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ABSTRACT

This study compares the retrieval effectiveness of two alternative
input and search systems in terms of such measures as recall, fallout,
precigion, and total retrieval, One system operates using manually indexed
document files searched by controlled vocabulary while the other employs
full-text input using natural language searching. Both systems are applied
to a common database and hardware. Operational information needs were
used in the form of request statements from actual users. From these
statements of need, search queries were formulated for both systems and
recall estimates calculated using a recall base that was prespecified by the
request originator. The queries were processed and total retrieval, fall-
out and precision ratios were calculated for both systems. The'results
indicate that the two systems perform at approximately the same level of
effectiveness, although estimated average total was found to be slightly
greater for free-text searching than for descriptor searching at all levels
of recall. The primary conclusion from this study is that descriptor
searching and free-text searching, as applied to CIRCOL, are sufficiently
similar in terms of effectiveness as to necessitate some other basis for
decision-making concerning the two systems. In addition to comparison
of search systems, further evaluation concerned effects to be expected from
various file changes, the relative performance of experienced and inex-
perienced users, analysis of recall failures under both systems, and cost/
effectiveness considerations using a system simulation model.
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EVALUATION

The objective of this study was to evaluate the retrieval
effectiveness of the Central Information Reference and Control
On-Line (CIRCOL) document reference retrieval system when free-
text generated index files are used as document representations
as opposed to manual index files. Retrieval effectiveness is
rcported as the averages of Recall (tiie proportion of the total
nunber of relevant documents that are retrieved), Precision (the
proportion of the retrieved documents that are relevant), Fallout
(the proportion of the total number of non-relevant documents that
are retrieved), and total number of documents retrieved. This
rcport includes: an initial analysis which was used to establish
the experinental design for the main evaluation and to formulate
hypotheses for a failure analysis; the results of the main evalua-
tion; the results of a failure analysis of the components of
retrieval; and a cost effectiveness model that can be applied to
any retrieval system to determine the cost incurred per relevant
document retrieval.

A significant conclusion derived from the initial and wain
evaluations is that neither type of indexing is clearly the best
in terms of retrieval effectiveness. Any decision to continue
CIRCOL with either type of indexing must be based on system goals.
For example, free-text indexing provides the advantaye of greater
flexibility in the retrieval process because it does not restrict
query farmulation to a thesaurus or to specific word forms and it
does allow the use of synonyms. This advantage should increase
the Recall level of operation but at the expense of larger total
retrievals. HManual indexing is not flexible and is completely
cependent on the quality of the indexing which results in lower
Recall levels of operation with Tower total retrievals. Advantages
«id disadvantages such as these rnust be weighed against system
goals in order to deternine which is the appropriate indexing scineme
for CIRCOL.

A siqnificant conclusion derived from the failure analysis is
that only in a very small number of cases are the indexing schenes
at fault for the loss of relevant documents in retrieval. A great
proportion of the failures were due to the user who requests docu-
mentation through a statement of need but fails to accurately
describe his interest, or the system analyst who formulates a query
from such stateuents of need but does not use an appropriate search
strateqy to effect accurate retrieval,

s a result of this study, future research can be directed
toward investiqgation into file structures, user aids, interactive
on-line capabilitly, and other tcchniques to iiiprove the CIRCOL
operation.
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SECTION I

INTRODUCTION

The purpose of this study is to compare retrieval effectiveness of
two input and search systems. These are:

¢ A manual indexing system based on humanly assigned index
terms selected from a thesaurus. The search file thus
created can be searched on-line or off-line using Boolean-
type search equations.

® A free-text searching system using the natural language of the
complete input document or of a portion of it, e.g., an abstract.

With searching software Boolean logic can call out word combinations
in document texts in on-line or off-line modes. Word roots (stem-suffix
cutoff) can also be searched, as can consecutive strings of characters where-
ever they appear embedded in the text. Word proximity (co-occurrence in a
paragraph or sentence, for example) can be used as a syntactic substitute to
improve precision in searching.

An additional purpose of the study is to provide a general framework
for the evaluation of these types of retcrieval systems,

For several reasons, the operational system of the Foreign Tech-
nology Division (FTD) of Wright-Patterson Air Force Base was chosen for
comparison of the two retrieval systems. The FTD system contains a large
file of references and a small part of this database is already common to
both systems under consideration, FTD management had expressed an
interest in a comparative analysis of the two systems.

The great attraction of free-text searching is that it reduces the cost
of indexing. Manual indexing using a controlled vocabulary is an expensive
operation creating its own problems including the maintenance of consis-
tency and dependence upon skilled and trained personnel who are difficult to
recruit and retain., The maintenance of a dynamic, frequently updated con-
trolled vocabulary for such an indexing operation is also an expensive pro-
position. Free-language searching may offer certain economies in input
operations. This is particularly true for documents that can be obtained in
machine-readable form as a byproduct of another operation.

While comparison of retrieval systems may be carried out inseveral
ways, two basic measures are common. These are the recall ratio or
proportion of relevant documents retrieved and the corresponding number of
documents retrieved. Other measures may be combined with these in order
to conduct more meaningful analysis.




The Central Information Reference and Control (CIRC) at the FTD
of Wright-Patterson Air Force Base, Ohio, formed the basis for the first
CIRCOL (Central Information Reference and Control On-Line) database.
CIRC was designed to provide intelligence analysts of the scientific and
technical community with bibliographic information. At one time proces-
sing of requests was carried out using an IBM 7094 in a batch mode. Later
CIRCOL processing was conducted using an IBM 360/65 computer with
manually indexed files and IBM Document Processing System (DPS) soft-
ware, At this time only FTD analysts had access to the system. More
recently, in addition to the manual indexing of all incoming documents, a
large portion of these have been processed to allow free-text on-line
searching of abstracts along with the assigned topic tags or descriptors.
Thus, there is an increasing body of documents that is searched by means
of abstracts. CIRCOL users now include intelligence analysts from a
variety of government agencies, Both the number of analysts and the num-
ber of searches conducted vary considerably between agencies and over
periods of time,

At the outset of the study the CIRCOL database contained approxi-
mately 365, 000 documents, When data collection for this study was com-
pleted the CIRCOL database had grown to approximately 533, 000 documents.
The initial 365, 000 documents of the file were processed by manual indexing,
and that portion of the file thus includes only assigned topic tags and titles
for each document, The remaining 168, 000 document references com-
posing the CIRCOL database are a mixture of titles, topic tags and abstracts.
As incoming documents were processed beyond the first 365,000 an in~
creasing proportion of the total file included searchable abstracts as well
as topic tags and titles,

The subject matter of CIRCOL, as described in FTD's Users' Guide,
includes seven types of document information:

® STEP (Scientific and Technical Exploitation Program)
Information Subsystem (SIS) inputs, which provide information
from Communist country sources concerning research and
development in the aerospace sciences and technologies.
STEP is a function of the Aerospace Technology Division,
Library of Congress.

