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Abstract

A new testing process is described designed to compare
conventional retrieval (MEDLARS) and automatic text analysis methods
(SMART). The results obtained with a collection of documents chosen
independently of either SMART or MEDLARS indicate that a simple
automatic extraction of keywords from document abstracts produces a 30
té 40 percent loss compared with MEDLARS indexing. A replacement
of the unranked Boolean searches used in MEDLARS by the standard
rankeé outpﬁt normally provided by SMART reduceé the loss to between
15 and 20 percent. When an automatically generated word control list
or a thesaurus is used as part of the SMART analysis, the results are
comparable in effectiveness to those obtained by the intellectual
-MEDLARS indexing. Finally, the incorporatién of user feedback prg—
cedures into SMART furnishes an improvement over the normal MEDLARS
output of 15 to 30 percent.

One.concludes again that no technical justification exists
for maintainigg controlled, manual indexing in operational retrieval

environments.
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1. Introduction

Over the last few yearo, a great deal of time and effort were
devoted to experimentation dealing with the indexing and analysis
of information content, and a number of studies were undertaken of methods
for performing the analysis procedures automatically. As a result,
considerable controversy has been created concerning the relative
merits of controlled versus free language indexing, and manual versus
automatic analysis methodology, respectively.

These questions, in fact, involve considerations o%her than the
normal technical ones, in bartAbecause of the large financial stakes —
every libfary and information center is vitally concerned with indexing
and cataloging costs — and in part because of an emotional factor which
emefges whenever any computerized procedure is suggestedvas a replacement
fof>intellectual work pefformed by ﬁuman beings. It is then not sur-
prising that.,the evidence which has accumulated concerning the feasi-
bility of mechanized indexing procedures hgs so far produced relatively
few practical consequences.*

| In fact, many observers feel that fegardless of any particular
test or evaluaﬁion output which may exist, an automatic analysis of

document content appears improbable and unappealing:
"... as a solution of the indexing problem for the whole
range of the bibliographic record, the computer technique

remains crude, makeshift and inadequate in my view" [2];

- *For a survey of work in automatic text analysis, see for example
reference [1].



"this question of whether we shall in the future

be using controlled or free languages in retrieval
systems is, it seems, one of the fundamental issues;
we seem at present to have little evidence of the

superiority of one method over the other" [3].

The problem is complicated also by the existence of certain conventional

special~purbose classification systems which are said to furnish

nearly perfect results in their environments, andifor which a substantial

superiority over some automatic text processiné ﬁéthods is claimed. [4,5]
Since it is obviously not the case, that any automatic text

manipulation method — no matter how ineptly used — will automatically

produce gains over the conventional, intellectual indexing methodology,

it is worth making an attempt to isolate those features in automatic

text processing which appear to be of most value in indexing and retrieval

Accordingly, the remainder of this study is concerned with a comparison

between the MEDLARS retrieval system, based on the controlled indexing

vocabulary in use at the National Library of Medicine [6), and the

automatic SMART document retrieval system. [7,8] The design of the

test procedure is covered in detail, and the several language

processing features incorporated info the SMART system are individually

evaluated.
2. The SMART - MEDLARS Test Design

-A) General Considerations

~

When attempting a comparison between automatic text analysis

and manual indexing procedures, the SMART and MEDLARS systems appear
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toAbe particularly appropriate. The MEDLARS system has been operating

for many years on a large data base of several hundred thousand document
c%tations in the medical area, using a controlled indexing vocabulary
applied by trained.indexers and searchers. The SMART system, on the

other hand, includes sophisticated language analysis methods, and iterative,
user-controlled search strategies, as opposed to the simple word matching

used in many other automatic systems. Furthermore, both systems have

previously undergone extensive tests, using the well-known recall and

o
«

precision parameters for evaiuation purposes. [6,7,8]

While SMART and MEDLARS are then representative of the presently
achievabié state-of-the-art in automatic and conventional document
analysis, an attempt to compare the effectiveness of the respective retrieval
capabilities raises complicated questions regarding test design and eval-
uvation criterié. In particular, it is necessary to choose a test
coilection of reduced size together with a representative set of user
queries in such a way that no bias toward either system is introduced,
while making it possible nevertheless to obtain reliable recall and pre- ‘
cisioﬁ measurements, |

