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I. PURPOSE OF THIS PAFER:

At the upcoming October, 1990 meeting of the NRC Licensing Support
System Advisory Review Panel (LSSANP). the wombers ave scheduled
to continue the discussisn on the'r recommendatior to the LSS
Administrator (LSSA) on the content of the LSs Header. Nne open
item was the extent to wnich documents in the WSS should be
abstracted. The purpose of this papar {8 *n lsy out information
about abstracting which the l&5A belawvves snould be taken into
consideration by the LSSARP members as they examine this issue.

(. BACKGROUND:

During the March 1990 meeting of the LSSAR"™, a Technical Working
Group was formed to prepare a draft recommendaticn for the fields
for the LSS Bibliographic Header and Full Header. The Working
Jroup met several times and prepared a report to the full LSSARP.
The report recommended that abstracts be reguired only for
documents and non-documents that will not be available in
searchable full-text (i.e., those with either header only or
header and image only). The report further recommended tnat the
abstract field be gptional for documents that will be available in
searchable full-text. The Technical Workii g Group determined that
the LSSAND should discuss the issue as o wnici: LSS document types
or groupings should be abstracted.

During the June 7, 1990 meeting, the LSSARP Temibers agreed that
abstracts were required for materials that will not be availabl~»
in searchable full-text. They then discussed at length the need
for an abstract for LSS documerts that will be stored in searchable
full-text. These discussiors centered around cost versus benefit
considerations. Differing points were made abnut:

- the need for any abstract in the header, given
availability of full text,

- the sizable cost of abstracting, and

- whether only selectud sets of documents might need to be

abstracted and, if so, which sets.



No firm recommendation evolved. To focus the issue and to provide
nore definitive information about the cost implications of
alternative abstracting scenarios, the LSSA offered to prepare an
issue paper for the members to consider prior to the rext LSSARP
meeting in October. Since the June LSSARP meeting, the _3SA staff
has reviewed existing information science siudies related to this
issue and gathered industry data on the costs of abstracting. The
following is the result of that investigation, including a
discussion of abstruacting options and some alternatives to
abstracting.

. ABSTRACTING - WHAT IS IT?

A TYPES OF ABSTRACTING

In the Library/information Science discipline, three types of
abstracts have evolved. All ar2 based on the human review and
summarization of the content of a document. In order of increasing
depth and coverage, they are:

. ANNOTATIVE ~- A short description of the document which
briefly describes the subject, usually limited
to a few lines in length. This type of
abstracting can be done by the sare staff doing
the bibliographic or descriptive cataloging.

- INDICATIVE == A longer description than the annotative
abstract, giving a Dore detaiied summary or
the document scope and content. These
ahstracts are traditionally about 200 words in
length, This type of abstracting is usuall;,
done by professional inhdexers/abstracters
having subject matter background and/or
experience. The documents are usually reviewed
once both for the assignment of subject terms
and for the development of the abstract.

. INFORMATIVE =~ The most substantive type of abstracting which
includes not only indicative information but
also summarizes the findings, answers, or data
in the document. Such abstracts often
eliminate the need to obtain or read the entire
document. The length varies based on depth of
document content. As with the indicative
abstract, this type of abstracting is also done
by professional indexers/abstracters haviny
subject matter background and/or experience.
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Hovever, unlike the Indicative Abstracts, this
type of abstracting may or may not be done by
the same staff that are subject indexing the
documents. If not, then another staff resource
is required,

It is obviously more expensive as one moves from annotative to
informative abstracting because of the additional time and higher
level of expertise involved in reviewing the document and composing
the abstract. Section IV and Appendix A. contain more information
on the cost of abstracting.

B. ABSTR/CT'™NG IN THE LSS ENVIRONMENT

Giver. that the LSS Title/Description field is intended to contain
(a) the titles of formal publications or (b) a brief description
of less formal or untitled documents, all LSS documents will have
annetative-type abstracts. This makes the ansumption that titles
of publications are somewhat descriptive of content. Therefore,
annotative abstracting is not considered from a benefit-costs
perspective in this issue paper.

Also, in the opinion of the LSSA, the LSS should not attempt under
any scenario to provide informative abstracts because (1) the costs
are excessively high and (2) such treatment of LSS documents is
unwarranted given the availability of the document text on-line.
The LSS abstract would only be intended as a search aid, not as a
surrogate for the docuent itself, which is often the case with
systems providing informative abstracts.

Therefore, in discussing the pros and cons of abstracts in the LSS
environment, this paper assumes that any abstracts would be of the
indicative type.

C BENEFITS OF INDICATIVE ABSTRACTS

The following is a lis* of the potential or reputed benefits of

having an abstract field in & full-text database. Where
applicable, we have incluied a summary of the information gained
from relevant research studies. It should be noted that no

specifically applicable research has been found that directly
speaks to the benefits/costs of abstracts in a full-text database
having keyterms and header data, such as will be the case with the
LSS,

THPROVED PRECIBION ~-- The presence and use of abstracts may
improve the precision of subject/content searches because it
is assumed that if a word or phrase is in the abstract, then
it is probably » primary topic cf the document. This
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precision is gained by limiting word/phrase searches to the
abstract field, either initially or after retrieving a
document set via search of full-text or other parameters.

There is a current on-going “~vate in the information science
literature about the benefi.. and power of full-text database
software as compared to traditional systems that have only
bibliographic (fielded) data, subject indexing, and

*racting. Most of this debate centers around the balance
ot scall" versus "precision" capabilities. The attached
4/t 4@8 are representative of the discussions and data
« younding this debate (see Attachments #1 through #5).

.¢ is known that in striving to achieve the qroato;:.izgitg
(retrieval of all relevant documents), the

(retrieval of only relevant documents) of search results
suffers. TIhis axiom is applicable to all types of information
systems, ranging from bibliographic only to full-text systenms.
However, the degradation of precision to assure greatest
recall is magnified in large full-text systems, especially for
collections on a narrow and/or homogeneous topic, such as the
HLW LSS, This problem will be further exacerbated in the LSS
environment of decision support and litigation support where
knowledge of all relevant materials appears more to be
essential.

In a 1986 article (Attachment #1), Gerald Salton summarizes
the results of several related studies. Simplistically
presented, the precision/recall performance of different
access methods can be drawn from two of the studies. These
data support the belief that searching the abstracts can
significantly improve recall (as compared to searching the
full-text alone without) a significant loss in precision.

Recall Ratios*  Precision Ratjos*
Searching the:

a. Text of Abstract 0.78 0.63
b. Controlled Descriptors

Subject Indexing 0.56 0.74
¢. Full Document Text 0.20 0.75

* Recall Ratjo is number of retrieved relevant documents as
percentage of all of the relevant. documents in the

database.
j= the number of retrieved relevant
documents as per-ontage of all retrieved cocuments



D.

As indicated in line b. above, the recall ratios are better
if one has controlled subject terms to search as well as the
tfull-text, without any significant loss of precision.
Subject indexing will be done in the "S§S.

RELEVANCY REVIEW -~ Abstracts provide * summary of the entire
document. Therefore, browsing the abstracts of a retrieved
set of documents can aid in determining the usefulness of the
document and the context in which the subject is treated
without having to roam around in the text.

Also, abstracts can be very helpful when reviewing document
listings or bibliographies in hardcopy away from the LSS
workstation. This would be the case when LSS search
specialists or intermediaries, e.g. librarians, research
assistants, and paralegals, are performing searches in
response to "client" requests. In one study, the presence of
an abstract reduced the number of "missed documents" -~
documents judged as not relevant by a review of the titles
only, but which were subsequently determined as relevant after
2 review of the abstracts (Attachment #6).

COBT BAVINGS -~ Abstracts can potentially reduce the need for
printing hardcopy of documents if a review of the abstract is
sufficient for the searcher to determine the relevancy of the
document for his/hei needs,

-= Abstracts can reduce on-line time if, as
above, review of the abstracts negates the need to browse/read
the full-text,.

LIMITATIONS:

Abstracts are only as good as the abstracter. They are
subjective, whether it be the author's characterization of
his/her work or the abstracter's interpretation of the
author's work.

Abstracts do not improve recall of subject/content searches
in a full-text database if the abstract does not contain
different terminology from the text. Different terminology
that could improve recall might be more generic, more
specific, synonyms, or the translation of jargon.

Abstracting only certain document types/categories places a
burden on the user to know when abstracting was done and when
it was not. Otherwise, users could unknowingly formulate
search strategies that would provide false results. For
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example, if all documents in a collection are not abstracted,
then searches limited to the abstract field will automatically
exclude non-abstracted documents and thereby possibly exclude
relevant materials from the resulting hitlist.

IV. COSTS OF ABSTRACTING
A AVERAGE COST PER ABSTRACT i

The LSSA collected abstracting cost and productivity information
from six companies that perform abstracting sexvices. The
information provided by respondents varied in terms of assumptions,
such as variations in the size of dccuments, the QC
reviewers/supervision ratios, and scope of abstracting. It was
therefore difficult to normalize the data. However, there was not
such a disparity in the data that some useful figures could not be !
compiled. The assumptions used for this paper are listed in the
Table below and Appendix A. a

Data wae also provided by SAIC, based on their experience in the
LSS prototype cataloging efforts. Their data show abstracting
times of about seven (7) minutes per document based on & sample of
47 documents, each averaging 48 pages. Unfortunately, the SAIC
timing estimates did not include a quality control review. Also,
it was uncertain whether these times consistently included the |
actual review and analysis of t!~ document scope and content before ;
the composition and keying of the abstract. ﬁ

B. ESTIMATED COSTS IN THE LSS

The following table presents the gstimated costs of abstracting i
LSS documents by document type. The figures on the number of ‘
documents are extrapolations from recent SAIC re-evaluations of :
the size of the LSS database (see Attachment ¢7). The estimated f
number of pages in this SAIC report was divided by nine (9) to

develop an estimated number of documents. The figure of nine (9) ‘
pages er document was selected because this was the size of the
average document in the DOE Nevada RIS collection, vhich will
contribute the vast majority of documents to the LSS,

The distribution of the estimated number of documents by major .
document types is based on recent figures from the three majer HLW -
document collection: DOE's RIS systems in Las Vegas and at DOE ‘
Headguarters and the NRC's NUDOCS system. ~




Even though the figires in the table below are just gross estimates
and may differ from the actual veolume/ccsts experienced in the
futrre; these figures are based on the best available data. For
the purposes of this paper, they do provide the LSSARP members with
a significantly improved basis for decisios making.

Table 1. ESTIMATED COSTS OF ABSTRACTING IN THE LSS
(Numbers of Documents & Dollars in thousands)
Cumulative Document Counts and Costs by Specified Year

LSS DOCUMENT BY 1995 BY 2000 BY 2005
COLLECTION BY

DOCUMENT TYPE NO. OF EST. NO. OF ES'., NO. OF EST.
ROCMNTIS _COSTS DOCMNTS ___COSTS DOCMNTS COSTS

TOTAL 1,278 $§33,179 2,296 $59,195 3,759 $97,581

CORRESPONDENCE
(64%)
3 doc/hour 8l $17,¢96 1,465 $32,3.8 2,406 $52,932

PUBLICATIONS/
REPORTS
(23%)
2 doc/hour 294 $9,700 528 $17,427 864 $28,512

LEGAL & OTHER
DOCUMENTS
(13%)
2 doc/hour 166 $5,483 299 $9,850 489 $16,137

Assumptions:

1. A fully loaded rate of $66 00 per hour. This includes the costs of labor (abstracters, Quality control reviewers, wnd supervisors),

G&A, overhead, and fee  Abstracting work activities include reading documents, composing abstracts, keying in th* abstracts, and
performing quality control and supervision

2 A production rate of two abstracts developed and reviewed per hour (866.00 divided by 2 = $33/abstract) was wed for the
Publications/Reports and Legal’Other Document categories. This is the production figure used by the National Federation f Indexers

and Abstracters for 200 word indicative abstracts.  For correspondence with typically fewer pages than the other two casgories, a
production rate of three per hour was used (866 00 divided by 3 = $22/abstract)

3. While it s acknowledgad thai @ portion of the LSS documents, particularly formal publications, will have an abstract or su amary
within the by of the dacument, no cost reduction was factored into this table. This decision was based on responses of the sur eyed
abstracting companies  They were reluctant 1o reduce estimaies even if documents contained abstracts, due 10 the time requin d to
verify the quality of the existing abstract and to edit as required for consistency of coverage with other abstracts. This decision vas
also supported in the timing tests performed by SAIC in their protoiype.  Also, no adyustment was made to acknowledge that so ne
documents, such as transmittal correspondence, would not warrant abstracting, given that an annotative summary would be contain, ¢
in the Tite Description field
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V.  ALTERNATIVES TO ABSTRACTING

Section II1.C presented the potential benefits of having abstracts
in the LSS. This section highlights some of the LSS features
currently specified in the SAIC draft LSS Search and Image Design
Document which will provide come o©¢ the same benefits of
abstracting without the continuing ~osts of abstracting. These
softwvare features, if not part Jf the off-the-shelf database
package, can be developed at a firite, one time cost. This section
also discusses some other features that could increase precision
and recall.

A. CURRENT DOE LSS DESIGN FEATURES

1. Header Field Analysis: After a sexrcher has developed a
hitlist of documents based on his/her search statement, this
optional feature, if invoked, would present to th2 user a computed
table of the frequency of occurrences of values for any specified
Controlled Vocabulary Header Field. This shows the distribution
of Descriptors, Sponsoring Organizations, Author Organizations,
etc. within their hitlist,

For example, given the best known search strategy, the user creates
a hitlist of 230 documents on boreholes and volcanic rocks. The
user then regquests the Header Analysis feature, using the
Descriptor field. The LSS system would then present a listing of
all Descriptorr used to describe the 230 and show the number of
documents having each descriptor, in decreasing freguency order.
The table would look something like:

This query found 230 units.

Header Analysis on Descriptor Field:
Rescriptors Ereguency
Fractures «.cveveses sasaae s oo 47
Fractures (GeologicC) .vvvvevns 43
Topopah Springs Member ...... 39
POYENOLOE o ssevvas TR . 36
Drill COTOB oo vsosnn U . 30
Stratigraphy sccosssves seeeae 25
Volcanic ROCKS .. vevns TPELT 11
Structural Seclogy ..ciesiene 10
Strain (Geology) «evvevsnvsany 4

The user couid use this information about their hitlist to select
parameters of greatest or least interest to rerine the search
statement and create a query with greater precision. For example,
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the searcher might nowv want te broaden the ssarch to include all
documents on Topopah Springs Member while also excluding documents
on Stratigraphy and Strain.

2. PRanking Retrieved Cocuments Based on Selected Term Freguency:
This LSS feature will allow the user to rank and display the
documents in his/her hitlist in decreasing order according to
density of selec%ed ASCII-text words in the texi, Density is
defined as the number of times a relevant words or phrases appear
in the document as a percentage of the total number of words in
the document. For example, the words abstracts, abstracted,
abstracting, and abstracters are repeated about 140 times in this
4,000 word paper. This represents 3.5% of all words in this paper.
The percentage would be even greater if "stop”™ words (such as a,
the, were, most, in, etc.) were excluded from the total word count.

This process will present the hitlist in an order which provides
the most relevant documents first on the assumption that if the
specified words are repeated freguently in the document, that is
a major topic .overed in the document.

B. POTENTIAL LSS DESIGN FEATURES

The following are search and retrieval software features that are
not currently in the DOE design. These features may warrant
further investigation, given the costs of abstracting, the concern
of excessively large hitlists, and the problems of low recall and
low precision in large text databases.

l.a. Automatic Abstracting -- There are current software packages
that purport to scan existing text and present the contents into
an abstract-like summary. Such a software feature could be used
to add a summary to the LSS header record for presentation to
searchers and reviewers of bibliographies to enhance their
determination of the relevance of documents retrieved. This would
potentiallv provide the benefits of: (a) reducing the orders for
non-relevart documents or (b) finding relevant documents that might
have judged non-relevant upon review of the bibliographic
information only.

1.b. QOptional Extensive Bibliography Format =-- LSS users could
the have option of ordering the "first" ASCII page nf each docunent
in their hitlist to be printed along with a header bibliographic
listing. Such a feature would have the same benefits as Automatic
Abstracting, described above.

2. Sophisticated ranking Algorithms =-- Over the past several
years, the information science literature has contain>d many
articles about research to improve text search results using a
variety of statistical and lexical analysis methods. Basically,
these are centered on the clustering of related or synonymous terms

9
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and word patterns.

techniques.

Attachments #4 and #8 are examples of such
The capabilities of such software enhaicements to

improve recall and precision will be carefully monitored. A

features become

proven,

they could be incorporated into the LSS

design over the life of the system,

VL. PROS & CONS OF DIFFERENT OPTIONS FOR ABSTRACTING:
A ALL DOCUMENTS

PROS:
CONS:

* Consistency and zimplirity

* Prohibitively Expensive

* Not warranted for traditional ‘'correspondence'

given:

-

use of Title/Description Field which will
provide short annotative summary for
relevancy review.

full-text search capabili‘y

multiple other access points in the header
fields for content/subject searches of all

documents, such as descriptors,
identifier, project/special class fields
etc.

B. ALL NON-CORRESPONDENCE-TYPE DOCUMENTS - “everything but ..*

Exclude .etters, memos, telephone conversation reports...

1

Abstract all non-correspondence regardless of how long
or short the document.

» Less expensive than Option VI.A.

. Somewhat wasteful given that some "short"
documeénts do not warrant such treatment.

* Less expensive than VI.B.1.

10



CONS:

v

Increased benefits of relevancy review and
precision

Selection of document size cutoff is arbitrary
and subject to debate.

Searchnrs are very unlikely to keesp this
arbitrary rule in mind., Therefore, if they
l1imit their searches to the Abstract Field for
precision, then they could unknowingly exclude
“hole sets of documents and get erronecus
searc.. results.

ABSTRACT ONLY SPECIFIC DOCUMENT TYPES.

For All Documents Coded as Specified Document TYpes ==
Pick up Abstracts/Summaries as available within documents
or compose and add if not.

c.1

CONS:

Less Subjective or arbitrary in the selected
universe than VI.B.2.

Much less expensive because of smaller universe
of documents to be abstracted.

Mest understandable alternative to most, if
not all, searchers. Therefore least likely to
be misused in searching.

Still somewhat subjective in that the
assignment of Document Type codes is somewhat
subjective.

Inconsistent treatment of abstracts and
therefore varying quality if abstracts drawn
from the text are not strictly reviewed for
consistency with LSS abstracting standards.

The least expensive alternative while still
allowing searching of this text because
submitter's preparation staff and/or LSSA staff
do not have to compose and enter the abstract.

11



The abstract listed in bibliographies will
assist the reviever in determining <the
potential relevance of documents retrieved.

Universe of docunents whieh contein sbetractse
for searching and for presentatier is tetally
gandoa. Thic dose mot appeoar te be a viable
option because searchezs ecould aot uee these
randonly axisting abstracte with any
reliability for identifying relevant docunents.

Subjective in determining if document contains
text which could be used as an sbstract.

Inconsistent <treatment of abstracts and

therefore varying quality if abstracts drawn
from the text are not strictly reviewed for
consistency.

The least expensive alternative. A minimal
cost to transfer and store the pre-existing
text in the header in a non-searchable field,

The abstract listed in bibliographies will
assist the reviewer in determining the
potential relevance of documents retrieved.

By not allowing searches to be limited to
Abstract Field in this option, it prevents
users from unknowingly eliminating potentially
relevant sets of documents.

This option presents a design issue to be
solved because the abstracts in 1SS header
records that describe documents or data that
are rn~% stored in searchable full-text would
‘.ave to b. made searchable.

VII. CURRENT LSSA STAFF VIEW:

The LSSA s.\ff believes strongly that manually prepared abstracts
should not L * created for inclusion in the Licensing Support System

12




in searcnable text for those documents that are already stored in
searchable full-text due to the substantial costs projected for
abstracting in comparison to the benefits. Although there is the
potential for low recall and precision ratiss in large text
datahases, abstracting is not the only remedy. The other access
points in the LSS header fields and the software features specified
in the current LSS design will greatly enhance to searchers ability
to create useful sets of documents. Also, the LSSA staff will
continue to work with DOE in investigating additional software
tools to increase performance and will recommend the development
of such software if it is a cost-effective approach.

