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SUMMARY

The test results are presented for a number of different index languages
using various devices which affect recall or precision. Within the environ-
ment of this test, it is shown that the best performance was obtained with
the group of eight index languages which used single terms. The group of
fifteen index languages which were based on concepts gave the worst perform-
ance, while a group of six index languages based on the Thesaurus of
Engineering Terms of the Engineers Joint Council were intermediary. Of
the single term index languages, the only method of improving performance
was to group synonyms and word forms, and any broader groupings of terms
depressed performance. The use of precision devices such as links gave no
advantage as compared to the basic device of simple coordination.

All results have to be considered within the context of the experimental
environment, but they can be said to substhntiate or clarify many of the
findings of Cranfield I. It is conclusively shown that an inverse relationship
exists between recall and precision, whatever the variable may be that is
being changed. The two factors which appear most likely to affect perform-
ance are the level of exhaustivity of indexing and the level of specificity of
the terms in the index language. For any given operational situation, the
optimum levels cannot be categorically stated in advance, but can only be
determined by an evaluation of the system, the main consideration probably
being the subject field.

it would be unusual if the characteristics of the subject field used for
this fest were such as to make it unique, so the high performance obtained
with the single terms in natural language can be considered to be of some
importance in regard to the use of natural language text as input to
mechanised systems.






PREFACE

it was intended that this should be the final volume of the Report on
Crantield II. This may still be the case, but as the resulis were being
prepared for publication, we were continually aware of the gaps that needed
to be filled. The delay in the appearance of this volume is partly due to
attempts to obtain some of the missing data, but a great deal still remains
to be done. The detailed analysis of the reasons for failure to retrieve
relevant documents or for the retrieval of non-relevant documents was
an important part of Cranfield I, but so far in this project it has only
been attempied in a superficial manner. It is most desirable that such
analysis should be done, the more so because of the completely unexpected
test resulis.

To the acknowledgemenis already made in Volume I, I would also wish
to include Professor Salinn and Professor Wilkins., It was a most happy
charnce that the National Science Foundation should fund two projects which,
when they started, appeaved to have quite different objectives, but which,
as they progressed, were seen to be closely related. Cooperation with
Professor Salton has enabled us to go much further than would otherwise
have been the case, and I am most grateful for his continued assistance
over the past two years and for providing data on his work which we have
been able to present briefly in this report.

It was on the recommendation of a colleague that I read 'Social
Deviance' by Professor L.T. Wilkins, Although dealing with a different
subject, the author's opinions on what should be done in his particular
field were entirely in line with my views on what is required in the field
of documentation. For his agreement to allow me to include a series of
short extracts from his book, I am most grateful to Professor Wilkins.

Cranfield Cyril Cleverdon
Diecember 1966
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CHAPTER 1

Introduction

_If two sclentisis disagree on any issue, and the issue
ie within the ambit of science, then it must be possible
for them to agree on a procedure which they can both
accept as a critical test of their points of difference.
For reasons of personality they may not be able fo get
together to work ocut such a test procedure, bui it must
exist as a possibility. If such a critical test cannot
be imagined as possible, then the issue between them is
not a scilentific issue. The scientific method does
not vary with the subject-maiter, but is the same
irrespective of ite resulis and basically the same in all
the sciences.,

L.T. Wilkins: Social Deviance, page 4.

In reviewing the final report on Cranfield I, N.D. Stevens (Ref, 1}
described it as being ‘extremely complex'; even after ‘several careful
readings' he found parts of it 'still bewildering', and said that ‘thers are
g0 many side issues that the author neglects the clear and detailed
presentation of the main headings; the reader finds himself sidetracked
by these, or other interesting diversions'. Since this reviewer waz
by no means the only person who made such comments, it has been
our particular endeavour in this report toc make guite clear what has
been done, how it has been done and what hae been the outcome, even
though at times this has lead to what some people may consider undue
verbosity and repetition.

In one respect, this project is easier to report, for, being in a
more concentrated field, it does not raise many of the side-issues -
such as indexing times, indexer qualifications, etc. - which came up
in Cranfield I and which were sufficiently interesting to sidetrack the
reader., On the other hand, to those who have been involved in Cranfield
iI, the earlier project seems to have been child's play to what hae now
been attempted, and the complexity of the present work is inevitably
reflected in what has tc be reported. To those readers who, like ourselves,
tend to view with dismay the many papers on information retrieval which
congist substantially of some twenty pages of mathematics, we can only
apologise that it has become necessary to introduce a number of equations
into this volume. However, it ig certain that there is no mathematics



skipped by those who are not closely concerned with the particular
problem of performance measurement. Important though the work in
thig Chapter is felt to be, yet the arguments may well be of marginal
interest to many readers. At the begidning of Chapter 4, which presents
the main set of test results, full information is given concerning the
performance measures which are actually used; Chapter 3 explains in
some detail why those measures were selecied in erence to olher
sgible measures. '

Te a lesser extent, the same is irue of Chapler 2 which discusses
st length the variables which were balng investigated and the environment
in which the test was carried out. Again, we have iried {o make
Chapter 4 complete in itgelf in that such mattere ave briefly recorded
therein. Only if the reader is puzzled as toc why such seemingly
unnacessarily tortuous actions have been taken, need he refer to Chapter
% to find the possible justification.

The test resulis presented in Chapter 4 make up the main bulk
of the report. Some may cavil at the way in which, at the slightest
provocation, we include plots of the resulis. Undoubtedly these add to
the bulk, but we can only hope that they will allow readers more guickly
to get & general idea of what has been happening. The following chapter
presents substantiaily the same set of results in a simpler but probably
more controversial manner. In Chapter 6, extracts have been taken from
the main test results and presented in such a way ae to illusirate different
aspects of the investigatioun.

to the main test was an attempt to make a comparative
ion indexing and bibliographic coupling. While there
should be no 18 problems in making such an evaluation under
tional conditions, the value of testing this form of index in an
cial environment appears dubious, However, with considerable
reservations the results are given in Chapter 7,

Subsidie
evaluation of

Up to this stage the results have been presenited without any
attempt being made to draw conclusions., All such have been relegated
to the final chapter of this volume, in which an attempt is also made
to relate the resulis to other investigations in this field.

There is one general apology that should be made and that is for
the introduction into this report of yet more jargon., Many terms first
used in reporting Cranfield I now appear {o have gained general acceptance,
but it is unlikely that such phrases as 'maximum starting term coordination
level method! or ‘proporvtional coorvdination level method' will crop u
very frequently in the literature - and we certainly hope they won't - but
it has been necessary to find terms to describe certain procedures so that,
in reports of other tests, one has a chance of knowing which of several



possible methods has been used. We can only plead that we have not

- as some apparently delight to do - concocted new terms to describe
measures or methods when ‘existing terminology has already appeared
in the literature. If we have offended in this way, it was unintentional
and we hope that our attention will be drawn to any lapse.  The only
case of which we know is where a term has been changed from that
used in Volume I. The term ‘generality ratioc’ has been dropped in
favour of 'generalily number?'., It is hoped that the argument in Chapter
3 will provide the reasons for this change. '



CHAPTER 2

Test Environment

Comrmunication is the means which enables sgociety to
adjust itgelf to alterations of technology and education
and other social changes. The scientific method can
offer no grand vision, no globsl strategy, no panacea.
It will never be possible to demonstirate thal anything is
abgolutely righi or even con tely scientifically true.

1.7, Wilkins: 8Social Deviance, page 28,
# & =1

In the first volume were considered the general plan of the test
design, the variables that were to be investigated and the methods to be
used. In the course of the project, changes were made regarding certain
details, and this chapter presents the environment in which the iesting was
zctually done.

While an information retrieval system may be defined in its scope
as ‘all stages from the receipt of & document within a system, to
making of thet document {or a representation of it} available to an enguirer’,
not all these stages have been included in the investigations in the present
project. The central concern was the effect of index language devices on
the operational performance, but in addition a number of other variables
or factors have been included for various reasons. In order to clarify
later discussions, a breakdown of an indexing system into four main
groups is suggested, namely environmental factors, sofiware factors,
operational factors and hardware factors {see Fig, L)

8]
i

The environmental factors relate to the environment or conditions
in which a given system has to operate. Four general factors are given,
and, in the case of an operational system, they are all determined to 2
great extent by the needs of the user group which the system exists io
serve, ‘The subect field, the questions asked and the relevance needs
directly depend on the users, while the collection size will be determined
by the management largely in relation io user needs. However, for an



ENVIRONMENTAL FACTORS

SUBJECT FIELD; precision of terminology, overlap of terminoclogy with other
fields.

COLLECTION SIZE; Number of recognisable subiect fields.

QUESTIONS ASKED; Broad survey, specific request, etc,

RELEVANCE NEEDS; graded decisions.

SOFTWARE FACTORS

CONCEPT INDEXING; level of exhaustivity.
INDEX LANGUAGE; hospitality for specificity and provision of devices.
SEARCH STRATEGY; flexibility to vary exhaustivity and specificity.

OPEBATIONAL FACTORS

SUBJECT COVERAGE

TIME; indexing and searching,

EFFORT; intellectual and physical,

PERSONNEL; indexers and searchers, qualifications and performance,
CLERICAL ROUTINES

RETRIEVAL PERFORMANCE

HARDWARE FACTORS

TYPE OF STORE

INPUT

EXPANSION CAPACITY
UPDATING ABILITY
PHYSICAL FORM OF OUTPUT

FIGURE 2.1 MAIN FACTORS IN AN INFORMATION RETRIEVAL SYSTEM



experimental test a sel of environmental conditions bas to be created,
and some of those are inevitably, to a greater or lesser extent
artificial.

The software factors relate o the intellectual design of the
storage and retrieval paris of an indexing system. The three main
software faciors are all the subject of management decisions in a given
situation, and such decisions are always centred {although often
unconsciously) on the twin parameters of exhaustivity and specificity
{defined and discussed in Ref. 2},

The operational factors are concerned with the rouline operation
of a system, i.e. all the processes reguired to make documents available
to enquirers when the system has been set up. The factors in Fig., 2.1
are not intended to be an exhaustive list, but are given to illustrate
the range of operations involved. Any basic evaluation of such factors
is complicated by an infinite number of possible compromme% between
the least effort and the best guality, with both effort and quality being
subjective notions notoricusly difficult to measure,

The hardware factors refer to the purely physical aspects of system
gperation that involve man-made entities, A brief and incomplete
listing of five items ig given,

if one considers Cranfield II within this framework, it can be seen
bagically to have investigated the software factors, in the context of
& laboratory situation in which the environmental factors and operational
factors have been strictly controlled. Hardware factors have beéen ignored
because, in this investigation, the measurements are being made on those
software factors which are quite unaffected by changes in hardware. The
operational factor of retrieval performance is the main measurement made,
and defails of how this is done are given in Chapter 3. In the artificial
environment created for the test it was found that a limited set of changes
could be investigated; these included several sets of questions picked by
different criteria, relevance judgemenis made in four different grades,
collections of three different sizes and tests in iwo velated but different
subject fields.

Software factors

The software factors examined in ihe este will be described and
discussed first. A simplified table (Fig. 2.2} &h@ws the variables that have
been examined, listed under the three ma]oz" factors of indexing, index
languages and searching.



CONCEPT INDEXING

1. Manual indexing, at three levels of exhaustivity
2., Natural language abstracts and titles

INDEX LANGUAGES

1. Single terms

2. Simple concepis

3. Controlled terms

4, Abstracts and titles

5. Hecall devices
a. BSingle term indexing, eight languages
b. Simple concept indexing, f{ifteen languages
c. Controlled term indexing, six languages
d. Abstracts and titles, four languages.

6. recision devices

Single term indexing, four types
Simple concept indexing, one type
Controlled ferm indexing, two types
Abstracts and titles, one ilype

oo ooy

SEARCH RULES

1. Coordination levels, all possible levels
2. Combination rules, six iypes.

FIGURE 2.2 SCFTWARE FACTORS EXAMINED IN TEST

Concept -indexing

The manual indexing carried out on the document collection is
described in Chapter 4 of Volume i, and this constituted the main body
of data tested; of particular importance was the fact that three levels
of exhaustivily of indexing were distinguished. The results of this variation
in exhaustivily have been evaluated on the single term languages, but not
on the simple concept or comirclled term languages., In addition, Professor
Salton prepared {with the SMART programme) a KWIC type index of the
titles and abstracts of 200 documents {subset 1); in this connection
abstracts and titles can be considered as variant forms of concept indexing,
and the test searches which were made enabled direct comparison to be
made with the manual indexing carried out by the project staff.

Data concerning the usage of terms in the single term language is
given in Fig. 5.1 of Volume 1; some additional information on ferm
usage is given in Fig. 2.3 in relation to the simple concept and conirolled
term languages, the average postings per document being 18 and 24
respectively, Pig. 2.4 gives similar data for the abstracts, with the
average postings of key terms being 74. This latter figure is not strictly
comparable, since the same word may be ‘posted' several times for the
same document,



SIMPLE CONCEPTS

Collection size 200 documents
Total terms in vocabulary 2,798
Average posting per document . 18

CONTROLLED TERMS

Collection size 200 documents 350 documenis
Total terms in vocabulary ‘816 085
Farme in E.5.C. Thesaurus 684 837
Additional terms 122 158
Added lsad-in vocabulary terms 1,285 1,514
Average postings per document 24 24

FIGURE 2.3 DATA CONCERNING USAGE OF TERMS IN SIMPLE
CONCEPT AND CONTROLLED TERM INDEX LANGUAGES

COLLECTION SIZE 200 asbstracts
Total postings of all words 33,042

Total postings of words less

those on restriction list 14,783

Distinet words on restriction

list 204

Distinct words not on restriction

list 3,123

Average postings of all words

per document. 165

Average postings of words not
on restriction list per docu-~
ment 74

First ten terms ranked by usage FLOW
NUMBER
MACH
PRESSURE
RESULTS
WING-
EFFECTS
SHOCK
BOUNDARY
LAYER

FIGURE 2.4 DATA CONCERNING USAGE OF WORDS IN ABSTRACTS



Index languages *

As described in Vol. I, Chapter 5, the languages tested fall inio
three main groups:

1 Single Terms, with the base being the natural language concept

indexing split into unit terms,

1I Simple Concepis, with the base also being the natural language

concept indexing, with some of the more complex pre-coordinated concepis
split into simple concepts, )

11 Controlled Terms, with the base being the controlled vocabulary
derived from the E.J.C. Thesaurus, and indexing performed by translating
the natural language concepts into the conirolled vocabulary.

In defining any particular index language, these three main types
will be dencted by the Roman numerals I, II and III; the various seis
of recall devices iested are denoted by Arabic numerals and the
precision devices by lower case letters.

Recall devices

The starting point of each series of tesis is the use of the basic
terms as indexed. PFrom this base, various recall and precision devices
are added, both separately and in different aggregates. In the single term
languages, four different recall devices were tested, namely control of
synonyms, confounding of word forms, control of guasi-synonyms and
control of clusters of terms by means of reduced vocabularies based on
hierarchies. A tiotal of eight aggregates was tested, and a free diagram
giving details of the eight languages is given in Fig. 2.5.

1.1
NATURAL LANGUAGE

1

.2
I.1 + SYNONYMS

N

I
1.7
I.2 + FIRST HIERARCH-

1.1 + WORD FORMS ICAL REDUCTION

1.3 E
|
1.5 ,
1.2 + QUASI-SYNONYMS

1.8
1.7 + SECOND HIERARCH-
ICAL REDUCTION

i.8 I.¢
+ 1.5 1.8 + THIRD HIERARCH-
ICAL REDUCTION

FIGURE 2.5 SINGLE TERM INDEX LANGUAGES
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From this it can be seen that quasi-synonyms were tested together with
synonyms, and that synonym control was also the base from which the
three levels of reduction by hierarchy were tested,

The recall devices tested with the series of simple concept
languages were the most comprehensive investigated. They involved
one alphabetical and seven hierarchical devices, in fifteen different
aggregates as shown in Fig. 2.6 (discussion on the hierarchies used and
the rotated alphabetical list of concepts was given in Veol. 1, pages
74-83). It should be noted that recall devices 12, 13, and 14 of Fig, 2.6
involved the use of the complete classes of terms in the various
hierarchical reductions, but, with the other languages, selections, based
on intellectual decisions, were made from the various classes,

I 1
CONTROLLED TERMS
]
[ | !

III. 2 I 3 II1. 4
NARROWER III.1 + BROADER III.1 + RELATED
TERMS TERMS TERMS

\/ ‘ //

I1I1.5
1.2 + 1I1.3

1.6
I1.4 + .5

FIGURE 2.7 CONTROLLED TERM INDEX LANGUAGES

With the controlled terms, six index languages were tested, These
consisted first of the basic terms, followed by the three classes of related
terms as used in the E.J.C. Thesaurus {i.e. broader terms, narrower
terms and related terms). In addition, two aggregates were tested; the six
languages are listed in Fig. 2.7.

Precision devices

All the languages mentioned were tested for recall without any
precision devices; this involved searches which accepted any one single
term in the question. The fundamental precision device of coordination wasg
also investigated in every test made, and all the basic tables of resulis
in Chapter 4 show the coordination level in the rows of the tables. Two
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additional precision devices were tested on the single ferm languages,
namely partitioning and interfixing, as shown in Fig. 2.8,

a
COOR DéINA TION
?',
b ! !
a + PARTITIONING a + INTERFIXING a + WEIGHTING
e, - e
MNN%J%M M&»«MMM
M“N&”"Mﬂ
d
b+ ¢
PFIGURE 2.8, PRECISION DEVICES

No precision devices other than coordination were tested on the simple
concept languages. The device of weighting was tested on the controlled
terms. In this weights are assigned to the search term and a match sought
with the weights assigned to the terms in indexing.

All the index languages tested may now be specified; for example
I.2.a represents Simple Concept Index Language (II}, with the recall
device of Synonyms controlled (2}, and coordination (a) as the precision
device. The code for Single Term Index Language, with the recall
device of Quasi-synonyms and the precision devices of partitioning and
interfixing would be 1.5.d.

Search Hules

In the search programmes for the gquestions tested an exhaustive
extraction of all the possible notions contained in each question was made
in the natural language of the questions as they were received, All these
notions were included in the search prescription initially prepared for
the three main index languages. After the basic guestion terms had been
recorded, all the additional terms included in a logical sum relationship
were pre-formulated by the very structure of the various languages already
described. ¥For example in Question 61 'Are there any papers dealing with
acoustic wave propagation in reacting gases'. The terms underlined made
up the search prescription, and these terms, azs they are, were used for
Index Language I.1. ¥or Index Language 1.2, Synonyms controlied, reference
to Appendix 5.2 of Vol. I shows that the term Sound is now combined with
Acoustic, For Index Language I.3 Word endings, the term Acoustically is
combined with Acoustic; Waviness and Wavy are combined with Wave and there




are similar groupings for the other terms.

For Index Language 1.5,

Quasi-synonyms, the term Sonic is combined with Acoustic, and Reaction
now forms a group which includes the quasi-synonyms Energy, Force,

Action, Behaviour, Kinetic, Response.