L MIS (Miscellaneous Inputs Information Subsystem), which pro-
cessesS documents, articles, and abstracts from various open-
source literature and some classified sources. Major sources
include Chemical Abstracts, JPRS abstracts, FBIS summaries

and FTD summaries. This program is a function of Project
Have Stork.




9 IRIS (Intelligence Reports Information Subsystem), which is designed
to input selected raw intelligence reports received by FTD from
Army, Air Force, Navy, DIA and other sources. Intelligence re-
ports are screened for FTD interest and those selected are proc-
essed into CIRCOL,

e ITIS (Internal Translation Information Subsystem), which is FTD
human and machine translations.

e IFRIS (Intelligence Finished Reports Information Subsystem), which
includes studies, reports, etc. resulting from a project or task
funded by FTD. This is composged of foreign technology scientific
and technical documents produced by the Foreign Technology Divi-
sion, the Deputies for Foreign Technology of the AFSC Divisions
and Centers, and their contractors.

e EFRIS (External Finished Reports Information Subsystem), designed
to process reports which fall in FTD's area of interest and are
produced by elements external to AFSC foreign technology organi-
zations and their contractors.

e BAIS (Bulletin Articles Information Subsystem), containing technical
briefs cn several scientific and technical disciplines which are
published periodically in the FTD Bulletin.

Rapid growth of the CIRC database necessitated standardization of the
terminology. CIRC has seen a transition from essentially uncontrolled index-
ing to partial control to the rigid control of a thesaurus.

All incoming documents are assigned topic tags from the CIRC Thesau-
rus, which is composed of Official Terms, Synonyms, and Official Nomen-
clature Terms. It is made up of three volumes, which are:

® Subject-structural vocabulary
¢ Permuted vocabulary
¢ Alphabetized vocabulary

Also included as part of the Thesaurus are references to Scope Notes, Broader
Terms, Narrower Terms, Synonyms and See Also terms.

CIRCOL searches are run on two types of terminals (IBM 2471's and
AT&T or WW models 33 and 35), Initial searching options available to users
are controlled vocabulary terms, authors, country codes, and free-text
gsearching of available abstracts. A user may choose to limit the number of
references from his search by using one or more of the following qualifying
elements: date, country of information, type of information, subject area,
classification, publishing country, update information and accession number.




Output format may be selected by the user from a list of 13 options, Out-
put of the first 365, 000 documents of the database will include only biblio-
graphic information, topic tags and title. When requested off-line, how-
ever, the remainder of the file will also include those abstracts that are
available in the system. The CIRCOL communication network is entirely
unclassified and references to classified documents are made through a
bibliographic entry. Microfilm files are available at each terminal for
those documents without abstracts available through the system.

In this report a "'search' is defined as a particular information need
and a "query' or "'search query'" as the terms and the associated logic de-
veloped to fulfill an information need or search. Searching on CIRCOL may
be done either by the technical analyst or by a system monitor or search
analyst. For purposes of this study written statements of information re-
quirements based on actual need were solicited by the CIRCOL search
analyst from FTD's technical analysts, Initial search queries were devel-
oped by the search analyst and the output judged for relevance to the pre-
vious written statement of need by both the search analyst and the technical
analyst separately, using abstracts obtained from the microfilm file. Sub-
sequently, new queries for these statements were developed and run by
Westat personnel. The technical analysts also were asked to list as many
documents as possible prior to conducting the search to be used as a sample
recall base for later estimations. This information formed the basis for
most of the study. Subsets of information collected are described within
the appropriate parts of this report.

One of the measures used was an estimate of recall ratio, which, as
explained above, is the proportion of relevant documents retrieved to rele-
vant documents in the file. Another measure was the estimated fallout
ratio, which is the proportion of nonrelevant documents retrieved. A third
measure concerned the precision ratio, or the proportion of documents re-
trieved that were relevant., The fourth measure was the retrieval size, or
total retrieval (number of documents retrieved by a search query).

In order to accomplish the stated objectives of the evaluation, ex-
perimentation was divided into two phases. This was necessary partly
because of the extremely amall size of the body of the database containing
both descriptors and abstracts. However, a two-phase approach appeared
to be advisable in any circumstances. Phase 1 was designed to be primarily
a diagnostic study and pretest using the basic measures of recall, fallout,
precision, and total retrieval in order to gain a clearer understanding of
the systems in question and to identify hypotheses that could be tested
during Phase 2. In addition to the further testing of hypotheses developed
during Phase 1, Phase 2 consisted of additional in-depth evaluation of the
parameters and environments surrounding the tiwo major systems in




question, Included were such factors as the effect to be expected from the
use of relevant documents during query formulation, the effect that system
experience has upon search results, and an analysis of various proposed
file changes. As an additional feature a cost/effectiveness model was
provided for use by FTD in future decision-making.




SECTION II

IMPLICATIONS OF THE STUDY

Some of the more important implications from the study include:

¢ Higher recall levels appear to be achieved under free-text
searching than under descriptor searching at an increase
in number of documents retrieved for operational searches.

® When search sequences are performed over specified levels
of recall the descriptor searches appear to yield slightly
fewer number of documents retrieved at all levels of recall.

® A controlled vocabulary may be useful but is not needed for
full-text searching.

® Recall failures stem more from search procedures and
user/system interface problems than from input sources
under both free-text and descriptor searching.

¢ Using known relevant documents during query formulation
appears to improve search effectiveness.

¢ Improved search effectiveness can be expected from users
with greater system experience.

® Various word-file changes yield increased retrieval size
without corresponding improvement in recall level.

In measuring and comparing the retrieval effectiveness provided by
manual indexing and free-text processing, parameters such as recall,
retrieval size,precision, and fallout, are helpful in evaluation of similarities
and differences between the two systems. Other factors, however, must
also be considered prior to any ultimate decisions or formulation of final
conclusions concerning the two systems.

Phase 1 of this study attempted to compare the effectiveness of the
following alternative systems in terms of the four measures listed above:

(1) Actual Descriptor System - Controlled vocabulary
queries were formulated from the analyst's statement
of need and searched on topic tags.

(2) Ideal Descriptor System - Controlled vocabulary queries
were formulated using prespecified relevant documents
and searched on topic tags.

(3) Full-Text Controlled Vocabulary System - Controlled
vocabulary queries were formulated using the analyst's
statement of need and searched on full-text.




(4) Full-Text Natural Language System based on Need-
Natural language queries were formulated using the
analyst's statement of need and searched on full-text.