The LSSA staff does believe that the text of abstracts that already
exist in documents should be captured in the Full LSS Header. This
would be in a non-searchable field to be usel for presentation and
relevance review only, (Option C.3) above. 71his assumes the design
issue can be solved related to the need to search abstracts for
those documents/data not stored in searchable text.
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SUMMARY OF INDUSTRY SURVEY OF ABSTRACTING COSTS

APPENDIX A

DIRECT HOURLY COMPANY COMPANY COMPANY COMPANY COMP . NY COMPANY
LABOR RATES _A B c D E F NFAIS
ABSTRACTERS $13.50 - $25.00 $10.00 - Unit nr $12.00 $13.50

18.00 15.00 Charge

QUALITY CONTROL

REVIEWERS nr $25.00 nr - nr nr nr
SUPERVISORS $30.00 $25.00 nr - nr nr nr
RATIO OF QC

PERSONNEL TO

ABSTRACTERS 1:2 1:S nr 223 1:4 nr 1:4
RATIO OF Same

SUPERVISORS TO 1:20 1:15 nr 1:15 Person nr nr
ABSTRACTERS as QC
UNIT CHARGE nr $58.50 nr $33.29 $16.77 nr nr

PER ABSTRACT
TIME TO PRODUCE 20 Pages 135 mins/ nr 49 mins/ 37 mins/ nr 30 mins/
AN INDICATIVE of doc. document 35 page 12.5 page document
ABSTRACT per hLour document document

NOTES: nr = not reported

NFAIS

= National Federation of Abstracters and Indexers



APPENDIX A cont.
CALCULATIONS OF FULLY LORDED EOUBLY RATE

Average Direct Hourly Rate:

Abstracters
QC Personnel
Supervisors

Ratio of QC Personnel to
Abstracters

Rativ of Supervisors to
Abstracters

Abstractor's hourly rate $15.75
+ portion of QC rate 5.71
$21.46

($20 hourly rate for QC personnel divided by 3.5)

pertion of Sup.rate 1.80 ($27 hourly rate for Supervisors divided by 15)
$23.26

Overhead (120%) 27.91
$51.17

G & A (20%) 10.23
$61.40

Fee/profit (£8%) o 4.91
$66.31 === Fully loaded hourly rate for abstracting services.
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COMPUTING PRACTICES

Edger H. Sibley
Penel Editor

ATTACHMENT ¢)

Evidence from available studies comparing manual and automatic text-
retrieval systems does not support the conclusion that intellectual conten!

analysis produces better results than comparable automatic systems.

ANOTHER LOOK AT AUTOMATIC
TEXT-RETRIEVAL SYSTEMS

GERARL SALTON

An sutomat.c text-retrieve! svstem is designed t°
search a file of naturai-language documents ana
trieve certain stored items in response to queries
submitted &v a user Typically each stored item is
described by using-=for content identificetion—cer.
tain words ¢ mtained in the docum ut texts. some.
times supplemented by additiona) 1< ated informa
tion. Queries are often formdgtad by using as search
terms words from the text that are interrelated by
the Boolean ope w101y and. or, and no!. The retrieval
svstem is then designed to retrieve all stored texts
identified by an appropriate combination of query
words A user interested in information about the
design of small computers might formulate the
query [(minicorputers or microcomputers of
hand -held calculators; ¢o¢ (designor
constructionorarchiter.ure) ). The re-
trieval system would then ex'=gct from the file,
items containing the identifiv.: “design” and
*minicomputers.,”or*construction” and
*microcomputers.” [8. 16]

The effectiveness of a retrieval svstem is usually
evaluated in terms of & pair of measures, known as
recall and precision Recall is the proportion of rele-
van! material actually retrieved from the file. while
precision is the proportion of the retrieved material
that is found to be relevant to the user's needs. In
principle. a search should achieve high recall by re-
trieving almost everything that is relevant, while at

This sluds was supponed it part by the Nationa! Science Foundation under
grant IST MY ke

€ 10RE AUM OO0 OTEI 8607000648 TN

Communications of the ACM

the same time maintaining high precision by reject.
ing a large propartion of extraneous items. When
this happens. both rece!l and precision values of the
search are close 10 1 (or 100 percent). In practice, it
is known tha! recall and precision tend to vary in-
verselv, and that it is difficult to retrieve everything
the! is wanted while also rejecting evervthing that is
unwanted

In particular. when very specific query formule-
tions are used, few nonrelevant items tend to be
oblained. but alsc relatively few relevant ones. That
is. 8 very specific query formulation produces high-
precision and hence, low-recali, performance. As the
query formulation is broadened, more relevant items
are retrieved. thus improving the recall. but also
more nonrelevant ones, thereby depressing the pre-
cision. In the latier cese, one obtains high recall. but
also low precision. A compromise often reached in
practice is using a query formulation that is neither
too narrow nor too broad. However, when a choice
must be made between recall and precision. mos!
users choose precision-oriented searches where only
relatively few items are retrieved. and the user is
spared the effort of examining & large amount of
possibly irrelevant material-~the penalty attached to
8 high-recall search.

In automatic retrieval systems, both query formu-
lations and document representations can be altered
to reach the desired recall and precision levels
through the use of recall-enhancing devices (e g..
term truncation) to broaden the document and
query identifiers. and precision-enhancing devices
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(e g term weighting) to make item identificetions
more specific A list of typical recall. and precision.
enhancing devices appeers in Table |

Term tr n consists of using trunceted terms,
ot word stems. instead of the original complete
terms. for query or document identification A form
like “snaly” would encompass the notions “analyst.”
“analysis.” “analyzer.” elc —having a broader scope
than any of the complete words Other recall-
enhancing devices involve using terms that are syn-
onyous of reiated 1o the original ones or broader
and more general Such terms are generally avail.
able in thesauri and term hierarchies or are sug-
gested by users during the search operations

Term weighis enhance the search precision by
distinguishing the better. or more important, terms
from the less important ones Such 8 discrimination
may also help ragh the output in decreasing order of
presumed importance Other precision-oriented de-
vices involve using tgtm phreses instead of single
terms—for example, “computer prugiammet” in-
stead of "computer”—and supplying narrower or
more specific terms. Useful term phrases might be
evailable in a dictionary, or cuuld be formed from
sets of single terms that cooccut regularly in 8 col-
lection of documents

Mos! automatic text-retrieval svstems provide for
the use of truncated terms and the addition of
broader. narrower. and related terms. Automatically
generated term weights may also be used o distin.
guish items containing the more highly weighted
terms from those containing terms of lower weight

nlaruch lal Maton examines the

well-known automatic text-retrieva’ system STAIRS
as applied 1o a collection of 40,000 full-text docu-
ments—equivelent 10 somg 350.000 pages of text—1o
answer 40 different user quenes !5 in STAIRS,
words are normallyv extracted from document texts
for content identification After text words have
been broadened using truncation. each word may be
supplemented by lists of synonyms supplied by the
user. When synonvms are specified. a search based
on a particular term automatically extends to the

TABLE | Typxal Recall and Precision-Enhancing Devices

Precision -enhancing
Recal-enhancing Gevwes devices
(\erm brosdenng) (term narrowing|
Term truncaton (st Term weghting
removal)
Agaion of synonyms Aoaiton of term phvases
Aogiion of related lerms Use of term concourrences
N oocUments o
senlences
Aaaiion of troader terms Addion of narrower terms
(Using term werarchy) (using term heerarchy)
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whole synonym hist The STAIRS system also in.
cludes a ranking feature that retneves documents in
decreasing order based on total document weights.
which are calculoted by adding the weights of the
query terms contained in each retrieved document
16)

Although some features of the
not as attractive as they might be (e g.. & more rea.

IRS syste pre
sonable term weighting system might produce better ({

retrieval performance) STAIRS is certainly a stote. ¢
of the-art full-text-retrieval system. and its opera- V-
tions are typical of what is cbtainable with existing Q’

operational automatic text search systems In the
STAIRS retrievel test conducted by Blair and Meron.  ~
an sverage precision value of about 75 percent (0.75)
was oblained. and an average recall value of 20 per.
cont (0.20) That is. for each of ihe 40 tes! szarches
three out of four retrieved documents were in fect
pertinent 1o the user queries. and approximately
one-fifth of the total number o1 *elevant items pres.
efll in (he collection were retrie. .3

In this article. we will argae that not only is this
lem of what is ach'evable in
existing operational retrieval environments, but that
it actually represents a high order of retrieval effec.
tiveness We will present some major experiments
comparing avtomatic retrieval with manual, con-
trolled vocabulary systems on large document col.
lections We then address the theories under!ying
sutomatic indexing and propose a basic blueprint for
implementing effective automatic retrieval systems.
emphasizing that the future lies in sutomatic and
rot in manual systems

THE BLAIR AND MARON RETRIEVAL TEST

In the Blair and Maron test of the STAIRS system,
searchers were able 10 extract from a large collection
of 40.000 documents a substantial number of useful
items. since only one of four retrieved items proved
extraneous. the time consumed considering useless
items must have been comparatively small. How-
ever the searchers in the Blair and Maron test were
lawyers and the materials being seasched were legal
i ments. and because the Anglo-American lega
svstem 15 based on the concepts of common law and
judicial precedence. many lawyers are of neces«ity
high-recall users. In this tradition, knowing how &
particular legal case must be approached often
means examining all possible previous cases tha
may be similar in some respect to the current case
The high-precision output obtained by Blair and
Maron. which rejected most nonrelevant materials,
but also obtained only about 20 percent of the poten-
tially useful items. might be entirely suitable in an-
other environment (e g.. for research workers, uni-
versity professors. and students). However, in the
—-—-—\“-——-
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case Jf the lega! personnel that actually conducted
the searches in the Blair and Maron test, o beller
recall performance was considered essential even 8
the cos! of decreased search precision

From their retrieval test. Blair and Maron derive

ree mein conclusionf| 1) First. they assert that,

igh recall is essential in searching large col.

lections. users cannot simply broaden the search re-
quest (es would be done experimentally for small
collections) because of the problem of output over-
load More specifically. they claim that. when
broader search formulations are used. search preci.
sion may suffer intolerably and users might be
swamped with masses of irrelevant material For
this reason. the suthors conclude that eatlier test
results showing the superiority of text-based re-
trieval over manual systems are not necessarily rele.
vant 1o lerge. real-world collections

Second, Blair and Maron argue thet, when hi
recall is desired. manual indexing is préTerable to
fUTTText searching

the full 1ext system means the additional cost of
inputting and verifyving 20 times the amount of infor.
mation the! a menually indexed syste:r would deal
with This difference alone would more than compen.
sele for the added time needed for manual indexing
and vocabulary construction [1)

Blair and Maron allege that full text sys.

tems. and STAIRS in particular. are not particulerly
user friendly in the sense that, in théTTTesT even
trained searchers were unable to achieve adequate
performance. and untrained users would presum.
ably do even worse

Despite the impressive precision performance of
the STAIRS system in the Blair and Maron test envi-
ronment, the authors conclude with & surprising

paraphrase of Samuel Johnson *Full text searchin
is one of those things that . is never done well. and
ﬂ! is surprised to see it done at al" ([1, p. 208]).

6 is surprising moreover because. in their study.
no comparison was made betwesn full-[exi-retrieval
Sysiems and manually indexed systems. nor be-

tWeen (he reirieval parformance o large versus
small document collections In this sense, conciu.
sions drawn are unsupported by any data submitted
to the reader—outside of the alleged poor recal! per-
formance exhibited by the STAIRS system in the
legal case

In fact, evidence abounds indicating that these
conclusions may be more sentimeni then fact. Spe-

cally. the evidence from several retrieval evalua-

tions con Zucted with very large document collec-
tions does not support the notion of ouiput overload.

although high recall naturally implies more re-
trieved items and hence more work in analyzing the
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outpul than low recall searches Moreover, compari-
sons between manual and automatic index/ng 5y
tems on_large document collections indicaie tha! the
sutomatic-text-based systems are at least compet,-
tive with. or even superior 10, the systems based on
intellectual indexing Finally. there are sutomatic
indexing systems that provide index terms that are
not simply words extracted from document texts
ndeed. the automatic indexing results of Salton and
Swanson [11, 20) that are cited in the Blair and
Maron study were not based on the use of full docu.
men' texts, but only on the analysis of document
ebstracts the favorable results obtained in these
studies on the effectiveness of sutomatic systems
were achieved with abstracts (not full text). and
therelore excessive input and verification demands
were not placed on the system in these cases

EXPERIMENTS WITH LAIG!’
RETRIEVAL SYSTEMS I

f
{

The Medlars Evaluation
In the late 1960s. Lancaster conducted an in-house
study [7] of the Medlars demand search service,
which is uperated by the National Library of Medi-
cine in Bethesda, Maryland. for searching biomed-
cal literature. Medlars is based on manual, profes.
sional indexing by subject experts using a controlled
indexing language described in the Mesh (Medice!
Subject Headings) thesaurus. After & manua! index.
ing operation and a manual query formulation, the
file search and retrieval operations are performed
automatically

The in-house evaluation of Medlars discussed in
[7] involved searching a database of over 700,000
documents in biomedicine using e set of about 300
test queries. The search results varied wi'ely. some
queries performed perfectly (recall = 1.00, and preci.
sion = 1.00), whereas others retrieved no relevant

Precision
104 STAIRS

. (BM test)

a8

b

p Mediars in-house
08 » test

3

¥ /

- T5Ih percentie

. curve Recal

. 05 10

FIGURE 1. Mediars Search Service Evaluation (sdapted trom (7))
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tems at all (recall = 0. and precision & 0) For the
300 queries the average reca!l performance was
058 and the average precision 0 50 In presenting
the resulis. Lancaster notes tha! the actual perfor-
mance value obtained for a query can be made to
vary by submitting more or less specific query for-
mulations The average performance for a query can
be made to slide along a monotonically decreasing
curve starting ot the high-precision “low-recall end
of the performance spectrum and proceeding to the
high-recall /low-precision end as query formulations
are broadened The resulting curve representing the
petformance of the Medlars search system is shown
in Figure 1 A second, lower curve (also included in
Figure 1) represents the 75th percentile curve, RIVIDR
the performance points exceaded for 75 percent of
the test queties

Three particular petforr.ance points for Medlars
are analyzed in more deteil in Table 1l For the high.
precision searches. the Medlars preccion perfor.
mance was about 080 bui the recall reached only
019 For these searches about 50 items were re-
trieved (out of some 700.000) of which about 40 were
relevant. At the average performance point of 0.58
recall and 0.50 precision. the retrieved se! increases
10 175 documents of which about 60 pe:-ent were
relevant on everage For high-recall searches the
recall reached nearly 90 percent (0.8%) but the pre.
cision dropped 10 0.20 To obtain that level of recal)
performance. it was necessary to retrieve between
500 and 600 items out of 00.000. of which ebout 130
on average were relevent 1o the query. Thus. the
feared output overlosc predicted by Blair ar 2 Maron
dlies not ogeut Tor the neclars search service This
is most likely not due to the manua! indexing ¢t
rather o the heterogeneity of the collections, which
encompass all of biomedicine and would tend to fa-
cilitate the exclusion of useless material for any one
search

The set of 500 items retrieved on average for the
Medlars high-recal! searches represents only seven
one hundredth of & percent (0.0007) of the collection.
none heless. such & high recall entails su' stantial
work for the users. and only specially motivated_
users (e.g lawyers) might opt 1o submit such broad
Query formulations. In |7}, Lancaster remarks that

we can choose to operate Medlars. as it presently exists
st any performance poini on or near the recall-precision
plot {of Fig 1) lntuitively one feels that Medla:.
should be operating a! a higher average recal ratio (than
0.58) and should sacrifice some precision in order 10 at-
tain improved recall However Medlars is now retrieving
an average of 175 citations per search in operating a!
recall 0.58 and precision 050 To opetale al an average
recell of 85 10 Q0 percent and an average precision of 20
1o 25 percent implies that Medlars would need to re.

July 1986  Volume 29 Number 7

TABLE I Medirs Performance Pointy

Nurmbe: of Number of

heved  relevent i
Perormance points Recel Prociion  Nems  remeved
Hghgreusion searches 0190 080 40-50 3040
Medium perormance 088 08 178 85
High-recal searches 089 020 800600 138

trieve an average of 500 1o 600 citations per search Are
requesiors willing to scan this many citations 1o obtain a
higher level of recall®

By superimposing the performance point obtained
in the Blair and Maron study of the STAIRS sys.
tem—078 precision. 0.20 recall-—on the Medlars
performance curve in Figure 1. it can be seen that
the STAIRS performance falls well within the renge
of the high-precision Medlars searches, even though
no controlled language or manual indexing is used
The query broadening. recall-enhancing devices
listed in Table | are available in an automatic envi-
ronment like STAIRS just as they are in the Medlars
controlled language environment

The recall and precision failure analysis under.
taken by Lancaster for the Medlars searches shows
that manual indexing environments can also be
problematic. A summary of the failure analysis for
797 recall failures (failures to retrieve relevant

items) and 3038 precision failures (failures 10 reject |

nonrelevant items) appearing in Table 11 shows that
 substantial proportion of the search failures are
due to the manue! indexing and the controlled lan-
puage used in the Medlars environment. Some of
these 1ailures might be avoidable in an automatic
indexing situation, whereas others would not. Poor
search formulations and inadequate user-system in-
teraction maey occur with any retrieval system. man-
ual or automatic. However, the conventional manual
retrieval eystem is vulnerable in some very specific
ways

TABLE Ul Typical Falures of Mediars Searches

(edapted from [T])
. , BN
\ 757 mcel  precision '
feburee b |
Sourcs of tedure ™ ° ™
noexing language (lack of appropriate  10.2 3%0

term. faise Coor dination)

Search formulation (100 specific ortoo 350 324
exhaustive)

Dacument ndexing (100 specific or 34 129
100 exhausive)

adequate user-system Nteracton 20 166

Note Some of B fakres have MUK GBS RCCOUNTIY Ky
wials et may excesd |00 percent

Communications of the ACM

[ LN



Computing Proctices

p
,;}’C

%
hY

)

o
2
N

<
“

/

y

4

KR
%

I two people or groups of people construct o thesaurus in
& given subject area only Ooncon_t_ol the index terms
may be comman to both thesauruses

il two experienced indexers index & given document us-
ing & given ihesaurus. only 30 percent of the index terms
may be common 10 the two sets of terms

)

if two search intermediaries search the same question on
the same database on the same host. only 40 percent of
the outpu! may e common to both searches

if two scientists ot engineers are asked 10 judge the rele
vance ol a given set of documents 1o @ given question
the ares of agreement may not exceed 60 percent (3]

The solution Cleverdon offers is as foliows

The problems ceused by the use of a controlled language
thessurus and varigtions in (menuel) indexing can be
overcome by elimingting these two activities and using

#s the input. an gatrect such as the title and abstract in
naturs! (or free ext) anguage Basically @ controlled
languaspe represents @ reduction in the totality of the
potentially available terms in the given subject ares

(due to) compounding of real synonyms or spelling varia-
tions . . (or to) subsuming of one or more specific terms

by & generel term

Such combining of search terms as may in & given

search be considerec necessary is better done a' the

search stage than at the input. This appears 1o be one of
the reasons why. in every test which has compered the
performance of searching on controlled language index \
terms as sgoins! searching on abs' o s in natural lan.

guage the results heve been infavor of naturai language ‘

(3

Comparison of Man al and Automatic Indexing

In the mic 1870s 8 comparison beiween automatic
and manual indexing was conducted using a NASA
dutabase consisting of documents from Scientific and
Technical Aerospace Reports (STAR and Interua-
tional Aerospace Abstracts (IAA) The test was based
on a collection of 44,000 document titles and ab.
stracts processed against 43 search requests The fol-
lowing indexing systems were compared

¢ a natural-language text-search system consisting of
& machine search of document titles and abstracts.
not the full text.

e a natural-language text-search system supple-
mented by a thesaurus of “essociated concepts”
prepared from the source documents,

o & controlled language indexing of the documents
performed by human subject experts;

¢ the controlled indexing supplemented by natural.
language terms extracted from the documents

The search results for the NASA test as summa.
rized in Table IV show that the natural-language
> sbstract produces the best average recall for the 40
test queries (0.78) and also a high order of precision

CW&OL.A ‘a‘v(-»ud—tj %’L.qu.‘dl -JFM(\\ (eald P'uc*ml ¥
abilieds sua WM ‘“/CT
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TABLE IV Comparstve Eveluabon of NASA Search System

(odapied from [2)) (44 000 documents. 40 quenes)
"o nng methed - Mocsl  Procision
Natura-anguage Naexing (tex! search 0re 063
of tties 8 absUacts)
Natural anguage supxsemented by 0 082
550CIa1ed CONEpLs
Controles Wnguage manuel ndexing 056 074
Controked anguage suppiemented by on 045
nature-anguage terms

(0 63) The controlled lang.ege Mmanual indexing
produced s better Z.ecision value than the suto-
matic abstract seirch (0 74). but & substantially
worse recall (0.50). Based on these results, it is cer-
tainly not possible to conclude that searches of
natural-language abstracts are inferior. in general. to
controlled language indexing Indeed. were the
NASA search population legal personne! with a re-
ca!l orientation similar to the searchers involved in
the Blair and Maron test. they would certainly have
preferred the output produced by the automatic
search system with its recall advantages of over 20
percent compared to the manual system.

