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Abstract

As the amoun t of textual information a v ailable through the W orld Wide W eb gro ws, there is a

gro wing need for high-precision IR systems that enable a user to �nd useful information from the masses

of a v ailable textual data. Phrases ha v e traditionally b een regarded as precision-enhancing devices and

ha v e pro v ed useful as con ten t-iden ti�ers in represen ting do cumen ts. In this study , w e compare the

usefulness of phrases recognized using linguistic metho ds and those recognized b y statistical tec hniques.

W e fo cus in particular on high-precision retriev al. W e disco v er that once a go o d basic ranking sc heme is

b eing used, the use of phrases do es not ha v e a ma jor e�ect on precision at high ranks. Phrases are more

useful at lo w er ranks where the connection b et w een do cumen ts and relev ance is more ten uous. Also, w e

�nd that the syn tactic and statistical metho ds for recognizing phrases yield comparable p erformance.

1 In tro duction

The amoun t of textual information a v ailable through the W orld Wide W eb has increased dramatically in

recen t y ears. Users need e�ectiv e searc h mec hanisms in order to �nd useful information from the enormous

quan tities of a v ailable text data. V ery often, W eb users are precision-orien ted | they prefer a small set of

do cumen ts con taining a go o d prop ortion of useful do cumen ts to a large set of do cumen ts that con tains a lot

of useful information, but a fair amoun t of irrelev an t information as w ell. Th us, there has b een a gro wing

in terest in high-precision IR systems in recen t times.

One approac h that has traditionally b een regarded as a to ol for increasing precision is the use of phrases

for indexing and retriev al of do cumen ts[14 , 16 ]. Consider the phrase \priv ate in v estigator" tak en from query

176 of the TREC collection [10 ].

T opic: Real-life priv ate in v estigators

Description: Do cumen t m ust refer to the hiring of a priv ate in v estigator in real-life or describ e

the w ork of a priv ate in v estigator.

Narrativ e: Priv ate detectiv es can b e self-emplo y ed or w ork for a priv ate agency . Do cumen t can

describ e the w ork of priv ate detectiv es in general without citing a sp eci�c p erson.

A do cumen t discussing priv ate in v estigators w ould con tain the single terms \priv ate" and \in v estigator" and

w ould b e retriev ed b ecause of these matc hes ev en if phrases w ere not b eing used. Th us, the use of the phrase

\priv ate in v estigator" do es not result in an y new do cumen t b eing retriev ed, i.e. total recall is not a�ected.

Do cumen ts con taining b oth the w ords \priv ate" and \in v estigator" but in unrelated con texts w ould also

ha v e the same matc hing single terms, but w ould not con tain the phrase. Suc h do cumen ts are lik ely to b e

non-relev an t and the phrase matc h w ould promote the relev an t do cumen ts ab o v e suc h non-relev an t articles.

This w ould enhance precision at the top ranks.

Phrases ha v e b een found to b e useful indexing units b y most of the leading groups participating at

the NIST and D ARP A sp onsored T ext REtriev al Conferences for p erformance ev aluations of IR systems

[10, 5 , 4, 1 , 11, 22, 21 , 20 , 7, 8 ]. In this study , w e re-examine the usefulness of phrases, particularly within

the con text of high-precision retriev al.

Statistical and Syn tactic Phrases. W e consider t w o classes of phrases:

�
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1. Statistical phrases: an y pair (or triple, quadruple, etc.) of non-function w ords that o ccur con tiguously

often enough in a corpus constitute a phrase. Th us, the w ords \United" and \States" ma y o ccur

con tiguously a large n um b er of times in a corpus, and w ould constitute the phrase \United States".

2. Syn tactic phrases: an y set of w ords that satisfy certain syn tactic relations or constitute sp eci�ed

syn tactic structures mak e up a phrase. Th us, if w e sp ecify that an adjectiv e follo w ed b y a noun

constitutes a phrase, \economic impact" w ould b e a phrase.

Syn tactic phrases capture actual linguistic relations b et w een w ords rather than the simple juxtap osition of

w ords, and are exp ected to b e seman tically more meaningful. Our in ten tion is to compare the usefulness of

statistical and syn tactic phrases, fo cusing our atten tion on noun phrases only .

Related W ork. The relativ e merits of statistical and syn tactic phrases w ere extensiv ely in v estigated b y

F agan [9]. This study used the v ery small CA CM and CISI collections as do cumen t databases. A similar

question w as examined b y Grefenstette et al. in [11 ], but the database used (the W all Street Journal section

of TREC disk 2) w as m uc h larger and more realistic. Similar comparisons are rep orted b y Strzalk o wski [20]

also. Most of these studies use the standard Cornell Smart lnc.ltc [15] run as a baseline.