(5) Full-Text Natural Language System based on Query-
Natural language queries were formulated using the Actual
Descriptor System queries and searched on full-text.

(6) Full-Text Natural Language System based on Ideal-
Natural language queries were formulated using the
recall base of prespecified relevant documents and
searched on full-text.

A summary of the results is shown below for thirty searches.

Effective- Full-Text Full- Text
ness Descriptor Controlled search based on
categories Actual | Ideal Vocabulary Need Query Ideal
1 2 3 4 5 6

Recall (%) 43 82 40 66 65 84
Retrieval 46 156 30 118 86 86
Precision (%) 41 23 60 25 34 43
Fallout (%) . 0074 .0329 . 0033 . 0244 .0156 .0134

Both of the Ideal Systems (2, 6) were included to demonstrate the
margin for potential improvement of the particular system and were therefore
excluded from further evaluation, although the Full-Text System appears to be
best under ideal circumstances. Since recall is about the same but total
retrieval is less for full-text searching, the Full-Text Controlled Vocabulary
System (3) was included in the test to determine if a controlled vocabulary
might be needed even for full-text searching. Results indicate that controlled
vocabulary searches on full-text (3) may be slightly better than those on topic
tags (1). However, natural language searches (4) from the same statements
of need yield improved recall with increased total retrieval. Inclusion of the
Query System (5) was an attempt to isolate the effect of the controlled vocab-
ulary on system performance, whether operating under a descriptor or
full-text system.

Of the six systems, the two that were of most concern were the De-
scriptor System (i.e., manually indexed files) and the Full-Text Natural
Language System (i.e., free-text processing). The results of Phase 1 anal-
ysis indicated that for the same set of requests the Descriptor System ob-

tained an average recall of 43 percent, with precision of 41 percent and re-
trieval size of 46 documents, while the Full-Text Natural l.anguage System

7




(free-text processing) achieved an average recall of 66 percent, with pre-
cision of 25 percent and retrieval size of 118. On this basis, the d=cision
as to which system provided the best performance or effectiveness depended
on a choice among recall, total retrieval or precision. The Descriptor Sys-
tem provided higher precision and smaller retrieval size, both of which are
desirable. However, the recall was lower. On the other hand, although re-
call was higher for the Full-Text System, the precision was lower and the
retrieval size larger, both of which are undesirable. Thus, when consider-
ing recall in isolation, the Full-Text System looks best, although with re-
gard to precision and retrieval size the Descriptor System appears to be
superior. The final conclusion based on these three parameters would, of
course, depend upon the objectives of system users and consequently the
weight that is given to each factor.

It was this uncertainty in the comparison and evaluation that played
a major role in the decision to design Phase 2 as a two-system comparison
over four predefined recall levels (25 percent, 50 percent, 75 percent, 100
percent). This was accomplished through broadening a sequence of search
queries. The results of this four-level comparison are shown below.

Retrieval size

Recall level 25 percent 50 percent 75 percent 100 percent
Descriptor System 32 72 140 252
Full-Text System 38 86 157 296

Precision (%)

Recall level 25 percent 50 percent 75 percent 100 percent
Descriptor System 41 36 28 21
Full-Text System 34 30 25 18

Fallout (%)

Recall level 25 percent 50 percent 75 percent 100 percent
Descriptor System . 0052 . 0126 . 0028 . 0548
Full-Text System . 0068 . 0164 . 0032 . 0669

From these results, it appears that the Descriptor System
outperforms the Full-Text System at all levels of recall although by a
relatively small magnitude. The sample size of the test was not sufficiently




large to distinguish between the two results at reasonable levels of statistical
significance.

One point that is not revealed in such a comparison, however, in-
volves the typical level of operation of both systems in terms of recall, fall-
out, precision, and retrieval size. Since the same requests were involved
in the formulation of queries for both Phase 1 and Phase 2 systems the aver-
age performance of each system may be viewed as a typical level of opera-
tion. This woul? indicate the possibility of achieving, in normal operation,
higher levels of recall in the Full-Text System than in the Descriptor System.
If the Full-Text System consistently provides higher levels of recall the bene-
fits may, in terms of lower precision, larger fallout and larger retrieval
size, outweigh the greater cost. Compensation may also accrue from the
additional time made available to the analyst because of the increased ease
and speed of query formulation without use of a thesaurus. In short, the
number of possible ways of retrieving a particular document is much greater
with a free-text system than with a descriptor system. Under a descriptor
system if a document is improperly indexed the error is difficult to correct.
The burden is placed on the indexer under an index system and on the search-
er under free-text systems. A descriptor system also allows the possibility
of losing a document for all practical purposes through faulty indexing. A
document may be indexed in a certain manner due to the current emphasis on
or importance of the subject matter or area of discussion or because of limi-
tations imposed by the level of exhaustivity required by the indexing policy.
At a later date if the importance of the document shifts to a previously ob-
scure portion, the indexing will not allow retrieval while a similar case
under the Full-Text System would still be retrievable by searching additional
terms in the text. This process is facilitated in an on-line system.

Recall failures were investigated for both the Descriptor System and
the Full-Text System. In the Descriptor System 27.5 percent of the recall
failures were attributable to index language and indexing process while 49
percent of the failures were due to searching process and 23. 5 percent due to
the user/system interaction. In the Full-Text System 12 percent of the
recall failures were due to synonym problems while 38 percent were caused
by searching process and 50 percent attributable to user/system interface.

One other possible system design considered briefly in this study
‘s a combination of searchable descriptors and abstracts such as is currently
being used for incoming CIROL documents. An analysis ofa small sample of
(20 searches) revealed that with the combination design no changes occurred
in recall, but the average retrieval size increased from 17 documents in a
regular full-text system searching only titles and abstracts to 22 documents
for a system searching titles, abstracts, and topic tags.




SECTION III

RESULTS OF THE STUDY1

This study was divided into two phases. The first was primarily a
diagnostic study to develop hypotheses to be tested in Phase 2. The second
phase included more operational experimentation and compared two of the
systems from Phase 1 analysis in more detail along with various factc: »
concerning the system environments.

1. Phase 1
a. Introduction .
Three systems were chosen for initial evaluation.

® Indexed input with controlled vocabulary descriptor
retrieval

® Full-Text (e.g., abstracts, extracts, etc.) input with
. controlled vocabulary retrieval

® Full-Text input with natural language retriéval

The first system was approximately the same as that employed by
CIRCOL. The second system utilized the same controlled vocabulary search
strategy as that of System 1, with matching (and associated retrieval), how-
ever, on the basis of the abstract (including title if applicable) instead of
descriptors. This last system was evaluated by using a three-part break-
down on the basis of search strategy formulation.

b. Phase 1 Results

Within the three major systems six subsystems were evaluated
in Phase 1 in terms of two primary measures which were recall or propor-
tion of relevant documents retrieved and number of documents retrieved.