§|!‘vydon.
who was in charge of the NASA test, concludes that

within the parameters of this test. naturel language
searching on titles and abstracts proved at leas! equal 1o
and probably superior 10, searching on controlled lan.
guage terms. it alsc seems that & significant factor in this
(result) was the increased level of indexing exhaustivity
(provided by the natural language text search system)

(2)

The performance points for the NASA search sys-
tem evaluation are plotted in Figur 2. along with
the curve representing the controlled term perfor.
mance for the Medlars test, and an indication for the
STAIRS system Comparing NASA and STAIRS per-
formance on collections of comparable size shows

Precasion

§

(R 1 PP

o : STAIRS NASA manual indexing -
(BM test) "/,whsa w\“%[ +Tew
: .‘K\\ ament. ¥ / w&nnm e
i .,XM‘dm / . 3
F \\ v T+ TRl NASAD
os p \ . Mediars in-house
- S a7 evuaton (manusl
- . noe«ng)
[ terms )
" (Cranteid) Recal
° A . »— o A A A A A 4_4’

FIGURE 2. Compenson of Manual with Automati indexing
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that the NASA searches are substaniiclly more effec.
tive Collection size does not seem to play an impor.
tant role in search performance Query type and ho-
mogeneity of subject matter are likely to be more
important

Many sdditionsl comperisons between sutomatic
and controlled-term indexing systems appear in the
litersture In [12) & small sample collection of 450
documents and 29 search requests is used 1o com.
pare the performance of the Medlars system with an
sutomatic indexing system based on_abstract search.
ing supplementcd by the use of a theseurus of re.
lated terms. The two systems produced almost iden.
tical results for the test collection 0.31 recall and
0 61 precision for controlled-term indexing, versus
0.32 recall and 0.61 precision for naturel-language
terms plus thesaurus

In the well-known Aslib-Cranfield study, an
sttempt was made 1o evaluate the performance of
natural-language “singie-term” indexing based on
abstract searching and supplemented by many types
of recall- and precision-enhancing devices The
avtomatically derived single-term languages were
then compered with various Xinds of controlled.
term manual indexing systems 4] us applied against
a semple collection of 1400 eeronautics documents
tested by 221 queries. As shown by the two typical
performance curves for the Cranfield study that ere
included in Figure 2 [4. pr 127 and 164). the recall-
precision petformance for the Cranfield collection
was relatively poor compated with other previously
mentioned results obtained for much larger test col-
lections. However in practice!ly every case the
Aslib-Cronfield tes's i dica'. that the single-term
natural-lanpuage inoe: ng 1 ovided somewhe!
beicer search results than the comparable controlled.
term indexing This is true also for the two Cranfield
searches illustrated on Figure 2

However, as mentioned earlier. an automatic text.
search system does no! need 1o restrict itself to the
use of single words extracted from document texts
Complete axtomatic indexing packages are available
for constructing fairly sophisticated automatic docu-
ment representations

AUTOMATIC INDEXING THEORY

AND PRACTICE

The effectiveness of any indexing svstem designed 1o
produce useful content representations for written
texis depends on two main characteristics the
exhaustivity of the indexing (i e.. the degree to which
all aspects of the document content are recognized
rnd represented in the indexed document represen-
tations). and the specificity of the individual index
terms used to represent document content {i.e., the
level of detail of a given content or index term). A

July 1986 Volume 28 Number 7
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high degree of exhaustivity tends to improve the
recall performance of a search by permitting the
identification of relevant materials that would re-
main unrecognized were the indexing exhaustivity
lower. whereas @ high degree of specificity is likely
10 favor search precision.

In principle. the choice of sn indexing system that
will be useful for content representation of natural.
language texts should be based on linguistic consid-
erations, especislly semantic components However,
since linguistic analysis methods are difficult 10 ap-
ply efficiently to large text samples. most existing
indexing theories are based on statistical or probabi.
listic methodologies On the simplest level. both in-
dexing exhaustivity and index term specificity may
be characterized by the occurrence statistics of the
terms in the collection of documents. In particular,
the exhaustivity of the indexing is characterized to
some extent by the number of index terms assigned
to 8 given document. whereas term specificity is
more or less inversely proportional to the number of
documents to which a term is assigned [18). Thus.
terms the! are assigned rarely may be assumed 1o be
more specific than those more frequently ass gned

In judging the value of & term for purposes of
content representation. two different statistical crite-
ria come into consideration. A term appearing often
in the text may be assumed to carry more impor-
tance for content representation than a more rarely
occurring term. so that » document containing the
term “pear” many times is likely to deal with the
notion of pears. On the other hand. if thet same term
occurs as well in many other documents of the col-
lection—that is, if all other documents also deal with
pears—then the term “pear” may not be as valuable
&s other terms that occur more rarely in the remain-
ing documents. This suggests that the specificity of 8
given term as applied to a given document can be
measured by a combination of its frequency of oc-
currence inside that document (‘he term frequency or
/1 und an inverse function of the number of docu-
ments in the collection to which it is assigned (the
inverse document frequency or idf). The idf factor « in
e computed as 1 divided by the document fre.
quency A possible term weighting function for term
1 in document j (18) would then be

w, = tf, x idf,

Using this term-importance definiiion. the best
terms assigned to documents will be those occurring
frequently inside particular documents but rarely on
the outside. Such terms will in fact distinguish the
documents of a collection from each other. Both fac-
tors of this equation are easy to calculate: The in-
verse document frequency of a term can be obtained
in advance from a collection analysis, and term fre.
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quancies can be computed from the individual docu
ments. #s needed

The Probabilistic Retrieval Mode!

In the probabiistic retricva! model one assumes that
the mos! valuable documents for retrieval purposes
are those whose probability of relevance 10 a quer)
is largest [10 21) The relevance properties of the
documents can be estimated by using the relevance
properties of the individual .erms included in the
documents. Under suitably simplified assumptions. o
term relevence weight tr, can then be generated for
term | as

Ir ® l(l‘ ——— - &% consiants
"

where N is the collection size and n, represents the

{ documents in the cullection with term i
formule represents the mportance of the idf
fe “tor. since the higher the docu
rm th

men! frequency n, of
wer the relevance welght 1. The prob
evil model thus provides semée justifi-

¢ use of the 1d/ fsctor in the term
weighting formula given on page 653, since under
appropriete mathematics! assumptions the 1f. factol
is approximately equal 10 the optimal probavilistic
term weight tr

1sLiC e

The Term Discrimination Mode|
A difterent but related way of approaching the docu
ment indexing task is basing the indexing on the

term-disoviminat |

n model [18) Under this model

is assumed tha! the mos! ust

ms for the
tent identification of naturel-le ape texis are
those best capable of distinguishing the documen:s
of 8 collection from each other This suggests that
the value of a term should be measured by calculat
ing the decrease in the “density” of the document
collection that results when a given term is assigned
to the collection. The density of the document space

Thesaurus Prvase
transiormation vansiormation
el T e

LALLL

reflects the gegree 10 which the documen! represer
tations resemble each other This density can be
measured by computing the sum of the pairwise
document similarities for all pairs of documents in
the collection This means that the density of the
documents wiil be high when the documents resen
ble each other @ great deal (i.e. when they ere in
dexed by many of the same terms)

Using the term-discrimination approach. the
broad. high-frequency terms become the least desis
able con.ent identifiers because they will be as
signed 1o many documents in the collection. thereb,
enhancing the mutual similarity of the correspond
ing documents The assignment of 8 broad high-
frequency term. because it increases the average
similatity between documents. also increases the
document space density. If the discrimination value
of 8 term is measured as the collection density be
fore the given term assignment minus the density
after term assignment, it is clear thet high-frequenc)
terms are characterized by a negative lerm
discrimingtion value In the term-discrimination
model. the very rare. low-frequency terms preferred
by the id/ factor are also not very desirable for con.
tent identificetion because they are assigned 10 s0
few documents that they hardly change the space
density when introdiu.ed The very rare terms thus
receive @ discrimination value close to zero

The best content identifiers will be those occur-
ring neither too rarely net too frequently. they will
be assigned 10 as many as one-tenth of the items in
the collection and will serve to distinguish the items
to which they are assigned from the remainder A
graphic representation of the varistions in term.
discrimination value as a function of the document
trequency of terms is given in Figure 3. As the num
ber of documents to which a term is assigned in-
creases from zero, the term-discrimination value
first increases from zero and becom.es positive: then
as the documen! frequencies become still larger
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term-discrimination values decrease rapidly and be.
come negative for high-frequency terms

The term-discrimination model confirms the no-
tion that & correct degree of specificity exists for
terms used as content identifiers. and that terms not
exhibiting the appropriate specificity should be
broadened when too specific or narrowed when too
broad (19) The recall- end precision-enhancing de-
vices included in Table | can be used for this pur.
pose. A princips! method of term broadening in-
volves using & thesaurus, or other vocabulary group-
ing device. to supply synonyms and related terme of
various kinds 1o handle the text-independent rela-
tions between terms Term narrowing is achieved by
introducing term plirases 1o replace certain broad
single terms, based on a text-dependent assessment
Under the term-discriminetion model the thesaurus
thus assumes a specific role #s a grouping device for
related narrow terms Used in this way the thesau.
tus and phrase transformation methods produce
shifts in terms toward the center of the frequency
spectrum where the content identifiers with the best
specificity are located

A BLUEPRINT FOR AUTOMATIC INDEXING
These sutomatic indexing strategies mike possible
the design of effective sutomatic-text-based retrieval
systems that are fully competitive with conventional
menual opesations and can be operated without the
need for human subject or domain experts for docu-
ment indexing and search formulation Summarized
below is a proposed basic or [13) for sutomatic
indexing

o Identify the individual words occurring either in
the documents or in document excerpts (e.g . titles
and abstracts

¢ Use a stop list of common function words (and, of
or. but. the, etc ) to delete from the texts the high-
frequency funtion words that are insufficiently
specific for content representation

o Use a suffix stripping routine to reduce the remain-
ing words to word stem form this recall-enhancing
transformation broadens the scope of the terms
and can be performed automatically using a lim-
ited number of basic rules (8]

o For each remaining word stem i occurring in doc-
ument /. compute a term weighting factor, which
is the product of the term frequency of term i in
document | multiplied by the inverse document
frequency of term 1 in the collection as a whole
Available evaluation results indicate that term
weighting improves retrieval effectiveness by dis.
tinguishing the important content terms from the
less important ones {15]

o Represent each document by the chosen set of
weighted word stems

-
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Retrieval evaluation results for this type of simple
indexing for both large and small document collec.
tions indicate the! even this single-term indexing
method is competitive with, and often superior to.
conventional intellectual indexing systems (2. 4. 12)
The STAIRS sysiem used in the Blair and Maron test
adheres 10 all these processes with the exception of
term weighting in STAIRS. term weighis are as
signed after retrieval of the documents based on
term-occurrence characteristics in the retrieved doc-
ument subset only, the weighting is then used to
generate & ranked list of retrieved documents. The
use of ranked document output improves the user-
system interaction by alerting the user 1o the more
important documents first, rioreover, information
culled from the documents retrieved early in the
search can then be used to generate improvad query
formulstions in subsequent searches.

ldea)ly. however, term weights should be gener.
s'ed before the query and document representations
ste compared during the search, and should be com-
puted on the basis of the entire collection and not
jus! & particular subset of retrieved items, which
may or may not be representative of the entire col-
lectior. Certainly, terms exhibiting high-occurrence
frequencies in the retrieved subset cannot be labeled
effective or ineffective unless something is known
8 priori about their occurrence frequencies in the
collection as @ whole

The basic indexing process can be improved by
adding the following refinements

o Generate weighted word stems that are attached
to the documents

* Use & thesaurus to replace terms with low docu-
ment frequencies (and near zero discrimination
values) by their corresponding thesaurus clas:
identifications.

¢ Use a phrase-formation process to generate term
phrases thal incorporte terms with high document
frequencies (and negative discrimination values)
based on term cooccurrences in the document ex-
cerpls

o Compute & combined term weight for assigned
thesaurus classes end term phrases, and represent
each document by the orresponding sets of
weighted single terms. term phrases, and thesau-
rus classes

In the STAIRS system. the thesaurus is generated
“on the fly" by letting the user suggest terms that are
synonymous. or related to, particular index terms
These related terms are then used automatically to
expand the set of original terms. A previously avail.
able thesaurus that groups low-frequency terms into
classes of related terms could be used for the same

purpose
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A nuture! language query formulation can be con
verted into «ets of weighted terms in the same wa)
#s » decument text Composite query-document sim.
ilarity coefficients can then be computed, reflecting
the similarities between cotresponding term repre
sentgtions When guery-document similarity mes
surements are available, the documents can be
renked for output purposes in decreasing order of
the query-document similarity Moreover, improved
query formulations can be generated by incorporat-
ing information obtained from the texts of previ.
ously retrie ‘ed documents [13)

When search. raquests are submitted in Boolean
form. as the: are in mei:v operational retrieval envi-
ronments, weighted terms can also be incorporated
Then. an approximate. fuzzy match between the
weighted term sets representing the documents and
the weighted Boolean query statements can be used
to produce & query-do ument similarity measure-
ment that is used in turn 1o obtain a ranked output
in decreasing order of the query-document similar
ity. Term weighting and output ranking are there
fore availab ¢ for Boolean as well as non-Boolean

-

queries (14 17|

CONCLUSION

No support is found in the literature for the claim
that text-based retrieval systems are inferior to con-
ventional systems based on intellectual human in-
put Indeed. all the aveilable evidence with refer
ence to both large and small collections indicates
that properly designed text-based systems are prefer-
sbie to manually indexed systems. Furthermore, as
Swanson pointed out over 25 years ago. *. . 1: is
expected that the relative superiority of machine
text searching to conventional retrieval will become
greater with subsequent experimentation as re.
trieval aids for text searching are improved, whereas
no clear procedure is in evidence which will guaran.
tee improvement of the conventional systems" [20)
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" coMNING PRACTRAS
. Bdger K Sibiey An evalission of & large, operational full-text document-retrieval system C
¢ shie (containing - ghly 350,00 pages of Yext) shows the system to be retrieving
less than 20 percent of the documents velevant to a particular search. The

findings are discussed in terms of the theory and practice of full-tex!
document retrieval

AN EVALUATION OF RETRIEVAL
EFFECTIVENESS FOR A FULL-TEXT
DOCUMENT-REYRIEVAL SYSTEM

DAVID C. BLAIR and M. E. MARON

i et e the problem of finding stored need for human indexers whose omployment Is Ln-

iy ments ! aln useful information. Thore exis! creasing)y costly and whose work often sppears incun:
ose M a & range of 1opics. written by sistent and Jess than fully ellective

A1 orteuthon & different times, and ! verying A pioneering tes! 10 evaluate the feasibitity of full
levels of depth, detail, clerity, and precision, and » pet text search and retrievel was conducted by Don Swan-
of individusls who. st different times and for different son and reported in Science in 1960 [6) Swanson con-
reasons. soarch for recorded information thet may b cluded the' ‘axt searching by compuler was signif-

contained tn some of the documents in this set In each cantly bel.  han conventions! retrieva! using human
(nstance in whoch an individue! sechs information, he subject indexing Ton years \ater, In 1670, Salton, also

ot she wib) find sume documonts of the set usefu) end in Science, reported optimistically on o series of expe
other documents not useful; the documents found use. ments on automatic full-text sesrching 8)
ful are we say. relevant. the othi %, not relevant This paper doscribes 8 large-scale, full-toxt search
How should ¢ collection of documents be orgs Aeed and retrieve! experiment aimed #! evelusting ihe offoc:

30 that a person can find sll and only the relevent tiveness of full-text retrieval. For the purposes of our
ems? Ure anewes is automatic full-text retrioval. at,dy, we examined IBM's full-.axt retrieval system,
which 6., 11« surface is dissrmingly simple: Store the STAIRS STAIRS. an scronym for *$Torege And Infor.
full teat » all doct  ants in the collection on & com metion Retrievel System.” ks o very fast, lazge-capecity,
puter so Lhal every ¢ aracler of every word in every full<text document -retrieval gysiem. Our empirice!
wirlence of every document can be located by the ma: study etmﬂn:mm'&m%

hine Then, whei. @ person wents information from showed its retrieve ivenass 10 be surprisingly
‘hat stored collection, the computer 16 instrucied to poor. We offer theoretics! reasons 0 explain why this
search for all documents containing cortain specified poor perfo;mance should not be surprising end aleo
words and word combinations. which the user hes why our experimental results are not inconsistent with
spocified tho earlier mare favorsble results cited sbhove. The re:

'wo alements make the ides of autometic full-text trieval probloms we describe would be problems with

reitieval ven more attractive On the one hand. digita! any large-scale. full-text retrieval system, and in this
“schnology continuos to provide compulers the! ere sense our study should not be seen as » critique of
ctyer, taster. cheaper. mote reliable. and easier (0 use STAIRS alone, but rather » critique of the principles on
and. on the other hand full 1ext rettievel avolds the which it and other full-text document.retrieval systems
© 1 ACM 000) 0787 88 /0300 020 B ————TT T . besed
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Conputing Practices

THE ALLURE OF FUILL-TEXT

POCUMENT RETRIFVAL

Retrieving document texie by subject conten! ocoupios
» special place 1n the provinee of information rotrieval
because. unlike date retrieval the richness and flexibil.
ity of nature) language have @ significant Impact on the
conduct of 8 search The indexer chooses subject terms
(hat will describe the Informational content of the doc-
umeonts included In the database, and the uset de-
scribes his of het information need in torme of the
subject descriptors actuslly assigned 10 the documents
(Figure 1) Mowever thore are no clear and precies
rules 10 govern the indexers’ cholce of approprigte sub-
ject terms, 80 that oven trained Indoxers may bs incon-
aistent in their application of subject tarma. Exparimen:
18) studics have demonstreted that different indexa
will generally index the same document dlﬂomml@
and even the same Individual will not always sslect e
identical index terms if askod s\ 8 laisr time to index o
document he or she has siready indexod. The probloms
associstod with menual assignment of subject descrip-
tor* make computerizad, full-toxt document rotrieval
extremely appealing By antering the ent'se, of the
most significant part of. & document text onto the dete-
base, cne is treed. it is argued {rom the (nheren' avile
of manually cresting document records reflecting +* 2
subject content of # particular document; among these,
T the construction of an indexing voabulary(gm train.

Incoming
Documents

ing of indexers, m@o time consumed in suanning/
rosding documents and seaigning contex! and subject
torme. The economies of fv'l«ent search are eppaaling.
but for it 1o be worthwhile, it must also provide satis.
tactory levels of potriovel effectivensss

MEASURING RETRIEVAL FPFRCTIVENESS

Two of the meat widely used moasures of document.
retrioval affectivoness sve Rocell and Pracision Recall
measures how wel! © systm retrie 3 «ll th rulevant
documents; and Frscision, how w 1 the gystam re-
trieves only the -olovent docume...s. For the purposes of
this study, wo dafine 8 documen' as relovant if it is
judgad uselul by the wser who initiated the eearch. If
nol, then i1 16 nonrelevant (se0 [4)). Moro precisely.
Recall is (he proporiion of relevant doruments thet the
sysiem reteioves, the retio of o/, (Figure 2). Notice that
one can intorpral Rocall o# the probability thet a rele.
ven! decument will be rotrioved. Procision, on the
other hend, measures how well @ ayslemn rutrivves only
the relevent documents: it te dafined g the retio x/n,
and cen be Interpeeted ao the probabliity that e re-
trievad document will be relevent

THE TEST ERVIRONMENT

The detahase examined In this study consisted of jus!
under 40,000 documanis, ropresenting roughly 350,000
pages of hard.copy toxt, which were 10 be uscd in the

Inguirer
n Search of
Intormation

et hCahon Acabulary

Tresaurus

Query
Furmulation
Con.