With Index Language 1.7, 1.8 and

I.9, the groups for each starting term are determined by the decisions
taken in the compilation of the single term hierarchies as given in
There is nothing to add regarding the
search prescription, for it was the search rules that were capable of
variation; this could be achieved by varying the coordination level or by
selecting acceptable combinations of the search terms.

Appendix 5.3 of Volume I.

As has been noted, all possible levels of coordination (logical product)
were investigated at every stage, and therefore the effect of any rules
that might be postulated concerning a minimum coordination level that

would be acceptable can be seen from the tables of results.

For instance,

if a question had six terms, then the results would have been recorded

for a search made with all six terms, then for a search with five

terms, then with four terms and so on down to a single term search. No
test was made in which the searches of a set of questions either commenced
or were terminated by a subjective decision that varied from question to

question,

The wmain variations introduced as search rules concerned the

combinations of terms that were accepted.

given in Fig. 2.9.

TYPE A

Any combination of
terms altccepted

The six wvariations tested are

E

TYPE B

Single terms grouped
into concepts, and sub-
ordinated terms not
accepted without their
basic. terms.

FIGURE 2.9

TYPE C

selection of terms
made from original
question, any combin-
ation of the selected
terms accepted.

TYPE D

Specified combinations
of the selected iterms
demanded.

SUMMARY OF SEARCH RULES

TYPE E

Sets of specified
combinations

demanded at each
coordination level

TYPE F

Matching demand in
terms of language 1.



In gearch Type A, any combination of terms was always accepted, without
regard for the cases where some combinations sccepted might be
meaningless. TFor example, consider a guestion with the search terms
Methods, Testing, Analysis, Investigating, Static, Dynamic, Stabiliiy,
Characteristics, Re-entry, Body, Free, Flight, Tests., At, say,

a coordination level of four, any combination of these search terms would
be accepted, such as Methods, Static, Re-entry, Free. This is only
one of many non-sensical combinations of the search terms at this

level of coordination. The use of this search rule for investigating
nearly every other variable was adoplted, since it could be applied with
equal consistency to all the different languages, with the exception of

the tesis of the precision devices of partitioning and inter-fixing on the
single temn languages. For these testz it was fell that a ceriain amount
of intellect should be put intc the search rules, and this consisted of

a rule {(Type B} which did not permit ‘subordinate’ terms to be accepied
unless the associated 'basic' terms was present. The distinction betwesen
basic and subordinate terms became apparent when the single ferms of the
search gquestions were grouped into concepts, prior to the test of inter-
fixing. In the example mentioned there are certain concepis that would
emerge, such as Static stability characteristics, Re-eniry body, Methods
of testing. Basic terms in these concepts might be Stability, Body and
Testing, for these iferms are wmeaningful on their own in the context

of the search guestion. Therefore Search Rule B would require, for
instance, that Re-eniry would not be accepted unless Body was also
present, nor would Static be accepted unless Stability was present, The
itmportance of adopting this rule before making a test of interfixing is
that at least two terms from a concept must be present for interfixing

to be tested. If, in the indexing of a document, the two single and
separate terms Static and Stability appeared, and the demand for inter-
fizxing was added, if they were not interfixed then only one of the single
terms could be accepted {which would have to be Stability to accord with
Search Rule B). Without Search Rule B the single term Static counld

be accepted in this case, or in a case where Stability did not occur at
all.

Searches C and D were carried out on the single term index languages,
and represented an attempt to discover the effect of including more
intelligence in searching. The first stage, Search C, involved making
a selection of the original starting terms taken from the search gquestion.
This was to eliminate from the search prescriptions certain terms such
ags Problem, Applied, Variation, Influence, Solution, Comparison,
Determination, Effect, ete. This search rule was tested on a set of
twenty questions, all of which originally had seven starting terms; the
selections made resulied In a range of from two to six of the terms,
with the average being 4.1. In using these selected sets of search terms,
any combination of these was still accepted, as in Search A.

Search D used the sgelected search ferms of search C, and made strict



restrictions concerning the actual combination of terms that would be

accepted at every coordination level, so as io eliminate the non-sensical
combinations.

The most satisfac mry and a::“mfuuy applied seavrch rules werve

applied to the controlled language tests, since it was thought that
intelligence in S€Adf"‘ﬂvn{.) uld be H st tested on an index language that

glﬁza had an average degree of intelligence used in s formulation. This
s Search E, where all the combinations of accepiable terms were individusily

selected for each coordination level. It was usual {5 accept a "nunmm* of

3
such corabirn ammw, with the object of retaining as many of th
documents as possible. This search rule was applied e
term index ?a:gla: (Iff.1 - II1.8) both with and without the p“«@-msmﬁ
device of weighting. The sets of acceptable combix mte@m’; were formulated
on the basgis of the stax fc& rms of the qu&*“‘"mn and thus the use of
Seavch B in festing languages other than 1111 {Bas i:* terms} may have
resulted in a poorer performance for the languages than is theorelically
possible; the reason for this is that the grouping of a number of terms
in the later languages might resull in non-sensical combinations of terms.

(m;
o
o
[81+1 J}

One further additional rule designed to be used with the varicus
recall languages was iried. This was Search Type ¥, also carried out
on the controlled termu index languages III.2 to III.6. The reasoning
behind this search was that in all previous rules tested, the terms that
actually made a maich between a document and search prescription were
all treated ‘equally’. For example, if two documents had a match of
five terms with a gquestion using the controlled term index language 111,52
{related terms), no distinction would be made between a document which
actually had four starting terms, and PN 8@ yrelated term, and a second
document which was matched only by related terms, without a single
gtarting term. The first document clearly represents a closer match
with the search prescription, and it might generally be assumed that
a starting ferm match is more desirable than any related term match.

In Search ¥, a record was made of the number of starting terms that
came up in a given match, and was done with the rules of Search ¥ in
use, This was used to make up sets of resulie with a given minimum
match demanded, and results will be given for controlled term languages
1.5 and III.6,

Document relevance

Before demonstrating the form of the resulis obtained when these
variables are tested, a single environmental variable will be mentioned.
This is the variation made in document relevance, rvesulting from the scale
of four grades of relevance that was followed by the guestioners in
assessing the relevant documenis {ses Vol I, p.21}. In finding the
effect on retrieval performance of these decisions, four sets of results



were obtained, comparing first a set of questions when only relevance

1 documenis were accepied as relevant, then with documents of relevance
1 or 2, next with documents of relevance 1 or 2 or 3, and finally with
documents of relevance 1 or 2 or 3 or 4. Apart from the particular
test to measure this variable, the broadest relevance decision, namely
1 - 4, was always used in other tests.

T

The Composite Table

Some idea of the volume, variely and cowmplexity of the fesis
ried oul can be ssen from the composite table, {(Fig. 2.10) which
gives results for various combinations of six variables tested on the sin
index languages 1.1 to 1.6, The basic set of questions used is
subget 1, which has 35 guestions, each having seven starting terms,
but some of the results are based on two selections ol these, namely
19 guestions of subsget 4 and 20 questions of subset 8. Four of the
variables are listed at the head of the table, and the other itwo al the
eft side; the table divisions consist of the following factors:-

gle

D
i

-

1. The coordination level varies from 1 to 7, which would result
in seven main sections of the table. However, due to
problems of preseniation in this report, the table is truncated
by the omission of the figures relating to the first three
levels, so that it only presents four main sections covering
the coordination levels of 4, 5, 6 and 7.

. Four seavch rules (A,B, C and D) are next varied, and are
applied in order of increasing intelligence within each
coordination level.

3., The precision devices {a, b, ¢ and d) are recorded next, with
mosgt resulis using no linking devices, apart from the three
columne near the centre of each section.

., The final factor at the head of the iable is document relevance,
withh the three higher grades listed first, followed by the
lowest grade used for all subsequent combinations {1, 1-2,
1-3, and 1-4),

5. The rows are firsi divided into five, representing the index

languages 1.1, 1.2, 1.3, 1.5 and L.8.

8. The final variable is indexing exhaustivity, the three levels

being repeated as divisions of each index language in turn,

[

128

The meaning of the codes used in this table has already been
described earlier in this chapler.

The search resulis are shown as percentages for recall and precision.

Thus each set of recall and precision devices can be undersicod by
exsmining the columns above, and the row to the left of a set of ratics,
and then reading off the particular combination of variables being tested.
For example, if the first section of the table as printed is examined
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R = RECALL RATIO, P =
{Performance figures are expressed as percentages)

PRECISION RATIO

Co-ordination 4+
Search Rules A ) B M Ciug B
Precision 7{ ]
Device a b c . d a |
: |

Document ) . . i
Relevance 1oy i-e 1-3 I-s
Recall | Exhaus-
Device | tivity "R PR PR P B PIRBRP RPIRPI RP{R P RP
1.1 i 28 2] 25 8, 17 1 19 24

2 44 1{ 85 5 28 104 30 15

3 44 11 38 41 33 10 33 14| 28 23 20 26| 19 32| 12 31| 28 28 21 58
1.2 1 28 2, 25 8 17 161 18 23

2 50 1, 37 5{ 30 101 31 i5

3 50 10 39 4! 34 10 35 13! 29 21 21 23 19 32| 12 31, 28 30
i.3 i 30 3 30 9] 20 16 21 23

2 56 1] 41 5! 33 10, 33 13

3 58 1 43 41 37 8] 36 11| 33 15| 24 24| 22 24| 15 29 "33 24
1.5 1 39 1 27 4] 23 9] 25 14

2 56 1, 41 2| 36 5| 38 7

3 58 11 44 2] 42 41 44 6] 40 8| 27 12| 26 11| 18 35‘ 38 14
1.6 1 44 1 32 4| 24 26 12

2 56 1] 42 21 37 4| 40 6

3 56 17 47 1| 44 45 5| 44 7| 30 11| 20 11] 21 15] 40 11| 27 54
FIGURE 2.10a . THE COMPOSITE TABLE. COORDINATION LEVEL 4+




- 18 -

Co-ordination B4
Search Rules A B < D
Precision :
Device a b ; © d a
Document
Relevance i 1-2 1-3 -4
Recall | Fxhaus- ? ;
Device | tivity RPRP RP .BERP BRP| RP R P RP B P R P
1.1 1 11 5] 817/ 7 37| s 54§ ‘

2 28 4| 19 11! 14 221 15 31 g

3 28 3{ 20 9 16 18] 18 26§ 12 64| 7 64| 6 100 5 100| 16 47 | 16 64
1.2 1 17 7] 916| 7 35| 8 51,

2 33 4| 22 12} 15 22| 18 32

3 333,23 9)1718| 18 25, 13 65| 7 64| 6 100] 5 100 19 47
1.3 1 17 6 10 17| 8 36] 8 51

2 38 423 11§17 221 17 29

3 39 31256 B 191719 2316 51, 9551 7 82/ 5 78l ig 33
1.5 i 11211 8] 8 18! 106 27

2 382125 5|17 10| 18 15

3 44 2130 5721 8|23 12|21 23|11 48111 38! 7 50! 18 33
1.6 1 22 4 |15 11 |10 21| 11 30

2 44 32 | 27 18 ¢l 21 13

3 50 1 130 4124 825 11]2221)13 36|11 38 7 45| 28 27| 23 &3

FIGURE 2.10b.

THE COMPOSITE TABLE.

5+

COORDINATION LEVEL




Coordination

Search Rules

Precision

Device
¢ Document
i Helevance
Recall Exhaus-
Device tivity
I.1 A
2
3
1.2 1
2
3
2
3
1.5 i
1.8
2

- 18 -

6+
A 5] C D
8 b c d a
1 1-2 1-3 i-4
R P RP, RP,  RP R P/ RP|RP|RP| RP RP
11 17] 533 4 75| 4 83
11 5|11 21 B 40| 8 44
11 311 15| 8 28| 838! 8 100| 5 100! 3 100 3 100 5 33 5 33
11 170 533, 4 75| 4 83
'11 4111 201 8 37| 8 50
11 3|11 15| 8 27| 8 37| 8 100/ 5 100 3 100] 3 100| 5 33
11 171 5 33 4 75| 4 83
17 13 21! 9 40! 9 52
17 41|13 14| 9 281 9 36| 8 100 5 100| 3 100] 3 100! 5 33
11 131 5 25 583, 4 75
28 19 181 12 30| 12 43
28 4119 12| 12 28] 12 28| 12 44| 5 58] 3 44| 3 44! 10 50
11 12 5 24| 5 59] 4 71
33 19 15| 12 26| 13 37
33 4922 12| 13 19! 13 26! 13 37 6 62| 3 44) 3 44| 10 50| 5 33

FIGURE 2.10¢.

THE COMPOSITE TABLE,

COORDINATION LEVEL 6+
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Co-ordination | 7+
Search Rulesr : A B
Frecision %
Device - a - 3 ] ’b © d
N ;
Retovance L1z -3 A 1-4
Recall iExhausﬂ |
Device | tivity R P/ RP RP RP R P|R P R P|R P
i1 1 11 28] 4 43, 2 71, 2 71

2 i1 13| 4 18] 3 38, 3 50

3 11 13] 4 19 3 38| 3 50| 3 100] 3 160 2 100] 2 100
[, 2 i 11 28] 4 43 271 27

9 11 13| 4 19| 3 38, 3 50

3 11 13| 4 191 3 38) 3 50| 3 100/ 3 100 2 100] 2 100
1.3 i 11 28 4 43| 2 71, 2 71

5 11 13] 4 198{ 3 381 3 50

3 11 13| 4 19| 3 38| 3 50| 3 100| 3 100| 2 100{ 2 100,
.5 ' 11 25| 4 38! 3 75! 2 75

9 11 9] 4 14| 3 32| 4 45

3 11 7| 5144 28| 4 38| 5 100 3 100! 2 100| 2 100
1.8 1 11 25| 4 38 75| 2 75

2 17 12 6 20 4 361 4 48

3 17 9819531 541]6 53 4 100] 2 100} 2 100/

FIGURE 2,10d. THE COMPOSITE TABLE., COORDINATION LEVEL 7+



{c@a%dimatﬂm level 4}, and the ratics at the top left corner examined
(88% recall, 2% precision), the following variables are shown to have
produced thai resuli: a search at coordination level of four terms:
search rule A {any combination); precision device 'a' {nc linking in the
index language); e%vam documents graded 1 only accepted; recall
language 1 (natural language terms); and indexing exhaustivity 1

{low exhaustivity}. fter this, a move across this section of the table
to the right will first alter the document relevance grades, then
introduce a search rule, then include the three precision devices and
finally test three more search rules. A move into the next section will
increase the coordination level of the search, and in any seciicn a
move down the table will increase the indexing exhaustivity before

a new recall language is brought in,

a3
A

The position of these variables in the table i of no significance;
the table could, for instance, first have been divided into the five recall
languages, with the seven coordination levels repeated at each stage,
. and hundreds of variations are possible, The actual combinations
different variables for which resulis have been presented in the complete
mposite table total 608, which is 2 choice of the most useful combin-
ations out of the Ehe@rﬂma} total of 8720 combinations possible
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Each set of recall and precision ratios is an average of resulis
from the set of 35 questions and it is estimaied that the composite
table represents mores than 16,000 individual results. When it is
considered that the scope of the whole project extends to 221 guestions,
that there are some 28 other index languages which are not included in
this table and that there are a number of other new variables, the
individual results available are estimated to exceed 200,000,

BEnvironmental Factors

The main environmental factors involved in the testing are listed
in Fig., 2.11. For various reasons, as the test proceeded, different
sets of guestions and collections of different sizes were used. To
consider first the sets of gquestions, Although 279 questions were available
for use, the largest zet for which results ave presented numbers 221,
The balance of 58 were multi-themed questions, that is they really
consisted of more than one question, e.g. Question 3 'How can one
describe the aercdynamic forces and the heating rates acting on high
speed aircraft’. Four of these were used in some of the smaller
guestion sets only. The first series of tests, on the vecall devices
of the single-term index languages, were made of the complete collection
of 221 single-theme questions. The major problem that then arose was
to find a satisfactory method of totalling the results of searches bhased
on different numbers of starting terme {this matter is considered at length
in Chapter 3}, For this reason, we investigated the results on a set of
35 gquestions each of which had ssven starting terms. The tests on
interfixing and partitioning were particularly difficult to do, because of
the painstaking clerical work necessary. These were therefore done on
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two subsets which had 19 guestions with 7 starting terms and 17
questions with 11 starting terms,

GUESTIONS
1. Relevance assessments, 4 grades
Z, Differing number of starting terms and retrieving terms
3. Differing totals of relevant documents
4. Two sources of guestions, 'basic' and 'supplementary’
5. Question sets of different sizes, picked according to

different criteria, searched on collections of varying
sizes.

COLLECTION SIZE

1. 1400 documents
2. 350 documents from the 1400 documents,
3. 200 documents from the 350 document subset,

SUBJECT TERMINOLOGY

1. Aerodynamics
2, Adrcraft Structures.

FIGURE 2.11 SUMMARY OF MAIN ENVIRONMENTAL FACTORS

By the time we came to investigate the simple concept languages
and the controlled term languages, the clerical effort involved in carrying
out searches precluded the use of the full sets of questions, and
accordingly a set of 42 questions was prepared, consisting entirely of
guestions in the fileld of aerodynamics. It is this set which is used
for presenting the majority of the test results in Chapter 4. Al a
later stage, this subset was extended to 77 questions in the field of
aerodynamics; finally an additional set of 42 questions in the field of
structures was compiled for purposes of comparison, with the aerodynamic
question set of similar sizes. The subseis of questions are all numbered,
and details of these appear in Fig. 2.12, Lists of the guestion numbers
for subsets 1, 2 and 3 were given in Vol. I, Appendix 3E; the remaining
subsets are shown in Appendix 3.2 of this volume,

Reduced collection sizes were alsc used for reasons of the effort
involved in testing. This was not only the clerical effori involved in
the searching, but also the intellectual effort involved in compiling
word lists for the various index languages, When it was decided to
test simple concepts, a set of 200 documents was chosen, and the
initial task involved re-formulating the indexed concepts from the original



No. of No. of
Ne. of Documents in Relevant
Guestion Subsets Questions Collection Documenis
Tested
Subset 1 35 1400 287 5.8
All have seven starting terms
in single terwm languages,
covering aercdynamics and
structures,
Subsst 2 42 1400 198 3.4
Stayti o
Starting terms vary, all 42 2980 108 236
guestions aerodynamics only. .
3% are drawn from Subset {subset 1)
25 et 432 350 108 i3.5

3, and 4 from the 53
guesiions not used, The
number of relevant in the
1400 collection is actually
201, but the three documents
concerned {13208 in QL19,
2289 in Q145 and QL46) are
deleted from the collection in
results of this subset since they
did not appear in collection
Subset 1,

{subset 2)

423
ot

Subset 3 221 1400 1580

Stariing terms vary, covering
acrodynamics and structures.
The largest setl of questions
available, all single theme in
single term languages,

Subget 4 i8 1400 131 4.8

Part of Subset 1, all having
seven starting terms.

Subset & 17 1400 103 4.8

All having eleven starting
terms in single term languages,
covering aerodynamics and
structures.

Subset 6 20 1400 147 5.3

Part of Subset 1, &l1 having
seven starting terms.

Subset 7 77 350 454 16.8

bset 2
includes all the gquestions in {subset 2}

Bubset 2, aerodynamics only.