Briefly, the search queries used under System 1 were those
formulated by the CIRCOL search analyst according to regular procedures,
using a controlled vocabulary and descriptor searching. Those used in
System 2 were based on descriptors chosen through examination of known
relevant documents. This system thus represented an ideal-type System 1.
System 3 queries were exactly the same as those used under System 1
(controlled vocabulary); however, retrieval was determined by free-text

1
Details of calculations, methods used, and examples may be found in
Appendices T and II.
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searching of abstracts instead of descriptor searching as in Systems 1 and 2.
above. Queries for Systems 4, 5, and 6 were all formulated using natural
language terms and retrieval was determined under all three systems by
free-text searching of abstracts rather than descriptor searching. The
differences among the last three systems (4, 5, and 6) rested on the basis
used for query formulation. System 4 (Need) queries were formulated from
the intelligence analyst's statement of need (Form A) and therefore repre-
sented the free-text searching equivalent of System 1 (Descriptor). System 5
(Query) queries were formulated from the System 1 queries in order to iso-
late and include the effect of the controlled vocabulary itself. System 6
(Ideal) queries were developed as System 2 queries were (e.g., by examina-
tion of the known relevant documents from Form B) and therefore representad
an ideal-type System 4. More detailed discussion of the design and methodol-
ogy is included in Appendix I.

The results for these six systems are shown in the following two-
by-two tables.

Actual Descriptor System

) Relevant Not relevant
Retrieved 19 27 46
Not retrieved 25 364, 929 364.954
44 364, 956 365, 000

Ideal Descriptor System

Relevant Not relevant
Retrieved 36 120 156
Not retrieved 8 364,836 364, 844
44 364, 956 365,000

Full- Text Controlled Vocabulary System

Relevant Not relevant
Retrieved 18 12 30
Not retrieved 26 364, 944 364,970
44 364, 956 365,000

11




Full- Text Natural Language Systems

Relevant Not relevant
Need Retrieved 29 89 118
Not retrieved 15 364,867 364,882
44 364, 956 365, 000
Relevant Not relevant
Retrieved 29 57 835
Query
Not retrieved 15 364,899 364,914
44 364, 956 365, 000
Relevant Not relevant
ldeal Retrieved 37 49 86
Not retrieved 7 364, 907 364, 914
44 364, 956 365, 000
Table I shows a summary of these results.
TableI Summary of effectiveness figures
for the six Phase 1 systems
— e — —_ e
W Full- Text Full-Text
Effectiveness Descriptor Controlled search based on
categories Actual | ideal | vocabulery | Need | Query | Ideal
1 2 3 4 5 6
Average recall (%) 43 82 40 66 65 84
Average number
documents re-
trieved 46 156 30 118 86 86
Precision (%) 41 23 50 25 34 43
Fallout (%) . 0074 . 6329 . 0033 . 0244 | 0156 . 0134

Tables II and IIl show details for the 30 searches.
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TableIl Recall ratios for Phase 1 searches by system

Full-Tesxt Full- Pext
Search i Descriptor  Controlled search based on
Actual Ideal ‘Vocabulary. Need Query ! Ideal
1 2 3 4 5 6
1 1/5 | 3/s 1/5 0/5 2/5 5/5
2 1/6 = 6/6 2/6 2/6 . 4/6 6/6
3 1/4 2/4 1/4 4/4 | 3/4 4/4
4 5/5 5/5 5/5 3/5 | 5/5 5/5
5 0/6 3/6 1/6 a/6 | 4/6 | 5/6
6 0/4 3/4 0/4 4/4 4/4 | 4/4
7 0/5 4/5 0/4 3/5 /4 3/5
8 2/5 - 5/5 1/5 5/5 4/5 i 5/5
9 3/10 8/10  2/10 6/10 1 7/10! 7/10
10 ©0/2 2/2 0/2 0/2 o/2 . 2/2
11 . 0/2 2/2  0/2 0/2 o/2 . 2/2
12 11/11 11/11 © 11/11 11/11 ] 11/11§ 11/11
13 ' 5/6  6/6 4/6 6/6 6/6 '\ 6/6
14 o/s  2/5 | 0/5 2/5 2/5 | 4/5
15 9/9 . 9/9 9/9 9/9 9/9 ' 9/9
16 0/3 | 2/3 1/3 2/3 1/3 | 2/3
17 1/4 3/4 1/4 2/4 2/4 | 3/4
18 0/10 5/10 0/10 3/10 3/10 1 4/10
19 3/5 3/5 3/5 2/5 3/5 | 3/5
20 0/9 9/9 0/9 7/9 2/9 | 7/9
21 9/10 9/10 10/10 10/10 | 10/10 ; 10/10
22 1/17 771 0/7 0/17 3/1 6/17
23 2/3 3/3 1/3 1/3 1/3 2/3
24 5/17 6/7 5/1 5/7 5/7 5/1
25 0/5 5/5 2/5 2/5 2/5 4/5
26 0/4 3/4 0/4 2/4 2/4 3/4
27 3/5 4/5 | 0/7 7117 711 717
28 4/5 4/5 3/5 4/5 4/5 3/5
29 7/8 7/8 7/8 8/8 7/8 8/8
30 3/1 5/17 2/17 4/17 2/17 5/7
TOTAL 76/177 |146/177 72/178 | 118/179(116/178| 150/179
Recallaverage@ | 43 82 40 66 65 84
Standard Errorf‘]ﬂ’ 8.1 'L4.5 i 8.3 i 6.3 i 5.9 L4.4
13




Table III Totaladjusted retrieval for Phase 1 searches by system
based on a 365, 000-document database

Descriptor Fuill-Text Full- Text
| Controlled search based on
Search Actual | Ideal Vocabulary | Need| Query| Ideal
1 2 3 4 5 6

1 5 126 3 119 50 36
2 32 168 3 11 4 250
3 6 55 17 205 16 199
4 15 14 3 1 69 0
5 27 220 8 1 13 14
6 2 382 14 264 191 210
7 6 468 1 18 4 Y&
8 52 52 27 2 325 2
9 20 82 10 76 128 145
10 18 35 9 114 16 42
11 4 1 2 24 30 0
12 20 9 10 228 17 19
13 28 55 43 68 50 55
14 69 13 36 16 11 12
15 34 34 18 2 30 3
16 135 112 102 493 171 252
17 8 8 4 7 12 5
18 19 59 10 32 23 41
19 34 8 18 12 30 20
20 44 312 23 113 103 90
21 44 31 37 77 38 26
22 59 442 31 71 157 104
23 182 7 95 14 162 7
24 38 472 20 48 47 58
25 5 279 3 221 7 178
26 13 209 22 406 294 109
27 46 59 24 180 59 49
28 170 300 88 250 181 101
29 163 335 152 479 254 420
30 92 341 48 24 80 62
Total retrieval |1, 390 4, 688 881 3,576 (2,572 | 2,586
Average retr. 46 156 30 118 ' 86 86

Standard error 9.4 - - 21.6 - -
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Certain assumptions were made in analyzing the six systems in terms
of recall and total retrieval. It was assumed that the two major objectives to
be considered were the maximization of recall and the minimization of total
retrieval (number of documents retrieved per search). Naturally, in combin-
ing the two objectives it is necessary to make various tradeoff decisions in
terms of the basic parameters and goals of CIRCOL personnel, both at the
management and analyst levels.