W e con tin ue to in v estigate the usefulness of phrases using a realistic database, but w e start with a

signi�can tly impro v ed baseline. A new term-w eigh ting sc heme dev elop ed b y our group at Cornell Univ ersit y

in [19, 18] outp erforms the traditional lnc.ltc metho d b y ab out 20% to as m uc h as 43% for short queries [18 , 5 ].

Sev eral IR tec hniques that app ear to w ork w ell with an inferior w eigh ting sc heme | massiv e expansion, and

the com bination of lo cal and global similarities, for example | are no longer as useful once the basic term-

w eigh ting metho d is impro v ed [5, 1 ]. In fact, a similar observ ation can b e made ab out the use of phrases as

w ell: in the past �v e y ears of TREC, o v erall retriev al e�ectiv eness has more than doubled, but the added

e�ectiv eness due to statistical phrases has gone do wn from 7% to less than 1% [4]. The aim of this study is

to examine the follo wing questions in greater detail:

� Giv en a go o d basic do cumen t ranking sc heme, what additional impro v emen ts can b e obtained b y using

phrases in indexing and retriev al?

� Is there a signi�can t di�erence in the b ene�ts obtained from using syn tactic vs. statistical phrases?

As explained ab o v e, w e are sp ecially in terested in in v estigating these issues within the con text of high-

precision retriev al.

The rest of the pap er is organized as follo ws: Section 2 presen ts the precise de�nitions of statistical and

syn tactic phrases used in this study; Section 3 describ es the exp erimen tal metho dology used and the results

of our exp erimen ts; Section 4 discusses our �ndings; Section 5 concludes the pap er.

2 Phrase Iden ti�cation Metho ds

W e use the Smart information retriev al system [13] in all our exp erimen ts. Smart is based on the v ector

space mo del of IR, whic h represen ts do cumen ts (and queries) b y v ectors of the form:

D

i

= ( w

i 1

; w

i 2

; : : : ; w

it

)

In the ab o v e expression, D

i

represen ts a do cumen t (or query) text and w

ik

is the w eigh t of term T

k

in

do cumen t D

i

. W e also use the notation w

d

( T ) to represen t the w eigh t of term T in do cumen t d . A w eigh t of

zero is used for terms that are absen t from a particular do cumen t, and p ositiv e w eigh ts c haracterize terms

con tained in a do cumen t. The assumption is that t terms in all are a v ailable for the represen tation of the

information.

The w eigh t assigned to a term usually tak es in to accoun t the follo wing factors:

� term fr e quency or tf: the n um b er of o ccurrences of the term within the do cumen t,

� inverse do cument fr e quency or idf: an in v erse measure of the n um b er of do cumen ts in the collection in

whic h the term o ccurs, and
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� normalization factor : the length of the do cumen t.

A triple of letters is used to denote the actual form ula used to assign w eigh ts to terms in a particular

exp erimen t [15]. The �rst letter indicates ho w the tf factor is handled; the second letter indicates ho w idf

information is incorp orated; the third letter giv es the normalization factor. A retriev al run is designated b y

a pair of suc h triples, the �rst indicating the term-w eigh ting form ula used for do cumen t term w eigh ts and

the second indicating the form ula used for query term w eigh ts.

Linguistic pro cessing is done using the Circus system [6, 12]. The IR and NLP subsystems in teract as

follo ws: Smart pro vides Circus with the text of a do cumen t or query; Circus iden ti�es the noun phrases

con tained in that text and returns a list of suc h phrases to Smart; Smart con v erts the list of phrases in to its

v ector represen tation and uses this in all subsequen t pro cessing.

Statistical Phrases. The de�nition of a statistical phrase is v ery simple. All pairs of non-function w ords

that o ccur con tiguously in at least 25 do cumen ts in disk 1 of the TREC collection are regarded as phrases.

The individual w ords are stemmed and the pair is ordered lexicographically (th us, \United States" b ecomes

\stat unit") to obtain the �nal form of the phrase that is used to index a do cumen t.

Syn tactic Phrases. T o iden tify the syn tactic phrases presen t in a do cumen t, w e �rst tag ev ery w ord

in the do cumen t with its part of sp eec h (POS) using the Brill tagger [3, 2]. Certain tag patterns are then

recognized as noun phrases (NPs). The follo wing grammar sp eci�es the POS tag patterns that are recognized

as phrases

1

.