[45]

Subset 8 42 1400 255 4,

Btructures only.

FIGURE 2.12
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indexing records. The choice of the subset of 200 documenis extracted
from the 14900 was governed by:-

1, Tse of a setl of aerodynamic guestions and documenis.

2. Cholice of the largest set of guestions that could be itested on a
subset of 200 documents.

3. Choice of guestions resiricted fo those not having any relevant
documenis in the range of Numbers 10601 - 1289 (because of
the different weighting method used at that stage of the indexing).

The tricted the choice of gquestions guite considerably,
and the second rule wag meoedifisd by not allowing ‘similar® guestions -

tions having an overlapping set of identical
Eevam documents asked by the same questioner. The 42 questions
fu*dliy used had 188 relevant documents in the subset of 200 documents.

None of the base uccum@nﬁes to the 42 guestions were included.

The second subset chosen was one of 350 documents {subset 2},
and this subset included the 200 documents of subset 1. Subset 2 also
consisted entirely of aercdynamic documents, with an additional 35
guestions having ali thelr relevant documents in the subset. These, to-
gether with the 42 questions for subset 1, resulled in the 77-question
subset {subset 7} which was used for the tests on the controlled vocabulary.

]

In presenting the test resulis, the majority of resulte are
based on these smaller subsets of documents and questions, The first
tests were made with 221 guestions on the 1400 collection, and these iests
were vepeated on smaller documenis and guestion subsets in order to
validate the use of such subsets, It will be shown in the next chapier
how the difference in performance can be adequately accounted for, and
the use of smaller subsets does not, we believe, impare either the
validity or, to any appreciable extent, the accuracy of the results and
findings,

f{

The use of these subsets enabled the various environmental factors
involved to be investigated. For example, the effect of the change in
collection size from 1400 to 200 documents with a fixed set of questions
was investigated., {Comperison was alsc possible between the 330 and
200 collections.

In the case of the guestions, different subsets were made up and
regults obtained when environmental factors such as those hs’i ed in Fig.
2,11 were being investigated. The four grades of document relevance
are included in ithe main test results {Chapter 4) and the effect of
the other factors that are listed is. considered in Chapter 6.

An attempt was made to compare the two distinct subject fields
that existed in the 1400 document collection. Many of the question sets
contained both aerodynamics and structures questions, but the direct
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comparison was made of 42 questions cn aerodynamics and 42 questions
on structures. ’

Fig. 2.13 is a chart showing the distribution of the number of relevant
documents throughout the 221 questions, from which it can be seen that
the range is {rom six questions each having only one relevant document
to one question which had forly relevant documents.

Sample Precision Resulis

At low precision ratios, the clerical work involved in obtaining
correct figures was so great that in some cases it did not appear o
be justified. This was due to the large number of non-relevant documents
which would be retrieved and therefore had to be recorded. With index
language I.la, results were obtained down to the single term level but
with other index languages the decision was taken thal, with the searches
in the 1400-document collection, no atiemnpt would be made to obiain
precision Tigures below 5%. This, however, introduced a variastion
between gquestions, since for a guestion having six starting terms, a
precision figure lower than 5% might not be reached uniil the coordination
level was down fo two terms. However, with a ten starting term
question, this figure might be reached by the coordination of four terms.

In the presentation of the test results, note has been taken of this
point and also the additional point regarding the number of questions capable
of giving results, this being dependent on the number of starting terms
which each question had. This can be best illustrated by referring to
¥ig. 2.14, which presents condensed results for 221 questions on the
1400-document collection with Index Language I.2a. The column headed
‘z' presents the figures for the number of questions that were potentially
capable of giving resulis, and it can be seen that at a coordination level
of 2, every question came in this category. However, at a coordinatic
level of 3, the fotal has dropped to 220, this indicating that there is one
question which had only two starting terms. At & coordination level of 4,
the total drops to 212, showing that there are eight questions with only
three starting terms. As the coordination level rises, so the number of
questions drops until, at a level of 15, it is seen that only three questions
have this number of starting terms.

SER

The column headed 'y' shows the number of guestions which actually
contributed figures for the calculation of the precision and fallout ratios -
not, it should be noted, for the reecall ratio which was always checked
down to single term level. In Fig. 2.14, v is equal to z from a coordination
level of15 down to a coordination level of 7, and therefore the precision
and {zlout ratios can be based on complete data. However, at a
coordination level of &, only 181 gquestions were searched, and the precision
and fallout ratiocs have been calculated on the basis of the non-relevant
documents retrieved in these 161 searches., To indicate this, an asterisk



Index Language L2.a (5T, Synonyms. Coordination)

Exhaustivity of Indexing 3

Search Bule A

Document Relevance 1 -4

Number of Documents in Collection 1,400

Number of Questions 221 {Subset 3)

Number of Relevanit Documents 1,596

Generality Number 5,1

Coord- Documents Recall Precision Fallout

ination Retrieved Ratio Ratie Hatio x v ¥4

Level Rel. Non-rel. ajatc afath bibed
1 1,514 {-) 95.2% {-) {-) 221 0 221
2 1,313 59, 734 82.6% 2. 2%* 19, 406 * 221 44% 221
3 981 23, 654% 61.7% 4, 0% 7. 680%* 216  109% 2320
4 644 8, 850 40.5% 6. 8%* 2. 873%* 192 142+ 312
5 355 2, 946% 22.3% 10, 4%%* 0. 957 %% 139 1y7* 187
6 169 928% 10.6% 15, 4%* 0. 301%* 92 181% 164
7 80 254 5,0% 24. 0% 0.083% 55 140 140
8 24 59 1.5% 28.9% 0.019% 23 1065 105
8 8 8 0.5% 50, 0% 0.003% 8 78 [t
10 i 0 0,3.% 100,0% 0. 000% 1 52 52
i1 0 0 0 32 32
12 0 0 0 15 15
13 0 0 0 8 8
14 0 0 0 4 4
i5 0 0 0 3 3

FIGURE 2,14 SAMPLE TABLE OF TEST RESULTS




is always given against any figures which have been calculated on a
reduced set. At a single term level, it can be seen thsat no searches
were made, and therefore no figures can be estimated for precision or
fallout ratios.

There were various possible procedures for estimating these figures,
and these can be illustrated by reference to Fig. 2.15, which deals with
the 35 gquestions subsetl searched on 1400 documenis by Index Language
I.5.a. ©Since all the guestions had seven stariing terms, z remains
constant throughout. However, at a coordination level of 2, it is shown
in column vy that only 23 guestions were searched. It was found that,
with these 23 questions 8,565 non-relevant documents were retrieved
together with 157 relevant documents. The simplest way of estimating
the total non-relevant for the complete subset of 35 guestions would be

. X . , 35 .
to scale up the above figure of 8,565 in the ratio of 33 which would

give a total of 13,033 non-relevant documents. On the basis of this

figure the precision and fallout ratios' could now be calculated. A

second method is first to determine the precision ratio for the 23 questions
searched; in this case it works out at 1.8%. It is known that the 35
qguestions retrieved 253 relevant documents; to maintain the precision ratio

of 1.8% the total of non-relevant is scaled up by %g% , namely the totals

of relevant documents retrieved in the full set and in the subset. This gives
a figure of 13,803 and from this the fallout ratio can be calculated,

The accuracy of these scaled up results will depend on whether
the sample of guestions thal were searched is typical of the whole set.
It is unlikely that this was the case; as stated earlier, questions were
not searched when they would reirieve an excessive number of non-
relevant documents, so conversely the questions which were searched,
and which are therefore in the sample, were those which had fewer
non-relevant documents. Scaling-up from the sample could therefore
he expected to give a somewhat higher precision figure than was really
the case.

To check on this, we can consider the actual sitvation in regard io
the same set of questions with Index Language 1.1.s, on which, as
previously mentioned, searches were made down to the single-term
level.

In this language, at a coordination level of 2, the 23 questions
retrieved 3871 documents. By the methods already suggested, the
estimated figures would have been 6043 and 6476 respectively. In fact,,
the correct figure is 8086, and bears out the expectation expressed in
the previous paragraph. This was also checked at the coordination level
of 3, and again it was found that the remaining 12 searches retrieved

"%*The method.of calculating these ratics.is discussed in Chapter 3.



Index Language L5, a ({8 T, Synonyms, Quasi-synonyms, Coo

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Mumber of Documents in Collection 1.400
Number of Questions 35 {subset 1)
Numbeyr of Relevant Documents 287
Generality Number 5.9

- |
ra

ination}

Coord- Documents Recall Precision Fallout

ination Retrieved Ratio Ratio Raitio x® ¥ z

Level Rel, Non-rel. afla+c afa+bh bibed
i 280 {-} 97.86% (-} {~) 35 0 35
2 253 17,130 88.2% 1. 5%%* 34, 9599 35 23 35
3 184 7,472 67.6% 2,5% 15339% 35 35 35
4 1258 2,088 43,6% 5.6% 4, 282% 34 35 35
5 85 4683 22.9% 12.3% 0,850% 20 35 35
& 35 aa 12.2% 28.4% 0.181% i6 35 35
7 i1 i8 3.9% 38, 0% 0.037% 5 35 35

FIGURE 2.15 SAMPLE TABLE OF TEST RESULTS
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approximately the same number of relevant documenis as the original
23 searches. For this group of results, therefore, the figuves

at the coordination level of 2 have been estimated by doubling the

total obtained for the 23 questions, Similar procedures have been used
in other cases. )

This can certainly be considered scmewhat unsatisfactory, and it
could be argued that it would have been preferable not to have
attempted to obtain figures by such a dubious method. However,
it is felt that they do have some value; in every case where any such
action is taken, an asterisk is placed against the figure or the ratio,
and, if the reader feels so inclined, these results can be ignored.

As can be seen from the example of Pigs. 2.14 and 2.15, each
table of results contains details of the environment in which the test
wasg carrvied ocut. This includes the particular index language, the
level of exhaustivity, the search rule, the level of relevance, the
number of documenis and questions, ithe number of relevant documents,
and the generality number. The laiter, and the meaning of x in the
tables, is considered in Chapter 3.
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CHAPTER 3

Methods for Presentation of Resulis

Lord Kelvin is often credited with remarking, ‘When
you can measure what you are speaking about and
express if in numbers you know something about it,
but when you cannot measure it, when you cannot express
it in numbers, your knowledge is of a meagre and
unsatisfactory kindf. The problem of validity - how
closely do the figures relate to the ‘thing we avre talking
about! must be separated from the problem of reliability
- how accurate are the figures themselves,

L.T, Wilkins: Social Deviance, page 147

In Cranfield I, the results of the main project did no more than
record what is now generally known as the Recall Ratio, which was

calculated on the basis of l%)ﬁ where R equals the number of relevant

documents retrieved and C equals the total number of documents in the
collection which are relevant to the questions. In the subsequent test
of the Western Reserve University Index, (Ref. 2) measurement was
carried to the stage where, by making relevance assessments of all
the retrieved documents, it was also possible to calculate what was
originally called the Relevance Ratio, but which is now generally known

. . R
ag the Precision Batio, namel , where L eguals the total number
s

of documents retrieved in the series of searches. In the course of this
evaluation of the W.R.U. Index, the effect of varying the exhaustivity
of indexing was measured, and allowed the production of the first - and,
incidentally, so far the only - performance curve from the Cranfield
project. It is reproduced in Fig. 3,1F and showed {wo interesting
characteristics. The first was the inverse relationship beiween recall
and -precision, which has been considered ai some length in Volume 1 of
this report. The second point was that, when documents of lower relevance,
were accepted, there was at any given level of indexing exhaustivily, a lower
recall ratic but an improved precision ratioc. It was fentatively suggested
that this latter point was connected with a varistion in the average number
of relevant documents for each question, and that, for any given situation,
# would be necessary to state also what was to be later termed the

1000C

Generality Number*, gupressing it as , where N equals the total

number of documents in the collection.

*In the earlier volume of this report, this was called Generality Ratio.
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While the recall and precision ratios have been generally accepted
as performance measures for information retrieval systems, they have
also aroused some criticism. No serious attempt has been made io
answer this criticism, partly because it was mostly trivial and never
supported by experimental data, but mainly because an intention of Cranfield
il was to investigate the performance measures which could or should be
used., For this, sets of performance data were required and it was known
that for every set of figures in Cranfield I, there would be hundreds of
sets in Cranfield II, and it was obvious that the decisions regarding the
measures to be used and the methods of presenting the test results would
be of major importance. The programme of work which this aspect of
the project has involved has been considerable, with many seis of resulis
being calculated in a number of different ways., Based on this work, which
has taken up a significant part of the effort during the last eighteen months
of the project, the decision was finally reached that the most satisfactory
method of calculating results involves three measures, namely Recall Ratio
and Precision Ratio with, additionally, the new measure of Fallout Ratin.
For the presentation of results on a plot, it is believed that, in the large
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majority of cases, the most siraightforward and most meaningful method
is the Recall/Precision curve. These are, in general, the measures used
in this report, although io illustrate certain points various other measures
and methods of presentation are used,

A detalled account of the Cranfield work on performance measures
has been presented in a thesis by M. Keen, but the following is a resumé
of the more important points which led to the decisions; other matters
relevant to the presentation of results in this volume are also considered,

In tests of experimental systems, it is esseniial that measgures should
be used that accurately reflect the changes in the particular component
being tested, which primarily, in this particular test, wag & range of index
language devices. In addition, there is the strong desirability, if not
the absclute necessity, that it should be possible to make divect comparison
between different sets of test results.

Measures of retrieval performance may be used in experimental
tests of information retrieval systems when the following requirements are
met: -

1. A document collection of known size to be used in the test;

2. A set of questions, together with decisions as to exactly
which documents are relevant to each question;

3. A get of results of searches made in the test; these

usually give the numbers of documents reirisved in the
searches, divided into the relevant and non-relevant
documents,
The successive dichotomies of the total collection have been displayed by
B.C. Vickery (Ref, Z%, page 174} by the following table:-

TOTAL COLLECTION

RELEVANT NON-RELEVANT

NOT RETRIEVED RETRIEVED NOT RETRIEVED

{c) (a) {b) {d}

The more usual way to present the categories is in the form of a
2 x 2 contingency table as shown in Fig, 3.2. The notation given in
this figure will be used throughout the remainder of this report.



RELEVANT NON—RELEVANT

RETRIEVED a b a+ b
NOT RETRIEVED C d » c + 4
a + ¢ b+ d a+b+c+d=N

{Total Collection)

FIGURE 3.2 2 x 2 CONTINGENCY TABLE

Whether it is correct to regard the values that result from retrieval
tests as components of a2 2 x 2 iable in the statistical sense, and thus
apply the principles and tests that have been developed for this situation
in statistics, is an unanswered guesiion, and at this stage, therefore, the
use of this fable is purely for convenience,

As mentioned earlier, there is the necessity of being able to make
a comparison between several sets of results obtained in different
conditions. This can only be done when it is known exactly which variables
are allered in the different situations; two such situations are considered.

Agsuming N {the total collection) remains constant, a, b, ¢ and d
can each vary, while a + b {fotal retrieved) and ¢ + d {total not retrieved)
remain constant. More common is the situation where all the above six
velues change, but 2 + ¢ {(total relevant) and b + d {toial non-relevant) do
not alter. This is to say that the numbers of relevant and non-relevant
documents remain the same, but the numbers of retrieved and not retrieved,
together with the four categories making up these groups, all vary. In
such cases the change could be due to the ’cut-off! applied, that is the
point in the search where the rules do not allow any further documents to
be examined., At this stage the search is stopped and a record made of
all the documents retrieved, both a {relevant) and b {non-relevant), A
different cut-off resulis in a different set of values for a and b, thereby
changing ¢ and d, but without in any way affecting a2 + ¢ or b + d.
Alternatively, the change could be due to different indexing decisions or to
different search strategies.

The second point to consider is the variables that affect a + ¢, b+ d
and N, If the decision as to what ig relevant (a + c) is altered, then it
must also result in a change for the toial of non-relevant (b + dj; if the
collection size (N} .is changed, other values in the table may change.
Although significant changes of this nature occur rarely in operational
retrieval system tests, it i8 necessary to consider the matter in experi-
mental tests, Either type of change, i.e,. altering the number of relevant
‘documents or .altering the collection size, can vary the number of relevant
documents in relation to the collection size. Examples of the two types



of situations can be taken from these tests. Relevance decisions were
based on four lsvels of relevance; if we consider Relevant ! documenis,
there are 12 such documents relevani to the 42 questions of subset 2.
Relevance 1 and 2 documents come fo 57, Relevance 1, 2 and 3
documents total 154 and Relevance 1-4 documents come tp 188. It

can be ‘seen that changing the decision as to the relevani documenis

{a + ¢) materially alters the proportion of relevant documents in the
complete collection (N},

On the other hand, the collection size can be changed. Originally
there were 1400 documents in the collection. A subset of the collection
was formed which consisted of 200 documents; a characteristic of this
subset was that it retained all of the 188 documents that were relevant
to the 42 questions of subset 2,

While the number of relevant documents is now held constant, the
proporiion changes because of ihe reduction in the document collection
from 1400 to 200 documents, I is convenient to express this variation
as a parameter, and thie is the aforementioned Generality vumber i.e.
1000 {a + cj
size, with a constant. This parameter is not a measure of retrieval
performance, bul one which reflects the environment of the relevance
decisions made; e.g. if the generalily number for a set of questions
is 5, this means that there are, for each question, an average of five
relevant documents for every thousand documents in the cellection,
irrespective of what the actual size of the collection might be, For the
example given above, the change from the larger to the smaller collection
size {(bearing in mind that there are 42 questions) changes the gener

\ 1000 x 198 1000 x 188 .
number from T w1400 © 3.4 to IS TAB8 gnn 23.8. Therefore,
as far as retrieval performance is concerned, the significance of a change
in either the relevance decisions or the collection size is that in both
cases it is the generality number which alters.

the total relevant documents divided by the collection

The single performance measures that can be used can be listed
as follows:-

a usually known as Recall Batio; at Western Reserve University
a + ¢ it is called 'Sensitivity', and has also been cslled 'Hil Rate'.

£ complementary to recall ratio, Called by Fairthorne, ‘Snobbery
a + ¢ Ratiof,

a now generally known as Precision Ratio, formerly called by
a + b Cranfield 'Relevance Ratio!, “Alsc described as 'Pertinency

Factor! or 'Acceptance Hatel,
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complementary to precision ratio. Called by Perry,
‘Woise Factort.

N © here called Fallout Ratio.
b T R

gle measures, either reflecting the retrieval
3 he retrieval of non-relevant iterns, is inadequate
o reflect the performance of a system. High recall can mean very low
precision, or vice versa, and the mere statement that the recall ratic

i might only be achieved by retrieving more than

o

wmve been
and ‘composite

While many different combinations of single mesasures
proposed, they fzil into two groups: “win variable messuves
meagures’,

b

For the former, one of sach of the single measures is taken and a
comparison made between them by observing the relative chanpes in the
two values, but retaining each value as a separate entity. The two major
pairs of single measures ave recall with precision and recall with fallout.