Table I shows that CIRCOL (Actual Descriptor System)operated at a
level of 43 percent recall (on the average) with approximately 46 documents
retrieved per search. The Ideal Descriptor System (2) indicated that there
was the possibility of improving recall under a descriptor system to a level
of approximately 82 percent, with an associated increase in the number of
documents retrieved to 156 per search. Thus, improvement in recall might be
brought about by having several known relevant documents made available
to the search analyst either prior to or during the search process. For an
evaluation of this procedure refer to Section III 2.d. This is indicated since
System 2 queries were formulated using relevant documents as both a guide
or pointer to additional terms which should be included, and as an indication
of how well the proposed query would perform in terms of expected recall
level. Another possible advantage of using relevant documents prior to the
search may lie in the further ability of the anaiyst (when an intermediary is
being used) to interpret the information need at hand. In other words, a written
request may fail to express the true need of one person to another. It should
be noted that the recall improvement from 43 percent to 82 percent indicated
the potential for improvement of the present Descriptor System. The use of
relevant documents in query formulation was tested in Phase 2 of the study.

In System 3, it appears tnat using the same procedure for query formulation

as that employed by CIRCOL (controlled vocabulary) and performing this j
search by free-text searching of abstracts (instead of descriptor searching) '
resulte? in the achievement of approximately the same level of recall as that H
formerly attained (40 percent as compared to 43 percent) with an associated
drop in the average number of documents retrieved per search (30 as
opposed to 46 documents). Thus it appeared that merely changing the search v
procedure from indexed descriptor to full-text free-text searching, while

holding the controlled vocabulary constant resulted in an improvement in ’
size of retrieval with a very slight, if any, degradation in recall level. This
was thcught to have been the case since many of the terms occurring in the
controlled vocabulary did not occur in exactly the same form or sequence in
the full-text document. It would appear that System 3 was more highly dis-
criminating (i.e., higher precision) than System 1 in that the recall levels
were approximately equivalent while the number of documents retrieved by
System 3 was considerably less than System 1., This means that most of i
those documents that were not retrieved by System 3 and were by System 1
were not relevant. Another possibility that appeared was that System 3 was
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retriéving different relevant documents from those retrieved by System 1.
Upon examination of the experimental data, however, it appeared that the
retrieved relevant documents were largely the same ones.

When considering Systems 4, 5, and 6, it should first be noted that all
three involved full-text input as opposed to descriptor indexing and the use of
natural language as opposed to the previous controlled vocabulary, As far as
practicality is concerned, System 4 would be the most likely operational
system of these three. It corresponded to the CIRCOL method of search for-
mulation (based on a written request) except using natural language instead
of a controlled vocabulary and free-text searching in place of descriptor search-
ing., Under this System (4) the recall level was increased to 66 percent with
a corresponding increase in the total retrieval size per search to 118 docu-
ments. System 5 differed from System 4 in that the query was formulated on
the basis of the System 1 descriptor search developed by the CIRCOL search
analyst. System 5 showed a slight decrease in recall and a substantital de-
crease in average total retrieval, This could have been due to not fully
understanding the process that takes place during the search analyst's (inter-
mediary's) translation of a written request into a controlled vocabulary query.
The choice of terms or perhaps the nature of terms available in the vocabulary
from which they were chosen seemed to cause a decrease in total re-
trieval even when these terms were translated into natural language. System
5 was included merely for comparative purposes and appeared not to be the
most practical method of system operation. However, it should not be com-
pletely disregarded in light of the indicated level of recall and total retrieval.
System 6 and its associated recall and total retrieval levels of 84 percent,

86 documents respectively represented the potential improvement possible for
System 4 (written request, natural language query, and free-text searching

of abstracts), As with System 1 and System 2, one possible method of
system improvement may be the use of known relevant documents in search
query formulation for the same reasons discussed previously. System 6
results also indicated that the possibility exists not only for i mproving (in-
creasing) recall under System 4 but for decreasing the number of documents
retrieved per search as well. Various changes in search strategy may be de-
veloped to aid in this improvement. The use of relevant documents is such

a method.

Concentrating attention on the three basic systems of 1, 3 and 4,

which one was considered to be better than the other two depended upon the
parameters and goals of CIRCOL, For instance, assuming that great em-
phasis is placed on obtaining the highest possible proportion of relevant docu-
ments, then System 4 would be chosen without regard to the relatively high
number of documents retrieved. On the other hand if only a moderate pro-
portion of relevant documents is necessary, System 3 might be chosen because
of its low level of total retrieval. If both are given moderate weights, then
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System 1 might well prove to be desirable since both recall and total retrieval
levels are relatively moderate values,

Considering the practice of using known relevant documents in order to
improve search capability when an intermediary is used, it would appear to
be advantageous from a cost/effectiveness standpoint to utilize this procedure
in certain cases while not in others. This assumption is made without access
to CIRCOL cost information; however, the cost/effectiveness model in Section
IV demonstrates the procedure for making such a determination. A relative-
ly easy method of determining the need for this procedure is to have the in-
tellizence analyst specify the level of recall his particular search need
requires along with his request. Normal search methods would then be em-
ployed in all cases except those requiring high recall levels. In the latter
case the intelligence analyst would be asked to identify several relevant docu-
ments tc be used by the intermediary in conducting the search. If the in-
telligence analyst is unable to identify any relevant documents the search
analyst could then make a preliminary search and forward a sample of the
output to the intelligence analyst in order to aid in the identification of
relevant documents. This process should yield the desired results. This
procedure is designed for use in cases when an intermediary is employed to
conduct the search. It may also prove to be beneficial, however, to use
basically the same concept to improve recall when the intelligence analyst
himself is conducting the search. By examining several known relevant docu-
ments it is often possible to identify additional terms which had previously
been overlooked and also to focus in on certain concepts which were chosen
during the indexing process. Frequently, the same document may be viewed
differently by indexers and searchers. Examining several known relevant
documents can, if nothing more, serve to assure the analyst that his search
design is progressing as planned and is following the correct path.