NP ! NN

! NNS

! NNP

! NNPS

! NN NP

! NNS NP

! NNP NP

! NNPS NP

! PRP$ NP

! DT NP

! JJ NP

! JJR NP

! JJS NP

! CD NP

! NP POSNP

! VBG NP

POSNP ! POS NP

The NLP subsystem returns a list of the maximal noun phrases found in a do cumen t. A maximal noun

phrase is one that is not a constituen t of a longer noun phrase according to the ab o v e rules. F or example,

consider the sen tence \Information ab out the acid rain problem is irrelev an t". The phrase \ the acid r ain

pr oblem " is iden ti�ed as an NP b y the ab o v e rules, but no phrase con taining it is recognized as an NP . This

NP is therefore a maximal noun phrase. Similarly , the NP \ acid r ain " is not a maximal noun phrase since

it is con tained within \ the acid r ain pr oblem ".

Eac h phrase is stripp ed of all stop w ords and the non-stop w ords are stemmed to yield the �nal form

of the phrase that is used to index the do cumen t

2

. F urther, for phrases consisting of three or more single

w ords, all pairs of single w ords are added as additional phrases. F or example, the phrase \the National Ri
e

1

The sym b ols used in the grammar corresp ond to the follo wing parts of sp eec h: CD { cardinal n um b er, DT { determiner,

JJ { adjectiv e, JJR { comparativ e adjectiv e, JJS { sup erlativ e adjectiv e, NN { singular or mass noun, NNP { singular prop er

noun, NNPS { plural prop er noun, NNS { plural noun, POS { p ossessiv e ending, PRP$ { p ossesiv e pronoun, VBG { v erb,

gerund or presen t participle.

2

W e also tried indexing do cumen ts b y the original phrases without stemming and stop w ord remo v al but did not �nd that

useful.
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Asso ciation" is stripp ed do wn to \nation ri
 asso c" and yields the phrases \nation ri
 asso c", \nation ri
",

\nation asso c", and \ri
 asso c".

T erms in do cumen ts are w eigh ted b y Lnu w eigh ts and query terms are w eigh ted using the ltu sc heme

[18]. F or single terms and statistical phrases, these w eigh ting metho ds ha v e their usual signi�cance under

the Smart triple notation. The idf factor (giv en b y log ( N =d f ), where N is the n um b er of do cumen ts in the

collection and d f is the n um b er of do cumen ts con taining the giv en term) has to b e calculated di�eren tly

for syn tactic phrases, ho w ev er. Since the pro cess of iden tifying the syn tactic phrases presen t in a do cumen t

is computationally exp ensiv e, not all do cumen ts in the collection are indexed b y syn tactic phrases (see

Section 3). Consequen tly , w e do not kno w the true do cumen t frequencies (or d f s) for these phrases, and

some appro ximation m ust b e used. W e try the follo wing metho ds for estimating the idf of syn tactic phrases

based on the idfs of constituen t single w ords:

1. Maxim um: The idf of a phrase is the maxim um of the idfs of constituen t single w ords.

2. Minim um: This is de�ned analogously .

3. Arithmetic mean: The idf of a phrase is the arithmetic mean of the idfs of the constituen t single w ords.

4. Geometric mean: This is de�ned analogously .

5. In tersection (represen ted b y `T' in the triple notation): The do cumen t frequency of a phrase is the n um-

b er of do cumen ts in whic h all of its constituen t w ords o ccur. Note that this appro ximate form ulation

do es not tak e in to accoun t whether the constituen t w ords actually o ccur in a phrasal relation.

6. Probabilistic (represen ted b y `P' in the triple notation): F or a t w o-w ord phrase P = A B , the idf of P

is giv en b y:

log ( N = N

AB

) � � log(

N

AB

N

�

N

A

� N

B

N

2

AB

)

if C =

N

AB

N

�

N

A

� N

B

N

2

AB

is p ositiv e, and is set to zero otherwise. Here N is the n um b er of do cumen ts in

the collection, and N

A

, N

B

, N

AB

are resp ectiv ely the n um b er of do cumen ts con taining the term A , B ,

and b oth terms.

This form ulation can b e motiv ated as follo ws. Consider a phrase lik e \Los Angeles" or \United States".