Examples of recallf/precision ratios are given in Figs. 3.3 and

3.4, Fig. 3.37 illusirates the situation for a set of 20 searches where
the variable being iested is the search coordination level, that is the
number of search terms which must be matched with the index terms. At
each different level, a cut-off is applied and the number of documents retrieved,
relevant and non-relevant, is recorded. Since the iotal number of
relevant documents iz known, the recall and precision ratios can be
calculated, as ghown in the table. Alternatively these.ratios cen be
plotted as on the graph {Fig. 3.3P) with the five performance points
connected to make a recall/precision curve, I Fig, 3.47 are given the
results of a series of searches with the same set of guestions but with
different search reguirements. The particular change is incidental ito the
present discussion, but in fact whereas search X accepied any combination

terms, search ¥ would not accept cerialn terms unless some other
given term was also present. {This matter of search strategy was
discussed in Chapter 2). The result of this change wag a different set
of performance figures at the five coordination levels, The contrast
between search X and search Y can be seen by comparing the itables or
from the graph (Fig. 3.4%), which shows clearly that the maximum recall
figure has fallen sharply in search Y, but on the other hand at any given
recall ratio of 65% or less, search Y will give a higher precision ratio
than search X,




Coordination Documents Recall
Level Retrieved Ratio
Rel Non-Rel afa+ ¢
) (o)
1 133 18,492 95, 0% 0. 8%
2 108 6,642 7. 1% i,68%
3 80 1,825 B7. 1% &, 2%
4 57 430 40, 7% 11, 7%
5 39 94 2%, 8% 29, 3%
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Documents Recall Pracision

Coordination Retrieved Ratic Ratio
Level Rel {a) Non-Rel (b} ala+ ¢ ala+ b

1 97 2,674 59, 3% 3. 5%

2 77 788 85, 0% 8. 8%

3 56 220 40, 0% 20, 3%

4 37 30 26. 4% 55, 2%

5 a3 17 23.8% 66, 0%

Relevant documents {a+ ¢) = 140

Generality number §

G0

SO

80

TG

e} %‘\

&
Y
50
.
~

40 ?’\ L 2

%le RECALL

\ﬁx

20

o 0 20 30 40 50 60 70 80 90 10T
Yo PRECISION
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{BROKEN LINE) {(SEARCH X CONTINUQUS LINE)



A comparison of the recall ratio with fallout ratio can be made in
the same way. We are not aware of any previcus occasions when the
faliout ratic has been used for preseniing test resulis, although Sweis
{Ref. 4) has discussed its possible use, In thai if measures the ratio
of the non-relevani retrieved io the total non-relevani in the collection

D

b+d°
collection. While it might not be found fo be particularly satisfactory
for tests on operational systems, it has an atirvaction in experimental
testing where coliections of different but known size are being tested,
since it automatically compensates for the changes in size. Fig. 3.57
takes the figures of Fig, 3.37 and Fig. 3.47T and replaces the precision
ratio by fallout ratic. A characteristic of fallout ratios is that they tend
to be concentrated at low numbers; for this reason the figures are taken
to three places of decimals and the resultant plot of recall ratic against
fallout ratic is clearer if made on a semi-log scale, as in Fig. 3.5P.
In this case the better performance is obtained when the curve is nearer
the top left hand corner, whereas the recall precision curve is optimised
towards the top right hand corner. Therefore, zs in Fig. 3.4P, search
¥ is shown to give a generally improved performance over search X.

it is very sensitive to N, the total number of documents in the

Either of these twin measures is satisfactory for presenting the
performance of systems where the generality number is held constant,
although the argument has been advanced that a plot of recall/precision
ig not valid since both ratics contain a {relevant retrieved), It has been

e a . a
incorrectly argued that in plotting P against P all the a's
cancel out, with the result that the factors being plotted are ¢ against b,
Fairthorne (Ref. 5} has said that a more reliable precision ratio is
c

+ b d

given by what he calls the ‘distillation ratio' which is

However, he agrees that when the correction factor of -;C«:- iz negligible
compared with the precision ratio, the latter is a valid measure. In fact,
in the resulls presented in Fig. 3.3T, the correciion factor at the
coordination level of five terms is 0,0038, which can definitely be
considered negligible,

Rees (Ref. 6) argues against precision ratio in favour of a measure

that is complementary to fallout, namely T{;EME , on the grounds that it
T

takes into account one of the vital parameters in a retrieval sysiem - size
of file. To some extent this is true, but it is a matter which has to be
approached very carefully. The difficulty lies in determining exactly what
is the correct value of N, that is to say how many documents can wvalidly
be considered to form the total collection in regard to any question. This
matier is considered in more detail later in this chapter. It is true that
the same difficully arises in calculating the generality number, but if N

is known, then it is just as easy to calculate the generality number as io
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Fallout
Ratio

Recall
Ratio

Coordination
Level

Y

9. 598%
2. 828%
0. 790%
0, 108%
0.061%

59, 196%
23, 841%
6. 551%
i, 543%

0. 337%

69, 3%
55, 0%
40, 0%
26. 4%
23.6%

95, 0%
77, 1%
57, 1%

40, 7% .
27. 9%
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TABLE AND PLOT OF FALLOUT RATIOS DERIVED

FIGURE 3. 5TP

FROM FIGURES 3. 3T and 3. 4T FOR SEARCH X (CONTINUOUS

LINE) AND SEARCH Y (BROKEN LINE)



calculate fallout.

A possible sclution to making a full presentation of performance
on a single plot is shown in Figs. 3.6P and 3.7P. Before considering
these it is necessary to consider the relationship between the individual
ratiog of recall, fallout and precision, together with the generality
number., These four ratios or parameters completely describe a given
set of performance resulis in a retrieval table in terms of the measurements
most likely to be of importance in presenting retrieval performance.
However, it i only necessary to obtain any three of these in a given
situation, since the fourth is then mathematically determined and can
be written in terms of the other three. The four equations are:-

qw@ﬁ - G})

,f”\

{1) R {Recall Ratio) =

{2} P {(Fallout Ratio} =

Rx G
{R x G) + {1000 -~ G)

{3) P (Precision Ratic) =

{4) G {Generality Number) = = 1009
B R
{ >+ 1
\ F
where B {Recall Ratio) = ‘a
8+ ¢
F {(Fallout Ratio) = b
out Ratio) = —

»

P {Precision Ratio) =

e
4+
g
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1000{(z + ¢)
N

G {Generality Number) =

Thus equation {1} shows how, given the fallout and precision ratios
together with the generality number, the recall ratic can be determined
by calculation, and the other three eguations show the other combinations
possible. Because of this relationship, it has been possible to prepare,
by computer, the figures for a series of situations where the generality
number ranges from 1 - 58, recall from 5% to 100% and precision from
0.5% to 100%. In Appendix 3.3 is given this full set of tables for F
{fallout) at varying generality numbers., From this set of tables, it is
possible to plot on & recall/precision graph, the curves for fallout, or on
a recall/fallout plot the curves for precision at all levels for any given
generality number. For the example being considered, Fig. 3.8F shows
the former, while Fig. 3.7P shows the precision curves on a recall/
fallout graph. From either of these graphs it can be seen, for instance,
that for search Y {the dotted line) at a recall ratio of 40%, precision
ratio was 20% and the fallout ratic 0.8%. As the generality number for
this set of searches is 5, the above figures can be confirmed from the
sheet in Appendix 3.8 for generality number 5. In the column for reecall
of 40% and in the line for precision of 20%, fallout is 0.803%.

In a large number of situations arising in this test, comparison
is made belween various systems where everything is being held constant
with one exception such ag, for instance, the index language. In these
circumstances the generalily number remains constant and therefore the
fallout measure does not coniribute to the presentation of the resulis,
In spite of the fact that there are some situations where comparative
results are presentad when the {esting has been done on collections of
different sizes, {with therefore, different generality numbers), the decisiorn
has been taken, as previcusly stated, to present the main seis of results
on recallf/precision graphs, The positive reason for doing this is that
discussions with a number of people have led to the conclusion that such
a graph can be more readily understood than a recallffalloul graph in
that it more closely reflects the required performance aspects of a
system. This may, of course, be due ito the fact that recallf/fallout
graphs are unfamiliar compared with recall/precision graphs, and our
decision is certainly not intended to imply that the latter are, in
experimental work, basically superior to recall/fallout graphs.

In the course of this project, we have also considered a number of
'composite' measures which have been suggested. Swets (Ref. 4) argued
that twin variable measures {e.g. recall/precision}) were ‘an unnecessarily
weak procedure', buf qualified this by assuming that a real retrieval
system has a counsitant effectiveness, independent of the various forms of
queries it will handle. He admiited that such an assumption is open to
question, and if is clearly incorrect in an experimental siiuation where
meajor variables are being changed with the result that new systems are
being formed. In such tests, the twin variables are necessary to see the



changes that are taking place over the whole range of performance and
even then nee d the admim:ﬁa% environmental control of generahgy It is
difficult to unde { the use of the term ‘weak', since 211 composite
measures can onl regent some compressed and :«%impb‘uea cam.bma'stign
of the whole *“ange of values shown by twin variable measur

The composite measures can themselves be evaluated by recording
scale or range of values on the two twin variable plots. Any
eite measure must indicate perfect reirieval in a sifuation of
recall at 100% precision at 0% fallout, and must indicate the worst
ieval in a situatiom zare recall and zero o ision at 143@‘% fallout,
Thus all composiie measures have some scale of values between those
two exiremes, which 1 visual examination on both

recallf/fallout and ‘z“ecaﬁg precision plots.

o

=

Some of the measures nroposed may be described as linear composite
meagures, when their values vary in some linear way if eiﬁm the recall
alters, or the precision {or falmm} alters. Perhaps the

composite measure suggesied is the sum of the recall and precision ratios
Fig. 3.8P shows an example of this, using the simple sum of the recall
and precision percenia '%FS resulting in a range of values from § to

200. As can be seen, a perform ‘mue of 70% recall at 10% precision would
be given a value of B0, and be regarded as a better performance than 45%
recall at 30% precision, or worse than a performance of 80% recall at

1% precision. The limitations of such a measure are fairly cobvious, since
a 70% recall at 10% precision will be rated the same as a performance as
10% recall at 70% precision or 40% vecall at 40% precision, and many
other different levels along the diagonal line., A simple weighting can alter
the slope of the lines, e.g. if the recall ratio is weighted I, and the
precision ratic 2, the lines arve more steeply positioned {Fig. 2.8%). The
performance curves from Fig. 3.4P plotted on both tables are seen to
have composite values which generally indicate the superior performance
of search ¥ but, of course, the detailed differences at the cut-off points
and the logs of maximum recsll with search ¥ as against search X cannot
be indicated by any composite measures.

Of measures of this type that have been suggested, J.D. DSinnett, in
hiz thesis describing a test of role indicators, {Hef. 7}, uses an
effectivenees measure 'RY, originally suggested by H. B rko, being
i ) , a o : . . . . :

B = 100 é“a Ry b) which is the recall ratio minue the noise facior
{the complement of pracisi@n}h The resulling vaiueu are positioned as

45 degree ﬁﬁ;agm‘zals on & recall/precision plot similar to Fig, 3.8P bui
having the range of values from -100 to +100, with the cenire diagonal
being 0. A second measure, put forward by Western Reserve Univ mrsi@y‘y

3

is the measure 'Effectiveness’, being the sum of sensitivity and sp hcﬁy
{Ref, 8}, and appears as straight lines on a plot which reverses recall/fallout.

1Y
This is shown in Fig. 3.10P, which, it should be noted, i8 not a semi- ch:sg
plot as are the. previous examples of recallffallout.
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Other composite meagures proposed can be described as non-linear

composite measures, since thelyr scale of values vavies in a non-linear

ashion when em 1s precision, or fallout are varied, and the display of

vle plots results in curves rather than

g Emcs* men a measure of this type includes d (non-relevani not

iev 3 equation, the values and curves of the measure will

he generality number. For Figs. 3.11 to 3.15 2

G is uz,med in drawing the curves for the measures involved,

re f e resulis of searches X and Y that are plotted were

abtained u a uumzmﬂ of that generality. The values of a composiie

3 i been calculated in a2 manner similay to that

g ombined plots of recall, precision and fallout,
in this case varicus sets of recall and fallout

precision ratios {at a generality of 5.0} were

vance and 5h» resulting value of the composite measure

‘n s wag done for differenit ratics to obtain curves of the

give a general indication of the range in its values.

e

m; first @f_ these nen-linesy composite measures which we consider
by J. Verhoelf and others, which is described as a
Fhf'easu?{'e of M:er“ﬂ {Ref, 93, with the basic equation:

q

~

This can also be wrilten s M = (& +d) -~ {b + ¢) which is really the sum
the stu@ca&*es’ minus the sum of the 'failures’. The wvalues are shown
the two twin variable plots, Figs., 3.11P and 3.12P, with the equations
rided by 'NY to obiain a zange of values between 0 and 1, and it can be
en how high values of th ieagure occur at high recall with high precision
or, to say the same thing in a different way, high recall with low fallout,

The measure wasg intended to be used with various weights associated with

the four component valueg, and any of the composite measures being described
could incorporate this if in a given situation a wmeaningful set of welghts can
be devised., One might, for instance, hypothesise 'cost values' of failing

to retrieve a relevant document or retrieving a non-relevant document. Any
such weighiing would aiter the position of the measure's curves on the plots.

A
&

g
i)

A wore complex version of this i{s the @ facitor, which has been
suﬁge sted by Farradane as suitable for use in retrieval tests. This is a
statistical coefficient of association proposed by Yule {Bef.10}). The formula

. ad ~ be . _ ;
is @ = sa T he which can be described as the product of the successes minus

the product of the failures divided by the sum of the same two products. Figs,
3,137 and 3.14F show the two graphs with @ curves plotted, with the

performance curvesg It has not been shown that @ curves have any significance
in retrieval tests, a‘;hf there does not appear {o be any reason why they

A measure put forward in discussion by Vickery at the NATO Advanced
Study Institute on Evaluation, held at The Hague, July 1965, uses the values
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of a, b and c.from the retrieval table. He suggested that the measure
should reflect the ability of the system to maximise a relafive to b

and ¢, described as ithe selectivity of the system. The proposed measure
I, uses a normalisation factor 8, where 5 = a + b + ¢, and

loe 2

) g
Eo= b ¢ s
'§' 1 é‘ ER

F varies from 0 to 100, and is plotted on a recallf/precision plot in
Fig. 3.18P. The curves are symmetrical about the diagonal from the
bottom left corner to the top right corner, and alter in shape as they
approach the itop right side,

All the composite meagures described have an apparently reasonable
scale of values ranging from the case of worst performance to that of best
possible performance, but none of these measures can show the very large
differences that occur between these twe points, in the different positions
at which systems actually operate. The curves in Figs. 3.4P and 3.5P
are indicators of retrieval performance when a component of a system is
varied fo give resulls over the largest possible cperating range, but the
composite measures can only reflect one, or sometimes two, points of
such curves. Iif is unfortunate that, in examples investigated so far,
the point on the curves which determines the highest value assigned to
that test by a given composite measure is usually either the point of
maximum recail, or of maxiraum precision, neither of which may be the
best poinis to use. It is a reasonable conclusion that for experimental
tests where changes of the variables in systems are examined, the
composite measures so far proposed are inadequate, although for tests
where a single cut-off point is chosen, or a single cut-off is applied to
two systems in a comparable manner, some of the composite measures may
be useful. In experimental tests it is suggested that an 'area measure' is
required; a possible solution is put forward in Chapter 5.

Having examined the main suggested performance measures, it may be
asked whether any theoretical objective methods are known which could be
used to evaluate the proposed measures, or whether tests and experience
of actual resulis will be the only arbiter.

The only theoretical basis suggesied so far is the use of the 2 x 2
contingency table, as already mentioned. Although the retrieval situation
obviously fits the case in the sense that the resulting values of a retrieval
test perfectly {it the nine categories in the table, no reasons have heen
advanced to show that figures from retrieval tests can benefit from the
statistical tests commonly used, The retrieval situation is very different
from the simple statistical one. For example, a typical 2 x 2 table taken
from a popular textbook on statistics by M.J. Moroney {(Ref. 11, page 284}
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gives data on a population of 77 people, showing the numbers that were
both incculated and not inoculaled, and the numbers that were infecied

and not infected. The usual purpose of such a table is to ask a question
of the kind, 'Is there really some degree of association between the evenis??,
or in this particular case, '‘Is the proportion of people that were not
inoculated and became infecied significantly different from the proportion
of people that were inoculated and were infected?' In this situation,
certain tests for the reality or existence of the association can be used
{e.g. the chi sguare test), and other tests to determine the intensityof the
sasociation {e.g. the § formula) can be applied. The form in which the
guestion is posed, and the tests of the reality of association do not fit

the retrieval case. Any question such as 'Is the proportion of relevant
documents in the retrieved set significantly different from the proportion
in the set not retrisved’ does not make any sense in the retrieval siiuation.
In the retrieval situation i is two sets of ratios from the table that are
to be compared with one another by observing the relative changes in

the ratios asg conditions are changed. The actual comparative proportions
do not need any test of significance. The tests of intensity of association
do reflect the situation when the vetrieval case is perfect, and when it is
at its worst, and therefore provide one scale between the two extremes,
But the deficiencies of the composite measures have been noted, and nc
asgistance or confirmation of the twin variable measures being used seems
to be given. The conclusion is that statistics does not help at all at this
point.

Averaging sets of resulis

To present reliable results of performance, the figures from a sei of
guestions must be averaged in some way. The size of the question set
required in order to give reliable results will not be considered here,
since there are many standard statistical tests fo use in order ifo determine
the significance level of a set of resulis. It is obvicus that the resulis
of individual guestions will vary considerably, and some idea of the
magnitude of this variation may be gained from Figs. 3.16P and 3.17P.