At the conclusion of Phase 1 certain hypotheses were formed concern-
ing the failure analysis portion of the study. System failures resulting in
the nonretrieval of relevant documents may be categorized into three groups:

® Indexing failures
® Failures of the search process
® Failures occurring in user/system interaction
Typical errors were, of course, different for the Descriptor System and the

Full-Text Natural Language System.

Several areas of possible failure were hypothesized concerning the
Descriptor System input. One of the largest sources of failure appeared to
lie in the choice of index terms. Other terms were chosen which were
mentioned directly in the document when concepts contained therein were
overlooked. Another area of possible failure was created by the constraints
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imposed by the vocabulary involved and the level of exhaustivity practical
in indexing. An additional source of failure was brought about by the par-
ticular hierarchical nature of the vocabulary, Since narrower terms are
not necessarily contained in broader terms, the burden to choose accur-
ately the level of indexing is difficult for the searcher, Often it was mere-
ly guesswork as to what level of specificity would yield desired references.
No pattern could be found for the choice of a general rather than a specific
term or vice versa. Also the indexing policy followed (noninclusion of nar- ]
rower terms in broader terms) produced cases in which the broader term

carries fewer postings than the narrower term, J

When considering the Full- Text Natural Language System it was
obvious that failures would not include group one (indexing) sources of
error, Most failures resulted from either the search process or user/
system interaction, It was felt at this point that most problems did not con-
cern the latter choice, The largest source of full-text failure generally men-
tioned in the literature involves synonym problems although there may have
been some difficulty caused in this system as well by the hierarchical na-
ture of language, There are many methods of overcoming a synonym prob-
lem, among them being use of synonym or relatea term list generation
(either manual or automatic) and associative retrieval. An automatic cross-
referral list or capability would serve the same purpose, as would a the-
saurus, The burden of synonym choice in a full-text natural language sys-
tem usually rests with the searcher, The choice of leaving this burden to
the searcher may prove to be the best in terms of cost/effectiveness
decision-making

One suggestion for improving the effectiveness and ease of use of
the Full- Text System concerns the output display, Fiequently, a particular
group of abstracts on a printout is extremely long and it proves to be a ted- ‘
ious task to identify portions of interest. A method of overcoming this is
to highlight search terms by using all capitals when these terms appear in
each abstract or title, These terms may be further highlighted by being
printed in the margin beside each line of type which contains the term.

Two capabilities currently not in use which may prove to be ex-
tremely helpful in raising the efficiency of the Full-Text System are posi-
tional modifiers. The capability of searching for a combination of terms
within the same sentence or paragraph instead of merely in a +1 or +2 re-
lationship may prove vital primarily for improving precision, Another fac-
tor which may be important is the degree of accessibility of the full text
for screening purposes, etc,
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2. Phase 2

Phase 2 of the experimental analysis concerned the evaluation of the
two following systems:

® Descriptor or Index System
® Full-Text Natural Language System

Each part of the Phase 2 Design was included in order to analyze some
specific aspect of these systems.

Part A allowed the performance (in terms of recall, total retrieval,
fallout, and precision) of each system to be compared with that of the other
system. This comparison was displayed graphically.

Part B concerned an effectiveness model that enables each system to
be viewed in terms of several alternatives such as employing or not employing
an intermediary (search analyst). A cost model was provided that will allow
FTD to compare the cost/effectiveness of the two systems under examination.

Part C involved the area of recall failure and categorized these fail-
ures into four groups. This provided a basis for further recommendations
for system improvement.

Part D provided the opportunity to analyze the effects of both the
extent of technical analyst experience with the system and the use of known
relevant documents on system performance during the search process.

Part E investigated possible effects of adding such files as Word Form 1
Conversion and Synonym Equivalent on system performance.

For Standard Error estimates of these parts refer to Appendix I.
a. Part A - System Comparison Over Four Levels of Recall

In order to compare the Descriptor System and the Full-Text
Natural lL.anguage System, queries were developed which would retrieve the i
four desired levels of recall (25 percent, 50 percent, 75 percent, 100 percent)
for each of the two systems. This was done by broadening a sequence of
queries to obtain a query progression for each search. After the number of
documents retrieved had been determined (i.e., retrieval size) for each
query and the particular relevant document(s) retrieved from the recall base,
an adjustment formula was applied. This resulted in the estimation of the
number of documents that must be scanned before locating a particular
document. By using the adjustment formula this number may be estimated
from the gross retrieval size and recall figures. Details of this procedure
are shown in Appendix I. A summary of the results is shown on the following

page.
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Recall level2

. 25 50 75 100
Effectiveness

categories

Average .
retrieval 1
size 32 38 72 86 140 157 252 296

Average
precision (%) 41 34 36 30 28 25 21 18

Average
fallout (%) . 0052 . 0068 |.0126 | . 0164 | . 0277 | .0323 |. 0548 | . 0668

The two systems were then compared graphically as shown in Figure 1. It
becomes even more clear that the Full-Text System involved consistently
greater numbers of documents retrieved at any particular recall level than
did the Descriptor System. These increases were not of sufficient magnitude
to be considered statistically significant. The increase in numbers of docu-
ments retrieved was very slight (i.e., six documents), at low recall,
moderate at middle ranges although higher at the highest recall level.

The broad range of results within each recall level is apparent
from the individual retrieval figures given in Table IV. For instance, the
Descriptor System retrievals at 25 percent recall ranged from 0 to 263 and
those at the same level for the Full-Text System ranged from 0 to 144, This
wide range pattern appeared to be consistent for both systems.

Another method of analysis concerning the individual results
involved the cumulative distribution of retrievals within each recall level.
Figures 2, 3, 4 and 5 display graphically the cumulative distributions within :
each recall level for the two systems. Although there was wide variation !
within each level it appeared that both systems were indeed similar at each :
level of recall. There was no wide variation between the two systems with
regard to cumulative distribution at any point. This tended to reinforce the
view that the two systems were comparable with regard to performance.