A query-do cumen t matc h on the w ord \Angeles" indicates that the query-do cumen t pair is v ery lik ely

to matc h on the phrase \Los Angeles" as w ell. In this case, the phrase matc h do es not pro vide m uc h

additional information ab out the do cumen t. In con trast, consider a phrase lik e \dangerous to y" |

the w ord \dangerous" o ccurs in sev eral con texts unrelated to \to y" and vice v ersa. A query-do cumen t

matc h on \dangerous to y" pro vides us with more information than a matc h on either of the single

w ords. W e w ould therefore lik e to increase the imp ortance of phrases lik e \dangerous to y" compared

to phrases lik e \Los Angeles". This is accomplished b y incorp orating an in v erse function of C | C

is high for \Los Angeles" and lo w for \dangerous to y" | in the term-w eigh ts. The metho d seems to

w ork w ell o v erall as sho wn b elo w, and needs further in v estigation.

3 Exp erimen ts and Results

The do cumen t database used in our exp erimen ts consists of the W all Street Journal, AP Newswire, and

Zi�-Da vis sections of TREC disk 2, a total of 211359 do cumen ts. The query collection comprises TREC

queries 151 { 200. The n um b er of relev an t do cumen ts in the collection for this query set is 4273.

One straigh tforw ard w a y to ev aluate the usefulness of phrases, and to compare the p erformance of

syn tactic and statistical phrases w ould b e to retriev e a certain n um b er of do cumen ts (1000, sa y) for eac h of

the 50 queries, and compare the results obtained using phrases to the results when phrases are not used.

This w ould require that all do cumen ts in the collection b e indexed for syn tactic phrases. As men tioned in the

previous section, this is an exp ensiv e pro cess. In order to a v oid the time-consuming step of iden tifying the

syn tactic phrases for ev ery do cumen t in the collection, w e adopt the follo wing approac h. Using single term

matc hes only , 100 do cumen ts are retriev ed for eac h of the 50 queries. These 100 do cumen ts are then indexed
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b y syn tactic phrases, and phrase matc hes are used to rerank these 100 do cumen ts. The �nal similarit y scores

for these do cumen ts is giv en b y the follo wing expression:

S im

f inal

= S im

old

+ ( phrase-factor �

X

t 2 matching phr ases

w

doc

( t ) � w

q uer y

( t ))

S im

old

is the similarit y based on matc hing single terms and is used to rank the initially retriev ed set of 100

do cumen ts. The second summand giv es the similarit y based on matc hing phrases. phrase-factor is used

to v ary the imp ortance giv en to phrase matc hes. T ypically , a v alue of 0.5 is used for statistical phrases

3

.

The initial retriev al run based on single term matc hes is treated as the baseline, and the results of

reranking the top-rank ed do cumen ts using phrase matc hes are compared against this run. As explained

in the In tro duction, phrases are generally regarded as precision-enhancing devices. Th us, this approac h of

studying rank c hanges caused b y phrase matc hes among the top-rank ed do cumen ts app ears to b e a reasonable

one.

Our initial exp erimen ts w ere designed to study the b eha vior of syn tactic phrases in order to answ er

questions suc h as

� Ho w useful are three-w ord (or longer) phrases?

� What w eigh ting sc heme w orks w ell with syn tactic phrases?

� Should phrases b e stemmed and ha v e stop w ords remo v ed?

Once an \optimal" w a y to use syn tactic phrases is dev elop ed, w e compare the p erformance of these phrases

with that of statistical phrases.

Three-w ord phrases. A total of 527 syn tactic phrases are recognized for all the 50 queries. Of these,

29 consist of at least three w ords. All others are t w o-w ord phrases. Since w e limit ourselv es to considering

t w o-w ord statistical phrases only , w e need to study the e�ect of a similar limitation in the case of syn tactic

phrases. Accordingly , w e �rst compared a run that used all syn tactic phrases with one that used only t w o-

w ord phrases and t w o-w ord sub-phrases of longer phrases. The a v erage precision obtained using v arious

idf w eigh ting sc hemes are sho wn in T able 1 (recall that w e use Lnu:l ( � ) u w eigh ts). F or eac h sc heme, a

phrase-factor of 0.5 is used. This turns out to b e a go o d v alue to use.

Idf factor Maxim um Minim um Arithmetic Geometric

Mean Mean

All phrases 0.2939 0.2938 0.2941 0.2944

Tw o-w ord phrases 0.2943 0.2939 0.2948 0.2948

T able 1: Comparison of all phrases and t w o-w ord phrases.