In an earlier te;t of SMART and MEDLARS, based on the performance
of 18 user queries together with 273 documents, not all of the design

problems could be successfully overcome. [9] On that occasion, average

*Recall is the proportion of relevant material actually retrieved, while
precision is the proportion of retrieved material actually relevant. A
perfect system which retrieves everything wanted, while simultaneously
rejecting everything extraneous would be characterized by recall and
precision values equal to 1.



récall figures of 0.64 and 0.72 were found for MEDLARS and SMART,
respectively. Unhappily, the precision'values for SMART could not
be directly calculated, because relevance assessments were
available only for those documents actually refrieved by MEDLARS
in reéponse to each query, but not for all documents retrieved
by SMART. An assumption therefore had to be made concerning
the relevance, or nonrelevance, of some of the items retrieved by
SMART, leading to an éverage‘precision of 0.63 for MEDLARS, and an
"adjusted" average precision of 0.57 for SMART.* This precisiﬁn
adjustment has been the subject of some critiéism, and the resulting
test results, indicating a small recall superiority for SMART and
a small precision advantage for MEDLARS were never felt to be com-
pletely believable. [10]

fo determine whether the automatic procedures incorporated
into the SMART system were competitive with the more conventional
MEDLARS indexing and search procedures, it has thercfore become
necessary to undertake a new SMART-MEDLARS comparison under more '
~ favorable test conditions. The following principal test criteria

appeared to be of most importaﬁce:
a) the queries to be used for test purposes must
be user search requests actually submitted to

*and processed by the MEDLARS system;

*The assumption was that the proportion of relevant retrieved
by SMART among the "unknown" documents (those without relevance
assessments) would be the same as that retrieved among the known
documents that had previously been judged for relevance.



b) the test collection must consist of documents originally
included in the MEDLARS data bank chosen in such a
way that each document is germane to at least one of
the query topics; in these circumstances each document
will therefore possess a substantial a priori likeli-
hood of being retrieved in response to one or more of

the test queries;

c) these potentially retrievable documents.must be chosen
independently of either SMART or MEDLARS, and without
prior knowledge of the retrieval results obtainable by

either system with these documents;

d) full relevance assessments must be évailable for each
document with respect to each query, to permit a direct

computation of recall and precision figures.

A description is given in the next few paragraphs of the manner

in which the test collection and the relevance assessments werc obtained.

B) Collection Generation and Relevance Assessments

The main requirement was to obtain a set of MEDLARS queries
together with a MEDLARS subset of potentially relevant documents
cﬁosen without bias toward either retrieval system. The following

Procedure was actually used:

-a) a set of 30 search requests previously used for the
in-house evaluation of MEDLARS [6] was chosen, and the
MEDLARS search results consisting of lists of documents

retrieved by MEDLARS were obtained;

b) for each of the 30 queries, one or more of the documents
' previously identified as relevant by the respective MEDLARS
users during the original MEDLARS test were chosen

as starting items;

c) these relevant documents were then used as entry points



to the 1964, 1965 and 1966 issues of the Science

Citation Index (SCI), and new documents citing the

original relevant ones were obtained from the

Citation Index;

d) “for each query, a total of fifteen SCI citations
were identified, the assumption being that these
documents must be potentially relevant to the
query, since each of them cites a document pre-

viously known to be relevant;

e) a check was made to insure that each SCI document

constituting the new extended MEDLARS collection

was in fact included in the full MEDLARS collection
at the time the original MEDLARS searches were
performed; documents not so included were replaced

by new ones from the Science Citation Index;

f) the abstracts pertaining to the resulting 450
documents were keypunched, and the usual SMART text
processing methods were utilized to analyze query
and document texts, and to perform the search and

retrieval operations.