Search
Indux ang
Recoro Rotrieva/
Syatem

Quipu! 10 Inguirer
‘Roievant tems

FIGURE 1. Tho Dymemice of triermation Ratrievel
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FIQURE & Defnions of Precision and Reca!

dolense of & large corporate Jaw sult. Access 1o the
documnnts was provided by IBM's STAIRS/TLS soh.
ware (§Torage And Information Retrieval System/The
saurus Linguistic System) STAIRS softwere represonts
state ofthe art software v full-lext retrieval It pro:
vidos fuci ties for retrieving tex! where specified words
appear elther singly or in complex Boolcan comuine:
bons. A user cen specify the retrieval of text in which
word. «ppear together anywhere in the document
within the same paragraph, within the samce sentence
or adjacent 1o each other (s in *New"sdjacent “York")
Rotrieve) can also be performed on fields such as au:
thar. date, and documen! numbeor STAIRS provides
ranking functions that pormit the user to order re-
srieved scts of 200 documents or less in either ascend
ing o1 descending numaricel (o.g. by date) or siphabetic
{6 g by euthor) order. In sddition, retrieved sets of less
than 200 documents can also be ordered by the fre.
quency with which specified search ter s accur in the
retrieved documents The Thesanrus Linguistic System
(T1.8) provides the fazilities tc manually create an inter
active thusaurus thet cean be celled up by the user to
scmantically broaden (or nartos. ) his or hes searches it
allows the designer to epecify semantic relationships
between search terms such as “narrower ther "
“broedor than. " “related to." “synonomous with.” 8*
well as automatic phrase decomposition STAIRS, TIS
thus represents 8 comprehensive full-text document
retrieval system

THE EXPERIMENTAL PROTOCOL

To tes: how well STAIRS could be used to retriove al!
gnd -+ the documents ~slevant to & given request for
inforn  ‘on, we wanic . in essence 10 determine the
values of Recail (percentage of relovant documents re-
irieved) end Frecision (percentage of retrieved docu:
ments that are relevant). Although Precision i¢ an im
portant measure of relrieval affectiveness, it is mean:
jugless unless compared 10 the level of Recsl! desired
by the user. In this cese, the lawyers who war» 10 use
the system for litigation supporl stipulated (hat they
must be able to retricve at least 75 percent of all the
documents relevant to a givon request for information
and that they regarded this entire 75 percent as essen:
tisl 10 tho defense of the case (The lawyors divided the
relevan’ retrieved documents into threc groups “vitel"
“satisfaciory " and “marginally reievant.” All othet re-
irieved documents were considerad “irrelevant *)

March 1985 Volume 28 Number 3

CONDUCT OF THE TEST

For the test, we attompted to have the retrieve! system
used in the same way it would have been during sctua!
litigation Two lewyers, the principal defense stiorneys
in the soiy, participated in the experimont. They gener-
ated a totel of 81 different informetion vests, which
wore translaied into form.e) queries by elthor of two
paralegals, both of whom were familiar with the case
and experienced with the STAIRS system. The parale:
go)s seurched on the datsbase unti! they found o set of
documents they believed would satisfy one of the ini-
tisl requosts. The original hard copies of these docu-
ment. »..-¢ retrieved from fles, and xerox copiet wore
sent o the lawyer whe originated the requost The law-
yer * on evaluated the documents, ranking them sc-
cording 10 whether they were *vital," *satisfactory.”
“marginally relevent,” of “irrelevent” 10 the original re:
quest The lawyer then made an overall judgmeni con-
cerning the sel of documents reccived, stating whether
he or she wanted further refinement of the query snd
further scarching The reasons for any subsequent
query revisions were made in writing and were fully
recordod. The information-request and quory-
formuletion procedures were considered completc only
when the lawyer stated in writing that he oz she was
satisfied with the search results for that particulsr
query (1., in his or hor judgment, more then 7§ per-
cent of the *vital " “satisfectory.” and *marginally role
vant' documents had been retrieved). It was only #!
this point that the tesk of measuring Precision and Re-
ca)l was bogun. (A diagram of the information-request
procedure is given in Figure 3.) The lewyers and pars!-
ogals were permitied o6 much interaction as the)
thought necessary 10 ensure highly offective retrieval.
The parslegals were able to seek clarification of the
lawyors' information request ih 86 much detail and as
often as 1t/ desired, and the lawyers were encouraged

1o continy “uesting infurmation from the database
until the wtisfiod they had enough information
10 defen ssuit on that particular issue or quory.

In the tost, eau s~y required 8 number of revisions,
and the lawye . not gencvally satisfied until many
retrieved .+ of docur 1% had been generated ond
eveluated.

Procision was calculered by dividing the totsl num.
ber of relevant (i.e., "vital" “satisfaciory.” and “marngin-
ally relevant”) documents petrieved by the total num.
ber of retrieved documents. If two or more retrievod
setc were gonerated before the lawyer was selisfied
with the results of ihe search, then the retrieved sct
considered for calculating Precision was computed 8s
the union of all retrisved sels gonerated for thet request
(Documents thet appeared in more than one retrieved
set were automatically excluded from a)) but one set.)

Rocall wea considerably more difficult te calculate
since il required finding relevant documents that hed
not been retrieved in the course of the lawyers' search
To find the unretrieved relevant documants, we devel-
oped sample frames consisting of subsets of the unre-
trievod database that we believed to be rich in relevant
documents (and from which duplicates of retrioved rel-

Communications of the ACM 0




90 15122 No.060 P.0OS

Coniputing Practices

Stan

| Information
Request

y

¥ Paraiegel

Clc':!\

cation Y,

Formal Query
1o System

4

Retrieved - . %W Stop
ey

Se! Ade- 2

QU‘V
?

' Submit 10

Inquiret

.MUW J
E Setistied

valuation
?
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/ Stop W= ===  Efectiveness
a by Experimenters

FIGURE 3.  The information R 3t Procedure

N
evant documents hut' veen excluded). Rendom samples erated The total number of relevant ducuments thet

wore taken {rom .nese subscts, and the samples were existed in these subssts could then be estimated We
examined by <he lawvers in 8 hlind evaluation; the sumple | from subsets of the datebase rather than the
lawyers ¢ cre not aware they were evaluating sample entire catabase because, for most queries, the percent-
sots rather than retrieved sots they had personally gen- age of relevant documents in the database was loss the!
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2 percent. making I! aimos! impossible to heve both
taiegoable sarmpla sizes ard o high level of confidence
n the resulting Recall estimates Of coutse, no extrapo:
 lation 10 the ontite database could be mede from thess
Recell celculations Nonetheless, the estimetion of the
number of relevent unretrieved documents in the sub:
sels did give us @ mavimum value for Racell for each

reques!

TEST RESULTS
Of the 5) retrieval requosis processed, values of Prec!-
sion and Recall were calculated for 40 The other 11
reguests were used 10 check our sempling technigues
and control for possible bias in the evaluation of ro.
trivved and sample sets
in Table | wo show the valves of Precision and Recall
{or sach of the 40 requests The velues of Precision
ranged from & maximum of 100.0 percent 10 & mini-
mun of 19 6 percent The unwelghted average valuc of
Pre_ision turned out to be 79.0 percent (standard devie:
tion ® 23 2) The weighted sverege was 785 percent.
i wrant that, on sverage. 79 out of ever) 100 docu:
rieved using STAIRS were judged 10 be rele-
Vo
Th  .aes of Recell ranged from & maximum of 767
porcent to & minimum of 2 8 percent. [he unweightad
averege value of Recall was 20 percent {stendard devia
fion = 1% 9). and the weighted average valuc was 2026

percent. This meant that, on sverage, STAIRS could be
used 10 rettieve only 20 percent of the relevant docu-
ments, whereas the law;ers using the system bolieved
they were retrieving 8 much higher percentaee (ie.
over 75 percent)

When we plot the value of Precision ageinst tha cor-
responding value of Recall for each of the 40 informe.
tion requests. we get the scatier diagram given in Fig:
ure & Although Figure 4 contains no more data then
Table ), it does show the reletionshipe in & more ex:
plicit way. For examplo, the hesvy clustoring of poinis
in the lower right corner shows that in over 80 porcent
of the cases we got values of Precision above 80 percent
with Recall at or bolow 20 percent. The clustering in
the lower portion of the diagram shows thet in 80 per-
et of the information requests the veluo of Recall was
s bolow 20 percant. Figure 4 also depicts the fro-

4 “wuitly obearvod inverse relationship between Recall
and Precision, where high veluos of Precision are often
accompanied by low values for Recall, end vice varse

(8]

OTHER PINDINGS

After the Initial Reca!l/Precision estimations were
done. several other stalistical calculations were carried
out in the hope that additional inforences could be
made Pirst, tho results were broken down by lawyer to
ascertain whother certein {ndividua)t were prims facie

TABLE |. MNMVMUMMM

W onngoen indormedion
g’ L

1 . N 27 80 0% 420%

? 45 5% 92 6% £e 80.0 1"%e

K] . . o . B

é . . 0 70 100.0

L . ' M . .

6 (.} 800 32 126 1000

? 206 647 3 102 "

8 439 8o o 34 141 481

9 133 (LR a8 . o
10 104 908 ¢ 42 03
1 128 100.0 1 159 ”ne
12 e 842 8 247 $82
19 1861 850 » 108 [ ]
14 77 "wo &0 41 1000
15 ' N ! 108 ”®
18 ’ ' 2 a4 "o
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© Mean Value for R and P

HGURE 4. mummmnumm

more adep! at using the system than others. T2 results
were &s follows.

Recall  Precision
Lawyer 1 227% 76.0%
Lawyer 2 18.0% 814%

Although there is some difference between the results
for euch lawyer, the variance is not statisticelly signifi-
cant at the .05 level Although this wes a very limited
test. wo can conclude that at loast for this experimont
the results were independent of the particular user in-
volved

Another ares of interes! related to the revisions made
{0 requosts when the lawyor was not completc.y satis-
fied with the initiai retrieved sets of documents We
hypothesized that if the values of Rocall and Precision
for the tequests where subsiantiai revisions i 1o be
made (ahout 30 percent of the total) were # gnificantly
differant from the oversl! moan values w. might he
able 1o infer sometiing about the requ-sting procedure.
Unfortunately, the values for Recall and Precision for
the substantially revised queries {23 § percent snd 62.1
percent, respectively) did not indicate & statistically sig-
nificant difference

Finally, we tested the hypothesis that extremely high
values of Precision for the rotrieved sots would corre-
late directly with the lawyers' judgments of setisfaction
with that set of documents (which might Indicete that
the lawyers were confusing Precision with Recall). Tv
do this. we computnd the mean Precision for all re-
quests where the lawyers *vero satisfied with Dhe initial
rettioved sel, and compared this value 10 the mean
Precision for all requests Although the Precision for
requests that were nol revised came oul 10 be B5.4
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percent. again ‘he results were pot statistically vignifi.
cant ot the 08 lev.'

The Retrioval Effectiveness of

Lawyers versus Paralegals

The srgument can be mede thet, because STAIRS is o
high-speed, on-line. IntGractive system. the soarcher gt
the ferminel can quickly and effactively evaluatie the
output of STAIRS during the query modification proc-
ess. Therefore, retrieve) offectivennss migh! be signif.
cantly improved if the person originsting the informa
tion roquest is sctually doing the soarching a! the ter.
mina! This would mesn that if s lawyer worked di-
rectiy on the query formulation end query modific stion
ot the STAIRS terminal, rather than using ¢ par~iegal as
intermediary. retrioval effectivences might b~ im.

We tosted this conjecture by compering the rettieva)
effectiveness of the lawyer vis & vis o paralege! on the
same informetion request. We selectod (st random) five
information requests for waich the scarches had al-
tesdy been completed by the parelngel. und for which
retrieved sets had been ovalusted by the Jewyer and
values of Recall computed (Nefther the luw yur who
made the rolevance judsments nor the paralogal knew
the Recall figures for these uriginal requosis.) We in-
vited the lawyer 10 use STAIRS directly to sccess the
database, giving the lawyer copics of his or her original
information requosts. The lawyer trenslated these re-
quests intv formal queries. ovalusting the text dis:
played on the screen, modifying the queries as he or
she saw Nt and finally deciding when to terminate the
soarch. For cach of the five information requesis. we
ostimated the minimum number of relevant document
in the entire file, and kr o which documents the
lawyer had previously |- relevant, we were able !
cumpute the values of Recur! for the lawyor at the ter-
mina) o5 we had aiready done for the peralegal M it
wete iruc that STAIRS would give better rosults when
ihe lawycrs themsolves worked at the terminal the
values of Recall for the lawyors would have to be sig-
nificantiy higher than the values of Racall when tho
paralegals did the searching. The results were #s fol.
lows

Request Recall Recall
number (peraiegal) (lawyer)
1 2.2% 66%
¢ 104% 10.3%
3 4.2% 264%
4 41% 74%
8 18.0% 25.3%
Mean 10.7% 15.2%
(»8 = 7.65) (s.d = 9RJ)

Although there is s marked improvement in the law.
yer's Recall for requosts 3.4, and S. and in the avereg
Recall for ail five information requests. the improve:

men* is not siatistically significant at the 05 level

(1 = =0.81) Hence, wa cannot reject the hypothesis t!

March 1985 Volume 28 Numb,



L i e SRR e A R R R R R . L o R
omputing Prsciices

Moth the lewyer and the patalegal got the same rosults
for Recal!

WHY WAS RECALL 8O LOW

The reslization that STAIRS may be retrieving on'y one
oul of five relevant documonts in response 10 &N infor
mation request mey surprise those who heve used
5TAIRS or had it demonsireted to them This is becavse
they will heve seen only the retricved set of documents
and 1ot the total corpus of relevant documents: hat is.
they have seen that the proportion of relevant docy-
ments in the retrieved set (.0 , Precision) is quite good
(around 80 percent) The important lssvos to consider
here are (1) why was Recall so low end (2) why did the
users (lawyeis and paralegals) believe they were ro-
irieving 75 percant of the relevant documents wheu, in
fact. they were only retrieving 20 percent.

The low values of Kecall occurred becavse full-text
rottieru) 18 difficult to use 1o retrieve documents by
subjuct hocause its design is based on the sssumptior.
that it 1s 8 simple matier for users to foresee the exacl
words and phrases thet wiil be usad in the documents
they will find useful. and only in those documents. This
assumplion is nol & New one, it goes Lack over 25 years
10 the eatly days of computing ‘I'he basic idea i3 thet
one var use the formal aspects of text to predict its
meaning 0f subject content formal aspects such es the
occurrence. location, and frequency of words, and Lo
the extent that it can be precisely described. the syn-
tectic structure of word phrases. It wes hoped thet by
exploiting the high speed of a compulter to analyza the
formal espects of text, one could get the computer to
deal with text in e *comprehending-like” way (ie. 10
jdentify the subject content of toxts) This andeavor is
known as “Automatic Indexing” or, in @ more general
sense. “Naturel languege Processing " During the past
wo decades. many experiments in sutomatic indoxing
{of which full-text searching is the simplest form) have
been carried out, and many discussions by linguists,
psvchologists philosophers, and computer scientists
ba ¢ anslyzed the results nd the issues [8). These ex:
per. ments show that full text document telrieval has
wor e well only on unrealistically small databases

T ae balief in the predictability of the words and
phrases that mey be used to discuss ¢ particuler subjec!
is 8 difficult prejudice to overcome. In a naive sort of
way, ' 1s an aprealin prejudice bul prejudice none-
{heless, bwueuse the effectivenoss of full-text retrieval
has not boen substantiated by relisble Rocall measures
on tealistically large databases Stated succinetly, it is
impossibly difficult for users to predic! the exact words,
word combinations, and phrascs that are used by all (or
most) relovant documents and only {or primarily) by
":o&e documents, as can be soen in the following exam.
plas

In the lege! case in question, one concern of the law-
yers was an accident that had occurred and was now
an object of litigation. The lawyers wanted all the re.
porls. correspondence memoranda. and minutes of
meetings that discussed this sccident Formal queries
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wore constructed that conteined the word “sccident(s)”
along with severs! relevent firoper nouns In our search
for unretrieved relevant dociments, we later found that
the sccident was not alweys referrec' to as an “soni-
dent.” byt as en "event " “incident.” *situstion.” “prob.
jem.” ot "difficulty.” oftcn without mentisaing sny of
the relevent propet names. The manner In which an
individua) referred to the incident was froquently do-
pendent on his or hor point of view. Those who dis-
cussed the event in ¢ critical or sccuselory way ro-
ferred 1o it quite directly—as an *accident.” Those who
were personally involved in the event, and perhaps
culpeble. tended to refer to it euphomistically as. inter
alia, an *unfortunate situstion,” or *difficulty.” Some-
{imes the accident was referred to obliquely as “the
subject of your last letter,” “what happened Jast weok
was .. ." or, as In the cpening lines of the minutes of e
meeting on the jssuc. “Mr A: We oll know why we're
here ..." Sometimes relovant documonts dealt with
the problem by mentioning only the technics! aspects
of why the accident occurred, but neither the accident
itsell nor the people involved. Finally, much relevent
information discussed (he sttustion prior to the accident
and. neturally, contsined no reference to the accidont
itsell

Another information request resulted in the idontifi.
cation of 3 key torms of phrases that were used to
retricve relevant information; leter, we were sble to
find 26 other words and phrases that retrieved adii.
tional relevant documents. The 3 original key terins
could not have been used individually a¢ they would
‘heve retricved 420 documents, or approximately ¢ 000
pages of hard copy. an unreasonably large set, mont of
which contained irrelevant information. Another re-
quest identifiod 4 key terms/phrascs that retrieved rel-
evant documents, which we werc later able to enlarge
by 44 additional torms and combinations of terms 10
retriove relevant documents that had boen missed

Sometimes we followed @ trail of linguistic crestivity
through the dotabase. In scarching for documents cis-
cussing “trap correction” (one of the key phrases). we
discovered the' relevant, unretrieved documents had
discussed the same issuc but referrad to il #s the “wire
warp." Continuing our seaich, we found the' in still
other documents trep correclion was referrod to in ¢
third and nove) way: the “snunt correction system 5
Finally, we discovered the inventor of this system was
¢ man named “Coxwe!!" which directed us L0 some
documents he had suthored, only he referred to the
systom as tho “Roman circle method.” Using the Romen
circle method in a query directed us to still more rele.
vant but unretrieved documents, but this wee not the
ond either. Further searching revoaled that the system
had been tested in another city, end all documents gor-
mane 1o those tests referred 10 the sysiom as the “air
truck * At this point the ssarch ended. having won-
sumed over an entire 40-hour week of on-line scarch.
ing. but there is no resson 1o belicve thet we had
reached the end of the trail: we simply ran out of time.

As the datebase included many items of personal cor-
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pospondonce as w88 the verbatim minules of mest-
ings. the use of slang frequently changed the wey in
which one would “normally” 16!k about & subject. Dise-
bled or malfuncioning mechanisme with which the
lawsult was concerned were sometimes reforred 10 o6
*gick” or “doad.” ond o burned-out circull was referred
10 &5 baing “fried " A critical issue was somelimes 1o
ferred to a8 the “smoking gun.”

gven misapellings proved en obstacle. Key search
torms like “fationing” “gevge.” *memos.” and " coere-
spondence,” which wore vasentisl perts of phrosss
were used offectively 10 rotrieve ralgvant documenie.
However, the misspallings “flatening.” ‘gusge.” “gage.”
*memoss,” and “correspondence.” using the same
phrasos. slso retrieved relevent documente. Miaspell-
ings like these. which are tolarable in normal everyday
correspondence, when included in 6 computerized Ga-
tabase becoma literal traps for users who evo asked not
only o anticipate the key worde and phreses thal may
be used 10 discuss an lssve bul 8180 10 forosse the whole
range of possible misspsllings Jotter transpositions, and
typographical errors thet are likely to be cominitied.