The di�erences are fairly small across v arious w eigh ting metho ds. In fact, p erformance impro v es v ery

sligh tly when w e limit ourselv es to using t w o-w ord phrases only . This can b e explained as follo ws: a matc h

on all t w o-w ord sub-phrases of a long phrase is almost alw a ys equiv alen t to a matc h on the en tire phrase and

in suc h a situation, the matc h on the en tire phrase do es not pro vide additional information. F urther, when

a matc hing long phrase (together with all the matc hing sub-phrases) con tributes to the query-do cumen t

similarit y , the imp ortance of this single matc h ma yb e o v er-emphasized and this h urts p erformance

4

. If the

phrase-factor w ere reduced (to 0.25, sa y), the problem of o v er-emphasizing a phrase matc h w ould no longer

b e as serious, since phrase matc hes in general w ould b e giv en lo w er imp ortance and w e w ould exp ect the

di�erence b et w een using all phrases and using t w o-w ord phrases only to diminish. This is what w e actually

observ ed in the course of our exp erimen ts, and this pro vides further supp ort to our b elief. In the follo wing,

therefore, w e consider t w o-w ord phrases only .

3

This v alue has b een used for a long time at Cornell. Exp erimen ts b y Grefenstette et al. [11] also conclude that op erationally ,

this is a go o d v alue. Our exp erimen ts with the curren t test database con�rms this.

4

In fact, the same rationale motiv ated the use of t w o-w ord statistical phrases.
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Phrase w eigh ting. In addition to the idf w eigh ting sc hemes sho wn in T able 1, w e also tried the sc hemes

\T" and \P" for t w o-w ord phrases (with a phrase-factor of 0.25 and 0.05 resp ectiv ely

5

). The results for the

v arious metho ds are sho wn in T able 2.

Idf factor Maxim um Minim um Arithmetic Geometric T P

Mean Mean

Avg. Precision 0.2943 0.2939 0.2948 0.2948 0.2949 0.2957

T able 2: P erformance of v arious phrase w eigh ting sc hemes.

The di�erences b et w een v arious w eigh ting metho ds are negligible. F or our subsequen t exp erimen ts, w e

use the lT u and lPu sc hemes for query term w eigh ts. The lT u sc heme is a reasonable appro ximation to using

true idf w eigh ts for phrases. The lPu sc heme is v ery similar to the lT u sc heme, and for most queries, it do es

marginally b etter, giving impro v ed results for 30 out of the 50 queries.

Statistical and syn tactic phrases. T able 3 compares the results of reranking the top do cumen ts using

phrases to the base run. The last column sho ws the results if statistical phrases w ere used in the retriev al

pro cess itself rather than in reranking a set of do cumen ts retriev ed through single term matc hes.

Base run Statistical phrases Syn tactic phrases Retriev al with

lT u lPu terms + stat. phr.

Avg. precision 0.2925 0.2929 0.2949 0.2957 0.3020

Precision at 20 do cs. 0.5420 0.5480 0.5480 0.5510 0.5500

T able 3: Comparison of single terms, statistical, and syn tactic phrases.

F rom the table it is immediately clear that c hanges observ ed are v ery small. Th us for example, reranking

the top 100 do cumen ts using statistical phrases yields an impro v emen t of 0.1% only . The impro v emen t is

marginally more (0.8% to 1.1%) for syn tactic phrases, but this is not signi�can t. T able 3 also sho ws that the

a v erage n um b er of relev an t do cumen ts in the top 20 remains almost una�ected b y the use of phrases: on an

a v erage, there are 10.84 relev an t do cumen ts in the top 20 in the base results and 11.02 relev an t do cumen ts

when syn tactic phrases are used.

Syn tactic (lT u) Statistical Syn tactic (lPu) Statistical

b etter b etter b etter b etter

Avg. Precision 12 12 14 10

Precision at 20 do cs. 6 5 6 5

T able 4: Num b er of queries for whic h statistical and syn tactic phrases yield signi�can tly di�eren t p erfor-

mance.

T able 4 sho ws the n um b er of queries for whic h the p erformance of syn tactic and statistical phrases is

noticeably di�eren t. In terms of a v erage precision, the p erformance of statistical and syn tactic phrases

di�ers signi�can tly for only ab out half the queries | for 12 queries, syn tactic phrases (using lT u w eigh ts)

outp erform statistical phrases b y at least 5%, for 12 queries, they are w orse b y at least 5%. Lo oking at the

comparativ e p erformance of the t w o metho ds in terms of precision at a 20 do cumen t cuto�, w e �nd that the

di�erence in the n um b er of relev an t do cumen ts is at least t w o for only 11 queries: for 5 of them, statistical

phrases do b etter, and for the remaining 6, syn tactic phrases giv e b etter precision.