In order to obtain the normal performance indications in
terms of recall and precisiop, it became necessary to generate full
relevance judgments of each of the 450 documents with respect to
the éO test queries. Unfortunately, the original MEDLARS requestors
could'not be relied upon to perform additional work in connection
with queries that had been processed several years earlier. For
this reason, a medical school student was hired in order to serve
as an .assessor of relevance for the extended MEDLARS collection.
Before actually starting with the judging process, the new judge

was given for assessment 6 of the original MEDLARS queries —

different from the 30 queries used in the present test — together
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with a collection of MEDLARS documents for whiph the relevance charac-
teristics had been determined by the respective MEDLARS users during
the‘earlier MEDLARS test.

It is seen from Table 1 that the average amount of overlap
in the relevant document sets obtained for the six sample queries
(labélled A through F in Table i) between the original MEDLARS users
and the new judge was almost_69 percent. This is a much higher
agreement than can be expected for random sets of user populations,
and indicates that the new assessor can safely serve as a substitute
during the judging process.*

Thé relevance characteristics obtained for the thirty test

queries by the new judge are detailed in Table 2. It may be seen

. that for one query (query 8), no relevant documents were identified

by the assessor, and no documenté were retrieved by MEDLARS in response

to this query. Since recall and precisioﬂ'values can thus not be computed,
query 8 was drépped from the evaluation process, and recall and precision
results exhibited in this report are computed for 450 documents averaged

over 29 queries.

*An earlier complete evaluation of the relevance judging process
indicates that for an average relevance agreement of only 31 percent
between original requestors and subject experts, obtained for 48
queries and 1200 documents, the differences in average recall and
precision values is almost everywhere less than one percent, with

a maximum difference of less than five percent. [11]. The earlier
study also gives reasons why averaged recall-precision evaluation
results remain generally invariant for normal differences in the
document relevance characteristics. '



Query Number | Number of Relevant Number Relevant Percent
MEDLARS | New - in Common Overlap
User i Judge
- :
]
!
T
]
: .
A 15 ! 12 12 80%
]
]
B 12 i 13 "9 56%
1
. ]
c 22 i 15 15 68%
i
1
D 11 i 12 10 77%
. 1
]
E 9 t 7 6 60%
l -
1 .
F 6 i 6 5 71%
i
1
!
1
1
i Average
' Overlap 68.67%
]
1

Verification of Relevance Assessments

Table 1
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Table 2 also indicates that whereas a total of 127 documents
included in the test collection were retrieved by the MEDLARS system
in response to the 28 queries, the relevance judge identified a total
of 284 items‘as relevan?. In order to obtain a proper performance
comparison, the SMART system secarches must then produce a total of
127 documents over the 29 test queries. For either system, a recall
ceiling of 127/284'thus exists, and the maximum possible recall
(number of relevant retrieved divided by total relevant in collection)
will therefore equal 0.4471. The maximum precision attainable
(number of relevant retrieved divided by total retrieved) will, however,

remain equal to 1.0000 as usual.

3. Basic Word Extfaction versus Controlled Indexing

The SMART retrieval procedures differ‘from the normally
implemented méthodologies in several important respects. First, the
dopuments and search requests are processed by the SMART system

without any prior manual analysis, using one of several different

programmed automatic content analysis methods. Second, an index of
similarity, or correlation coefficient, is computed bétween each
document and the corresponding query, as a function of the amount of
overlap between analyzed documents and queries; this makes it possible

to order the output document citations in decreasing correlation order

so as to permit the user to look at the most promising items first.

Third, feedback operations are implemented, designed to construct better

queries, more likely to represent the user's need, based on information
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Query Number Documents Retrieved Total Number of
by MEDLARS : Relevant Documents

1 13 12
2 1 9
3 7 6
L 0 8
5 2 12
6 1 l
7 1 10
8% 0 0
9 12 6
10 6 13
11 9 9
, 12 0 Y
13 9 9
4 6 10
15 0 13
16 0 7
17 12 10
18 8 14
19 3 12
20 5 13
21 6 12
22 0 5

23 6 12 -
24 3 10
25 0 12
26 9 14
27 0 4
28 4 14
29 1 11
30 3 g
30 ) 127 . 284

(Query 8 was dropped because of no relevant items in collection.)