In these plots of recall{precision, the individual results from a set of
questions are plotted, where single term natural language indexing is

being tested. Fig., 3.16P shows the points that resulf when any three out of
a possible total of seven of the search terms in each of thirty-one questions
are demanded in 'logical product’ coordination, Fig. 3.17F shows poinis
from thirty-five questions when the level of search terms demanded in
coordination is varied from two to seven, and the scaiter is guite wide,
ranging from 11% recall at 1% precision in the bottom left corner, io

100% recall at 100% precision at the top right corner. However, a trend

is clearly present down the left side of the plot and at the bottom right
corner, with a tendency for results at a high coordination level to give

high precision and low recall, and with lower coordination levels resulting
in an inverse change, Two different methods of averaging these resulis,

at each of the 'coordination levels', may be used.
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The first method, as used in Cranfield I, involves obtaining total
figures of the numbers of documents invelved for the whole set of
questions being used in the test, and then converting the one grand
total into, say, recall and precision ratics. In the case of the 35
question set, a toital of 287 relevant documents is sought; at a
coordination level of 3+, 157 of the relevant documents are retrieved,
i , 885 non-relevant documents, These totals are then
g the ratios of:-

. 100a 157
Recall = oo = —= 3 100 = »
e a3+ C ﬁg? 54 7979
. 100a 1587
= sl @ioyn oo = 'Y 3 = 594
Precision P TV saEE X 100 5.2%
100b £885 .
Fallout = = p e % 160 = 5.9
Falion b+ d {35 x 1400) - 287 %

These ratios are obtained for all of the seven possible coordination levels,
and can then be ploited as poinis on a graph., While this procedure of
averapglng the numbers was used for presenting the results of the first
Aglib-Cranfield Project and the Western Reserve University fest, at

the time of the latler test it was realised that this method results in
certain searches affecting the final figures more than others. Non-
typical guestions, such as those which retrieve an exceptionally large
number of non-relevant documents, will exert a disproportionate influence
on the final figures, and, in the W.R.U. test, separate figures were given
showing the change in performance when those questions that retrieved
unusually large numbers of {mainly) non-relevani documents were deleted
{Ref. 2, page 13},

The second method of merging a set of resulis first converts the
results of individual gquestions into recall, precision or falilout ratics and
then obtains the final figures by using the average of the ratios of each
qguesgtion. In Fig. 3.187T are given the results of 35 questions which have
been calculated in both ways, thus enabling a comparison of the ‘average
of numbers' and 'average of ratios' methods for these particular results,
Recall, fallout and precision ratios for the two methods are compared in
tabular form. It can be seen that there is no significant difference in the
recall ratios betwesan the two methods; at some coordination levels the
average of ratios gives a elightly higher recall ratio, and at other levels
the opposite is the case. The fallout values also show no significant
difference. However, in the case of the precision ratios, it is clearly
seen that the average of raiios gives a substantially higher figure for all
coordination levels. Fig. 3.18PF is a recall/ precision plot of the two methods,
where the 'better' curve results from averaging the ratios., As can be
seen from the tables, a recall/fallout plot would have virtually overlapping
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curves.

In the tegts at Cranfield and in other tests where sufficient data
has been available, the samples which have been processed by both
methods have always shown this increase in precision with recall
remaining much the same. However, we do not wish to be migguoted
on this point and would emphasize that while it is probably true that
he average of ratios will usually give a better performance figure,
it would be wrong to assume that the proporiional improvement would
always be so pronounced as in the example shown.

o g

An evaluation of the two methods which shows one method to
be superior is not possible, since proponents of both methods can
give good reasons for adopting one method in preference to the other.
The theoretical cause of the discrepancy is the variation in the base
from question to question: in the case of the recall ratio it is the
nomber of relevant documents sought; in the precision ratio it is
the total retrieved; and in the fallout ratio it is the total non-relevant.
The average of numbers method weights the results of individual guestions
according to the base, and a larger base exeris a greater influence on
the final result. The average of ratios completely ignores the base
variation. In situations outside retrieval tests, where similar data has
to be averaged, it ie freguently advocated that the variation in base should
be allowed for, and the average of numbers used (see, for instance Ref.
12, page 161). The difference in the results of the two methods is small
except when the range and distribution of the variation in base becomes
large, as is often the case with the precision ratic. However, both
methods appear to be equally reasonable for use in retrieval situsiions,
and the different resulls are really complementary viewpeints requiring
careful interpreiaticn,

A description of the different viewpoinis represented by the two
methods has been given by Salton (Ref. 13). He suggests that the average
of ratios is 'a query-oriented viewpoint', and the average of numbers is
a ‘document -oriented viewpoint'; performance figures using the average
of ratios indicate the performance of a single typical search gquestion,
typical that is of the set of guestions used in the test. The use of average
of numbers indicates the result of the whole set of guestions, or indicates
the success in performance of loocking for a given sel of relevant documents
{287 in the example being used). This really ignoree the aciual individual
qgquestions involved, since one guestion with 287 relevant documents could
in theory have the same resull as 35 guestions having in total 287 relevant
documents. Thus the average of numbers gives an arithmetical mean
value for a set of guestions, and the average of ratios gives what
approximates to a 'median' value which reflects the performance of a
typical question.

Neither method appears ito have any marked superiority over the
other as a means of presenting results. However, the decision to use
in this volume the average of numbers method was based on a most
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important practical advantage, namely the comparative ease of caleulation,
To have used the method of the average of ratios would have increased
the calculations forty-fold; work that has taken hundreds of hours would
have taken hundreds of weeks. The really imporiant matter in any test
ig to know which method is being used and to use it consistenily in

all situations.

Method of totalling resulis

Apart from deciding on whether to use the average of ratios or
the average of nurobers, we re faced with the additicnal problem
whick is involved in totalling resulis of sets of searches where the co-
ordination level cut-off is employed; an idea of what is involved in
this problem can be seen in Appendix 4A, There are given the
peviormance resulis, in actual figures, for the 221 questions {subset 3},
being fested on Language I.la {single terms, natural language and
coordination), Exhaustivity 3, Search rule tvve A, Document Relevance
i - 4 and searched on the 1400 document collection. The questions
are arranged in numerical order, and for each gquestion is given the
total number of relevant documenis in the whole collection, followed by
the relevant and non-relevant documenis actually retrieved at each
coordination level. In the final column is given the sum of the total number
of postings for the search terms; the total must, of course, equal the sum
of the relevant and non-relevant documents at all coordination levels. The
variations between the 221 questions that affect the problem of arriving
at a single result of a single performance cuvrve for the 221 guestions
can be seen in tabular form in Fig. 3.207. Here the two characterisiics
of the 221 questions are listed, namely the numbers of terms initially
selected from the search guestion and used as search terms {starti
terms), and the number of retrieving terms, that is the maximum number
of starting terms which, uged in logical produmﬁ coordination, way be put
to the index and will stul retrieve documents {whether relevant or non-
relevant),

The table shows how, for this particular test, the starting terms
ranged from 2 to 15, and the retrieving terms varied from 2 to 10,
Within this 14 x § matrix the actual number of questions Inveolved is
recorded, s0 it can bé seen, for example, that of the 35 guestions having
seven starting terms {column headed 7} only three of these questions could
coordinate all seven iterms and still reirieve some documents. The figures
in the table refer only to the particular index language in use, and a
different index language such as index language [.5 which includes synonyms,
word endings and quasi-synonyms, would alter the distribution of the
gquestions in relation to the retrieving terms, while any test involving a
different basic index language {such as simple concepts as compared to single
terms) would alter the starting term groups also,
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Number of starting terms
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FIGURE 3.207 DISTRIBUTION OF THE 221 QUESTIONS BY STARTING
TERMS AND RETRIEVING TERMS, IN ONE
PARTICULAR TEST.

The table in Fig. 3.207 may be considered as showing how, in two respects,
the 221 questions are a heterogeneous set of guestions. Various subsets

of the 221 can be picked to overcome the variations, and truly homogeneous
subsets occupy each cell in the table, e.g. the five starting term group

with four retrieving terms is the largest such subset, having a total of
eighteen questions. A partially homogeneous subset, on the basis of one
common characteristic only (either starting terms or:retrieving terms},

was the first to be examined in an attempt to find a method of totalling

the whole set.

The subset of seven-starting-term questions was chosen and totalled
by simply adding up each guestion at the seven possible coordination
levels, resulting in seven totals. These totals are shown in Fig. 3.21T,
and the recall precision percentages are recorded, these being calculated
by ueing the average of numbers. The seven average recall and precision
ratios are plotted in Fig. 3.21P, thus producing a performance curve for
35 questions, when the exhaustivity of search is altered by coordination
levels. Since the characteristic of retrieving terms was ignored, not all
the 35 guestions provide results at all coordination levels, and, as was
seen in Fig. 3,207, one question is unable to retrieve any documents when
more than two of the terms are demanded in coordination, and only three
gquestions provide resulis at a coordination level of seven. The number of



- 80 -

Documents
Coordination Retrieved Recall Precision
Level Rel. Non-Rel, - Ratio Ratio
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For Method 1, the questions were totalled in a similar manner
o the ;gﬁ;&,rimé term groups described above. This meant that for
any given coordination level, {say, for exawmple, four terms), the
total results were obtained by adding the individual results for all the
221 questions, irvespeciive of the number of starling ferms which each
guestion had. Two varisunts of this sirict coordination level iotalling
were considered. Method 1A involved E;otaﬂing ag described, and the
regulting perfor ratios are g iven in Fig, 3,247, for Single Term
Index Language I.1. The performance plot is given in Fig. 3.24P,
with an additional curve of Language 1.6 for comparison. In Method
18, account is isken of the fact that at the higher coordination levels,
many of the guestions are nol capable of comtributing results, since
the number of starting terms in the question is fewer than the
coordination level., 1t is, for instance, quite impossible, at a
coordination level of seven terms, to retrieve documents related to
any of the quesﬁ@n&s which only have six, five, four, three or two
slarting terms. This effect incresses, of course, with the
coordination level., In this case, therefore, the recall ratio is calculaied
only for the quesiions that are capable of giving results. Fig. 3.257TP
shows this, where il is seen that st a coordination level of 8+, only
704 relevant documents, l.e. legs than half of the real total for this
set of guestions, are faken as the fotal of relevant documents being
sought. This resulls in an increas recall ratio compared with Method
1A, but the preci ratio is nol affected. A disadvantage of this
method is that at epordination level a change in generalily occurs,

y‘w‘A

In Method 2, an attempt iz made {o allow for the fact thal guestions
differ according to the number of starting terms. The strict coordination
level of Method 1 can be faulied for eguating, for exawmple, the results
of a five starting-termn question searched af a coordination level of four
terms, with the resulliz of a ten sitariing-term question, also searched
at four terms. The basic Method 2 can be described as “otalling by
proporiional coordination levels!, since it takes into sccount the potential
range of coordination levels which differs between guestions, For example,
a three starting-term question searched at a coordination level of two
terms is demanding a match of two-thirds of the theoretical maximum,
and in this method all questions having such a match would be included in
the group. For a six stariing-term question, for a nine starting-term
guestion and for a twelve starting-term question, a two-thirds match
would be four terms, six terms and eight terms respectively, although, for
most other questions, no exact two-thirds match ig possible. There are
obviously many variations which are possible, but the example presented
llustrates the use of this method when seven levels of mateh are chosen
io obiain a total result,

There are obviously many ways in which this method could be applied;
the example presented is where seven terms of match have been selected.
Whatever the actual number of coordination levels in any particular question,
the results are forced into the seven-term paitern. As can be seen from
Figure 3.267, this means that certain resullts are repeated, while for
questions with more than seven starting-terms, certain results have to be
omitted,
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Coordination Total Relevant Recall Precision
Level Relevant Hetrieved Ratio Raiio
i 1550 1510 95, 0% 0, 8%
% 1580 1283 80, 1% %, 2%
3 1583 946 59, 8% 4,1%
4 1897 608 40, 2% 7.8%
5 1401 314 22, 4% 11.8%
& 1143 154 13, 5% 18, 0%
7 891 74 7. 5% 25, 5%
§ 704 22 3.1% 33. 8%
. 548 8 1, 5% 61, 5%
1o 349 1 0.3% 100, 0%
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Seven Proportional Coordination Levels
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FIGURE 3.287 PREOPORTIONAL PLACEMENT OF COORDINATION
LEVELS IN STARTING TERM GROUPS FOR METHOD 2

Such a method is very arbitrary; some of the results for guestions
having less than seven starting terms had to be used more than onece, whilst
some of the results for questions having more than seven starting terms
could not be used. The performance figures resuliing from this method
are given in Fig. 3.27TP,

For Method 3, described as ifmaximum starting ferm coordination
levels! the questions were totalled by grouping according to the maximuam
number of starting terms. Thus the three-starting-term questions searched
at a level of 3 would be totalled with the four-starting-term questions
searched at. 4, with the five-starting-term questions searched at 5 and so
on. A single coordination level is dropped.off at a time, working from right
to left in the diagram. given in Table 3.28T. It can be seen that questions
having only a small number of starting terms are soon reduced to a
gingle term search; therefore the resulis at this level are maintained
together with those questions that still have terms that can be dropped off,
until all questions are being searched on a single term. Resulis by this
method are given in Fig. 3.29TP.
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Twelve Coordination Levels
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COORDINATION LEVELS FOR METHOD 3

All methods discussed so far have results which, at higher
coordination levels, are based on increasingly smaller sets of guestions,
Method 4 overcomes this particular drawback, by totalling all guestions
at the hlghest coordination levels that retrieve documenis in every
guestion. Known as.the method of 'maximum reirieving term coordination
levels’, all guestions are first aligned at the highest coordination level
at which, in every question, at least one document iz retrieved,
irrespective of whether or not it is relevant. This level will vary from
guestion to guestion, and by referring back to Fig. 3.207T, it can be
seen that in the particular conditions of that fest, some questions only
began retrieving documents when several of their starting terms had been
dropped off in coordination. For example, none of the twelve starting-
term guestions reirieved documents at a coordination level higher than
nine. When the search resulis have been aligned by the coordination
level at which each guestion gives a result, the figures are totalled,
the coordination.level in each question being relaxed one term at a time,
until every guestion is reduced io a single term search. The resulis
by this method are given in Fig3.30T, and the curve plotted in Fig. 3.30P,
It will be noted thal the lower end of the curve terminates at 19% recall
and 22% precision; this point has been derived from the individual resulis
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Cocrdination Becall Precision
Level Ratio Ratio
Minus 11 84, 5% 0. 9%
Minug 10 94, 2% 1, 0%
Minus 9 83, 2% 1. 2%
Minus 8 81. 2% i, 4%
Minus 7 86.3% 1, 8%
Minus § 78. 8% 2, 4%
Minug 5 87. 7% 3, 9%
Minus 4 54, 2% 6. 8%
Minus 3 38. ™% ' 8. 7%
Minus 2 25, 3% : 8. 3%
Minus 1 11, 0% 14, 4%
Maximum 3.1% 47.6%
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FIGURE 3.29TP TABLE AND PLOT FOR RESULTS BY METHOD 3, MAXIMUM
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With all the methods that have been discussed and illustrated, each
congigtently showed Index Language I.la to have a seemingly superior
performance to Index Language 1.82. Whatever weakness there might
have been in any of the methods, in no case were the regults
sufficiently distorted to mask this change in performance. In this
situation, it again seemed most sensible to adopt a method which was
relatively simple io apply, and Method 1A, using starting term
coordination levels was therefore selected.

After this decision had been taken and the main sets of results
had been prepared, & simpler method of obtaining a2 ranked ocuiput
was found, and the majorily of the results have been recalculated by
the document outpul cutoff method. However, the decision to present
the main resulis by Method 1 was not reversed, so the results obtained

e

by this allernative Method & are presenied separately in Chapter 5,

In view of the decision o use the siarting lerm coordination
ilevel method, it is necessary to mention one further point. Using this
method means that average results obilained at high coordination levels
are based on an increasingly smaller number of questions in the set
due to two veasons -~ firstly the variation in the number of starting terms,
resulting in guestions with a small nurmber of starting terms never being
capable of contributing resulis when the coordination level exceeds the
number of starting terms. This hag already been discussed in Chapler
2, where it was stated that s information was given in each table of
test results in column z {sse Fig. 2.18). The second reason was
the variation in the number of terms that actually retrieve any documents,
since the higher coordination levels in some questions demand a match
that is too sirong for any documents i{o be reirieved. Data on thisz point
is presented in Column x which gives the total number of guestions
which actually retrieved any documents. As can be seen in Fig., 2.15,
although z decreases at the higher coordination levels, x is smaller than
z at all coordination levels of 4 or more. This was the normal experiencs,
gince there were usually some questions where the demand for a
coordination of four terms would not vetrieve a single document,

1,000(a+c)

The generality number N

To return to the matter of the generality number, it is now possible
to. consider this in more detail. It is known that, in ailuations where the
generality numbers are different, varying performance figures will be
obtained, even though the actual operational performeance may be similar,
In experimenial tests such sifuations exist when the average numbers of
documents relevant to the guestions differ in two cases of identical file
size or, vice versa, where the file sizes are the same buit the numbers
of relevant documents are different. A third situation is where both the
numbers of the relevant documents and the file sizes are different.
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As an example, two collections are hypothesised (see Fig. 3.327},
Collection A having 1000 documents and Collection B having 10,000
documents. In both collections there are assumed to be fen relevant
documents for a given question, giving a generality number of 10 for
Collection A and 1 for Collection B. It is hypcothesised that the recall
ratio is 50% and that the proportion of non-relevant retrieved to collection
gize remains the same. The fact that the proportion of non-relevant retrieved
remaing the same means that the fallout ratio will be 1,0%%, although
the precision ratio changes from 33.3% in Collection A to 4.8% in
Collection B, reflecting the decrease in the generality number. A
recall/fallout plot would indicate an identical performance, concealing
the information that in Collection A a fallout ratio of 1.0% means the
vetrieval of fen non-relevant decuwnents and in Collection B #f means the
retrieval of one hundred non-relevant documents. On the other hand a
plot of recallfprecision would corvectly indicate this change.

COLLECTION A 1000 DOCUMENTS
Helevant Non-Relevant Generality 10
Retrieved 5 i0 15 Recall 50%
Mot Retrieved 5 980 985 Fallout 1.0%
10 8380 1,000 Precision 33.3%
COLLECTION B 10,000 DOCUMENTS
Relevant Non-Relevant Generalit y
Retrieved 5 100 105 Recall 50 ;9
Not Betrieved 5 8890 §895 Fallout 1.0%
10 9890 19,000 Preaecigion 4.8%

FIGURE 3.327 TWO SETS OF PERFORMANCE RESULTS WITH
DIFFERENT GENERALITY NUMBERS AND CONSTANT
RECALL AND FALLOUT ERATIOS.