5

The additional m ultiplicativ e factor used in the \P" sc heme scales up the w eigh ts of all phrases. Hence a lo w er phrase-factor

is needed with this sc heme.
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Comparing the set of statistical and syn tactic phrases used to index the 50 queries, w e �nd that there

are 160 phrases whic h are iden ti�ed b y the statistical metho d alone, 214 phrases iden ti�ed b y the syn tactic

metho d alone, and 269 phrases are pic k ed up b y b oth metho ds. Since o v er half the phrases are shared, it

is not surprising that man y queries are not strongly a�ected b y the c hoice of phrase strategy . But for the

remaining queries it is clear that neither syn tactic nor statistical phrases ha v e an adv an tage o v er the other.

The di�erences b et w een syn tactic and statistical phrases are further examined in T able 5. W e rerank ed

the top 100 do cumen ts based on phrase matc hes only (this is equiv alen t to using a phrase-factor of in�nit y).

Phrases b y themselv es are non-optimal represen tativ es of a query , since normally only a part of the sub ject

matter of a query is co v ered b y phrases. Consequen tly , the results sho wn b elo w are considerably w orse than

the baseline, but they are useful since they sho w the e�ects of phrases in isolation. The b ene�ts of using

linguistic information to recognize phrases are clear from the table: the lPu w eigh ted syn tactic phrases are

10% b etter than the statistical phrases in terms of precision at 20 do cumen ts. W e should consider this

impro v emen t in the con text of T able 3 ho w ev er, whic h indicates that these b ene�ts ma y b e of m uc h less

imp ortance within a go o d indexing and retriev al system.

Base run Statistical phrases Syn tactic phrases

lT u lPu

Avg. precision 0.2925 0.2401 0.2502 0.2521

Precision at 20 do cs. 0.5420 0.4590 0.4860 0.5030

T able 5: Results of reranking using phrase matc hes only .

4 Discussion

The smallness of the c hanges pro duced b y the v ariations w e tried, and the closeness of the n um b er of queries

that are impro v ed or h urt b y either tec hnique leads us to conjecture that the top ranks is not where phrases

are most useful. The follo wing observ ations supp ort this conjecture.

Phrase matc hes at high ranks. As explained in the In tro duction, the generally held b elief that phrases

impro v e precision is based on the h yp othesis that a phrase matc h w ould promote relev an t do cumen ts ab o v e

non-relev an t do cumen ts in whic h t w o query w ords o ccur, but not in the in tended sense or seman tic relation.

A closer lo ok at the top-rank ed non-relev an t do cumen ts sho ws that suc h non-relev an t do cumen ts are not

v ery common. What seems to b e the reason for lo w precision in a large n um b er of cases is that the query

consists of sev eral asp ects, and some top-rank ed do cumen ts deal with only one of these asp ects and are

therefore not relev an t to the en tire query . F or example, query 184 deals with problems asso ciated with

p ension plans/funds suc h as fraud, skimming, tapping or raiding. Sev eral top-rank ed do cumen ts discuss

p ension plans but do not deal with asso ciated problems.

The problem in suc h cases can b e termed as one of inadequate query co v erage [4]. The use of phrases

do es not consisten tly address this problem: in a query with m ultiple asp ects, a phrase normally do es not

capture the m ultiple asp ects of the query , but deals with one particular asp ect only . If this happ ens to b e

the main asp ect, but is not represen ted w ell b y single terms, then the use of phrases helps. On the other

hand, if this asp ect is already the dominan t retriev al comp onen t due to the single terms (i.e., most top-

rank ed do cumen ts address this asp ect), the use of phrases only o v er-emphasizes the asp ect. F or example, for

query 176 on real-life priv ate in v estigators, the phrase \priv ate in v estigator" is vital, and the use of phrases

impro v es precision for this query . Con v ersely , query 165 (\T obacco compan y adv ertising and the y oung")

quite clearly has m ultiple asp ects. Most of the top-rank ed do cumen ts deal with the tobacco industry , but

not necessarily with the e�ect of the industry's adv ertising on y outh. Phrases suc h as \tobacco industry"

and \tobacco compan y" emphasize an already dominan t comp onen t and causes precision to drop. Query

184, men tioned in the previous paragraph, is another example in this category .