Query Characteristics

Table 2
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supplied by the user to the system following a previous search operation.
Consider first the simple word extraction procedures. The

following principal steps are involved:

a)' the individual words included in document abstracts

and in query texts are isolated;

b) certain words, such as function words listed in a

negative dictionary are rcmoved from the document and

query word lists;

c) one of two types of suffix cut-off procedures is

used to reduce the word lists to word stem lists:

i) the suffix "s" method removes only final

"s'" endings;

ii) the regular word stem process cuts off all

normal suffixes to produce word stems;

d) weights are assigned to the word stems based on the
frequency of occurrence of the stems in the document

abstracts or query formulations;

e) the weighted word stem vectors representing documents
and queries respectively‘are compared, and a correlation
coefficient is computed for each query-document comparison
reflecting the similarity between the corresponding

vectors;

f) the document citations are presented to the user in

decreasing order of the correlation . coefficients.

In order to compare the SMART retrieval procedures with the
MEDLARS searches, it is necessary to keep the number of retrieved documents

constant for both systems. This can be achieved in several different ways.



The most obvious possibility consists in picking for each SMART search

a cut-off identical to the number of documents retrieved by MLCDLARS for

the same query. This procedure optimizes the results for MEDLARS, since

the Boolean searches used at the National Library of Medicine do not present
a specification of the number of items desired as output. At the same time,
the SMART éystem is forced to operate with a MEDLARS cut-off for which

né particular justification exists, even'though the SMART ranking feature
could normally provide a more rational output.

The recall-precision results averaged over the 29 queries are shown
in Table 3. It may be seen from the Table that the average recall is
about forty percent lower for SMART than for MEDLARS, whereaé the precision
loss is between thirty and forty percent. Obviously, the simple word, or
word stem extraction used with a cut-off equivalent to that obtained
in a Boolean search is not as effective as the MEDLARS indexing.

When the ranked output provided‘by SMART is used, the situation
improves drastically. Specifically, instead of retrieving for each query
the exact number of documents obtained by the Boolean search output used
with MEDLARS,.it is.possible to retrieve all those items whose correlafion
with the queries exceeds some predetermined value. The results obtained
with this procedure while still maintaining the simple word extraction
method, are shown in Table 4. The correlation cut-off of 0.2403 for suffix
"s'", and 0.2501 fér word stem is chosen in such a way that over the 29
queries the total number of documents retrieved by SMART is still equal

to the 127 items retrieved overall by MEDLARS. However, the number of items
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retrieved for a particular query is no longer the same for SMART and
MEDLARS ; rather, SMART now retrieves all those documents which exhibit
a high query-document similarity.

The SMART output of Table 4 shows a defipiéncy of only 16
percent in recall and 19 percent in precision when the word steﬁ extraction
with the ranked feature is compared with the MEDLARS indexing. The ranked
output has theréfore reduced the deficiency by half, thus indicating that

the utilization of the Boolean search technigue is not optimal in normal

document retrieval systems. Instead, a vector matching process, providing

a numeric similarity coefficient between queries and documents can be
utilized to obtain a more effective output product.

Since the SMART output is still below the MEDLARS standard, it
becomes necessary to introduce additional techniques to improve the

effectiveness of the automatic procedures. Two main possibilities suggest

. themselves: the first consists in introducing some form of dictionary —

‘automatically, or manually derived — for word control purposes; the other

utilizes the feedback search techniques provided by the SMART systen.

These methods are further described in the next two sections.

4. Use of Stored Dictipnaries Versus Manual Indexing

The SMART .output of Tables 3 and 4 was obtained by using word
stems extracted from document abstracts and query formulations without
any word control beyond the exclusion of obvious function words. Previous
evaluations of the SMART procedures have shown that some word control is

useful in improving the effectiveness of the automatic text analysis
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procedures. [12] Accordingly, various types of dictionaries, and word
control lists are normally used with the SMART system.
Two different dictionaries providing language control are tested

for the present SMART - MEDLARS evaluation:

a) ‘the first one is an automatically constructed word

discriminator list which excludes any term determined

to be a common term, or a nondiscriminator;

b) the second is a regular thesaurus, generated in part
by manual methods, which groups the thesaurus entries

into affinity groups, to provide synonym recognition.