For a comparison of retrieval perfmrmancé, it can be argued
that the result revealed by the fallout ratios is more useful, since the
change in precision ratio is solely due to the change in the environmental
factor of the generality number., However, we have earlier stated our
intention to present the main body of results with recallf/precision plotg, on the
ground that these, in general, make a more useful and comprehensible

#This is correct to one decimal place; the actual figures are, regpectively,
1.0101%, rec rmg and 1.001001% recurring.
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presentation of performance. It is therefore necessary to make
adjustments to the precision ratios in certain situations {which have
been considered in Chapter 2} where sets of varying generality
have to be compared. This is reasonably straightforward and is
obtained by the following equation:-

REX’GZ

Py {Adjusted Precision Ratio) =
(R; x Gg) + F1(1000 ~ Gg)

Hecall ratio obtained for a given system, in a
situation of a known generality number
By = Fallout ratio obtained for the given system, in

a situation of = known generalily number
G = Generality number to which it is desired o alier
the resulis, to obtain the adjusted precision

]

where R 1

Thus two sets of performance figures obtained with systems of
differing generality can be compared by adjusting the precision ratio of
one case, so that it is based on the generality number of the other. If
the example in Fig, 3.32T were to be corrected, and H it were decided
to alter the resull of Collection A to fit the generality of Collection B,
then, from the eguation given above,

.50 x 1 .50
Pa = = = ,048
{.BD % 1} + .01{1000 - 1} .50 + 5.99

The answer, expressed as a perceniage i8 4.8% and this result is
clearly correct, with both cases now having an identical recall ratio,
fallout ratio and precision ratio,

This however, is a simplified sxample, and in practice the matter is
complicated by what at present seems to be the most difficult preblem in
performance comparison, namely the determination of the correct N. {the
gize of the collection). To consider this, an actual result is taken from
a particular set of 42 questions that were searched on collections A and
B where N eguals 200 and 1400 documents respectively, the documents
in collection A being-a subset of the documents in collection B. The details
are given in Fig. 3.33T, with the two seis of performance figures obtained
in exactly the same conditions, While the precision ratio for collection A
has increased with the increased generality number, yet thers is also a
gignificant difference in the fallout ratio.
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SYSTEMS DATA

Collection A Collection B
No. of decuments 200 1400
No. of guestions 42 42
Total No. of relevant documents 198 185
Generality Number 23.6 3.4

 PEEFORMANCE AT COORDINATION LEVEL OF 3

Relevant retrieved 132 132
Non-relevant retrieved 781 3,984
Recall Ratio 66.7% 686, 7%
Precision Ratio 14, 8% 3, 2%
Fallout Ratio 9, 278% 6. 758%

FIGURE 3.337 SYSTEMS AND PERFPORMANCE DATA FOR COMPARISON
OF GENERALITY NUMBERS,

|

If the fallout in both collections were exactly the same, this would mean
that the ratio of the change of the number of non-relevant retrieved

{b) would be the same as the ratio of the change of the total non-relevant
{b + d) i.e.

b{Collection B} {b + d}{Collection B}
b{Collection &) (b + dM{Collection A)

. b{Collection B}/b{Collection A) o
. (b + d){Collection B}/{b + d)Collection A

Bearing in mind that these figures represent the sum of a series of searches
for 42 guestions having 198 rvelevant documents, the result from Fig, 3.3
is, in fact, '

761
{42 % 1400} - 198
{42 = 200) - 198

2
= 0.732
2 7327

It is therefore shown that binon-velevant retrieved) has increased by a
factor of 5,2352 while the total number of non-relevant documents (b + d}

has increased by a facior of 7.1448. Proof of the accuracy of this can be shown
by assuming that collection B had retrieved 7.1448 times as many non-velevant
documents as collection A in which case it would have retrieved 781 x 7.1448

% 5437 documents, as against the actual total of 3,984 documents.



The faliout ratin would now be = -z G, 2TE%,
E8802Z

This fallout is now identical with that of collection A in Fig. 3.337T; it
should be noted however, that 'shese figures would result in the precision
ratio falling from 3.2% to 2.4%

One has various options as to how fo correct the precision ratio
according io gemm allty; it is possible te convert A to B {i.e. 23.8
3.4), Bic A {l.e. 3.4 to zws‘; or to take a figure intermediate
between A and Es ;ﬁsuch ag 11, effect of these three possible
changes would ressult in the fﬂﬁmnmg figures: -

Uncorrected . g e
Adinsted Precision Ratio

Precigion Fallout

Ratio G o= 3.4 G o= 23.8 G o= 11 Ratio

Collection A 4. 8% Z.,4% i4.8% 7. 3% 9.278%
Collection B 3. 2% 3. 2% 19.0% 5.%% 8.708%

Whereas uncorrected precision ratic shows A to be superior,
all adjusted precision ratios show B to be superior. To discover whai is
the factor which, in terme of the two collections, causes the difference
in performance, Collection A will be taken as giving the expected result,
and we will investigaie the reas Sons why B should show the improved
performance after precision ratio s been adjusted,

The problem is why, with collection B, fewer non-relevani documents
are retrieved than expected. This can be explained by saying that there is
more diversification in the indexing terms (and, therefore, presumably of
the subject) of some of the documents in the larger file in relation to the
search terms of the questions. The 42 questions in tha test were all
specifically on aerodynamics, as were zll the 200 documents in collection
A. Howevér, 1t i8 known that 257 of the documents in collection B were
included in relation to questions dealing with the theory of aircraft
structures; if i is assuwed that these were never retrieved by any of the
42 questions on aerodynamice, then this would reduce N for collection B
from 1400 to 1143, which is shown as B3 in Fig. 3.347T, where the new
generality number and fallout ratio are given. The fallout, at 8.333%,
is now closer to, but still does not reach, the level for collection A.

It is therefore clear that if the performances are to be equated, it
is necessary o hypothesise that in collection B there is a further sub&;et
of documents Whmh are not retrieved by the guestions. This number can
ke found by ca},culatmg the size of a hypothetical collection, Bs, which
would result in an identical performance as collection A; the size of this



collection, Bg, iz caleulated to be 1027 documents, which means that

a further 116 documents must be deleted from Loﬂznc ion By. As will
be geen in Fig, ;3,1%1’;& the collections are now equated with the fallout
ratio being, in both 8. 27¢

Fallowt
Collection Bl
HAt1o
5 200 23.6  9.278% B 1400 3.4 6.798%
Bi 1143 4.1 8.333%
| B, 1027 4.6 9.278%
Ay 271 7.4  8,798%
FIGURE 3.347 @@:s»;ym:*w*a COLLECTION SIZES TO FIT GENERALITY

If instead . | e i B to collection A, the reverse siep
had been taken, then if can be ssen that It would have meant adding 71
documents to collection A wmaking Ay, which would then have a fallout

of 8,.798%, the same as the orviginal collection B.

Asg a result of doing this, the precision ratio of collection A, can
now be converted by the squation given earlier, and, since recall, fallout
and generality are egual, the adjusted precizsion ralio must be 3.2% as
for collection B.

While the above may seem o be somewhat involved, it is, in fact,
a simplification of the real situation in that 42 gquestions have been
taken as a block. A more deiailed analysis would requive that each
guestion should be {reated separaiely. Then, again, the analysis has
been done in a single fixed situation, namely a certain index language
at a certain level of coordination, and clearly i& could be repeated over
mamf huﬂdw@d&% of ﬁﬁ;ua‘iiigms of a similar type. However the implications
going beyond the scope of this chapter,
report,

80 "the » will hm ns §~jez°aed lat

In addition to explaining the performance measurses adopied in this
report, ithis chapiter has also atterapted to cover, albeil in 2 non-exhausiive
manner, the main considerations regarding their use and effect. For
‘ourselves, we fesel that it is foolish, at the present stage of development,
to be dogmatic on this subject. Wherever it has been necesgary to make
a cholce between different methods, in most cases the decision has been
taken for veasons which could be considered peculiar io this project. Other




experimenters may well find that different measures better snit their
purpose; hopefully, in this survey the relationship between different
measures has now been established, and so long as complete sets of figures
are given in reporting test resulis, there should be no serious difficuliy

in converting from one set of measures to ancther. Ultimately, one

assumes that something approaching general agreement will be reached on
the measures to be used. All that we would claim is that the measures used
in this report appear to be as good as any others so far proposed,



CHAPTER 4

Main Test Resulis

Efficiency is something which cannot be ‘achieved without
effort expended in the appropriate ways, and measurement
is one of the ways towards improved efficiency. It is
difficult to see how efficiency can be improved without
some basgis in measurement,

L.T. Wilkins: Social Deviance, page 8.

In the two previous chapters have been outlined the
envirenment in which the tests were carried oul and the measures
which are used for presenting the resulis. Yor those who did
neot wish to work through these two chapters, a brief summary is
now given to aagist in the interpretation of the test results presentied
in this chapter. The simplest method of doing this is to illustrate
the variocus pointg with an example of the tables which present the
test resulis, as in Figure 4.001, to which reference should be made,

{1} There are four main groups of index languages and these are:
identified by roman numerals:
I Single term index languages {eight languages tested)
II Simple concept index languages (fifteen languages tested)
III Conirolled term index languages (six languages tested)
IV Abstract and title searches {four languages tested)

With each index language there are a number of different
recall devices., These are ideniified by arabic numerals, and the
full range of these index languages is set out in Figures 2.5, 2.8 and
2.7.

The lower case letter identifies the precision device which is
being used. The basic device is coordination, shown by a. The other
precision devices are fully explained in Figure 2.8.

{2} At the indexing stage, each term was given a rating in relation

to its importance in each particular document, and this permils tesis

to be made with different levels of exhsustivity of indexzing. This

i8 to say that searches can be made on the full indexing, which averaged
31 terms for each document, and this is shown as Exhaustivity 3. .
Aliernatively it can be done on a restricted set of terms, where the
average was 25 terms per document; this is shown as Exhaustivity 2.
Finally searches can be made on the leasi exhaustive indexing, where

the average was 13 terms per document, and this is shown as Exhaustivity
1.

{3) Various search rules that were used are explained in Figure 2.8.
The basic search rule permitted the combination of any ferms and is
shown by A. Other search rules are explained in the appropriate
section of the tables.
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{4} The relevance of the documents to the questions was assessed by
the questioners in four grades of relevance (see Vol. I, p.21). Most
of the test results are given for documents of all grades of relevance
{shown as 1-4), except in Section 4.6 which specifically deals

with the effect of relevance,

{5} The main test collection had 1,400 documentis, but two other
document sets were used. These were of 200 and 350 documents,
& characteristic of these smaller sets being that all the documents
were concerned with aerodynamics, whereas the main sei contained
some 300 documents on theory of aircraft struciures.

{6} The largest set of guestiong in the test had 221 guestions.
Most of the resulls are based on a subset of 42 guestions, all of
which were concerned with aerodynamice, Anocther subset had 35
guestions, the characteristic of which was that each guestion had
seven starting ferms. Other seis were uged in special cases;
full detaile are given in Figurs 2.13, and zlsc in the appropriate
section of the tables.

{7} The number of relevant documenis will vary with the document
set, the question set and the relevance grade. This number must be
lkknown for calculating the recall ratio,

{8) The generality number is a function of the number of relevant
documents and the number of documents in the iest eollection. With
Question Subset 2 {for which there are 198 relevant documents), when
the search is made on the 1400 document collection, the generality
number is 3.4, When searched on the 200 document collection, the
generalily number is 23.6 The effect of the increase in generality
number ig to bring abou! an apparent lmprovement in the performance
figures. The matter of generality is fully discussed in Chapter 3.

{8)  All the test results given in this chapter were based on searches
where the coordination level was progressively decreased {rom the
maximum down to a single term. The maximum number of single terms
in any guestion was 15, while the lowest number of terms was 2,

{10} In most situations, for the veason stated in the previous paragraph,
the number of questions which can be searched at a given coordination
level will be limited by the number of guestions having that number

of starting terms, This information is given in column =z, which shows,
for example, that at a coordination level of 6, there are 164 questions
which, having six or more starting terms, can be searched at this
level.

In certain searches, the number of guestions actually searched at
iven coordination level was less than the theoretical maximum possible,
8 was because of the large clerical effort required and the number
of questions actually searched is given in column v.

8 g
Thi
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It will be seen {from Figure 4.001 that coordination level of §,
only 161 of the possible 164 qgue h@ns were searched, and frowm i“hiss
stage there is an increasing disparily between the figures in

v and z, ’

Column x shows the number of guestiions that were able, at
any given coordination level, io refrieve any documents, whether
relevant or snon-relevant. It will be noted, for instance, that
it was not until the coordinaition level had dropped 1o ten ferms
was it possible to retrieve a single document; at this level, as can
be seen from the ?’igurm in columns ¥ and z, of the 52 questions having
ten or more stariing terms, & guestions retrisved documents,

{11} In the columns of documents retrieved are shown the lotal
numbers of relsvant :?zzd non-relevant documenis retrieved at the
various cocrdination 1 igures have been oblain Hﬁ by
summing the resulis § 3
set,

As mentioned in the previcus sectien, in some cages the
searches were not completed at the lower coordination levels, The
resull ig that the figures for non-relevant documents retrieved are
estimated by a2 method described on page 28. All such estimaied
figures are indicated by as asterisk. However, it should be noted
that the figures for the retrieval of relevant documents are always
correct.

ures presented in the tables arvre

{12} The actual perforn s
allout ratio. These are derived

WANC
recall ratio, precision ratic and
from the following:-

a. Relevant documents retrieved
b. Noh-relevant documents retrieved
¢, Relevant documents not retrieved
d. Non-relevant documents not retrieved
. 100a , \ S
Recall ratio is PR that is relevant documents retrieved over

the total relevant. All such figures in the tables are correct, but
C 100a | . 100b . :

for precision ratio {;ﬁ:«g} and fallout ratic i;‘“’“‘”}“a it was in.some

cases necessary io use the estimated fig

section. Where this has be en done, an astems 2 is placed aga n@t

the figure in the table,
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TABLE OF RESULTS

The tables of resulls are presenied in nine main sections. Details
are given befors sach section of tables, but the foellowing is s brie
resume,
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in the first section the resulis are given for the single term
index languages with the largest set of documents and guestions,
Because of np the fotalling method used, the
if‘j seven-term questions set is given for comparison. This is
followed hy the 4% zerodynamic guestions on the 1400 document
collection, with a final table for this set of questions with the
“&“f@ document collection., The purpose of this group of tables is

B

first to justify the totalling procedure, then the reduced set of
questiong and finally the reduced set of documents.

or the 42-question and 200-

term languages, The tests

ixing and partitioning are given

n Section 4 by comparative resulis

.  The effect of search rules

ifferent levels of relevance are

for i simple concepts index

ag re ented in Section 7, while Section 8, which deals
. the six controlled term index Eﬁfr&guaaew includes results for

recall devices, precision devices and search rules. In Section B

are presentedthe results of searches on the titles and abstracts,

ey
it
=y
et
1
0]
B

The tables and plots are numbered according to the above
nine sections, 'T! indicaling a table and 'P' indicating a plot. In
all cases unless otherwise stated, the plots are of recall and
precision ratios.
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Section 1 Introductory Tables

The first set of results is based on 221 guestions {guestion subset
3} searched on the full collecticn of 1400 documents. In Tables
4.100T to 4.1047T, five of the lanpuages invesiigated on the single
term indexing are presented, namely languages I.1.a2, 1.2.a, 1.3.a,
I.6.a, and 1,6.a, showing the effect of recall devices. The resulis
for these five languages are presenied on a single plot in Figure
4.108P, with a performance curve f each of the languages plotted.

€
o

Al S

Wowas very difficult to find a satisfaciory method of totalling
the results with these 2 of the large variation
in the nomber of star erT ! problem was fully discussed
in Chapter 3 {pages 5l 71}, but in order to validale the selecied
method, a subset of 35 g ted, ihe characteristic
of which was that each g nad seven starting ferms, and in this

f+9

respect was an average sel. The resulis for searches for the
same five index languages ars presented, in Figures 4.110T - 4.114T7.
The guestions are again searched on the 1 ; i
and a single plot of the five curves is given in Fig. 4.115F,

A further subset of guestions, 42 in number (subset 2), is used
for the results given in Figs. 4.1207 {to 4,124T. The same five
languages are used, and the 1400 document collection is searched.
These guestions pose the same problems in iotalling as did the 231
questions, since the 42 questions have varying numbers of starting terms,
ranging from three to twelve. A single plot of the five languages is
given in Fig. 4.1257.

g

&

In these three sets of questions, a progressicn may be observed
irom the largest set of questions {221) to 2 smaller set of 35 questions
specially selected to minimise the totalling problem and to ancther small
set of 42 questions that has the same problem of totalling, due io
the variaiion in number of starting terms, as the collection of 221 questions.
The differences in question sample size may be expecied io affect any
direct comparison of the three sets of questions, in addition to the
totalling method problem. The effect of this can be seen in Fig.
4.130P where the natural language resulis {Language [.1.2) are compared
for the three subsets of questions, the three curves being based on the
results in Figs, 4.1007, 4.1107, and 4.1207, Although the comparison
is accurate in terms of recall and precision as calculated, the comparison
of three different sets of questions brings in a new variation, namely
the generality number (G}, For the 22L gquestions G is 5.1, for the
33 questions G is 5.9, and for the 42 questions G ig 3.4. The nead to
allow for this difference in generality has been discussed, and Fig. 4.131P
‘i a graph that allows for this by use of s plot of recall and fallout,



4 can now be argued that the performance resulis based on
the smaller sets of questions give valid resulis. First, there
iz a close similarity in the relative differences obtained when
five recall languages are compared, whichever set of questions is
used. This may be seen by comparing Figs. 4.105F, 4,115P
and 4.125P where the relative differences between the five languages
are very similar, A further comparison is made on a recall fallout
plot, in Fig. 4.131P, where generalily is allowed for, and the
language is held constant as type I.1.a. Some small variation
is to be expected when the guestion seis are altersd in size, and
when a universal iotalling method is to be used, but the subset
of 42 questions, on which many of the later vessulis are based, ig =2een
to be representative of both the larger set of 221 questions and of
the sel with the chosen characteristic of sach question having the
same number of starting terms.

£

oy
&

In the question sets shown so far, the collection size has
remained constant at 1400 documents. Maeost of the later results have
been obtained on the 200 document collection {collection subset 1},
and the validity of results based on the smaller coliection size will be
considered nexi,

Table 4.140T gives the resullis for a search on language I.1.a made
with the 42 questions searched on the 200 document coliection. The
regulte from the table are plotted as a performance curve in Fig.
4.140P. Also shown on this plot are the resulis from Fig. 4.120T,
which are based on the same gquestion set and language but searched
on the 1400 collection. It would be expected that with a recall/precision
plot, the increased generalily number would result in a better
performance for the searches on the 200 collection as compared to those
on the 1400 collection., This is, in fact, the case, for while the recall
at each coordination level is seen to be identical, the expected largs
increase in precision is seen when the 200 collection is searched,

The effect of the change in generality on the precision ratio, as
discussed in Chapter 3, is allowed for in Fig., 4,141P, which is a
plot of thetwo curves using recall and fallout ratios, and Fig. 4.142P
which plots the two curves on a recall/precision plot with genevality
adjusted to a constant of 23.6, this number being the generality of
the situation in the 200 collection. The result for the 1400 collection
is now no longer inferior to the 200 collection, and in fact the situation
is reversed. The reason why the 200 collection now has a somewhat
worge performance has been Investigated in Chapter 3, whers it has
been shown that the cause of the difference can be adequately explained
and allowed for;this was, in fact, done and the resuli was shown in
Figure 3.347T.

The purpose of the introductory results presented is to demonsirate
that test results based on a relatively small collection and set of questions
do give valid resulis, The variations observed between the three different
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sets of guestions and the {wo collections can all be adeguately
explained, and can be allowed for by methods of adjustment that have
been developed.

LIST OF FIGURES

Index No. of Question Document
Language  Questions Subset Collection Plots

4.1007 I.1.= 223 R 1400

4.1017 i.2.a 221 3 1400

4.1027T i.3.a 221 3 1400

4.1037 i.5.a 221 3 1400

4.1047 i.6.a 221 3 1400

4.105P L.i.a 221 3 1400 Plot 4.1007,
i.2.a 4,101,
I.3.a 4.1027,
i[.5.a 4,103T,
i.6.a 4.1047T,

4.1107 i,l.a 35 1 1400

4.1117 I.2.a 35 i 1400

4.1127 1.3.a 35 1 1400

4.1137T i.5.a 3 i 1400

4.1147T I.6.a 35 1 1400

4,115% I.il.a 35 i 1400
I.Z.a
I.3.2
I.5.a
I.6.a

4.120T I.1.a £2 A 1400

4.1217T 1.2.a 42 2 1400

4.1227T 1.3.a 42 2 1400

4,1237T I.5.a 432 2 1400

4.124T iI.8.a 42 2 1400

4.125P iI.l.a 43 2 1400 Plot 4.1207T,
1.2.a 4.,121T,
i.3.a 4.12327,
I.5.a 4.1237,
1.6.2 4.1247.