These observ ations indicate that phrases cannot b e dep ended on as consisten t precision-enhancing devices

and suggest that in order to impro v e precision at high ranks, w e need to use metho ds that directly address

7



the co v erage problem. This also in tro duces another wrinkle in to the comparison of statistical and syn tactic

phrases. It sho ws the imp ortan t consideration is not whether syn tactic phrases are b etter at retriev al than

statistical phrases (T able 5 sho ws they are), but whether they giv e di�eren t information than the single

terms do.

Phrase matc hes at lo w ranks. If, as the ab o v e indicates, phrases do not help in a high-precision, lo w-recall

scenario, w e are led to ask whether phrases help in impro ving the relativ e ranking for lo w-rank ed do cumen ts.

Running a full retriev al run where b oth statistical phrases and single terms are used to index do cumen ts,

w e obtain an impro v emen t of 3.2% o v er the baseline (see the last column in T able 3). This is m uc h greater

compared to the impro v emen ts obtained using phrases only to rerank the top-rank ed do cumen ts. This

indicates that the reranking e�ect that phrases ha v e at relativ ely p o or ranks could w ell b e more b ene�cial.

These rerankings w ould result in relev an t do cumen ts rank ed b elo w 100 b y single term matc hes b eing pulled

in to the top 100 when phrases are used.

T o corrob orate this surmise, w e rerank ed the top 500 do cumen ts instead of the top 100 only . If phrases are

more useful at lo w ranks than at the top ranks, the impro v emen ts from reranking using phrase matc hes should

b e more noticeable when 500 top-rank ed do cumen ts are rerank ed rather than 100. T able 6 sho ws that this is

indeed the case. The precision at a 20 do cumen t cuto� remains unc hanged, but the impro v emen t in a v erage

precision b ecomes more noticeable. Similar results are observ ed when phrases are used during retriev al. This

run retriev es an additional 100 relev an t do cumen ts (3061 compared to 2962 relev an t do cumen ts retriev ed

b y the base run using single terms only), but the precision at lo w recall lev els do es not c hange appreciably .

This indicates that these relev an t do cumen ts are b eing brough t in to the retriev ed set at lo w ranks via the

rerankings pro duced b y the phrase matc hes around the lo w er edge of the retriev ed p o ol.

The di�erences b et w een statistical and syn tactic phrases is still v ery small, ho w ev er | syn tactic phrases

p erform somewhat b etter in the high-precision region, and somewhat w orse in the high-recall region.

Base run Statistical phrases Syn tactic phrases Retriev al with

lT u lPu terms + phrases

Avg. precision 0.3616 0.3710 0.3678 0.3697 0.3758

Precision at 20 do cs. 0.5420 0.5500 0.5480 0.5510 0.5500

T able 6: Results of reranking 500 top-rank ed do cumen ts.

W e analyze the results for syn tactic phrases in greater detail in T able 7, whic h sho ws the in terp olated

precision at v arious recall lev els for b oth lT u and lPu w eigh ted syn tactic phrases. The trends visible from this

table pro vide further supp ort to our h yp othesis that phrases help impro v e rankings at lo w ranks rather than

at high ranks. W e observ e that as the imp ortance giv en to phrase matc hes is increased, the precision at top

ranks consisten tly deteriorates, but precision at lo w er ranks (or higher recall lev els) consisten tly impro v es.

In fact, the impro v emen ts at the high recall lev els sometimes out w eigh the p erformance losses at the top

ranks when 500 do cumen ts are b eing rerank ed, and b etter o v erall p erformance is ac hiev ed b y using a higher

v alue of the phrase-factor compared to the v alues that are b est for reranking the top 100 do cumen ts (0.25

for lT u -w eigh ting and 0.05 for lPu -w eigh ting).

V ery similar patterns can b e seen in the case of statistical phrases as w ell, when the phrase-factor

is increased to 0.75 and 1.0. The same trends are also observ able when 100 do cumen ts are rerank ed |

p erformance at high recall lev els impro v es as the phrase-factor is increased.