Some Infarmation requests pleced almowi imposaible
demends on the Ingenuity of the individus! construci-
ing the query. In one gituation, the lgwyer wented
“Company A 's commenls concerning . . ." Looking &t
the documents suthored by Company A was not
enough, @8 Many relevant commeals ware embedded in
the minutes of meetings or recordad secondhend in the
documents authored by others Retrieving ell the docu-
menis in which Company A was mentioned wae 60
broad & search; it retrieved over 8,000 documants
(about 40,0004 pages of hard copy). However, predict:
ing the exact phrascology of the text in which Com-
pany A commented on the issue wes aimast imposaible:
sometimes Company A was not sven mentioned, only
that so-and«so (ceprosenting Company A) “said /consid-
ered /romarked /pointed oul /commentsd /noted /ex-
plained /discussed ” etc

In some requests. the ma ! important terma and
phrases were not used at ol in relevant documents For
oxample. “steel quantity” was 8 key plirage used 10
retrieve importani relevant documents germane to an
sclionable iasue, but unretrieved relevant documents
were &lso found that did not report sfeel quantity &t sll.
but meroly the number of such things as *girdors,”
“beams.” “frames.” “bracings.” etc. In another reguest, Il
was important 10 find documents thet discaesed “mon-
sxpendable components ” In this case, relevant unre
trieved documents merely listed the names of the com:
ponents (of which there were hundreds) and meds no
mention of the broader generic description of these
itlems as “nonexpandable ”

Why didn't the lawyers fealize they were not gatling
all of the information relevant to e particular issue?
Certainly they knew the lawsuit. They had boen In-
volved with it from the beginning and were the prirgi-
pal gttornoys representing the defense In addition, one
of the paralegals had boen instrmental not only in
setling up the datebase bul sls0 In supervisiug the se-
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lection of relevant information to be put on-line Mig
it not be reasonable to expect them to bo svepinious
thot they were nol mmvimomhinn they wented
Not really. Beceuse the dete wos 80 lorge (providi g
access 1o over 380,000 of hard cupy, o)) of which
was N some way pertinant 10 the lawaull), it would be
ynressonable 10 oxpect four individugls (two lowyers
and two parslegele) to huve 1ots) recall of 8!l the impor
tant supporting facts, testimony. and reloted dats that
wore gevmane {0 the c6s® ¥ they had such recsll they
would have no nesd for 8 rompuierized, interactive
retrievel gystem. It is woll known emong cognitive psy-
choloplets that @men's pewer of litors! recal is much less
eflective then his power of recogaition. The lawyors
could remember the exact 19Xt O s0Me of ihe impor-
tant information, but as we have alroady etated, this
wes 8 vary omall subest of the total information rele-
vant to 8 particuler lssue. They could mogam the Im-
portent information when they saw i, end they could
do eo with uncenny congistency. (As & contro!, we sub-
mittod come rotrieved sets and sample o6ts of docu-
ments (0 the lawyors saveral times in.b blind test of
thair aveluation consistoncy, end found that their con:
sistancy wes almast perfect) Aleo, eince the lewyers
ware not experts in information retrieval eystom de-
sign. there were no @ Priofi reasons for them to suspact
the Recall lovel. of STAIRS

CETERIORATION OF RRCALL AS

A FUNCTION OF FILE SIZE

One resson why Recall evaluations done on amal! deta-
bases cannol be uead 10 estimate Racall on lerger dote-
hases 16 bacauee, ceteris paribus, the velue of Recall
decronses as the alze of the dstlabase increases, o¢, from
s diffcrent point of view, the smount of search affort
required (v obtain the same Recall level increasos as
the delabesc incresses, oficn al a faster rate than the
increase in databese size. On the databese we studied,
there were many search terms that, yeod by them-
selves. would retrigve over 10,600 documents. Such
output onerlead ls o frequen! preblem of full-text re-
triova! oystams.

As & rstrioved est of savere) thousend documents is
impractical, the weer must soduce the output overload
by reformuleting the single-torm query 90 that il re-
trieves fewer documents 1f 8 single torm query w, re-
{rievas 100 many documents, the ueer may add another
term, Wy, 80 &4 to form the new Query *w, and w;" {or
“w, adjacent wy,"” OF “w, saMe w;"). The reformulated
guery cannol relricve more decuments than the origi-
ne!; most probebly. it will petriove many fewer. The

of adding interescting terms 10 @ query can be
continued until the size of the output reaches & man-
egsablo number. (This strategy, end its consequances. is
dlscussod in more deteil in (1)) However, as the user
narrows the size of the outpul by adding intersocting
1ofma. the value of Recall goes down beceuvee, with
sach new term, the probability is that some relevant
documents will be excluded by that reformuleted
query.
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The deterioration of Recall from a probabilistic point
of view 1s quito startling For sach query. there is @
cless of relevant documents that we designato as R We
represent the probability that esch of those documents
will contein some word w, ¢ p, and the probability thet
s relevent document will contain some other word w;
#s 4. Thos, the value of Recall for o request using only
w, will be equal 10 p, #nd Recall for @ requoest using
only w; will be equal to § Now the probability that e
rolevant document will contein both w, end w; is less
than or equal to either p or g If we assume the! the
respective appeatances of w, and wy in e televant docu-
ment gre indepandent events, then the probability of
both of them appoaring in & relevant document would
be equa! 1o the product of p and ¢ Since both p end ¢
are usuelly numbers loss than unity. their product usu-
ally will be smaller then either p or ¢ This means the
Kecall which can also be thought of as the probability
of reirieving & relevant decument, is now egua!l to the
product of p and ¢ In other words, reducing the num.
ber of documents retrieved by intersecting 8n increas.
g number of terme in the formel query couses Recel
for that query also 10 docrease

However, the problem is reaily much worse. In order
for a relevan! document, which contains w, and w,, to
be retrieved by a single query, 8 soarcher must select
and use those words In his or her query. The probabil-
iy that the searcher will select wy is, of course, gener.
elly loss then 1.0 end the probability that wy will occur
in & relevant document is also usually less than 1.0
However, these probabilities must be multiplied by the
probability that the searcher will seloct w; as part of his
o1 her query, end the probability that w; will occur in a
relevant document Thus, calculating Recs!l for & two.
term search involves the multiplicetion of four num.
bers each of which is usually lees then 1.0 As a result
(the value of Recall gets vory small (see Tablo 1) When

TABLE U, Tho Pratabiity of Rotieving o Rotovent Dotument
Contelning Terms w, ong w,

PSw,) = 6 » Prodobl'ty soarcher ugds MM w, In & 8ALCH

QUary
P(Sw,) » b = Prodobiity seroher uses WM w, i A SArcH
Quory
PiDw,) o 7 = Byobabdily w, RDpSIS IN @ relevant gocument
P(Dwy) = 8 = Probabifity v, appsers M § relovant gioumant
Probabikty of pasroha: ssiecing w, end 8 refavant Gaoument
coNLENiNg w

PSw,) X P(Dw,)® (8) x (7) = 42

Probabdity Of Searcher GEISCUNG Wy 8N B rORVaN! GOCUMEN!
containing w,

P(Sw;) X P(Dwy) = (6) x (&)= 30

Provabinty O 2SEMORSY 8O NG W ANd wy And @ relevant doo
Ument ontaineg w and o,

P(Sw) x PDw,) x P(Sw;) x P{Dw,)
09 P(6)x P7) xP B xP(B=""
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we consider a three- ot four-term query. the value of
Recall drops off even more sharply

The problem of output overloed is especielly critica)
in full-text rotrieval systems like STAIRS, where the
fregyoncy of occurrence of search terms is considersbly
lerger than (and increases faater then) the frequency of
eccurrence (or *broadth”) of index tarms in ¢ detebasc
whore the terms are manually assigned te documents
This means that the user of & full-text retrieval system
will face the proble:n uf cutput overloed seoner than
the uger oi = manuslly indexed system. The eolution
the! STAIRS 0.*eré—conjunctively edding search tarms
to the query--dox« reduce the number of documents
retrieved (0 6 managecle number but aleo oliminatos
relevent documents. Search querias amploying four or
five Intersecting terms wore not uncommon amang the
queries ueed in our lest. However, thy probebility that
& query that intersects five terms will retrieve relevant
documents is quite small. If we wore 10 sasign o proba-
bility of .7 10 @l the respective probabilities in a hypo-
thetical five-term query ez wo did in the two.lerm
Query in Table I (and .7 is an optimistic averaye value)
the Rece'l Jevel for the! query would ke .028. In other
words, that query could be expocted to retrieveo less
thar 3 parcent of the relevent documents In the data.
base If the probabllities for the five-term quory were @
more realistic average of .8, the Recall value for that
query would be .0009' This moans thet if there were
1000 relevant documents on the detabase, it Is likely
tha! this query would retrieve only one of them. The
gearcher muet submi! meny such iow-yield queries to
the systom if he or she wants to retriove 2 high parcent.
ogo ~ " the relevant documents

DISCUSSION
The roader who s surprised at (he results of this test of
retrieval effectivencss is not alone The lawyers who
participated in the test were equally astonighed Al
thoughi thore are sound theoretical reasons why we
shou'd expact these resulls, they seem tu run counter
10 previous tests of retrieval affectivanaas for full-text
retrioval

Two pioneering evaluations of full-text retrieval sys
tems by respected ressarchars In the field (Swaneon (8)
and Salton [3)) determined 1o their satisfection that
full-text document-retrieval systems could retrieve rel.
evant documents at a sotisfectory level while avoiding
the problems of manua! Indexing. Our study, on the
other hend, shows that full-text document retrievel
doas rot operale at satiefoctory levels and that there are
sound theorsetica) roasons 1o expoct this to be 80o. Who is
right’ Well, we all are, and ihis Is not an equivocalivn
The two sarlior studies drew the correct conclusions
from their evaluations, but these conclusions were dif-
feren! from ours because they were based on small
expariments| databases of less than 780 documents
Our sludy was done not on an experimental datahase
but an e~tual, operetional detebase of almost 60,600
documents Had Swenson and Salion been fortunate
enough to *.udy @ retrieva! sysiem as large as ours, they
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would »ndoubtedly heve obsarved similer phenomena
(Swanson was later 10 comnment perceptively on the
difficulty of drowing sccurate conclusions about decu-
ment ratrievel from expariments using amall detabases
(7)) In sddition. it has only recently bwen observed that
information-retrieval systems do not ecale up (2] Thet
is. retricval stretegios that work well on small systems
do not necessarily work woll on lerger systems (primat-
ily because of output overload) This means that studies
of reirievel efoctiveness must be done on full-sized
reirieval systems if the rosulls are to be indicative of
how & large, operational system would parform. How-
over, large-scale. detailed retrievel-sffectivonass stud-
tes, like the one reported here, are unprecedentod be-
cause thay are incredibly expensive and time consum-
ing our experiment took six jmonths invelved two po-
soarchers and six support staff, and. toking into eccount
all direct and indirect expanses, cost plmost half 8 mi)-
lion dollars Nevertheless, Swanson end Sslion's sarliet
full-lext evaluations Pomain ploncoring studies and,
rather than contradict out findings, have en illuminet-
ing value of their own

An objection thet might be made 10 our evaluation of
STAIRS is thet the low Recell observed was nol due to
STAIRS but rather to query-formulation ersor This ob-
joction is besed on the realization that, at least {n prin.
ciple. virtually any subsat of the detabase is retrieveble
by some simple or complex combination of saarch
terms The uset's task is simply to find the right combi-
nation uf search terms 1o rotrieve all and only the rele-
vant documents. However. we believe that users ghould
not be askoed to shoulder the biame, and perhaps an
anelogy will indicate why Suppose you ash & company
1o make & lock fof you. and they oblige by providing &
comhination lock. hut when you ask them for the com-
bination to open the lock, they say that finding the
correct combinatien is your problem, not thoirs. Now, it
is possible. In princ {0 find the correct combination,
hut in practice it me, Le impossibly difficult to doso A
full-tex! retrieval system boars the burden of retriaval
{ailure hocause il places the user In the position of
having to find (in a relatively short time) on impossibly
difficult combination of search terms The poreon using
e full-text retrievel system to find information on 2
relstively lerge databasc is in the same unenvieble po:
sition as the individual looking for the combinetion to
the lock. 1t is true thet we. a¢ cvaluelors, found the
combinations of search terms nacessary to relrieve
many of the unretrieved relevant documents, but three
things should be kept in mind First, we mahe no claim
10 having found all the relevant unretrieved docu-
nvents. we may not have found even half of them, as
our sampling technique coverad only & amall parcent.
age of the database Second. @ 1romendous emount oi
geerch time was involved with each request (sometimes
over 40 hours of un-line time). and the antire test 100k
«imost 8 months Such inefficiency is clearly not censo-
nant with the high speed desired for compulterized re-
irieva) Thitd the evalustors in this case rapresented.
together over 40 years of practical and theoretical ex-
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perience in snformetion systems anplysio and should be
sxpacted 10 have eomawhat bstier searching sbilities
{han the typleal STAIRS searcher. Morcovar. STAIRS is
gold undor the promica thet it Ie sesy 10 ¥s® end ro-
quires no sophisticsted training on ihe part of the user
Ye! this study 16 & clear demonatration of just how
pophisticated gecrch ehills muct b lo use STAIRS, or,
mutatie mutendie, ony other fulltext retrievel aystem
There is avidence that this problem is baginning to be
recognized by et loast one full-text retrisve! vendor,
WESTLAW, which has made its reputation by offering
full-text eccess to lags! coses. WESTLAW hes now be-
gun to supplement its full-text retrigvel with manually
aseignod index terms.

SUMMARY

This papet hao prasented 8 major, dotalled evaluation
of » full-text document-vetriaval system. We have
shown the! the system did rot work well in the envi.
ronment tn which |1 wos teeted end k... theroe are theo-
pelical roagons why full-tex! retrigval aystems applied
10 large detabesss sve unlikely to peeform well in eny
retrioval environment. The optimiam of eerly studies
was basod on the small eize of the delabaces vsed. end
wore goared toward showing only that full-text search
was competitive with searching baead on manually as-
signed index 1arms, under the aesumption thet, if it
were compatitive, full-text retrioval would eliminate
the cost of indexing However, thare are costs Gasoci:
tod with a full-text sysiam that @ manual systom doos
not incur. Fivsl, there is the increased time snd ceat of
entering the full text of o decument rether then ¢ eal of
manuslly eesigned subject and contex. descriptors The
average length of o document racord on the system wo
evaluated was about 10,000 charecters. In 8 manuslly
assigned index-ierm system of Lhe seme type. We found
the average documant record 1o be lees than 500 char-
acters. Thus, the full-text system incum the edditional
cost of inputting end verifying 20 times the amount of
information that & menually indoxed system would
seed (0 deal with. Thie difference alone would more
than componzate fof ihe edded time nesded for manual
indoxing und vecabulary coastruction. The 20-fold
incraess In document record sise eleo means that the
dotabage for @ full-text system will be eome 20 times
largor than @ menually indexed database and entail
incressad storage ond soarching costs. Finally, bocause
the svoreg numbser of esercheblo subject terms por
document for the full-text retrievel system described
hare was approximately 500, whorees o manually in
dexed sysiom might have o subject indexing depth of
ghout 30, the dictianary thet lists and keeps track of
thaoe assignments (i.0.. provides poiniere to the dsta-
baoe) could be as much es S0 fimes larger on o full-text
sysiom than on @ manuelly indexed eystem. A full-tex!
retrioval systom doos not give us something for nothing
Full-text searching is one of thase things, ss Samucl
johneon pul It 0 succincily, that “: .« is never done
wall, and one ¢ surprised to s2o |t done at all.”

March 1985 . olume 28 Nuwmber 3




Computing Practices

Acknowledgments. The suthors would like to thank o Swots | A Information retrieval sysieni Science 141 (1963). 240

Willism Coaper of the University of California at S o R"* b and Dextar M E Indexing consisiency and quelity Am
Berkeley for his comments on an earlier version of this Doc 20. 3 (July 1900, 298204

menuscript. and Batbare Blair fur making the drawings s il el dikl T
) o regor iee Rubject ripiors: H1 0 Modeh Princl-
thet sccompany the text ples) Generel H A2 (lofermation Srerage end Relrieval) Informetior
Hoarch and Retriavel—pearch prices. guery forwialation
Geners! Torms: Design Humen Feclors Theory

REFERENCES Additions! Koy Words and Phroses full text documen! relrievel,
1. Wit D.C Bearching biascs in lorge interactive doxyment retrieval litigation suppori. reirievel sveluativn Recall and Procieo”
;yﬂm:‘l Am Suc Inf & S1(lv )bmo, 74-277 .
2 Restokof 111 The nations! need fur research In information s sccopted
once S$T) hiurs ané Options Workshoy House ougcommum on Recolved 4/04 b
ience reseatch and technolvyy washington. DC Nov 3 197 i
Authors’ Presant Addressss Devid L. Bloir, Ciraduate Schv )l of Business
e 3 \ W
] :r‘u'.;.“c Automatic text anelysis Science 160, 3020 (Apr 1970) Adwinwiration 1 he University of Michigan. ‘Ana Arbor, M! 68108,
4 Sorscevic T Relevance A review of and o fremeworh for thinkiug :: '“:"':" m"," LC.A“"V.):‘ Informatian Studios. The University
ur 1l notion in infutmetinn sclence | Am Soc Inf S 26 1975 Alifornis vley. CA ™
421340
5 Sparch jones K Autemaiic heyword Classification for Information Re- Pr vorission 1o cupy Without foe eli o part of this materis! s granted
trnevel Butierworthe. Londun 1971 provided thet (he copies are nat made o distribwied for direct commar.

cial adventape the ACM copyright nolice and 1he title of the pobhication

6 Swenson, DG Searching netutal language text by enmputer Science
137 3454 (Oct 1960) 10AS- 1104 ond ity dale appear. and notice is gven thet miubbypmmd
9 Swanson. Ui R Infarmation retrieve) ax & teial and error proxest Libr the Associgtion lor Computing Merhinery To copy olharwise, 01 W0

0 €7 211078, 128-)48 republish. requires o fee and /of spacific permission.

SUBSCRIBE TO ACM PUBLICATIONS

Whether you @re 8 computing NOVIGE Of & master ol your OWPMMWMWW
mnAcm\nupuuwmmmwmoowwvmmw ACM Transactons on Detabase Systems, AC” . ireisec:
noeds. Do you wenl broad-gauge. high quality. hignly read- mmwww&m.m
able articies On key issues and Major developments and Transaotons on Graphics, ACM Trensaosons on Office

irends in computer soence? Read Communicatons of the WSM.NAOMWMW
ACM mwmwwmmmwmys.wmh Systems mwmmmmm?

and Overview articies on 1opics Of current and emerging
importance Computing Surveys is right for you. Are you dwmwm.muam»w-

interested in & pubication that offers a range of mummumwml'*mb
scientific research designec 10 keep you abreas! Mm,wwmmu
of the \ates! issues and developments ? Read 2 coechon of ACM aigorithme svaliabile in

Journa! of the ACM. What specilc topics are
MMWTMWACM
ransactions cover fseearch and applicalions

For mom Information about ACM publoatons.
mummmdumm

March 19838 Jolume 28 Number 3 Communications of the ACM

3 PM






CONTRIBUTIONS OF VALUE ADDED FIELDS f S
AND FULL-TEXT SEARCHING IN FULL-TEXT =4 . ™
DATABASES oy

—

Caral Tenopir, University of Howaii of Manoa

Abstract: Some database producers assume that the availability of full text
databases will wmake indexing and abstracting obsolete, Very few full text
databases include both controlled vocabulary indexing terms and abstracts. As

full text databases become more videly available, this ascumption is beginning to
be tested,

This study reviewed research to date that has examined full text retrieval
pertormance on inverted file systems. Research comparing efficacy of searching
on value-udded fields vs. full text wvas also reviewed. Conclusions are not yet

definitive but suggest that value-added field contribute to comprehensive
retrieval and improve precision,

The suthor conducted a retrieval performance experiment in 1983-84 on the
Harvard Business (HBR) full text database and the BRS esearch cystem. HBR
contains controlled vocabulary descriptors and ebstracts, allowing retriaval
performance of these fields to be compared with full text,

Results showed that full text refrieved a high proport .a of the relevent
documents, Controlled vocabula'y searching, and to s lesser degree abotracts,
aleo contributed uni. e relevant documents. The value-sdded fields allowed
®much better precision in eearchi g and had lower coets for searchers.