4.130P I.l.a 221 3 1400 Plot 4.1007T,

35 1 4.1107,
42 2 4.31%207,

4.131P {same as 4.130P, but recall/fallout}



4.1407
4.141P

4.1427

Question Document

Index . No. of
Language  Questions Subset Collaction Plots
I.t.a 42 2 200
I.i.a 42 2 1400 Plot 4.1
200 4.1

{same as 4.141P, but recali;’adjusted precision}



FIGURE 4, 1007

ndex Language 1.1.a. {S.7T, Naturs) language. Coordination)

Eshaustivity of Indexing 3
Search Rule A
Dacument Relevance 1-4

Number of Documents in Collection 1,400
Number of Questions 221 (Subset 3)
Wamber of Relevant Documents 1,590
Generslity Wumber 5.1

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio k4 b4 %
Level Rel. Non-rel, afa+c aja+b bibsd
1 1,510 159,122 95, 0% 0, 8% 51.656% 321 221 221
2 1,283 58,122 80.7% 2. 2% 18, 883% 221 2Z1 22
3 846 21, 933 59. 5% 4, 1% 7,125% 215 Z20 230
4 606 7,359 38.1% 7.6% 2,390% 187 212 212
5 314 2,380 19,%% 11.8% 0, 773% 131 187 197
8 154 589 9.%% 18, 0% 0, 227% 86 164 164
7 T4 218 4. 7% 25,5% 0.070% 50 140 14D
8 22 43 1.4% 33.8% 5.054% i 105 105
9 a 8 0. 5% 81,5% 0, 002% 8 78 78
10 i 0 0.1% 100, 0% 0. 0060% 1 52 52
i g 0 [ 32 32
12 0 0 O 18 15
13 2 ] G 8 8
14 4] 4] 0 4 4
15 g 0 [ 3 3
FIGURE 4,101T
Index Language L2.2 {(S.T. Synonyms, Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions - 221 {Subset 3}
Number of Relevant Documenis 1,580
Generality Number §,1
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 ¥ z
Level Rel, HNon-rel. afate afath bfb+d
i 1,514 (=) 95.2% (-} - 221 0 221
3 1,313 59,734 82.6% 2, 2% 1, 406 % 221 44% 221
3 981 23, 654% 81.7% 4, 0%* 7. 6 80%* 218 109% 220
4 §44  8,830% 40. 5% 6. 8% 2. 873%* 192 142*¢ 212
5 355 2, B4G* 22.3% 10, 4%+ 0. 957 %* 1398 177% 197
3] 169 928% 10.6% 15, 4%* 0, 301%* 92 181 164
q 1Y 254 5, 0% 24.0% 0.083% 58 140 140
8 24 58 1.5% 28.9% 6.019% 23 105 105
2] 8 '8 0. 5% 50, 0% 8.003% 8 78 78
18 i 9 0.1%  1060.0% 0. 000% 1 82 52
il 4] k4] 0 32 32
12 [ 3] 0 18 15
13 0 ] a 8 8
14 o 0 6 4 4
i5 k¢ ¢ ] 3 3
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FIGURE 4, 1027T

Index Langusge L3.2 (5,T. Word forms, Ceordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions 221 {Subset 3}
Number of Relevant Documents 1,580
Generality Number 5.1
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio ® vy %
Level Rel, Non-rel. afate afa+h bfb+d
1 1,533 {-} 96.4% {-) {-} 221 o 221
b4 1,338 62, 7165% B4.2% 2, 195% 20, 378%* 221 44% 221
a 1,017 24, 726% 64.0% 3.89%%* 8. 0289% 217 109% 220
4 877 9, b6 5% 42.6% 6. 6%% 2, 53 0ok 192 143% 212
5 374 3, 084« 23.5% 18, Bop 1. 001gpx 138 197* 197
] 182 1,112 12.1% 14, 8ok 0, 381ep¢ 99 . 164*% 161
7 86 333 6.0% 22.4% 08.108% 64 140 140
1 34 87 2.1% 28.1% 0.0628% 28 105 195
a 13 15 G. 8% 46.4% 0, 005% 17 78 78
16 2 o 0.1%  100.0% 0.000% 2 52 53
11 9 0 0 32 32
1z 0 0 0 15 15
13 1] ] Y 8 8
14 8 0 0 4 4
i5 0 0 0 3 3
FIGURE 4, 1037
Index Language Lba (ST, Synonyms, Quasi-synonyms. Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions 221 {Subaet 3}
Number of Relevant Documents 1,580
Generality Number 5.1
Coord- Documents Recall Precision Fallout
ination Retrieved Eatio Ratic Ratio x ¥ 4
Level Rel. Non-rel. afase ala+b bib+d
1 1,548 {-) 97.4% {-) {-) 221 o 221
2 1,408 114, 265% 88. 4% 1, 2% 37, 0999 221 44x 231
3 1,121 43,364% 70.5% 2, 6 %% 13, 755¢# 218 109% 220
4 802 16, 191% 50.4% 4, 7 %0* 8, 257%* 204 142% 212
5 475 8, 164% 29.9% 5, 5%0* 2, 6519+ 184 177 187
8 265 3, 013% 16.7% 8, 1%* 0. 3780 114 161% 184
7 131 910 8.2% 12.6% 0.296% 79 140 140
8 56 266 3.1% 15.8% G.086% 44 105 105
9 18 586 1.2% 25.3% 0. 018% 20 8 78
10 2 i2 6.1% 14.3% 3. 004% 6 52 52
i1 o 0 0 3z 32
i2 ¢ Y o i5 15
13 9 0 0 8 8
i’ g o 0 4 4
15 0 0 0 3 3
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FIGURE 4. 104T

Index Language Le.a (S.T. Synomyms, Quasi~synonyms, Word forms, Coordination)
Exhaustivity of Indexing 3

Search Rule A

Document Relevance 1 -4

Number of Documents in Colleciion 1,400
Number of Questions 321 (Subset 3}
Number of Relevant Documents 1,580
Generalify Number 5.1

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratic b4 ¥ %
Level Rel, Noo-rel. afatc afatb bfo+d
i 1,557 ) 97.6% ) {~) 221 o 221
2 1,438 118,374* 89.9% 1. e 37, 783+ 221 44% 231
3 1,185 45, 101% 73.3% 2. Bog 14, 6430 218 109 220
& 848 18,373% 53,3% 4, 8, 96 %% 206 142% 218
3 503 8, 895% 31.6% 5, 4 2, BB 169 177 19v
8 285 3, B74% 18.6% T Logye 1, 257 119 16i#* 184
7 181 1,138 10.1% 12,4% 0.369% 83 140 140
8 72 344 4.5% 17.3% 0.112% 54 145 105
9 24 82 1.5% 22.6% 0.027% 25 78 78
10 @ 18 G.4% 25.0% 0. 006% 1z 52 52
i1 0 i g, 0% 0.0% €, 6063% 1 32 32
12 [ Ly 0 156 i5
13 [ 0 0 a 8
4 0 0 0 4 4
is 4 0 0 3 3
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85 i FIGURE 4, 1039 PLOT OF RESULTS FOR INDEX LANGUAGES Li.a, L2, 3,
;5 L.3.a, Lb.a AND L6,a FOR 221 QUESTIONS ON 1400
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.75 .\\
© ?\
gl
50 \4’) X Language [, 1a
’ "‘N £ Langauge 1,22
58 % Ll Language 1,3a
50 by + Lenguage 1.5e
K \\ Q Language I.6a
45
14
40 ! .
A
as \
30 - K h
3
28
\\\
o }
20
AN
is R\ v
Ny
)
NS
N
. N N
5 bj%%
ol A ol

© 5 W 15 20 25 30 35 40 45 50 55 60 45 YO 75 g0 85 90 95 100
°le PRECISION



PIGURE 4, 1167

Index Language Li.a {87, Natural language, Coordination)

Ezxhsuativity of Indexing 3
Search Rule A
Diocumeni Belevance 1 -4

Number of Documents in Collection 1,400
Humber of Questions 35 {Subset 1}
Humber of Relevent Documents 287
Generality Number - §,8

Coord- Docuaents Becall Precision  Fallout
inntion Hetrisved Ratio Ratio Ratio k4 k4 4
Levsl Rel. MNon-rel, afs+e afath bibsd : :
3 8 23,681 83.4% 1.1% 48, 328% 85 85 38
2 221 8, 086 T7.0% 2.9% 18, 500% 35 83 3B
& 187 2,865 54.7% 8, 2% ., 881% 34 38 38
4 24 800 32,8% i3.5% 1.232% an 35 35
8 48 347 18.4% 23, &% 0,281% 18 38 38
& 22 37 7.%% 37.3% 8, 078% K a5 35
7 8 a 2. 8% 50, 0% 0.0186% 3 38 _3&
FIGURE 4, 1117
Index Language Lae (8T, Gynoaymas, Coordination)
Exbhauativity of Indexing 3
Bearch Hule A
Document Helevanece 1 - 4
" Humber of Documents in Collection 1 LA00
Number of Questions 35 (Subsest 1}
Number of Relevant Documents 287
Cenerality Number §.8
Coord~ Documents Becall Precision  Fallout .
ination Retrieved Ratio Ratio Ratio ® ¥ %
Lavel Rel. Non-rel. afare afath bfbed
1 269 {-} 63, 8% {=) (-} 28 0 35
2 226 8, 514% 76, 8% 2,6 %+ 17.355%% 35 23% 36
3 164 3,028 8%, 2% §,8% 8.312% 34 38 35
4 i 850 34.5% 13.2% 1.334% a8 an 36
5 51 151 17.8% 28, 2% . 310% 19 35 35
] 23 38 B, 0% 37.1% ¢, 080% 8 38 38
ki 8 8 2, 8% 50, 0% 0. 016% 3 38 36
FIGURE 4. 1127
Index Language L3.2 ({57, Wordforme, Coordination}
Exbhaustivity of Indexing 3,
Saarch Rule A
Document Relevance 1 -4
Number of Documenis in Collection 1,400
Number of Qusetions 35 {Subset 1}
Number of Relevant Documenis 283
Generality Number §,9
Coord- Documents Recall’ Frecision  Fallout
ination Retpleved Hatio Ratlo Ratio S ¥ %
Level Bal, HNon-rel. alato afath bib+d
i i~ 84,1% {-) {-) 3 5 35
2 8, 174% 78.1% %, 4% 18, 51098 36 2ZF 95
3 3,408 b8.3% 4. 7% 5,688% 38 35 38
& 768 35, 90% 1, 877% 30 3
B 184 19.2% 0, 378% 21 35
44 5. 8%, o, GR0% 13 ;
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FIGURE 4, 1137

Index Langusage LB.al(ST, Synonyms, Quasi-synonyms. Coordination)
Exhaustivity of Indexing 3
Search Hule A
Document Belevance 1 -4
Number of Decuments in Collection 1.400
HNumber of Questions 35 {subset 1}
Humber of Helevant Documents 287
Generalily Number 5.8
Coord-~ Documents Recall Precision Fallout
1 ination Hetrleved Ratio Ratio Hatio b4 ¥ -1
i Level Rel. Non-rel. afat+e alatb bibed
i 280 (=) 87.8% (-} §=3 35 0 35
2 283 17,130 88, 2% 1, 5% 34, 959%=* 35 23% 35
3 194 7,472 67.6% 2.5% 15,335% 35 35 35
4 125 2,088 43.6% 5.8% 4.282% 34 35 35
) 85 463 22.7% 12,3% 0.950% 30 35 35
[ 38 88 12.2% 28.4% 0.181% i8 35 35
K i3 i 3.8% 38.0% $8.037% 8 35 38
FIGURE 4, 1147
Index Language Lé.a (5.7, Synonyms, Quasi-synonyms, Word forma. Coordination)
Exhaustivity of Indexing 3
Search Huls A4
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions 35 {Subset 1)
Number of Helevant Documents 287
Generality Number 5.9
Coord- Documents Recall Precision Fallout
Ination Retrieved Ratio Ratio Ratio be ¥y %
Level Rel, Non-rel. afa+e afath b/b+d
i 280 {-) §7.6% {=} - 35 [ 35
3 255 19, 264 88.8% 1,39 38, 3149 35 23% 35
3 202 8,070 70.4% 2. 4% 16,566% 38 35 38
4 130 Z,426 45.3% 5.1% 4,980% 33 35 35
5 12 571 25.1% 11.2% 1.172% 30 35 35
& 38 108 13.3% 25.8% 0.224% 18 35 38
T 13 18 . 4,8% 40.6% ¢, 039% 6 35 35
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FIGURE 4, 1207
Index Language Ll.a (8T, Natural language. Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevence 1 -4
Number of Documents in Collection 1 , 400
Number of Questionz 42 {Subset 2}
Mumber of Relevant Documenis 188
Gienerality Numoeer 3.4
Caoed- Documents Benall Precision Fallpug
iration Beirieved Hatio Ratio Ratio x ¥ -1
Lavel Rel. Non-rel. ajase afath B{bid
1 igs 34,127 85.5% 0,6% 57, 06B% 42 42 42
2 162 8,811 81.8% 1.6% 18, 408% 42 42 432
% 132 3,879 66. 7% 3.2% 8,790% 42 42 42
4 a8 1,089 44,4% 7. 8% 1. 772% 38 41 41
5 48 25% 24.7% 16.3% 0,428% 25 39 39
] 25 56 12.6% 30.9% 0. 096% i8 33 33
Kl 12 11 6.1% 52.2% 0.018% ] ar 27
8 4 i 2. 0% 80, 0% 0, 002% 2 i8 i8
2 G i 0.0% 0.0% 0.002% 1 1y 11
1o o o 0 7 7
i1 0 0 0 3 3
iz 4] G 8 1 1
i3
14
i5
FIGURRE 4,121°T
index Langnage L2a {57, Synonyms. Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions 42 {Subset 2)
Number of Relevani Documents 188
(Generality Number 3.4
Coord- Documents Recall Precision Fallout
ination Betrieved Ratio Ratic Ratio ® b4 k4
Level Rel. Won-rel. afate afa+h bfbed
i 189 (-} 95, 5% {-) (-} 42 0 42
2 165 10, 476% 83.3% 1, G%* 17, 31 89% 42 o* 42
3 134 4,614 67.7% 2.8% 7.873% 42 42 42
4 90 1,244 45.5% 6. 7% 2.123% 38 41 41
5 55 320 27.8% 14.7% 0.548% 27 38 39
8 25 67 12.8% 27.2% 0.114% 16 33 33
K i2 15 65.1% 44, 4% 0,026% i¢ 2 27
8 4 1 2.0% 86.0% 0.002% 2 18 18
9 3 1 0. 0% 0, 0% 0.002% 1 i1 i1
ig O 0 ] K 7
1% a {8 0 3 3
12 0 o o 1 3
i3
i4
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FIGURE 4,122T
Index Language L3.a (8T Word forms. Coordination)
Brhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Wumber of Documents in Collection 1,400
mber of Questions 42 {Bubset 2}
mmber of Releveyt Documents 188
Gensrality Nuwmber 3.4
Coord~ Documents Recall Precision Falloui
ination Retrieved Ratio Ratio Ratio k4 ¥ %
Level Rel, Non-rel. afare afatb bib+d
2 181 (-} 96,5% (=) {-) 42 g9 4%
% igg 11, 268 83.8% 1.5 18, B43n*® 42 & 437
3 139 5,054 70.2% Z.1% 8.8%24% 42 42 42
4 a7 1,497 49.0% 6.1% 2.555% 38 41 41
5 58 419 29,8% 12.3% 0.715% 28 39 39
8 32 100 16,2% 24, 2% 0.1%71% 7 33 33
K i4 22 7.1% 38, 9% 0.038% ! i1 27 27
& 4 8 2.0% 40, 0% 0. 010% 5 18 18
2 0 3 0. 0% 0, 0% 0.005% 2 11 11
i0 & 0 0 7 7
i3 [ 0 g 3 3
1z 3 0 0 1 i
13
14
15
FIGURE 4, 1337
Index Language L5a 8T Synonyms, Quasi-synonyms. Coordination)
Txhavstivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Wumber of Documents in Ceollection 1,400
MNumber of Questions 42 {Subset 2)
Number of Relevant Documenis 188
{ienerality Number 3.4
Coord- Docurmenis Recall Precision Fallput
inution Hetrieved Ratio Ratio Hatie X ki %
Lavel Rel, Non-rel. afat+c “afash bibed :
1 198 {3} 98.5% {~} (-} 42 O 43
2 197 13, 564¢ 89, 4% 1,39 22, 682%* 42 gk 42
3 144 9,418 73.9% 1.5% 16.071% 43 42 42
4 117 3,248 59,1% 3. 5% 5, 542% 40 41 41
B 73 1,014 38.9% 8.7% 1.730% 33 39 38
[ 41 275 20. 7% 13.0% 0.459% 24 33 33
7 17 88 8.6% 20, 5% 0.113% 18 27 29
8 8 i1 3. 0% 35,3% 0. 019% B 18 i8
E 5 4 %.5% 55, 6% 0. 007% & 11 11
19 i 3 0. 0% 0. 0% 0.005% 2 7 7
11 0 0 0 3 3
12 8 ¥ 0 1 1
13
14
15
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Index Language L8.a (3.7

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1-4
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. Synonyms, Quasi-synonyms, Word forma. Coordination)

Number of Documents in Collection 1,400

Number of Questions

42 {Subset 2)

Number of Releveni Documents 193
Generality Number 3.4

Coord-~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Raiio x ¥ %
Level Rel. Non-rel. afate alatb bfl+d
i 195 (- 98.5% (-} 42 o 42
2 179 13, 826% 90.4% 23, 1509 42 &% 42
3 1583 10,508 76.3% 17,228% 42 42 42
4 120 3,875 80. 6% 8.612% 40 41 41
3 9 1,298 39.5% 2.211% 34 28 3
8 47 362 23.1% 0.6818% 24 33 a3
7 27 g1 13.6% 0,155% 16 27 27
8 7 17 3.5% 0.028% 7 18 18
G 5 5 2.5% 0, 010% 8 11 11
i 4 3 0, 0% 8, 005% 2 T 7
i1 0 i} 4] 3 3
i2 0 0 L] 1 1
13
14
i5

FIGURE 4, 1259

PLOT OF RESULTS FOR INDEX LANGUAGES L1,a, L2.a,
1,3,a, L5 a AND L6.a FOR 42 QUESTIONS ON 1400
DOCUMENT COLLECTION
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PIGURE 4, 1407

Index Language Li,a (8T Natural language, Coordination)

FExhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Wumber of Docuraents in Coliection 200 {Subset 1}
Number of Questions 42 {Subset 2}

