JASTE Vol. 46, Mo, 1, pp. 52-54,

Jones, 5. and Pavnter, . W, (1900} “Topic-based
browsing within a digital lbrary using keyphrases.”
Froc ACM Digieal Libraries 89, pp. 114-121.

Lovirs, [E. (1958) “Development of a Stemming
Algorithm.” Mechanical Transiation amd
Computational Linguistics, Vol 11, pp. 2231,

Mevill-Manning, C.G.. Witten, LH. and Paynter,
W, (1997) “Browsing in digital libraries.” Froc
ACM Digial Libraries 87, pp. 230-236, July.
Mevill-Manning, C.G. and Witen, LH. (1997)
“Identifving hierarchical structure in sequences.” f
Artificial Isteligance Research, Vol. T, pp. 6T-B2,

Mevill-Manning, C.G.. Witten, LH. and Paynter,
W (1999) “Lexically-generated subject hierarchies
for browsing large collections.” Iw J oo Dgeal
Libraries, Vol. 2, Ho. 22, pp. 111-123%; September.

Smith. M.P. Politt, A5, and Li, C5. (1992)
“Evaluation of concept translatlon through meno
navigation in the MenlUSE intermediary system.”
Froc BCY [R5 Fasearch Colloquinm on Informaton
Fatrioval, pp. 38-54, University of Lancaster, UK.

Soergel, D, (19853) COroanizing  Iwformation:
principles of dag base and retrieval systams. Orlandao:
Academic Press,

Turney, P.I). (1989} “Learning to Extract Keyphrazes
from Text.” NEC Technical Heport EEE-105T,
Mational Research Council, Canada.

Turmew, PN, {in press) “Learning algorithms for
keyphrase extraction.” Snbnmation Fatrieval,

Witten, LH., McMab, B ., Boddie, 5. and Bainbridge,
D, (1999) “Greenstone: a comprehensive open-ssurce
digital library software system.” Hesearch Beport,
Diept. of Computer Science, University of Walkato,