One p ossible explanation of this w ould b e that at high ranks, the n um b er of single term matc hes is

t ypically high and the o v erlap b et w een the sub ject matter of the query and do cumen t is substan tial. Em-

phasizing a phrase matc h in this setting w ould o v er-emphasize a particular matc h, and cause retriev al to b e

dominated b y this matc h. The resulting top-rank ed do cumen ts could giv e a one-sided view of the information

required b y the query . A t lo w er ranks, the n um b er of matc hes is m uc h lo w er and giv en the small n um b er

of matc hes, the imp ortance of a go o d matc h (a phrase matc h for example) compared to an inferior matc h

in distinguishing a go o d do cumen t from a bad one increases signi�can tly . Accurately matc hing a do cumen t

and query on a single asp ect using a phrase matc h b ecomes more imp ortan t here, since all of the matc hes

at lo w er ranks are more ten uous.
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Recall lev el Phrase-F actor

lT u lPu

0.25 0.50 1.0 0.05 0.10 0.15 0.25

at 0.00 0.8528 0.8416 0.8512 0.8516 0.8293 0.8384 0.8338

at 0.10 0.6986 0.6970 0.6817 0.7003 0.7004 0.6941 0.6799

at 0.30 0.5378 0.5328 0.5143 0.5419 0.5360 0.5315 0.5210

at 0.70 0.2090 0.2166 0.2256 0.2125 0.2171 0.2235 0.2255

at 1.00 0.0076 0.0095 0.0111 0.0082 0.0101 0.0109 0.0114

Avg. precision 0.3678 0.3694 0.3665 0.3697 0.3716 0.3715 0.3654

T able 7: E�ect of phrase-factor at v arious recall lev els.

This explanation is analogous to the one giv en b y Singhal [17] to explain ho w using a strong in v erse

function of the do cumen t frequency ((log( N =d f ))

1 : 5

for example) to compute the idf comp onen t of term-

w eigh ts impro v es p erformance at high recall lev els. Singhal broadly classi�es query terms in to t w o groups

| rare (or high idf ) terms whic h t ypically form the core of the topic, and less rare terms whic h pla y a

supp orting role b y sp ecifying the con text or subtopic within the main topic that is of in terest to the user.

T op-rank ed do cumen ts t ypically con tain the core as w ell as some (or most) of the supp orting terms. Using a

strong idf function b o osts the imp ortance of the core term matc h and a non-relev an t do cumen t that con tains

the core term but lac ks the supp orting terms ma y b e promoted o v er a relev an t do cumen t that con tains b oth

t yp es of terms. In the lo w er ranks, ho w ev er, the query-do cumen t matc h is w eak er, and rare terms are a

more reliable indicator of relev ance, since the c hances of relev ance are lo w if the core topic is absen t from a

do cumen t, whereas a do cumen t ma y still b e of in terest if some of the supp orting terms are missing. Using

a strong idf function is useful here, since it giv es more imp ortance to a single core matc h compared to a

n um b er of matc hes of p o orer qualit y .

5 Conclusion

Phrases ha v e pro v ed to b e useful as indexing units in IR systems in the past. A phrase matc h b et w een

a do cumen t and a query is usually an accurate indication that the do cumen t deals with the asp ect of the

query describ ed b y the phrase. The abilit y to accurately detect an o v erlap b et w een a do cumen t and a query

on a single query asp ect is imp ortan t if retriev al p erformance is lo w. But if go o d p erformance is already

ac hiev ed using single terms, adding phrases of an y kind is lik ely to o v er-emphasize a particular asp ect of a

query , resulting in p o orer p erformance. Th us, w e observ e that as o v erall retriev al e�ectiv eness impro v es, the

additional b ene�ts obtained through the use of phrases seems to b e diminishing. In the past �v e y ears of

TREC, o v erall retriev al e�ectiv eness for Smart has more than doubled, but the added e�ectiv eness due to

statistical phrases has gone do wn from 7% to less than 1%.

W e examine this issue in this study , in v estigating the usefulness of phrases in general, and the comparativ e

usefulness of statistical and syn tactic phrases in particular, within a high-p erformance IR system. W e are

sp ecially in terested in the problem of high-precision retriev al.

W e conclude the follo wing from the results of our exp erimen ts:

� When phrase matc hes alone are used to rank do cumen ts, syn tactic phrases p erform b etter than statis-

tical phrases, but this adv an tage disapp ears when single terms are used in indexing and retriev al.

� On a v erage, the use of phrases do es not signi�can tly a�ect precision at the top ranks. Preliminary

observ ations indicate that phrases are more useful in determining the relativ e ranks of lo w-rank ed

do cumen ts.

� Phrases are useful for some queries, but not others. The ma jor issue seems to b e one of query accuracy

(increased b y phrases) v ersus query co v erage (with query balance p ossibly upset b y phrases). The

tradeo�s b et w een these t w o factors need to b e explored in the future.
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6 Ac kno wledgmen ts

The grammar used to recognize noun phrases w as designed b y Julia Komissarc hik. Kevin Saunders w as of

great help in getting Circus to w ork on the text collections used in this study .
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