Unique relevant documents retrie red by each method were examined to judge the
special contribution of each fald Controlled vocabulary compensated fou
vanations or changes in terminolo,y, levels of specificity of terminology, and
incomplete search strategy develop.ent, Abstracts pulled concepts together and
somewhat standardized language. Full text allowed articlas to be retrieved that
contained relevant information peripheral to the erticle gs a whole, coapensated
for deficiencies in controlled vocabulary, and often used more gynonyma,

Suggestions for additional research will also be presented,




.-

<

1. INTRODUCTION

Full text databases are increasing in numbers oo the commercial inverted
file search systems. Because full text databases are a relatively new
phenomenon on the once traditionally bibliographic systems, much full text
search strategy is based oo assumptions or trial-and-error rather than on
systematic study of the best results. Some producers or providers of full text
databases assume that the availability and searchability of complete texts in
invertec file systems will make indexing and abstracting obsolete. Few full text
databases also include the value added fields of conirolled vocabulary indexing
terms and abstracts. This paper reviews some past research that compared
search results and describes a recent project that examined the relative
contributions of full text, controlled vocabulary terms, and abstracts in oaline
search strategy on the Harvard Business Reviev database,

2. REVIEW OF RESEARCH

Many studies in information retrieval may be relevant to retrieval
performance; described here are those few that examined full text vs.
controlled vocabulary descriptors or abstracts on standard inverted file systems,
The American Chemical Society (ACS) and BRS did & series of user studies of
the full text of ACS journals before they were made commerically available on
BRS. The researchers observed that searchers were able to find specific factual
information by searching texts of articles when there were no corresponding
terms in titles or abstracts [1].

Studies by Hersey et al. of the Smithsonian Institution Science
Information Exchange (SSIE) compared reirieval performance from searching
subject indexing codes with searching text words in a data“ase of one-page
summaries of research in progress (2). An early version of tie Mead Data
Central software was used. The study concluded that retrieva' performance
with indexing terms was superior to that when searching free text words,

Recall was about 302 higher; precision was 1.-202 better, Both approaches
offered advantages by retrieving documents that were unique and relevant., Text
vord retrieval provided detail; index code retrieval retrieved concepts and broad
subjects and contributed to more complete retrieval, The authors recommended
combination systems rather than forcing searchers to rely on one search
technique.

Indexing may be expensive from the database producer's vie wpoint, but
free text searching can be expensive to users in terms of computer time, Three
fimes as much computer tame was required for the free text searching in the
SSIE study as for the controlled indexing searching. The free text searches
required three and one-half times the number of terms per questiou, and 14
times as many term combinations. In a study by Stein et al., six expert patents
classifiers were asked to conduct 12 patent searches each on a LE XIS database
of 50,000 patents. After the searches were completed, each query was studied
to determine where in each patent the search terms cccurred and vhat term
variants occurred (3], Results indicated thet the full text resulted in
substantially better retrieval than any single patent representation,

Combinations of document segments were ranked by how often the full search
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query would be retrieved i @ search was limited to them,
fummary and description provided the best msarch resulte (872), followed by atle

A cowbination of

and claims (162) and title and abstract (7.52). When indi
examined, full text, summary and description vere of mo
vhile titles, abstracts, and claims were of limited help,

vidual segments Yere
ot help for retrieval

Several conclusions are Suggested by these Studies, No one method of
Searching (e.g. full text, abstract, controlled vocebulary deccriptors, title)
provides total recall in etandard gsarch #ystems and no one method consistently
provides the best results. Controlled vocabulary eearching, abatract, and fyll text

®earching retrieve unique documents, Suggesting that the best ®rategy ie to uge
a combination of methods,

3, HARVARD BUSINESS REVIEW STUDY
T ——— AR TN STUDY

In an experiment conducted in 19631984, th
from searching on words in complete texts
descriptors using the Harvard Business Review (HBR)
BRS search System. HBR has both controlled vocabulary descriptors and

abstracts in addition to the complete texts of every article from 1976 to the
present,

In a series of 3] questions, the text achieved on the
recall of 73,91, Controlled vocabulary had an &verage relative recall of 282 and
abstracts 19,32, Fun text had the poorest @verage precision ratio of the three
~ 18% as compared to 342X for coatrolled vocabulary and 345,
Full text searching was the most expensive with an average unit cost per

relevant document of $7.86, aa Compared to $3,54 for controlled vocabulary
searching and $3.89 for abstract word searching,

average a relative

Although the full text contributed the highest recall, gsch of the three
search methods contributed unique relevent documents in different questions, No
one search method consstently provided all relevant documents, In only nine of
the 23 topice that retneved relevant documents ware &l documents retrieved by
the full text. For the rest of the 23 topice the abetract &nd/or controlled
vocabulary were required to gchieve COmprehensive retrieval, Samples of
relevant documents that vere retrieved by only one fearch method were
examined in an atteapt to characteri A

representstion, This characterization Way assist searchers to decide which
search method would be best for 4 given topic,

- Controlled Vocabulary

In nine questions relevant documents vere retriaved by the controlled
vocabulary that were not retrieved by any other tearch method, After
examining thege documents, there Seem to be three Bajor reasons why the
controlled vocabulary resulted in retrieval while the full text did not. These
reasons are: 1) variations or changes in terminology, 2) epecificity of
terminclogy, and 3) incomplete search Strategy development by the oearcher,

Terminology used in the texts of the articles in question varied from the




more commonly used termini'ogy found in ceilar erticles, A relevent erticle
retiieved only by controlled ocabulary in one question, for example, vas 8
reprint of an erticle original ~ublished in 1950, In 1950 the nov cosmon terss
of "product diffusion" or Yearly sdopters" were not in use. HBR's controlled
vocabulary retained the older ters “new products”, use of wvhich in the esarch
strategy would have retrieved the 1950 reprint. 1In another question the
controlled vocebulary ters "family" retrieved a document televant to persconel
polick  ‘or spouses working in the the sasme firm, Nowvhere in this docuament
were - terms nepotism, couples, marriage, agrcied, o« spouse found, but the
terms wives, wife, or relatives would have resulted in retrieval by the full

text. The author of the document assumaed aale~ovned firms that were hiring
relatives (including wives); the searcher failed to edd the appropriate Gynonyams,
In another queation & relevant document retrieved by the deocriptor "flexible
working hours" was not retrisved by the full text search bacause only the terwm
"flexitime" was used in the text of the erticla, The searcher used the alternate
spelling "flextime", but failad to use "fliexitime."

These three questions point out the nced to use both modern and older
forms of worde and to use many synonyms to achieve complete full text
retrieval. The constancy of coutrolled vocabulary terms for any concept a8

compared to the inconsistent and changing nature of text language often assiste
retrieval.

Other relevant articles retrieved only by controlled vocabulary were
retrieved because the controlled vocabulary terme were much broeder than the
subject requested or because there were tarma for only one of two facets of
the questinn, Ia one, for example, the user requested documents oo the
reti:ement ot farmers and ranchers, Both concepts were specified in the full
text and abstract searches, The HBR controlled vecabulary doee not contain 3
term for the farmers or ranchers concept, however, € the single broad term
Uretirement" was searched., Some sspects of retirement planning are independent

of the retiree's occupation, however, 8 fome relevant documents were found
with the broader strategy.

One question asked for articles on in-plact recreational facilities. Again,
a fairly specific strategy using both concepts was conducted for the full text
and abstract searches, Only the very broad term “employee benefits" wvas
available for searching ir the controlled vocabulary, The additional relevant
documents retrieved by tiis etrategy used the terw “perks" rather than benefits
in the text., The recreational facet was represented by such terma as
relaxation, eniertainment or recreational facilitiss, Another quastion also
contained two concepts, valy one of which was available in the controlled
vocabulary. In a question on in-hcuse databases, "Information syctems' or
"databases" retrieved relevant items that were not retrizved by the full text for
two reasons. The first reason is that only the tarms computer or data
processing were used throughout the texts, The other rzason i that the second
facet of "office" or "inhouse" excluded relevant articles, The authors of the
articles assumed any computer system or database vas located 'inhouse" or in
the office without explicitly using those terms.

In summary, the strength of controlled vocabulary to control synonyme and
varied or changing vocabulary was gupported in this etudy. In full text
searching on the standard commercial systems such ss BRS the burdes of
compensating for language inconsmistency is on the searcher, Controlled
vocabulary costs the database producer more to create, but retrieves itewmso
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difficult to find using full text only, Ironically, the Hmitations of a broad
controlled vocabulary contributed to more complete retrieval without achieving
unacceptable precision when no terms were available for both concepts of a
search, because the @mngle broader concept retrieved relevant itewms without
adversely affecting precision, In ¢ larger database this might cause
unacceptable precision levels,

3.2 Abstract

The abetracts did not contribute as many unique relevant documents gs
did the controlled vocabulary. There wae high overlap of abstracts with full
text, which in & way shows the success of the HBR abstracters in summarizing
the content of each article in the suthor's ovn words, Still, the relevant
documents retrieved only by abstracters were examined to determine why they
Ware not retrieved by any other method.

There seem tc be three main reasons vhy relevent articles were retrieved
by abstract esarching but not by full text. These reasons are: |) words did not
appear in the same text paragraphs, 2) language varies in texts, and 3) the
searcher did not use gll possible synonyms in the search atrategy.

The most common reason for abstract-only retrieval resulted from using
the SAME paragraph operator in the full text cearches instead of the broader
Boolean AND. This decision was made because BRS and HBR bot!, recommend
Lmiting full text searches to the same peragraph. Search *eras from both
facets of a search appeared somewhere in many of the i«. of these document.
but the terms did not appear in the same grammatical paragr. s, In the
abstract the important concepts were brought tog.ther into .. geme fleld (Le.,
paragraph). 1In & question abou: the effects of unlons on the introduction of
new technology, several articles were retrieved by the abstract becsuse all of
the rawmifications of unions were listed in the sbstracts, The texts discussed
each of these effects in turn without repeating the term "union". The same is
true in a question ebout second careers. In one article retrieved only by
abstract words, the concept of training or retraining was oot mentioned in the
Same text paragraphs as the concept of new Jobs or layoffs, but these two
concepts were hrought together in the abstract. For & question on ®ress of
working wvives the article that wvas retrieved only by the abstract is about the
stressful role of corporate wives, A mention of them entering the workforce
was in & paragraph without other ezarch terms, but all concepts were together
in the abstract fiald,

Another reason for document retrieval by the abstract but not by the full
text 18 one of language. In articles uniquely retrieved by the abetract in one
question, "wives" or "wife" are used more frequently in the text than "woman"
or "women", The abstract uses women. If the synonyms "wivea" or "wife" had
been added to the full text ozarch, *hie article would have been retriaved, In
another question an article about Sioux Indians does not refer to them as a
"minority” group in the text, but the abatract uses this term,

As with controlled vocabulary, it appears that the abstracts in HBRO
sometimes compensate for the inconsistency of language and the necessity of
®any possible specific terms for the same concept. A comprehensive full text
search requires liscing many synonyms for each concept,
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3.3 Full Text

Full text searching often retrieved many more unique relevant documents
than either controlled vocabulary or gbstract searching, One frequent
contribution of the availability of full texts is, thus, an increase in the number
of documents retrieved, An examination of a portion of the velevant documents
retrieved only by the full text revealed four major characteristics, These are:
1) level of specificity cen better match the gquestion, 2) full text can
coampensate for deficiencies in the controlled vocabulary, 3) some concepts that
are implied in the abstract but not mentioned explicitly are mentioned in the
text, 4) full text sometimes uses wore synonymé and can thus compensate for
incomplete search strategies.

Articles that on the whole are brosder in scope than the search request
(that include the search topic as only a wminor portion of the article) are the
major reason for full text-only contributions, The abstracters and indexers
attempt to match the depth or level of specificity of each article taken as &
vhole, Thus, en article on unionization of professional employees may list the
specific professions in the text, but these are not mentioned in the abatract or
controlled vocabulary terms, For documenta retrieved only by abstracts the
opposite was sometimes found=-terms in the abstract were brogder than the text
terms. In @ specific question about the effect of labor unions on the decline of
productivity in the U.5,, some articles mentioned many reasons for this decline,
including labor unions. The specific reasons are accessible only via the full text
where they are lsted or mentioned briefly, This variance in the level of
specificity was the one major reason for meny of the text-only retrievals.

Another contribution of the full text is that it compensates for
deficiencies in the controlled vocabulary. Several topics did not have
appropriate descriptors for a concept, 8O narrover or broader terms had to be
used. One question was about collective bargaining in colleges and universities
but there are no HBR descriptors for colieges or universities, The "product and
service" terms were used, but relevant articles discussed colleges and
univeraities &8 a subject, not as a product or service, The same reason applies
to a question about collective bargaining in libraries, echools, etc. HBR's policy
of essigning only five descriptors weans that only the major issues in an erticle
are indexed, This, plus the policy of indexing and abstracting at the leve. of
specificity of the article as a whole, results in many full text-only retrievals,
All articles rvetrieved by the full text only seemed to have sppropriate index

terms within the constraints of the controlled vocabulary and the HBR indexing
policy, however,

Compared to abstracts, full text facilitates retrieval of erticles that
mention a specific facet of a topic, but that are generally broader in scope
than the search question, Full text also retrieved some articles when one facet
wvas assumed but not explicitly mentioned in the abstract, For example, in the
question about rec-eational facilities as benefits in organizations, the abstracts
of some documents implied that recreational facilities provided to employees to
reduce tension are benefits, but the ters "benefit" was not explicitly used. In
a question sbout attitudes toward hard work the concept of “attitudes" ot
‘feelings" about hard work was implied but not mentioned in the abstracts.
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Abstracts sometimes used jargon or a single term for a concept in the
text while the full text etoted it in esveral ways. For exasple, in & qu+=tion
about minorites including Wispanice the title and abstract of an article referred
to "Mexicans'. The text, hovever, used verious gynonyms such as "hispanice",
Yehicanos", "Mexican-A mericans", resulting in vetrieval. 1n o question about
layoffs or unemployment, "hard<to-employ" was the ounly term used in the
abstract of one document to describe unemployed workers. Uneamploysent caused

by layoffs was included in the article but the term layoff was found only in the
full text,

3.4 Summary

This examination has analyzed the unique contribution towards
comprehensive retrieval that is made by full texts, abstracte and controlled
vocabulary searching. The controlled vocabulary indeed controls synonyms or
Janguage that changes over time. The gbetract brings together major concepts
in en article that may have been discussed separately in the text, It also
eomewvhat standardizes language. The major contribution of the full text is
made when an article is of broader scope then the caarch question or vhen one
facet of e question is mentioned only as one poosible factor in & broader issue,
Specific terms or causes are often listed or discucced in textual paragraphs but
are too winor or specific to ba indexed or gbetracted. Each cearch method
makes its own contribution end often this contribution depends on the nature of
the search question or the individual articles in the databese, Ho one method is
complete for every mituation. Relevant grticles will be wmissed and search costs
may be higher if searchers do not have the option of choosing various methods
of searching. Indexing and abstracting sre not made obsolete in full text
databases, all representations assist complets retriaval and provide their own
unique contributions,

3.5 Suggestions For Future Research

BPecause full text databases heve not been widely available on commerical
search services for long, there has not yet been much research that eramines
their characteristics. The present gtudy is thue only en early atep in
determining how full text datsbases might best be searched, but the conclugions
aust be limited to e relatively small database of the business literature. The
methodology used in this etudy should be replicated in other subjects to see if
retrieval performance and search results very with the subject matter of the
text and to see if low precision becomes en even greater problem in larger
databases. Related research has indicated that language patterns vary with the
nature of the discipline, but this has yet to be tested with full tast online
searching. Such an extension into other social science disciplines end into
physical science disciplines could have important ramifications for eearchers in
search otrategy developwent and for publishers in database design decisions.

Another variation on the present etudy would be to change the full text
search strategies to use the Boolean AND operator rather than the paragraph
SAME operator or to compste various full taxt @rategies. This would help to
identify the best full text etrategy. The type of research mentioned so far @
practical given the realities of the precent systems, but can only suggest ways




these existing oystewos wmight be improved. Any studies laited by the
fundamental deaigns currently in use cannot reveal optimal performance in ao
ideal gitustion that has no previous design ascusptions. Additionel user studies
are needed that will reveal how potential users would most like to use full toxt
databases if they were not restricted by current eysten conetraints,

Future research should take into consideration the different posaible uses
of full texmt, including browaing, fact retrieval, and finding erticles on & given
topic, Users with different types of needs may have different requirements for
search and display features, The research on the use and retrieval
characteristice of full text databases is just beginning.
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ATTACHMENT #4

An Evaluation of the Applicability of Ranking Algorithms
to Improve the Effectiveness of Full-Text Retrieval. I. On
the Effectiveness of Full-Text Retrieval*

Jung Soon Ro

56-35 Yukchon-2-dong, Eunpyung-ku, Seoul 122, Korea

It is generally accepted that information retrieval based
on full texts of documents will result in higher recall and
lower precision compered with retrieva! using para-
graphs, abstracts, or controlied vocabularies, Part | of
the study tested this assumption by examining the effec-
tiveness of full-text retrieval compared with other ap-
proaches in terms of recall and precision. Experiments
were conducted on a subset of a journal-article col-
lection with nine search questions through the BRS
search service. Full-text retrieval was found to achleve
significantly higher recail and lower precision than
searches by other methods. Part |l of the study will focus
on how to improve the low precision of full-toxt retrieval
without a decrease or with a minimum decrease in recall.
Document-term-weighting algorithms proposed in past
rescarch for automatic extractive indexing were exam-
lmdhn 2 means to improve the low precision of full-text
retrieval.

Introduction

A full-text retrieval system is a document-retrieval sys-
tem in which the full tests of all documents in a collection
are stored on a mmputé? system so that every word in each
sentence of every document can be located by computer
software. Because of the continued decline in the cost of
computer-storage devices and byproducts of computerized
publication, full texts of documents are increasingly avail-
able in machine-readable form and serve as databases for
information retrieval

From previous research and commentary, it was expected
that full-text retnieval would result in higher recall and lower
precision when compared with retrieval using paragraphs,
abstracts, or controlled vocabularies. The first purpose of
this study was to test this assumption in journal articles by

*The research reported in this article 1s based on my doctoral dis-
sertation, completed in December, 1985, at Indiana University, School of
Litrary and Informauon Science (1)

Received April 21, 1986, accepted October 6, 1986

€ 1988 by John Wiley & Sons, I

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE. 39(2) 7378, 1988

examining the effectiveness of full-text retrieval compared
with that of other approaches in terms of recall and pre-
cision. The second purpose of the study was to examine how
to improve the precision of full-text retrieval with minimum
decrease in recall. Document-term-weighting algorithms
proposed in past research for automatic extractive indexing
were examined as a means to improve the low precision of
full-text retneval. Parts 1 and I of this study will address
these two study areas in turn.

Background

Research on full-text retrieval started with studies on the
possibility of automatic text analysis, i.e., the possibility of
extracting keywords from full text of documents. In a rela-
tively early study, Swanson reported the superionty of re-
trieval performance of a system based on automatic text
analysis over a conventional system based on a manually
assigned subject-heading index [2]. In later work, the
SMART system predicted the superiority of full texts to
abstracts in order to extract index words from them [3].

Many efforts to test the effectiveness of the full-text
retrieval system have been made on portions of the legal
literature [4-11]. Most of these studies reported the superior
effectiveness of full-text retnieval compared with the man-
ual, conventional technique of index lookup on court deci-
sions. In the field of journal articles, some studies have been
done on user-opinion survey for online vendor full-text sys-
tems [12~14] or on the usage of full-text searching for data
retrieval [15-17]. Recently, Tenopir [18] examined the
effectiveness of full-text retrieval where every word in a
document 1s used for an index word, compared with that
of other searches conducted on the fields of abstracts
titles, and conirolled vocabularies. In Tgnopir's study
full-text retrieval was limited to paragraph searching,
a kind of proximity searching which retrieves documents
in which searching words appear within the same gram-
matical paragraphs
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Tenopir's Experiment

Tenopir's experimental data on the effectiveness of
searches conducted on paragraphs, abstracts, and controlled
vocabularies of journal articles was incorporated in this
study. Tenopir tested the effectiveness of full-text retrieval
(limited to paragraph searching) on the subset of Harvard
Business Review (HBR) for the time period January
1976- August 1983, with 31 questions from the history files
of two universty libraries, through the BRS search system.
Three faculty members of the business school judged rele-
vance of documents retrieved from 31 questions. Paragraph
searching in full texts of journal articles was found to
achieve significantly higher recali and lower precision than
searches by other methods. Also, paragraph searching was
found 1o retrieve a significantly larger number of unique
relevant documents than searches by other methods.