Consider first the construction of +he automatic discriminator
dictionary. A blueprint of the generation process is outlined in Table 5.
A word list is first constructed of all the words included in a sample
document (or abstract) collection in the topic area under discussion
(medicine). Following removal of final ”sﬂ endings, this list included
13,471 entries in the presenf instance. Terms of frequency 1 are deleéed
next, as well as high-frequency terms occurring in at least 25 percent
of the document abstracts. This léaves about 6,200 dictionary entries.
Finally an aﬁtomatic procedure is usea to recognize additional nondis-
criminators — that is, words which are not useful in providing dis-
crimination.among the documents of the collection. [13,14]

A nondiscriminator is defined as a term which increases the

inter-document similarity — that is, the average similarity coefficient
between the documents — when it is incorporated with the normal document
vectors. Contrariwise, a discriminator is one which reduces the inter-

document similarity by rendéring the documents less similar to each other.
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‘ Number of Number of
Procedure Entries Entries
Removed Remaining
Formation of word list from
texts of document abstracts
following removal of "s'" endings 13,471
Deletion of words of frequency one 7,245 16,226
Deletion of terms occurring in
25 percent or more of the abstracts 30 6,196
‘Deletion of terms automatically
determined to be nondiscriminators 255 5,941

Automatic Discriminator Dictionary Characteristics

Table 5
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The automatic recognition procedure identifies 255 additional terms
as nondiscriminators, leaving a total of 5,941 entries in the dictionary
used for thé current experiments.

Some of the terms, automatically identified as nondiscriminators
are listed in Table 6; together with certain terms found to be discrimi-
nators. The terms listed in Table 6 are arranged in decreasing 'non-
discrimination order"; that is, those terms which cause the greatest
increase in inter-document similarity, and which thereforc provide the
least amount of discrimination between the doéuments are shown at the
top.of the 1list.

The effectiveness of the automatic vord discrimination
dictionary can be assessed by considering the recali and precision output
of Table 7. A query-document correlation of 0.2109 is used for the
SMART runs,.set to retrieve exactly 127 documents over all 29 queries.

.It may be seen that the automatic dictionary provides a ten percent
improvement in recall and a twenty percent precision advantage over the
standard word stem extraction method. Furthermore, the order of magnitude
of the SMART output is now approximately the same as that obtained with
the controlled MEDLARS indexing (minus 8 percent in recall, and minus

4 percent in precision).

The results obtained with the automatic discriminator dictionary

_thus confirm the previous evaluation output, that fully automatic text

processing methods can be used to obtain retrieval output'of an effectiveness

substantially equivalent to that provided by conventional, manual indexing.
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Number of Total Average
“Dictionary Entry Document Number of Occurrence
Occurrences Occurrences per Abstract
1. cell 208 785 3.77
2. case 253 521 2.06
3. have 256 332 1.30
4. effect 207 346 1.67
5. may 222 327 1.47
6. normal 203 369 1.82
7. treatment Non 181 300 1.66
8. has Discriminators 225 305 1.36
9. result 227 285 1.26
10. other 234 304 1.30
: ! . :
251, pattern 52 72 1.38
252, order 34 36 1.06
%253, do 37 43 1.16
254, - involved 39 L1 1.05
255. among L2 7 1.12
l. DNA 43 201 4,67
2. antigen 34 128 3.76
3. nickel Discrimin- 21 78 . 3,71
4, HGH ators 11 46 4,18
5. amyloidosi(s) 18 73 4,06
6. tumor 2L 66 2.75
7. hepatiti(s) 13 49 3.77
8. oxygen 31 1oy 3.35

Typical Discriminating and Nondiscriminating

Dictionary Entries

Table 6
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The discriminator dictionary process outlined in Tables 5§ and 6 does
not, however, include any term grouping method, and does not provide
therefore any help in recognizing synonyms and other closely related
terms.
A thesaurus may, however, be used as part of the analysis

methodology which operates in suchla way that individual terms ocurring
in document abstracts and search requests are replaced.by the corres-
ponding thesaurus class numbers. Thus, a document éontaining the term
"production" can be matched with a query containing "manufacture', assuming
that both terms are,eﬁtered in the same thesaurus class.