2Where D
and FT

Descriptor System
Full-Text System
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Table IV Summary of adjusted retrieval* for
the Descriptor and Full-Text Systems

Recall percentage

Search 25 50 75 T 100

D FT D FT D FT D FT

1 2 27 38 76 72 100 286 462

2 263 144 650 | 384 777 483 |l1,003 592

3 0 0 0 0 0 0 0 0

4 0 1 1 2 2 2 4 16

5 126 129 253 172 {1,038 652 {1,697 |1,440

6 2 1 3 3 54 4 305 6

7 76 91 165 181 179 577 250 969

8 3 1 6 3 146 4 285 6

9 7 6 21 13 58 45 97 116

10 5 7 10 14 14 22 19 29

11 1 5 2 1l 2 23 57 41

12 6 4 11 7 17 11 22 14

13 38 58 81 77 100 144 146 221

14 11 16 21 40 101 49 171 70

15 2 3 5 9 17 43 128 213

16 4 12 9 24 13 179 53 632

17 28 44 57 87 72 89 518 91

18 7 10 17 21 20 31 74 40

19 87 122 173 339 260 437 346 383

20 8 9 15 41 23 77 30 104

21 13 85 26 187 105 206 194 285

22 20 8 40 15 60 117 80 317

23 4 35 12 108 18 182 22 254

24 60 119 119 250 220 280 262 298
Retrieval

totals 713 917 11,735 |2,064 ||3,368 [3,757 {l6.049 |7,099

Average

retrieval 32 38 72 86 140 157 252 296

Standarderror] 12.0 11.8 3.5 5.6 17.3 14,7 18.3 02,4

Precision (%) 41 34 36 30 28 25 21 18

Fallout (%) ,0052 [.0068 {[.0126 [.0164 |.0277 |.0323 {0548 [.0669

* where D
and FT

Descriptor System
Full-Text System

B i
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Table V Gross retrieval results for 24 search queries

for Phase 2, Part A

Descriptor System

Full-Text System

Phase Phase
Search| 1 P e 2 guery 1

query 25 50 75 100 @uery
1 3 6 97 187 ¢ 172 11
2 21 503 378 57 144 286
3 4 4 0 0 0 0
4 4 0 7 11 10 2
5 20 353 358 495 11,625 257
6 0 94 4 99 403 6
7 6 150 37 55 57 578
8 8 0 2 274 3 3
9 15 13 29 30 19 52
10 23 0 1 19 44 71
11 55 0 0 2 53 15
12 21 0 2 9 4 17
13 20 74 13 38 73 621
14 14 3 17 173 209 31
15 29 3 3 20 174 9
16 13 3 2 3 72 82
17 55 1 1 29 862 85
18 26 51 1 21 22 40
19 4 765 6 423 428 242
20 3 11 28 34 34 46
21 38 90 6 42 40 276
22 99 19 10 20 116 188
23 10 6 5 50 7 . 240 ’
24 178 1 3 13 125 49 |
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Phase 2 query

25 1 50 75 100
42 69 380 300
9 22 294 25

2 80 0 0
0 0 9 18
5 260 788 790
14 494 383 383
0 271 32 156
0 3 9 0
0 18 45 45
0 0 0 35
162 15 15 20
3 9 11 14

0 114 59 95
9 276 26 25

5 6 63 268
55 35 268 621
2 ;0 2 3
0o : 0 0 71
1,178 , 291 9 651
17 . 46 25 28
169 | 54 60 62
2 . 22 188 211
€9 70T 72
236 26 . 53 | _ 75




A similar analysis was made of the gross retrieval figures as
shown in Table V although the patterns were not as well defined and were
therefore not as visible.

As was the case with the category of retrieval, precision was
consistently slightly higher under the Descriptor System and fallout was con-
sistently lower, However, these differences between the Descriptor and
Full-Text Systems were not great enough to be statistically significant either,

Thus, after investigation of the performance of the Descriptor
System and the Full-Text System in terms of recall, total retrieval, preci-
sion, and fallout, it was concluded that while there were differences between
these two systems, these differences were extremely small and could not,
therefore, be considered significant. For all practical purposes the two
systems appeared to perform in a comparable manner and at a comparable
level,

b. Part B - Stochastic Cost/Effectiveness Model

In order to evaluate various alternative retrieval systems it may
be beneficial to subdivide the cost/effectiveness of these systems into their
basic components that will allow manipulation of certain desired components
in a variety of different combinations. In this model the three categories of
components are as follows:

e User/system interface
® Query/system response
® Screening
There are several possible alternatives within each of these categories,

However, for purposes of this evaluation a limited number are discussed,

The first category (user/system interface) included either the use
or nonuse of an intermediary or search analyst. When an intermediary was
used the interface could be through either written or oral contact.

The second category (query/system response) concerned, first of
all, the choice of either a descriptor or full-text system. Within each of
these there are four levels of operation (i.e., 25 percent, 50 percent, 75 per
cent, 100 percent recall) and four associated fallout ratios under each system.

The third category (screening) included the choice of screening or
no screening. Under the screening alternative comes the choice of screening
representation to be used such as title and topic tags, or title and abstract
and either loose or tight screening on each. Loose screening referg to a
tendency on the part of the screener to pass nonrelevant information in an
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attempt to prevent the withholding of possible relevant information. In cases
where there was doubt as to the nonrelevance of an item it would be allowed
to pass the screener. Tight screening refers to the opposite strategy. In
cases where doubt exists as to the nonrelevance of an item the screener
would not pass the document. Tight screening occurs where there is a desire
to reduce the number of documents to be scanned by the user even at the cost
of withholding some relevant information.

Table VI shows the effectiveness probabilities that formed alter-
natives to be used in the model. For a detailed discussion of the model and
its use refer to Section IV. Also in Section IV is an associated cost
model3 which is included for FTD use. The sample cost figures are partly
hypothetical and are intended for demonstration only.

Three types of intermediary between intelligence analyst and
query formulation were considered: (1) no intermediary, in which case the
analyst wrote the query himself, (2) telephoned request to an intermediary,
and (3) written request to an intermediary. The four levels of recall, 25,
50, 75 and 100 percent were considered and five types of screening:

(1) loose screening on abstract and title, (2) tight screening on abstract and
title, (3) loose screening on title and topic tags, (4) tight screening on title
and topic tags and, (5) no screening. The results gave a total of 120
combinations for each system.

A few sample results are shown in Table VII.

Using the same alternative combinations, and combining both
Descriptor and Full-Text Systems to create a hypothetical system more
nearly comparable to CIRCOL at present, we find that recall remains the
same while retrieval increases dramatically. For other alternative combina-
tions the situation may change.

c. Part C - Recall Failure Analysis

In evaluating and comparing information retrieval systems two
types of data must be analyzed. The first of these involves performance
figures and the second search failures. It is this latter group that is
considered in this section.