A use made of Tenopir's data vas to investigate the
reliability of relevance judgment for the present study.
Since many documents are expected to be retrieved from
full-text searching, and an enormous amount of time is
required to judge documents for relevance, only one judge
was used to assess relevance in the present study. However,
since relevance judgment by one judge was questioned in
the previous research [19), especially when questions came
from a history file not directly from the judge, Tenopir's
data on relevance judgment was used to investigate the
whiability of relevance judgment assessed by one Judge in
this study. Also. using Tenopir's search strategy it was pos-
sible to be free from subjective bias for searching strategy
which may affect the effectiveness of the retnieval.

Experimental Design

Daiabase

The database used for the study was a subset of the
Harvard Business Review for the ime perio¢ of January
1979-August 1983 The descriptive characteristics of the
collection of full texts of articles are given in Table 1.

Search Questions

Because of the enormous amount of time required to
Judge relevance of documents retrieved from each question,
the search questions examined were limited to nine. In sam-
pling nine questions, two factors were considered. First to
study the difference between paragraph searching and full-

TABLE 1. Descriptive statistics on full texts of articles *
Total documents in the collection 448
Total words in the collection 1.829.601
(¢ollection length)
Number of word tokens (document length)
Range 800-13.89]

Mean word tokens per document 4,084

‘Harvard Business Review, Jan /Feb. 1979-July, Aug 1983

text searching, at least one AND operator in search strategy
is required, because in the paragraph search of Tenopir's
study, the operator AND was replaced with SAME to re-
trie.¢ @ intersection “A AND B" within the same para-
graphs. The second factor was considered for the second
purpose of this stv ", which will be discussed in Pari II of
this article. In the experiments for the second purpose of this
study, effectiveness of full-text retneval was compared with
that when weighting algorithms were applied to full-text
retrieval. Tenopir used three operators for proximity search-
ing: ADJ for adjacent words, WITH for words within the
same sent. ces, and SAME for words within the same para-
graphs. Since there is no obvious way to apply ranking
algorithms to phrases, especially phrases of which singie
words appear anyplace in a sentence or a paragraph, only
adjacent words were considered as phrases in applying
weigh'ing algorithms in this study. Thus, search questions
stated with SAME or WITH for phrases were excluded in
the sampling. By eliminating questions stated without AND
operator or with 8 WITH or SAME operator for phrases, 20
out of 31 questions remained. From these, nine questions
were selected at random. Table 2 lists the nine questions
considered in this study.

Search Strategy

The same search strategy used in Tenopir's paragraph
searching was conducted through the BRS search systerm
for full-text search except for replacing the operator SAME
with AND. Thus “A AND B" ii stead of “A SAME B"
retnieved documents in which concepts A and B appear not
only within the same paragraphs but also anyplace in @
document. Table 3 shows the search strategy used for the
nine questions.

Relevance Judgments

One doctoral stadent in the Department of Management,
School of Business, Indiana University, assessed the rele-
vance of documents retrieved both from full-text retrieval
and from other retrieval methods conducted by Tenopir.
Since nine questions are closest to the field of management
rather than accounting, finance, or others in business, the
Judge was selected from the department. The knowledge of
any Ph.D. student in the department was considered suf-
ficient to judge the relevance of documents, si..ce the HBR
is a general and popular journal in the field of business.
Recall and precision ratios associated with abstracts, de-
scriptors, and paragraphs in Tenopir's study were re-
calculated using these new judgments. Although one judge
has been found acceptable in previous research in the legal
field of full-text retnieval in which questions were not sub-
raitted by the judge himself [20], the reliability of these
judgments was investigated by computing the agreement of
this judge with Tenopir's judges using both Holsti's coeffi-
cient of reliability (CR) [21] and Scott's index of reliability
(pi) [22)
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TABLE 2. Search topics

TABLE 3 Seasch strategies

1. 1 would like literature on cutback management or the process of tran
sition managemen! or administration

2 Workaholism, workaholics. attitudes toward hard work

3. Effect of diet and exercise programs on reguction of absenteeism and
increase of productivity among corporate staffs and executives

4. Scheduling of extended work hours. Computation of productivity and
safety in relation o extended work hours. | am specifically interested
in extended work hours over eight hours in relation to the above
aspects

5  Collective bargaining by women-dominated professions such as social

workers, nurses, libranans, and teachers

Impact of collective hargaining on the introduction of new technology

Retirement planning b farmers or ranchers

Productivity in Japar versus productivity in the US

Productivity with » alons versus productivity in nonunion companies

O e 9D

Holsti's coefficient of reliability (CR) 1s a widely used
coefficient of rel:ability, indicating the ratio of coding agree-
ments 1o the total number of coding decisions. That is,

CR = 2M / M1+ M2,

where M is the number of coding decisions on which the two
judges are in agreement, and M1 and M2 refer to the number
of codiag decisions made by judges | and 2, respectively
However Holsti's CR has been criticized because “it does
not take into account the extent of intercoder agreement
which may result from chance [21]." Scott's index of agree-
ment between two coders, i.e., pi = Po~Pe / | -Pe,
takes into account both the observed proportion of agree-
ment (Po) and the porportion that would be expected by
chance (Pe). Compared with the agreement between three
judges in Tenopir's study (CR = 66%), the agreement be-
tween this judge and Tenopir's judges was 87%. When
considening the extent of interjudge agreement which may
result from chance, Scott's index of reliability pi was 71%

Findings

As shown in Table 4, on the average, based on the nine
questions studied, the full-text approach retrieved 68 docu-
ments, while paragraph searching retneved 17.1 documents,
abstract retrieved three documents, and controlled vocab-
ulary retneved i.~ “ocuments. Compared with Tenopir's
experiments retrieving 17.8 documents from paragraph, 2 4
from abstract, and 3.2 from controlled vocabulary, with 31
questions in the database of January 1976-August 1983,
abstract search retrieved more documents than did con-
trolled-vocabulary search. The reason abstract search
retrieved more documents than controlled vocabulary in this
study seemed to be because qr=<tions 23, 31, and 35 were
not considered in this study. In Tenopir's study for those
three questions, broad search techniques were used for
natural-language searches. For example, for question 31,
the broad concept “information system” was searched in the
field of controlle” vocabulary, while a specific concept
“personal information system” was used for abstract search
by intersecting the two concepts “information system” and

Question

1 cutback$ or cut AD) back$ OR transition
manage$ OR administ$
1 AND 2
workahol$
hard ADJ work
sttitude$ OR belif§ OR feelingd OR believs
1 OR (2 AND 3)
absentee$ OR productivity OR motivation
executived OR employee$ OR worker$ OR personnel
diet OR exercise OR health OR nutnition OR physical ADJ
fitness
| AND 2 AND 3
4 1. flexible ADJ hour$ OR flex ADJ ume OR flextime OR overtime
OR four ADJ day ADJ week OR extended ADJ hour$

2. schedul$ OR productivity OR safety

3 1AND 2
S 1 librar8 OR nurse$ OR hospitaly OR social ADJ work$ OR
teacher$ OR educator$
woman OR women OR female
Occupation$ OR job OR jobs OR profession$
strike OR strikes OR union$ OR collective AD) bargain$ OR
negotiat$
2AND 3
(1 OR 5) AND 4
collectiv: ADJ bargain$ OR strike$ OR union$ OR negotiat$
technolog$ OR sutomat$ OR robot$ OR computer§ OR
minicomputer$ OR microcomputer$ OR mechanization
| AND 2
farm$ OR ranch$
retire$
| AND 2
productivity
Jipan
united ADJ states OR us OR u ADJ s OR amenca$
1 AND 2 AND 3
productivity
union$ OR collective ADJ bargain$ OR strike OR stnkes OR
open ADJ shop$ OR norunion OR non ADJ union
| AND 2

s P N el o s S
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o
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TABLE 4 Average number of documents and relevant documents
retneved in Tenopir's study and this study

Full text  Paragraph  Abstract  Control

Tenopir's Study
No. of documents
retneved 178 24 3
No. of relevant
documents retrieved S | |

This Study
No. of documents
retneved 68 17.1 3 1.7
No. of relevant
documents retneved 84 ] 18 1

"

v

“personal.” Questions 31 and 35 were not considered in this
study because of operators SAME or WITH, and question
23 was not selected at random. Table 5 contains the number
of documents retneved from each search
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TABLE 8. Number of retrieved documents from each search

TABLE 6  Number of relevant documents from each search

Question Full text Farugraph Abstract Controlied Question  Union  Full text  Paragreph  Abstract  Controlled
1 6 4 3 . 2 2 16 3 4
2 20 | bl 0 4 4 3 0 0
3 9 6 0 0 3 | I 1 0 0
4 I8 5 2 2 B 3 2 2 1 2
5 102 1% 2 0 5 2 2 2 1 0
3 ” 49 Y 0 3 14 13 6 4 v
4 18 0 0 3 ? | 0 0 0 |
B ‘a ? 3 3 [ 1 " s 3 I
y 7 7] . I 9 15 14 10 4 |
Total 612 154 ” 18 Ton 80 7% 48 16 9
Mean 68 171 3 1.9 Mcan 89 K4 5 18 |
TABLE 7. Rele de f relevant documents retrieved f
The number of relevant documents retrieved from each  ouce soureh Py O Televant documents retneved from

scarch is given in Table 6. On the average of nine questions,
oui of & total number of 8.9 relevant documents, full-text
search retrieved 8.4 relevant documents, while paragraph
search retrieved five documents, abstract retrieved 1 8, and
controlled vocabulary retrieved one document. Full-text
search retrieved 1.7 times more relevant documents than
paragraph search, 4.7 times more than abstracts, and 8 4
umes more than controlled vocabularies. In question 7 a
relevant docuruent retrieved by the descriptor “flexible
working hours" was not retrieved by both paragraph and full
text search because only the term “flexitime” was used in the
text of the article. As mentioned by Tenopir, she used the
alternate spelling “flextime,” but failed to use “flexitime "

The relevant documents retrieved from full texts or para-
graphs had lower relevance value than that from controlled
vocabularies or abstracts. Table 7 shows that the relevance
degree of relevant documents retnieved by full text is an
average of 3.566, compared with 3.644 for paragraphs,
3.875 for abstracts, and four for descriptors, when the
weight of four is assigned to the documents judged “defi-
nitely relevant™ to questions and the weight of three is
assigned to the documents judged “probably relevant.” All
relevant documents retrieved by controlied vocabularies
were definitely relevant.

Tables 8 and 9 translate these numbers of relevant docu-
ments retrieved from each search to relative recall and pre-
cision ratios. K.lative recall was substituted for recall and
defined as the number of relevant documents retrieved by a
single search divided by the number of relevant documents
in the union of sets retnieved by several searches on the same
topic. Recall and precision ratios in Tables 8 and 9 are
macroaveraged, in which a parameter (recall or precision) is
calculated for each question and the average is then taken.
Compared with 61.31% for paragrapns, 18.37% for ab-
stracts, and 21.49% for controlled vocabularies, full texts
rated 83.65% of recall. On the other hand, full text achieve -
lowest precision, an average of 14 46%, compared w'
36.64% for paragraphs, 58.73% for abstracts, and 66.67%
for controlied vocabularies. From the microaveraging view-
point which totzls over the set of questions, full text
achieved 95% of recall compared with 56 2% for para-

Full text Parapraph Abstract Controlied

No. of relevant documents

retrieved 76 45 16 9
No. of documents judged
Gefinnely relevant 43 29 14 9
No. of documents judged
probably relevant 33 16 2 0
Mean 3.566 1644 IS 4
TABLE 8 Relative recall ratio of each search
Quesuon Full text Paragraph Abstract Controlled
| 100.00 §5.17 10.38 13.79
2 10000 75.00 0.00 0.00
3 100.00 100.00 0.00 0.00
Kl 66 67 66.67 3.3 66 67
5 100.00 100.00 50.00 000
6 92 86 42 86 26.67 0.00
7 0.00 0.00 0.00 100.00
& 160 .00 45 45 20.00 6.67
9 9333 66.67 25.00 6.25
Mean 83.65 61.31 18.37 21 49
TABLE 9. Precision ratio of each search.
Question Full text Paragraph Abstract Controlied
1 nn 40.00 100.00 6767
2 20.00 60.00 0 v eie
3 110 16 67 . yes
4 1.1 40.00 50.00 100.00
s 1.96 1.1 50.00 2L
6 734 1224 44 A4 il
7 0 oo . 3333
8 35.48 71.4) 100 .00 3333
9 19 44 41 67 66.67 100.00
Mean 14 46 3664 5873 66.67

graphs, 20% for abstracts, and 11.2% for controlled vo-
cabularies. The precision of full-text searching, by

76 JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE -~ March 1988



microaveraging, was 12 42% compared with 29.22% for

paragraphs, 59 26% for abstracts, and 60% for controlled
vocabulanies

Discussion of the High Recall and Low Precision
of Full-Text Retrieval

Besides the two pioneering works which predicted the
possibility of full-text document reinev al {2, 3], much re-
search reported the more relevant documents retneved by
full-text searching compared with other searches. The
Smithsonion Institution Science Information Exchange

Project reporied the 30%-40% higher average recall value
of full-text uanarch using sulifeey-
indcm?mgh the database consisied of one-page
summaries of a research project has many of the character-
istics of & lengthy abstract database rather than full text [4]
In the legal field, the LITE system found that in 7.5% of the
total searches full-text searching retrieved fewer relevant
citations than were discovered by a manual, conventional
technique of index-lookup search, while in 48 4% full-text

searching retrieved more relevant citations than were dis '

covered manually (S). The Joint American Bar Foundation
and International Business Machine Project reported that the
full-text search and the manual search had performed abovt
equally well in terms of recall, and that the manual seech
was about twice as effective in terms of precision (6] The
Oxford experiment found that full-text search had 70% of
recall and 29% of precision, while manual index-lookup
search had 49% of recall and 92% of precision [7]. The

Responsa Project found that the average precision of full-
text search was 34% when recall was achieved up to 100%
for all questions [8]. However, the optimism of a full-text
document retnieval system was not supported by everyone
Blair and Maron evaluated the IBM's full-text retrieval sys-
tem, STAIRS, with a legal-document collection, and re-

ported low recall and high precision, i.e.,
20% and a precision value of 79% [11]
The contrast of the effectiveness betwesn Klair and
Maron's and other studies’ has theoretical reasons. The first
1s the different definition of recall value used in the research
To count the total number of relevant documents (including
unretrieved), Blair and Maron sampled a subset of document
collection, examined the samples to assess the relevant
documents, and then estimated the total number of relevant
documents. On the other hand, other studies, including this
study, used the relative recall value by which the total num-
ber of relevant documents was defined as the number of
relevant documents in the union of sets retrieved by several
searches on the same topic. Since only the documents re-
tneved by search methods operated, rather than the entire
database or a sample size of the database, are examined to
assess the relevance judgment, the total number of relevant
documents in the union of sets retneved by searches oper-
ated might be fewer than (or at greatest equal to) that in the
entire database or a sample size of a database (of course,
under random sampling). It is therefore possible that the

a recall value of

recall value of a search system is higher when only the
documents retrieved by search methods operated are exam-
ined than when the entire database or a sample size of
databases is examined for relevance judgment, under the
same conditions of other variables

The second reason for the two contradicting results on the
effectiveness of full-text searching relates to the search strat-
egy and the inverse relationship between recall and pre-
cision, where recall often increases as precision decreases,
and vice versa. As mentioned by Blair and Maron, adding
intersecting terms 1o a query results in narrowing the size of
the output, while adding alternative terms (like synonyms)
with the Boolean OR operator increases the size of the
output. In other words, the possibility of retrieving relevant
documents decreases with the increased number of inter-
secting terms, but increases with the increased number of
alternative terms per concept. The process of adding inter-
secting terms to a query, continuing until the size of the
output reaches a manageable number, was reported to be
necessary because of the large size of databasg in Blair and
Maron's study. Search quenies employing four or five inter-
secting terms weare not uncommon among the quenes used
in Blair and Maron's test

The too many missed additional terms, as mentioned by
Blair and Maron, which also resulted in the low recall and
high precision in their study, might be related to the charac-
tenstics of legal documents. Blair and Maron reported that
20% of relevant documents were retrieved by full text
By examining the other 80% relevant documents unre-
tneved, they found too many additional *2rms, up to 26 or
44 other words, to retrieve relevant documents that had been
missed. The characteristics of iegai documents resulting in
too many missed additional terms were examined in their
report, which was not possible in journal collections. Using
Tenopir's search strategy with journal articles, this study did
not manipulate the search output. Compared with the up
to more than 44 alternative words and the four or five inter-
secting terms commonly used for a query in Blair and
Maron's test, only 3.4 alternative words on the average
of nine questions anc two, or at most three, intersecting
terms were used in this study, in which the 95% of relevant
documents were retrieved from full-text searching. Journal
articles seemed to have fewer alternative words than
did legal documents; these characteristics might affect the
effectiveness of full-text searching

All the missed words were used (o retnieve all the relevant
document by full-text searching in Blair and Maron's study,
1.e., with 100% of recall, what would th= precision value of
it be? The Responsa Project suggested the possible answer,
i.e., 34% of precision

Conclusion \

As predicted, there was a significant 'ifference between
the full-text search and searches by other methods. The
hypothesis stated as a null was rejected using ANOVA at the
significance level of 00001 for recall and at the level
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0.0032 for precision ratio. That is, full-text retrievai resulted
in significantly higher recall and lower precision than
searches by other methods. Scheffee and Tuckey HSD
showed that full-text search significantly differed from
abstract search and controlled vocabulary search, but not
significantly from paragraph search, for both recall and
precision. The relevant documents retrieved from full-
text searching were judged less relevant to questions than
that from other searches.

Since full-bxt searching retrieved the greatest number
of relevant documents, it is recommended for a comprehen-
sive search if cost effectiveness is not required. However,
the relevant documents retneved by controlled vocabularies
or abstracts had more relevance value, controlled- vocabu-
lary searching or abstract searching is recommended for
brief searching.

Because researci on fuli-text retrieval has just started,
further investigation could be fruitfully conducted in many
related areas. Subject matter of databases, size of databases
and questions, search strategies, types of documents
(journals, encyclopedias, newspaper, etc.), etc. could be
studied as the factors affecting the effectiveness of full-text
retrieval for further studies. Research on a possibility to
improve the precision of full-text retrieval will be presented
in Part 11 of this article.
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Sur

1 wish to call your atiention to the article by Jung Soon Ro in
the March, 1988 issue of JASIS (Ro, 1988) At umes, the paper
1t almost unintelligible More impontantly, there ae several sen-
ous errors in the article. Far example, on page 77 the author
claims that & study at SSIE reported 30-40% hugher average recall
for full wxt searching than for searching on subject codes This s
Just completely wrong In sctual fact the results reported by SSIE
are 95% recal! for subject indexing and 66% for text search |
really think you need to try to find better referees who are
ncquainted with she literature

F. W, Lancaster

Graduate School of Library and Information Science
University of Hlinois

Urbana. Hinois 6180)

Ro. Jung Soon (198K). An evaluation of the applicability of ranking
algorithms o improve the effectiveness of fulldext retneval | On the
efiectiveness of full-text re.deval Journal of the American Socien fom
Informanon Science, 39, 7378

Sir

Yesterday's mail brought th. March issue of JASIS. whose
lead wrticle by Jung Soon Ro is nicely juxtaposed with Don
Swanson's on the same subject. The former article begins with
the assertion that

It is generally accepted that information retrieval based on
full texts of documents will result 10 higher recall and
lower precision compared with reineval using paragraphs,
abstracts, of controlled vocabularies

The latter contains the observations that

| suspect that the outcome of retnieval tests depends
more strongly on the nature of the questions and the cir-
cumstances of the relevance judgments than on the charac-
tensties of the systems under test (page 94, col 2)
consistently effective fully awtomatic indexing and re-
trieval 1s not possible . (Page 95, col. 2)

Huving recently had o7 . asion to conduct secondary research
in this area for an inforraation sysiem expected to contain about
three million documents . | would like 10 make some observations

ATTACHMENT #5

of & theoretical and practicr nature. In the former Lase | will
draw not only on my own “vestigauons but also 8 study con-
ducied for my firm by Davis w1, former Deputy Direcior of
MEDLARS SN nanei—

1. Thaory

It was probubily with ton‘ ue in cheek that Prof  Swanson pro-
posed his Postulates of Impotence and Postulates of rertility
Howevet. in the former case he is sufficiently serous to warrant
four amendments. which one might call Postulates of Hope

I Low recall combined with high precision may pro-
vide a sufficient number of relevant documents 10 answer
the question, thereby obviating high recall (McCarn,
198K). (McCarn's paper seeks 10 develop a single measure
of effectiveness combining recall and precision )

2 “Text" 1s not an unadifferentiaiad and self-explanatory
term, but rather variously defined by the number of re.
trievable tokens predictably inherent in the typ of docu-
ment (Rowbottom & Willet, 1982)

3 “Indexing” is not an undifferentiated and self-ex.
planatory term, but rather vaniously defined by the nature
of the task. the education and expenience of the indexer,
the duration of and feedback to the indexing project. and
the specific needs of the user populationis).