~ Methods exist for auto%atically grouping the terms into thesaurus
classes [15,16]. For the present test, the thesaurus used with the
extended MEDLARS collection was, however, constructea'partly by hand by
a trained expert.*
The following steps were used to construct the extended MEDLARS

thesaurus:

a) a list of all words contained in the MEDLARS document
abstracts was automatically produced, together with a

concordance and word frequency list;

*Thesauruses have been constructed for use with the SMART system in

many subject areas, and for several different natural languages.

The manual process used for this purpose has been criticized because

the thesaurus construction "is largely nonprocedural and nonreproducible
[17). In fact, the same "thesaurus construction principles" are used

for all manual SMART thesauruses, and the procedure is largely reproducible
[7, p.28-29].
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(b) the following terms were then eliminated:
i) 220 high frequency, common function words

ii) all words of frequency one; V S

iii) all functors (prepositions, pronouns, auxiliary
verbs, conjunctions, articles, and so on);

iv) words of general meaning (such as, for example,
"appear', "associated", "comparable", 'necessary",
"take", and so on);

v) single letters;

vi) names of persons, unless‘also the name of a

disease;

- Stedman's Medical Dictionary and Webster's Seventh New

Collegiate Dictionary were consulted in the process;

(c) words with a unique meaning in the corpus were assigned

concept numbers (that is, thesaurus class numbers)
5 . . .
- . in decreasing frequency order; the alphabetical word

list was consulted in the process to detect alternate
spellings (for example, fetus, foetus), as well as
different word forms of the same stem; such terms were
assigned the same concept numbers, as were synonyms of
already classified terms of comparable frequency of
occurrence; using the punched card form of the thesaurus,
new words freshly classified were interfiled, and an up-to
date listing of the existing thesaurus could be made at

any time;

(d) for high-frequency terms, the names of body parts, their

. diseases, and the corresponding operations were given
separate thesaurus class numbers (for example, kidney,

nephritis, nephrectomy); for low frequency terms,

these various. concepts were grouped into the same
class, using the previously mentioned thesaurus
construction principles (for example, leucocyte, leu-
cocytosis; word groups (phrases) which co-occurred
exclusively were given the same thesaurus class number

(e.g. sella turcica).
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Following the completion of the first pass in the thésaurus cons-
truction, each thesaurus category was reviewed, and some classes were
broken up into two or more classes if the combined frequency of the
inéluded words waé too high; contrariwise, certain low frequency classes
were combined into a singie class. The final thesaurus includes 3766
entries broken down into 1737 concept classes. Some typical classes
are reproduced in Table 8.

The effectiveness of the word normalization procedures achievable
by using the SMART thesaurus is illustrated on the last line of Table 7.
It may be seen that the thesaurus offers an improvement in average recall and
precision over the standard word stem process of about 25 percent. The
retrieval effectiveness is again about the same as that achievable with
the MEDLARS indexing, with a slight advantage for SMART.

The conclusion is that with a minimal amount of language normali-

zation, provided, for example by a word stem discrimination list or a

thesaurus, the automatic SMART language proceséing is fully equivalent

to the conventional MEDLARS indexing administered by trained indexers.

5. Use of SMART Feedback Searches

| It is well known that‘improvements in retrieval output are obtainable
by generating ﬁetter query formulations than those originally submitted
by the system user. This can be achieved beforeAany search operation ig
actually carried out by displaying for the user's attention excerpts of
available dictionary, or word control list entries, thereby suggesting to

the requestors additional possibilities for formulating the search queries.
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Total number of thesaurus entries 3766
Total number of thesaurus classes 1737
Average number of entries per class 2.2
: i
Class ! Class E
Number ; Entries Number ! Entries
: :
! !
i :‘
134 : Fetal 731 ! Plasma-Calcium
! Fetus ' : CAlS5
: Fetuses : CA
! Foetal : Calcium
: Foetus {
i 1
i ]
! !
i i
iy | Fears 960 | Iron
! Anxiety ! FE
! Anxieties : Fe-Din
: Anxious ! Ferric
| !
! !
1 |
300 E Pitressin 1430 E Reimplantation
! Vasopressin ! Implantation
: ! Implanted
: : Implents
i 1
] ]
! !
i 1 .
415 E Anaemia 1531 E Dysarthria
! Anemia ! Stuttering
| i
1 1