In general there are two types of search failures: (1) recall fail-
ures and (2) precision failures. Only recall failures are analyzed at this point

3

Donald W. King and Nancy W. Caldwell, Cost Effectiveness of Retrospective

Search Systems, American Phychological Association, March 1971.
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Table VI Summary of effectiveness for various
system alternatives

a a
P(Cr/Vr) P(Cr/VF)
1. none . 985 . 0000011
Intermediary 2. oral contact .975 . 0000017
3. written contact .950 . 0000034
b b
P(Rr/Cr) P(Rr/C‘F)
level 1 .25 . 000052
. level 2 .50 . 000126
Descriptor .
level 3 .75 . 000277
Query/System level 4 1. 00 . 000548
Response level 1 .25 . 000068
Full-Text level 2 .50 . 000164
level 3 .75 . 000323
level 4 1. 00 . 000669
P(Srl Vr) P(Sr/V.P_)
1. loose . 8127b . 28’.’1b
Titles and abstracts c c
" . 2, tight . 9405 . 0051
Screening a d
Titles and topic tags 3. loose .3495C . 1858C
4. tight . 2322 . 0033
descriptor 1, 000 1.000
none 5.
full -text 1. 000 1. 000
Where: a Donald W. King and
b Nancy W. Caldwell
= 5 .
X1 365, 000 documents Cost Effectiveness of
X, = 50, 000 searches per year® Retrospective Search

2 Systems, American

. . Psychological Asso-
= f it 8 retri d per search ;
X3 = number of items retrieved per searc ciation, March 1971,

CIRCOL study

=3

X4 = number of items mailed per search ¢ P. Atherton, unpublished
X5 = 2, 200 terms in authority list report on evaluation of
document representa-
tions
d estimated by combination

of notes b and ¢
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Table VII Sample system alternative combinations

using effectiveness model

Number
Number non-
Alternative relevant relevant Recall Fallout Precision
combination documents (%) (%) (%)
. documents
retrieved .
retrieved
Descriptor
System
%*
125 25 47 50 .0126 35
225 25 46 50 .0126 35
325 25 47 50 .0126 35
Full-Text
System
125 26 60 50 .0164 30
225 26 60 50 .0164 30
325 26 60 50 .0164 30
Both systems
combined
125 26 124 50 .034 17
225 26 124 50 .034 17
325 26 124 50 .034 17

*The first digit corresponds to intermediary (1-none, 2-oral, 3-written);
the second digit indicates Query/system response (recall level .25, .50,
.75, 1.00); the third digit indicates screening mode (1-TA loose, 2-TA
tight, 3-TT loose, 4-TT tight, 5-none),
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due to the nature and availability of the necessary data as well as the relative
importance of the two factors.

Although the causes of recall failures (nonretrieval of relevant
documents) will vary from system to system and time to time, it may prove
helpful in comparing two systems to categorize these recall failures and ana-
lyze possible consequences and methods of improvement.

The various sources of recall error are not distinct but are over-
lapping and highly confounded. Therefore, it is necessary to utilize fairly
general categories in order to conduct any reasonable analysis.

For each failure it is necessary to examine the following material:

e the full text or abstract of the documents designated
as relevant by the technical analyst prior to the actual
search

® the assigned index terms for this document

® the request statement or technical analyst's statement
of need

¢ the search formulation upon which the search was
conducted

In evaluating recall failures of the Descriptor (Index) System and
the Full-Text Natural Language System, search queries were formulated
under both systems for 30 requests as part of Phase 1. At that timg recall
(proportion of relevant documents retrieved) estimates were calculdted for
each query through the use of a recall base designated by the request origina-
tor. For each query the portion of the appropriate recall base that was not
retrieved by that query is known. Also which documents make up ‘that portion
of the recall base is known. Each query then may be examined in association
with its unretrieved portion of the recall base in order to determine the
reason(s) for failure to retrieve the relevant documents. This examination
is carried out separately for each query, independently for each of the two
systems.

In assigning individual recall failures to the various categories,
an attempt was made to determine the basic underlying cause of the particular
error. Some instances were encountered that involved more than one source
of failure. For a small proportion of these cases it would have been impracti-
cal to attribute the failure to only one of two failure categories; therefore,
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the failure was divided equally between the two categories with one-half of the
failure attributed to each. 4

(1) Descriptor System failure categories

The five broad categories of recall failure that were used
for the Descriptor System involved failures revolving around the:

® Index Language

e Indexing Process

e Searching Process

e User/System Interaction, or
¢ Other

The first category (Index Language) encompascses such
factors as:

e Inadequacy of hierarchy
e Lack of specific terms, and

e Lack of appropriate word endings (WFC File)

The second category (Indexing Process) involves:
e lack of specificity

® TLack of exhaustivity

® Omission of important concepts, and

® Use of inappropriate terms

Category three (Searching Process) includes:
e Failure to cover all reasonable approaches
¢ Formulation too exhaustive, and

e Formulation too specific

The fourth group (User/System Interaction) concerns only
that portion of the written request statement which relates to the interface
between user and system intermediary or search analyst. Failures included

4F. W. Lancaster, Information Retrieval Systems, John Wiley & Sons,

1968. p. 134
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in this group indicate that the user's request statement was in some way
different from his actual need. In other words, the request statement was
either too broad, too narrow, or imperfect in some other respect.

Other failures arose primarily from clerical or keyboard-
ing errors.

(2) Full-Text Natural Language System failure categories

Four broad categories of recall failure used in evaluating
the Full-Text Language System involved:

® Synonym Failures

® Searching Process

® User/System Interaction, and

¢ Other

The first category (Synonym Failures) is roughly analagous

to the problems associated with indexing under a descriptor system and in-
cludes:

e Failure to retrieve a related or similar term
as well as usual synonyms

® Failure to retrieve various term endings (WFC File)

These failures are attributable to the Full-Text System.
The searcher did not cover all possible approaches (i.e., consider all syn-
nyms or word forms); however, it is felt that more beneficial analysis may
be gained from treating this as a separate category rather than including

these failures under the Searching Process category of ''failure to cover all
reasonable approaches'.

The second category (Searching Process) is composed of
the same three failures as under the Descriptor System:

¢ Failure to cover all reasonable approaches
® Formulation too exhaustive, or
¢ Formulation too specific

The third category (User/System Interaction) concerns, as
previously, the written request which formed the interface between user and
system intermediary. Failures in this category indicate an imperfect request
statement.

Other failures concern clerical or kevboarding errors.
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Since there may be some degree of ambiguity associated with the
terms used to describe the various categories of recall failure it should
prove beneficial for total understanding of the analysis to give examples of
specific failures under each category. Following is a brief list of examples
taken from the CIRCOL System:

Index Language

® Endings (WFC file) - lack of such terms as
"sustaining' although the dictionary includes
"sustained'" and "sustainer"

® Lack of specific terms - no term for "'omegatron' |

® Inadequate hierarchy - lack of further breakdown of
such categories as ""VSTOL aircraft" into such
narrower terms as ''G222", ''Fiat", or "G91ly".

Indexing Process

® Lack of specificity - document indexed under the term
"jet engine" when document refers to "air-jet-e