4. Interactive scarching, together wiin guery retention
and analysis. can provide enough bites at the information
apple 10 keep the searcher nourished

It 18 interesting that Ro relies heavily on the Tenopir dissena-
ton (1984), while Swanson comments approvingly on the anicle
by Blair und Maron (1985) These two studies, whose results are
dametrically opposed. have become touchstones for protagonists
of full text and surrogation. It 18 also interesting that neither Ro
not Swanson cites a paper that sought to lay a theoretical ground:

work for the debate_(Svenonius . 19K6). In addition to ¢ ung that,
Svenonius has this o say about nopir study

A rewson given why the full toxt method was able to ex-
tract unigue documents from the database is that the vo-
cabulary provided by the full 1ext =/ a document is larger
than that of any of its surropates. i.¢.. its title, abstract, or
deseniptors: thus, this vocabulury expresses concepts not
expressed by the surrogates. including more specific con-
cepts A second reason given for the performance of the
full-text method in retrieving unique documents 15 some-
what worrisome. It would seem that on the database
scarched the full text used more synonyms than the con-
trolled vocabulary. This is puzzhing: What is a controlied
socubulary for” One 15 tempted 1o speculate 1he! the con-
trolled vocabulary used might not have been of the best
sort. (Svenonius, 1986, p 334)
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One might sdd. “or its use in indexing may not have been ade-
Quately supervised

On the firsi page of % paper. Ro states that

Many effons 10 test the effectiveness of the fulltent re-
trieval system have been made on portions of the legal It
ersture Most of these studies reporied the superior
effectiveness of full-text retrieval compared with the
manual. conventional techmgue of index iookup on coun
decizions

This s comect as far as it goes. In my expencnce. lawyers al-
wavs prefer text 10 surragation for lepal documents. but a/was
reverse their preference where evidentiary materials are con-
cemed (comrespondence. business docurnents, reports, et )

Another article not cited by any of these authors won the prize
for the best JASIS paper of 195 (Fugmann. 198%) In it Fugmann
describes the specific conditions uASEF WRICh various indexing
methods can be assumed 1o perform well and badly  Much of
what he has 10 say echoes the the <etical explanatic,. given by
Blair and Maron. repeated in Swan. an's anicle. as 0 why full
text won't work on large databuses

In summary, until the plavers in this game can agree on @ set
of rules for determining the variables and evaluating test results,
those of us who have 10 depend on theit advice are not going 1o
feel very comforuable in doing so

2. Practice

There 1s a critical practical need for resaiution of these ques.
tions with respect 1o larpe dutabuses. One example is a federal
dutabase thai wiil stan being created in September 1990 (Thy
subject matter =lutes 1o burial of an undesirable subsiance in
such a manne 0 guaraniee that it will not interact with the
surrounding en, .. ament for severyl thousand years ) It is antici-

pated that the database will cont=in as many as three million docy-
ments., averaping S-10 pages. at present the plan s to enter
them in full text One of the uses of this database will be to & ..
stitute for exchange of documents by parties 10 litigation. Al
though there are no plans at present to evaluate the effectiveness
of full-text retneval from this database. users will include adver-
sary counsel that may argue n court that the database fails 10 pro-
vide adequate recall and hence is saappropriste for its designed
purpose. Should a coust uphold counsel in this argument, the re-
sult could be a 2-4-year delay in legal proceedings. at a cost of
500 million to one bil''on dollars.

One is tempted 1o launch mnto a leremiad on organizations that
underiake such programs withoui consulting information scien-
tists. However. the point | want to make is that the debate over
full text v surrogation has important economic ramifications
As the cost of computing comes down. and the feasibility of in-
corporating word processing and optical disk storage into com-
putenzed retneval comes ever closer. the need for really serious
study of the basic questions becomes ever i ore urgent.

John 8. Jordan
John 8. Jordan & Assoc ates
Washingion, D C. 20007

Blair, D.C & Maron, M E (1985) Ar evaluation of retrieval effective-
ness for a fullaext document-retrieval systen Communications of the
ACM 28 289-29%

Fugmann, R (19K5). The five axiom theory of indexing and information
supply JASIS. 36, 116-129

McCam. D (1988) Recall Full text vs. surrogate databases

Kowbotiom, M E_ and Willett, P (1982). The effect of subject matier on
the automatic mdexing of full text. JASIS. 33, 139-14)

Svenonius, E. (1986) Unanswered questions in the design of controlled
vocabulanes JASIS. 37, 331240

Tenopir. C. (19881 Retrieval performan e in @ full texi journal article
database Ph D dissertation, Universi — of Hlinois

JOURNAL OF THE AMERICAN SOCIETY FOR INFORMATION SCIENCE -- September 1989 863



ATTACHMENT #6 ATTACHED




ATTACHMENT #6

COMPARAT IVE EFFECTS OF TITLES, ABSTRACTS AND FULL TEXTS ON RELEVANCE JUDGMENTS (1)

Tefko Saracevic
center for Documentation and Commynication Research
school of Library Science
Cese western Reserve University
Cleveland, Ohio

Apstract

Twenty=-two users submitted 99 questions to
exparimental IR systems and received 1086 docus
santt 45 angwers, receiving first titles, then
abstrocts, ang 7imall fu1) texts, Ability of
users to recognize ral7vance from shorter formats
in comparison to full text judgment was observed.
07 1086 antwars avaluated, BAJ or 783 had the same

végzant on 411 three formats, Of 207 answers
udged relevent from ful) text, 131 were judged so
Trom titles and 160 from abstracts, Pare'lels be-
tween users' and IR systems' performance on
ghorter formats are drewn,

n H {anificance of th
N Van

A mm_%n can be thought of as
s seaquence of events resu ng in the transmission

of something called information from one object
(source) to another (destination) (2), We may not
know what information {s but we cen stuuy some of
ts properties and effects, Analogies of such an
enproach abounde-man doesnt know what for instance
electricity 18, but 1s quite wel) familiar with s
vehavior, properties, effects.

Systems whose function 1§ the carrying out of
a .ommunication process are usually referred to as
{nformation §_stems, There are a variety of such
systems, ytilizing a variety of properties of ine
formation, in 2 variety of ways, and most impore
tantly for a variety of purposes, Our interest
nere 18 Vimited to informatior retrieval (1R) pro-
cesses and systems which are primarily concernen
with senantic properties of information, An 1R
gmﬁ* can be thought of as an instrument for
prov g effective contact (within a aniven frame
of reference) between the source and destination
with n & communication process-«that 15, @ process
which, when properly carried oul, assures that the
informition transmitted from the source(s) to the
target(s) is relevant, 1.e., results in the accum-
ulation of tnou‘d%e at the destination, In other
words, relevance may be interpreted as a measure
of the effectiveness of the transmission of infor-
mation in an information retrieva) process, Thus,
1t 1s & fundamental concent in 1R processes and
tyumnnqord\us of the name it s called, the
definition 1t 1s given, OF the way 1t is treated
{or 1onored), relevance {s fundamenta) to infore
mation retrieval,

Therefore, it 1s sionificant to study rele-
vence, .0., to study variables affecting rele-
vance judgments by people , . . varfables such s
psychological factors, format of representation of
information, eic, . since this enhances our
understanding of what makes v an effective con-
tact in an IR process. The «nole effort in IR
systems s pasically direc.ed toward simulation,
approximation and even prediction of ysers' rele-
vance judgments, Mopefully, on the basis of

know'edge we gein {nvestigating relavance we aight
be ao'z (in same distant vture) to practically
optim ze sueh effactive contact in 8 forzs) canner
wegnd furtheraore know uhen w2 achiaove en optims
in relation to sets of given constroints and
vartables within o given IR systea,

Backaround of v Sl

This study 18 concernad with and 11oited to
the effects on human relevence Jutcmants of verie
stions in the format of docusmert
reievance judgments by users based
sbstracts are cempared to thoie oh fy11 taxts,
1,6,, fulletext judgnents were taben ot standard
for comparison. A relatively large Aubaer of
judgments , on over 1,000 titles, abstrocts, ond
¥ 1) texts, were used in this study.

The work reported 'ere wes perforsad within 8
larger profect entitied Comparetive Sysiss Labor-
atory, which was concerned with @ variety of the-
sretical, exper wmente) and control aspects related
to ‘.uﬂmz and « ‘aluation of In systems. The whole
project, (1ts ob, ctives, methodology, design,
excoriments, amaly iis of rasyIts, controls, and
related studies) hLas been fully reported else-

. Relevence judgmants on various formats
of documents was one of variables investigatad
exnerimenta)ly among & set of other varisbles
afsecting performance of IR systems, This paper
d.als with one varigble, namely velevance judg-
ments on differing formats of output. Therefore,
presentation of methodologica) aspacts is Vimited
to essentials for that variable. '%ﬂ{ a*-
put®--as a varisble--was defined as ysica
venresentation of documants presented to a user as
an answer to & question,

Prev! rimanta) Hork

1n 811 of the work stemming from or rel. ad
te information vetrieval, or wore proadly, to
information science, there have been no more than
a dozen experimenta) studies directly concerned
with aspects of relevance. Only three previous
experiments could be found that were devoted t0 @
problem similar to the one veported in this study!
how do different document formats affect human
relevance judament?

Apth, Bosaiek, 8nd (4) conducted an
experiment to determine four types of
*lexical indicators® of contant could be ytilized
best by subjects to distinguish relevart from
{rrelevant documents in answering 100 short aues-
tions, The lexical indicators ware: titles, autos
abstracts (10% of sentences from the text selected
by machine), pseudo-auto abstracts (#4rst and 1ost
£y of sentences from the text) and full text,
Questions were based on 21 documents taken from &
92-document population] there were fifty subjects
(college students) divided into groups performing
the judgment, The results indicated that there




wore no major differences in _udoment beoween the
groups using complete text and efther kind of
sbstracts, but the title groups scored consid-
erabiy lower, 1.e,, determing “usefulness® of
Gocuments from titles vas low, Ffurthermore, the
grovp using full text expressed the highest confi«
dence in thetr fudoment. Though the experiment
reported here differs in fmportant respects, its
m::u toree to some extent with trends reported
» "'.

Resnick (6) nvestigated the resporse of reg.
viar users of a Selective Dissemination of Infore
metion (SDI) system; 400 documents tent to users
s & notification in response to their profiles,
f.0., questions, were divided .nto two aroups !
“Irst, where on{y & title was sent and the second
where an abstract in addition to the title was
sent, Results indicated that there were no s10-
nificant gifferences 1n thy ordering rate for a
*hard copy® 1.e., ful) text, of » document, when
either titles or titles plus abstracts were used
for notification, Furthermore, 1t was found that
once the full text fs received, the percent of
full text documents judged relevant to users'
fnterest wa not significarcly dffferent between
users who redered on the tasis of titles and those
who orer-d on ‘¢ vasis of titles plus abstracts,
Once vsers recefved full text they fudoed approxie-
metely 60% of documents as befng relevant, The
trends in these percentages in Resnich's study are
to some extent in agreement with trends reported
in this study.

Rees, Schultz, et a), (6) tnvestioated among
other variables, the effects of various document
representations on relevance ratings by various
medically-oriented groups differing in their med-
fcal expertise, The different representations
included titles, bib)iographic citations, and ful)
texts, Representations of 16 documents were judord
by: 40 medical experts (M.0,'s--researchers and
non-researchers ), 29 medica) scientists (Ph.D,'s),
75 M.D, residents, 29 medica) students and 60 med-
fca) Vibrarfans; iudgnnts were made in relation
to an elaborately described diabe 's rerearch pro-
Ject and recorded on an Vl-point - levance scale,
Librariens tended to increase the scale values of
the relevence retings from titles to citations to
full texts, while others tended to decrease the
uunr. f.¢,, on the sverage, titles and citations
were less relevant to (1brarfans in comparison to
full texts, while to others titles and citations
were more relevant ‘n comparison to fu)l texts,
Medical experts anc scientists tended to Jud
titles and citetiors quits Yiberally, probab y
estimating that tie full text of a document may
reved) ftems of 1 iterest and when they have gotten
to full text their judgment was much more strine
gent. Just ©.° (pposite trend was found in the
experiment repo, ed in this paper, but the experi-
mental settings, “elevance scales, definitions and
varfables differed to such an extent that 1t is
hard to make any conrarisons,

«n general then, .f iny comparison can be
made at i), results from two of the three studies
reviewed exhibited trend. that are in some agree-
ment with the trends tn rasults of the present
study,

Nethodology

Hine index files containing indexes tc the
tame 600 documents, but differing fn index lane
Guate and/or sources of indexing, were o' embled
in order to observe the effect o’ various vari.
sbles on performance of the experimenta) 1P system
85 2 whole, Documents were in the field of tropt.
ca) diseases, Ouestions were solicited and obtained
from spectalists (M.0.'s or PhD,'s) fn tropica)
“Aseases working as scientists~«researchers on
various aspects of vropical diseases (e.9.,
Lources, controls, nature, effects, cures) in
virfous laboratory institutions across the U.S.
Tiase specialists were considered as @ sample of
reel users of an IR system, by virtue of having
been asked to submit questions as they arose from
their current research work and interestes"res)*
oestions that they would or d1d subwit to a “resl*
J# system or 1ibrary ‘n their field, Eoch question
s analyzed {n a varfety of ways (by contro)led
addition of synonyms, ne.r synonyms, and/or
related terms) and ses”.m 1 on two ‘evals of come
plexity (a very broad searc and & *1%rrow® one,
f.0,, a5 asked 1n the questiw), Each of the nine
files was searched in the abo.e manner separately,
A1 documents for one question ‘etrieved as
enswers by any search on any file were combined
frto one 1iste«i,e., & union of answers was
created, recardless of their source of retrievel.
This unfon was submitted to each user for each of
his questions with the request to judge indepen~
dently each of the submitted documents as being
either relevant (R), partially relevant (P), or
not relevant (N), *M following loose defint“fons
were provided to users along other procedurs
instructions:

I3 .q]s*‘"i. !R! F‘Hni 1s any document
[3 € [ information 1t
conveys, 1s considered to be related to
your question even 1f the information is
outdated or familiar to you,
A® . is any
n ch, on sis ¢ infore.
mation 1t conveys, {s considered only
somewhat or n some part related to your
question or to any part of your question,

A “nonere! . is any docu-

y ON % information
it conveys, 1s not at o)l releted to your
question,

Documents as answers to one given question
were submitted seperately in three formats of
output-«first a set of titles, then a set of
abstracts and finally a set o’ full sxtseeand
vsers were asked to {um each format indepen-
dently of others, A1l three sets of formats were
sent to a user at the same time, but in separate
envelones with explicit fnstructions to evaluate
al) tities first, Imstructions were to complete
the evaluation of titles prior to evaluating
abstracts, to maf) the results of evaluation back
irmediately and only then proceed to abstracts,
The same procedure was to be To)lowed in evalus
ating abstracts and then to proceed to full texts,




tpothasis
Spocifically, the basic purpose in testing

the format of output as & varisble was to observe
the changas in relevance judgrents of users when
the following representation of the output of
searchas was prosented to the users in exact
succession:

. L 4 ¢ A g ‘o)-
PYRY, c1t, =as ussd in addit tex
of titles because this is & practice
in ®rea)® IR systams to which usars
ore accustomade-w wanted to retain
reality o8 much os possible; titles
ware 5 to § words 1n length,

TYGRrPhTL itatloni. MbsTvacts used

o S BN I."?. B8 Yrew

W. abstroct rnal Yor
cies {n tropical diseoses from

~g london (England). Abstracts were

zw-im:_ EE!! in length,
w
3 Wn ., Thase were
copied Trom journals where they

appeared; thay were 2000 to 4000
words in length,

A ny)) hypothesis was stated: diffarent fore
mats of output do not affect the relevance fudo-
ments of usars,

The three formats were cChosen s0 that 1t
might be possible to observe the relationship
between vser eveluation and document format,
where the format was varied to allow for @
gradusl increate in lenaoth, assumed to be @

radug) tncrease in the information presented,

he ful) tast provides the maximum lennth and
saximim information available; thus the judament
of the full text was taken as fima), 1f so, then
the user's judgment of the shorter representetion,
titles, and abstractc, can be expected to differ
occasionally; in a sense, to “err" in two direce
tions: lentency or strictness, Such “errors”
soem %o indicate an inability on the part of the
uyser to determine fing! relevance from the

shortar representations, This s.suld not, however,
be construed as a test of the user, Neturally,
the user's ability 1s largely dependen. upon the
degree to which shorter formats accurately repre-
sent the content of the full text, In a sense, we
mey consider this as a user's performance on
shorter formats,

The above reasoning rests on three additional
assumptions: first, that a user does make the
judgment on “he text content of a shorter repre-
sentation and not occasionally on some other clues,
such as guthor, journal, date; second, that the
judgment on each document in the set is entirely
independent from judgments on other documents in
the set; and third, that the manner of presentas
tion of the sets of documents of differing formats
mode 1t possible for the judaments on one format
to be independent of other formats, 1.e,, that the
users followed the instructions fully,

{ { \

The ¢irst mathod of ceaperison of theee judg-
ments that came to wind was to 000 wp the imm
(1.0,, numbar of gnsuers judged ralevant g
partially ralevant (P), and not relovant (W 5 for
each format separately over 11 questions,
sum of judgran.s on shorter foraats could then be
corpared with the sum of judgeants on full textsy
0.9., the nEder of answRrs Judged R oon titles
covld o camporad with the mader of enssars
judgad R on ful) taxts, Wowgver this @ethod does
not provide a complote pictura o‘ the ability of
the users to determine velevenca frea shorter for-
mats becouse 1t will mot wdicate whather thy sto-
bership o the set of an ovs Judeed calrvent
varies rom format to f¢ mt, For enample, of ¢
tota) of eight answars ¢ baitted, @ wier Eny
four gnswers ~elovant one feur REn-reiavont on o 1
foraats, byt the feur walavont enousvd 1a s
fina) judgmant on Pul) fomt Gay hove deen )
not relevant 1n & previeus jedpeent on a oho
format, or vice veras,

To obtain & more decurete picture of the
situation, 1t 1s necassery to tabulate for cach
patr of formats the intersactions and changes of
a)) possible relevance ) s, Since a three-
point scole for judging relavance (R, P, ond W),
was used, there ara nine possidle tntersactions
and changes of judgments betwoen any T formats,
The 3 x 3 table in Figure | shows the possible
intersections and chanpas:

Fi \ J' 1 Y“ -4

Laure | vil Tents
(Fina) Judgment)
3 P ]

Judgmants on Shortar | R ReBl  ReaP  ReN
Representation P PaR PP PeN
(or 1st Judgments) | K MeR NP NN

This 1s, of course, also o genera) table that
can be used on any pair of ralevance judgments,
As used here, indicated alon~ the side of the b
(when nuabers will be substituted for lettars),
will be the nder of answers judged R, P, Non 2
sho=ter format (2.9., titles, end 2long the top of
the table will be tie &der of snsuars jud

ed R
P, Non ful)l Rexts, The eniries in the co\?t na»
sent the number of answers judged R (or P or K) on

the shorter format that were judged R (or P or K)
on the fu)) texts, For exsaple: 1n the upper

left corner the entry, ReR wil)l maan the numder oF

answers judged relevant on titles (or abstracts)
which were 8180 judged relevant on fu)) texts; in
the Jower left corner the entry, NeR, will mean
the number of gnswers judged not relevent on
titles (or abstracts) but judged relevant