Thesaurus Characteristics and Sample Classes

Table 8
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Alternatively, a search may be performed using the initial queries,
and selected output data — for example, titleslﬁr abstracts of previously.
rétrieved documents — may be used to reformulate the queries for use
inAsubsequent search operations.

Feedback operations based on quality of output are not directly
built into the MEDLARS procedures; the Boolean search output consistiﬁg
of a batch of unranked documents does not, in any case, make it simple
to furnish feedback data. However, three different search formulations
are constructed by the MEDLARS searchers as a matter of course, and the
"best" output — that is, the one suppiying a manageable number of output
documents — is then submitted to the user. This type of operation is
then equivalent to feedback based on output quantity (rather than quality),

The SMART system, on the other hand, utilizes the ranked

- document output for its relevance feedback operations. [18,19) Specifically,

two or three of the highest ranked documents retrieved in an earlier
search operation are submitted to the user for a rough asseéssment of
usefulness. The queries are then automatically adjusted by addition of
terms from the documents termed relevant, and simultaneous déletion of

terms from the nonrelevant items. 1In a previous evaluation of the

relevance feedback procedure it was found that "one feedback stage

improves the output by, 10 to 22 percent, while two stages produce an *

advance of 13 to 36 percent in recall and precision.' [20]
The effectiveness of the relevance feedback output is illus-
trated for the extended MEDLARS collection in Tables 9 and 10. Table

8 contains the data for the word forms and word stem extraction methods,
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wﬁile Table 10 illustrates the operations of the automatic discriminator
dictionary and the thesaurus.. In each case the ipifial run performance
is given together with one and two stages of relevance feedback.
It may be seen from Téble 8 that the 15 to 20 percent deficiency
noted earlier for the SMART word stem extraction process is turned into_
an advantage over MEDLARS of 4 to 7 percent after one feedback operation
(two searches in all), and of 10 to 13 percent for two feedback iterations
(three searches). The same data for the SHART thesaurus indicate that the
small improvements over MEDLARS obtainable in onc search'operation turn
into a large advantage of 18 to 25 percent after one feedbaék operation,
and of almost 30 percent after two feedback operations. It is interesting
to note in this connection that the recall perrormance of the SMART‘thesaurus
after the second feedback operation (0.4029) lies within 9.88 percent of
the maximum recall aéhievable in the present test (0.4471), while the
precision (0.7438) is within 25 percent of the ideal precision (1.0000).
Clearly, the feedback procedures produée the same large increases
in retrieval effectiveness predicted by previous tests of the SMART operations.
Furthermore, when used with simple term extraction from document abstracts
or text, the feedback operations turn a deficit caused by the lack of
sophistication in the language analysis into a clear advantage over the con-

ventional, manual indexing methods.

6. Conclusions
The following main conclusions appear in order as a result of the ex-
tended SMART- MEDLARS comparison:

’
a) The strong points of the automatic retrieval system

appear to be the vector matching techniques which furnish
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ranked document output, the automatic construction

methods for word control lists, and the feedback operations;

b) the simple word stem extraction process using document
abstracts and query texts is only 15 to 20 percent less
effective than the best available manual indexing based

on controlled vocabularies;

c) automatic language normalization procedures can be used
to build dictionaries, and thesauruses, whose operations
produce output results equivalent to the standard manual

indexing;

d) the SMART relevance feedback procedures produce large

improvements in retrieval effectiveness;

e) the Boolean search techniques which appear to have been
developed for use with earlier punched-card technologies
are clearly inferior to vector matching techniques produ-
cing ranked output in decreasing query-document similarity

order;

f) no technical justification appears to exist for maintaining
controlled manual indexing in operational retrieval

environments.
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