Number of Relevant Documents 188

Generality Number  23.6

Caord- Documenis Recall Precision Pallout
ination Retrieved Ratio Ratio Ratio 4 ¥ z
Level Rel. Nom-vel. afase afath bfbed
i 189 4,072 85.5% 4, 4% 49, 632% 42 42 A3
2 162 1,929 81.8% 7.7% 23.519% 42 42 &2
3 132 781 86.7% 14, 8% 9.278% 42 42 42
4 88 241 44.4% 26.7% 2.938% 3 41 41
5 49 80 24, 7% 38.0% 0.5875% 23 39 39
8 25 i7 12.6% 58, 5% 0.207% 15 33 33
7 12 2 6.1% 85,7% 0.024% [ 27 ar
8 4 1 2. 0% 80. 0% 0.012% 2 18 19
8 ] 1 0, 0% 0, 0% 0,012% i i1
10 o o [¢] 7 Ki
11 g 0 5 3 3
i2 0 o 9 1 1
100 .
T ¥
- 3 | i |
A . |
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Section 2 Recall Devices

The tesis made on different recall devices on the single
term index languages are based on the 42 guestions, {(subset 2},
searched on the 200 document collsction, Tables 4.2007 to
4. 20687 give the performance resulls, and the recallfprecision
plots given in Figs. 4.200P to 4.208P show the curve for the
particular langusge being tested, together with the curve, {shown by &8
broken linej obiained by the device-less seavch in natural language,
which was presented in the previous section as Fig, 4.140P,

A combined plot of all the seven devices or their aggregates,
together with natural language, is given In Pig, 4.207P,

In presenting these resulis, all other possible variable
of search rules, indexing sxhaustivity and document relevance are
held constant, and are fixed to the one particular variation indicated
the head of the tables,

LIST OF FIGURES
Index No. of Guestion  Document ‘
Language Questions Subset Collection Plote
4, 2007TP I.2.a 42 2 200 Plot + 4,1407
4.201TP I.,3.a 42 2 200 woon i
4,202TP i.5.a 42 2 200 Hoom "
4,203TP iI.6.a 42 2 200 oown ’
4,204TP I.7.a £2 2 200 o i
4.205TP 1.8.2 4% 2 200 woow
4,.208TP I.8.a 42 2 200 Plot + 4,141
4. 2077 I.1.a 42 2 200 Plot .14
1.2.8 4,2007,
i.3.a 4,201°7,
I.5.a 4,2027,
1.8.a 4.2037,
I.7.8, 4,204T,
I.8.a 4,205T,
i.8.2 4.2087,
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FIGURE 4. 2007

Index Languege [.2a {8.T. Synonyms. Coordination)
Exhaustivity of Indexinmg 3

Search Rule A

Document Relevance 1 -4

Number of Documents in Collection 200 {Subset 1)
Number of Questions - 4% (Subset 2)

Number of Relevant Documents 108

Geperality Number  23.6

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 b k4
Level Rel. Non-rel, ala+e afath bibid
i 188 4,193 85,5% 4.3% 51.147% 42 42 42
2 165 2,002 83.3% 7.3% 25, 506% 42 42 42
3 134 837 87.7% 13.8% 10.205% 42 432 42
4 85 282 45, 5% 24.2% 3.438% 34 41 41
8 55 84 29.8% 38.9% 1.146% 24 39 39
8 25 23 12.6% 52.1% 0.280% i5 33 33
7 12 2 6.1% 85.7% 0.024% 8 27 27
8 4 1 2. 0% 80. 0% 0.012% 2 is ig
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10 o o ’ R
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4,201T

Index Language I.3a {3.7.

Exhaustivity of Indexing 3
Search Rule
Document Relevance 1 -4

Humber
Number

of Documents in Collection

of Questions 42 {Subset 2)

- 108 -

Word forms,

200 {Subset 1}

Coordination)

Number of Relevant Documente 198
Generality Number 23,8
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio = ¥ %
Level Rel. Non-rel. afasec afa+b bfb+d
1 181 4,418 96, 5% 4.1% 53.826% 42 42 42
2 166 2,221 83.8% 7.0% 27.078% 42 42 42
3 i38 813 70.2% 13.2% 11.131% 42 42 432
4 97 315 48,0% 23.5% 3.841% 35 41 41
% 59 102 28. 8% 38.6% 1,244% 25 3% 39
8 32 28 16.2% 53.3% 0,341% 17 a3 33
7 t4 3 7.1% 82.4% 0.037% 8 27 2%
& 4 i 2. 0% 80, 0% 0.012% 2 ig 18
L] 0 1 0. 0% 8, 0% 0.,0L2% 1 11 1t
19 0 [} 4] 7 7
1i o 0 ¢ 3 3
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FIGURE 4. 2087
Index Language I1.5a {S.T, Synonyms, Quasi-synonyms, Coordination)
Exhaustivity of Indexing
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1}
Number of Questions 42 {Subset 3)
Number of Relevarnt Documents 198
Generality Number 25.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratlo Ratio Ratio X ¥ %
Level Rel, Non-rel, afa+e afa+h b/ bed
i 185 8,128 98.5% 3.0% 74.715% 42 42 42
2 177 3,565 89.4% 4.7% 43.465% 43 42 42
3 144 Y,813 72.7% 8.2% 18,.668% 42 43 42
4 117 860 59.1% 15.1% 8,047% 3% 41 41
g 73 234 38. 9% 23.8% 2.853% 30 38 39
& 43 8% 20.7% 37.3% 0.841% 23 33 33
7 17 14 8.6% 54, 8% 0.171% 13 2% 27
8 g i 3.0% 5. 7% 0.012% 3 18 18
3 § 1 2.5% 83.3% 0.012% 2 11 i1
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FIGURE 4.2037T

index Language I.6a {S.T. Synonyms, Quasi-synonyms, Word forma, Coordination)
Bxhaustivity of Indexing 3

Search Rule A

Document Relevance 1-4

Number of Documents in Colleciion 200 {Subset 1)
Number of Quesiions 42 (Subset 2}

Number of Relevant Documents 198

Generality Number 23.6

Conrd- Documents | Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X y %
Level Rel. Non-rel. afate afa+b bfb+d
3 183 6,34% 98.5% 2,9% T7.428% 42 42 42
2 179 3,783 80, 4% 4.5% 45.879% 42 43 42
3 151 1,785 76.3% 7.8% 21.763% 42 42 42
4 120 7688 60,6% 13.5% 8,364% 37 41 41
5 79 280 39.9% 22.0% 3.414% 31 32 39
8 47 a7 23.7% 35.1% 1,061% 23 33 33
% 27 20 13.8% 57. 4% 0.244% 15 av 27
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FIGURE 4. 204T

Index Lamguage i.7a {8.7. Synonyms, Firsi hierarchical reduction. Ceordination)

Exhaustivity of Indexing 3
Ssarch Rule A
Document Relevance 1 -4

Wamber of Docgmentis in Collsction 200 {Bubset 1)
Wormber of Questions 42 {Subset 2)

Number of Relevani Documenis, 188

Generality Number  23.6

'

Coord- Documents Recall Precision Fallout
ination Hetrieved Ratio Ratio Ratio x ¥ %
Level Rel, Non-rel. afate < afath bibed
1 1983 4,893 97.5% 3. 9% 57.235% 42 42 42
2 172 2,366 1 88.8% 6.8% 28.847% 42 42 42
3 143 289 72, 2% 12.8% 12.058% 42 42 42
% 101 353 53, 0% 22. 2% £, 304% 36 41 41
) 62 118 31.3% 34.4% 1.439% 27 38 ag
[ 31 31 15,9% 50, 0% 5.378% 20 33 33
7 i1 4 5, 8% 73.3% 0,048% | [ 27 27
B 4 1 2,0% 80.0% G.012% 2 18 i8
2] i ] 0.5% 100, 0% 0, 000% 1 i3 11
io o G 0 7 7
11 0 0 0 3 3
12 0 0 0 1 1
i3
14
8
100

20

Sy

60
ot
2
g 50
[ad
& 40
30 \
\&\
20 <

10 \..,;\\ o

2 @ 20 30 40 S0 &G YO 80 850 10O
% PRECISION




- 1o -

I.8a {S.T. Synonyms, Sscond hierarchical reduction. Coordination)

Exhaustivity of Indexing 3
Search Rule A
Document Relevancs 1 -4

Kumber of Documents in Collection 200 {Subset 1}
Number of Questions 42 (Subset 2)
Number of Relesvant Documenis 198

Generality Number %3.8
lonrd- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio ® ¥ 2
Lewsl Hel, Non-rsl. afate afash bfbd
1 183 4,954 87.5% 3.7% 60.408% 42 42 42
2 173 2,551 87.4% 5.4% 31.102% 42 432 42
3 148 1,081 3. 7% 11.9% 13.180% 42 42 42
4 104 418 52.5% 19.9% 5.0696% 3% 41 41
g 67 146 33.8% 31,5% 1.780% 27 38 39
& 33 37 16.7% 47.1% 0.451% 21 33 33
3 i2 7 6,1% 683.2% 0, 085% 8 27 27
& 5 i 2. 5% 83,3% 0.013% 3 i ig
E 2 0 1.0% 100.0% 0.000% 3 11 i1
ig 0 0 O 7 7
ii 0 0 o 3. 3
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FIGURE  4.2087

Index Langumege IL8a (8.7, Synonyms, Third hierarchical reduction. Coordination)
Exhanstivily of Indexing 3
Search Bule A
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1}
Number of Questions 42 {Subsei 2)
Kumber of Balevant Documents 198
Generality Number  23.8
Coord- Docoments Reacall Precision Fallout
ination Retrieved Ratio Ratio Ratio b3 ¥ %
Level Rel, Noa-rel. afeate afa+h bfbed
i 153 5,576 08, 5% 2.8% 18.836% 42 42 42
2 a1 3,890 §1.4% 4.3% 48.8647% 4% 42 42
5 183 2,034 82.3% 7.4% 24.799% 42 43 42
4 127 958 84.1% 11.7% 11,852% 39 41 41
5 83 403 4%, 0% 17,19 4.813% 32 38 39
& 46 171 23.2% 21.2% 2.085% 25 33 33
ki 22 42 11.1% 34.4% 0,513% 4 a7 2T fome
a 7 3 3.5% 6. 6% 06.037% 3 ig 18
8 4 i 2.0% 80, 0% 9, 8125 2 11 i1
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FIGURE 4.207P PLOT OF RESULTS FOR INDEX LANGUAGES ILla, I.2s,

i,3a, I.5a, 1.8a, 1.7a, 1.8a and I.98a for 42 QUESTIONS

ON 200 DOCUMENT COLLECTION,
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Precision Devices

davices.,
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Two subsets of guestions have been used to invesiigate precision

Subset 4 consisted of 19 questions all having seven starting

terms, while Subset 5 had 17 questions all having eleven starting

terms.

For reasong explained in Chapter 2, these tests made on

precision devices vrequired a different search rule (B} to what has

been used so far,

This rule required that the main term in a

concept must be present if the qualifying term was fo be accepted,
e¢.g. with the concept 'Hinged flap!, #linged' would not be accepted
uniess ‘Flap' was also present,
to present the results of searches made on these two subsets with

search rule B,

subsets of guestions presented separately.

Therefore it is necessary first

so that later comparison can be mads,
is tested with Index Language I.1.a and 1.6.a.

Fach subset

There now follow the resulis of tests with (b} partitioning,
(Figs., 4.310T - 4.313T), (c) interfixing, (Figs. 4.320T - 4.323T) and
{a} partitioning plus interfixing {Figs. 4.330T - 4.333T), with both

For e=ach precision device

resulis are given when two recall languages are used, 1.1 Natural
Lianguage and 1.6. the aggregate of synonyms, quasi-synonyms and
word forms.

of coordination.

Because of the large clerical effort required to obtain these
results, the precision ratios were not obtained at the lower levels

This, combined with the relatively small sels of

questions used, limits the usefulness of any graphical presentation, for

the results show little consistency.

Therefore in the plots 4.340P,

4,341P, 4.342F and 4.343P, only a single generalised curve has

been drawn for the four sets of data that are presented in each curve.
The relative positions of the various symbols give an indication of the
performance of the particular system,
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4,3007T
Index Lenguage 1.1a(S.T. Natural language. Coordmatiox‘l)
Exhanstivity of Indexing 32
Search Rule B
Diocument Relevance 1 -4
Wumber of Documents in Collection 1,400
Number of Questions 19 (Subset 4)
RNumber of Eelevant Documents 131
Generalily Number 4.9
Coord- Documerts Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 v Z
Level Rel. Non-rel. afate afa+tbh b/b+d
1 113 {-) 86.3% {-) (-} ig 0 19
2 100 {-} 76.3% {-} (-} i9 4] 18
3 68 826% 81.9% 7..6%*% 3, 105%* 18 7% 19
4 37 127 28,2% 22.6% 0.480% 15 i9 19
5 18 9 12.2% 84.0% 0.034% 6 19 19
8 il 0 8.4% 100, 0% 0. 000% 3 19 19
7 4 0 3.1% 100. 0% 0, 000% 2 18 19
8
g
io
11
13
i3
14
18
FIGURE 4.304T
Index Language L.1a (S.T. Natural language. Coordination)
BEwhaustivity of Indexing 3
Search Rule B
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions 17 {Subset 5)
Number of Relevant Documents 109
Generality Number 4.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio % v z
Level Rel. Non-rel. afatc afa+bh bfb+d
1 108 (=} 99.1% {-) {-} 17 0 17
2 101 {-) 92.%% (-} {-) 17 0 17
3 a8 {~) 80.7% (-} {=3 17 0 17
4 66 1301 60.5% 4.8% 5.489 17 17 17
8 51 456 46, 7% 106.0% 1.925% 17 i7 17
8 37 178 33.9% 17.2% 0,751% 15 17 17
7 21 75 19.2% 21.98% 0.317% i2 17 17
8 10 0 9.2% 100.90% 0.000% 7 17 17
g 5 0 4.6% 100.0% 0. 000% 4 17 17
10 4] [ 4 17 17
i1 [ 0 0 17 17
i2
i3
14
15




8, Wuasi-gynon , Word forms. Coordination)

rhaustivity of Indexing

arch Hule B

Docuwment Relevance 1 -4

- of Documents in Collection 1,400

of Questions 18 {Subsat 4)
 of Relsvant Documents 131

iy

v Number 4.8
Documents Recall Precision Faliout
Retrieved Ratio Ratio Ratio x® ¥ %
Level Rel. Kon-rel. afa+e afath bibed
3 129 {-} 81,8% €3 (-} i T £
2 113 {~} 86.3% () (-} 19 9 18
3 93 %, 4587 71, 0% 3, 6%% 9. 937%% 13 T 18
% 58 785 44, 3% 7. 0% 2.880% 19 %] 18
B 28 110 Z3,1% 20.9% $,418% 15 19 i8
& 17 29 13.0% 37, 0% 8.110% 7 8 i3
7 8 7 5,1% 53,3% 3. 026% 3 i8 18
%
B
ig
il
13
i4
18

FIGURE 4.3037

Index Language 1.8a {S.T. Synonyms, Quasi-synonyms, Word forms. Coordination)

Exhaustivity of Indexing 3
Search Rule B
Document Relevance i-4

MNumber of Documnents in Collection 1,400
Number of Questione 17 {Subset 5}
Number of Relevant Documents 109
Generality Number 4.6

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x ¥y %
Level Rel. Non-rel. afase afash bibed
i 108 {-) 99.1% {~) {~} 17 0 17
105 {~} 96, 3% {=} {-) 17 6 17
3 a7 {~} 88.5% (-} {-} 17 0 1%
4 A5 {-} 77.9% =} {-) 17 0 17
§ 68 1,485 62.3% 4, 4% 6.310% 17 17 i
5 52 718 47,9% 8.7% 3.035% 17 1% 7
7 25 211 32.1% 14.2% 0.891% 18 17 q
8 ig 118 16, 5% 13.4% 0.450% 14 7 17
& 7 25 8.4% 21.8% 0.106% 7 17 17
10 3 8 0.8% 14.3% 0. 025% 1 17 17
il 1] 0 2 17 17
14
i3
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Index Language 1,1b {5.T. Natursl language. Coordination, Partitioning)

Exhoustivity of Indexing 3
Search Rule B
Bocument Relevance 1 -4

Number of Documents in Collection 1,400
Humber of Questions 19 {(Subset 4}
Humber of Relevant Documenis 131
Cenerality MNumber 4.9

Coard- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 N4 4
Level Hel. Non-rel. aja+e afa+b b bed
1 113 (-} 86.3% {-) {-) 19 [T X <
& 93 {~} T1,0% {-) - i9 2 18
3 60 496% 45,8% 10, 79%* 10, 876%* 19 ™19
4 28 75 18.8% 25.7% 0.283% 12 ig ig
] g ) 6.5% 84.3% 0.019% 2 ig 19
& 7 o 5.3% 100, 0% G, 600% 2 ig i3
¥ 4 o 3.1% 100.0% 0, 000% 2 i8 15
8
o
10
1L
12
13
i4
i5

FIGURE 4,311T

Index Language I.1b (S8.T. Natural language. Coordination, Partitioning)

Exhaustivity of Indexing 3
Search Rule B
Document Relevance -4

Number of Documents in Collection 1,460
Nomber of Questions 17 {(Subset 5)
Number of Relevant Documents 109
TGenerality Number 4.6

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 ¥ z
Level Rel. Non-rel. ala+e afa+b bib+d
1 108 (=) 99.1% (-} (-} 17 o 17
2 97 (-} 89.0% {~) {-) 17 0 17
3 78 {-) 72.5% (-} {-) 17 0 17
4 55 {-} 50.5% {-) {-) 17 g 17
3 35 %28 32.1% 15.4% 0,962% 18 17 17
& 29 44 18.3% 31.3% 0.186% i3 17 17
ki i0 1] 9.2% 100.0% 0, 000% 8 17 17
a 8 8 5.5% 100.0% 0.000% 4 7 7
2 i} 0 ' il 17 13
i 0 0 0 17 17
3 0 0 17 17
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FIGURE 4,312T
fndex Language 1.6b {S.T, Synonyms, Quasi-synonyms, Word forme. Coordination,
Exhaustivity of Indexing 3 Fartitioning)
Search Rule B
Document Relevance 1 -4
Nomber of Documents in Collection 1,400
Number of Questions 18 {Subset 4)
Number of Relevant Documents 131
Gengrality Number 4.9
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x y 2
L.evel Rel. Non-rel. afa+c ajatb bfb+d
i 1%0 (=) 91,6% {=) {-} 19 [ 18
2z 108 (-} 83.2% (-} {-) 19 o 19
3 9 1,164% 60.3% 6. 4%* 4, 375%* 19 ™18
4 38 321 29, 8% 10.8% 1.213% i8 i9 19
5 17 30 13.0% 36.2% 0.113% 11 19 19
8 8 5 6.1% 61.5% 0.019% 4 i9 19
ki 5 o} 3.8% 100. 0% 0, 0600% 3 19 18
8
2
i0
11
i2
i3
14
i
FIGURE 4,313T

Index Language  I.6b (5.7,

Exhaustivity of Indexing 3
Search Rule B

Synonyme, Quasi-synonyms, Weord forms.

Coordination, Partiti

Document Relevance i -4
Number of Documentis in Collection 1,400
Number of Questions 17 {Subset 5)
Number of Relevant Documents i08
Generality Number 4.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X b4 2
Level Rel, Non-rel. afa+e afa+h bfb+d
3 108 (-} 99.1% {-} {-) 17 o 17
2 104 {~} 95.4% (-3 {-} 17 0 17
3 i) {-) 82,6% {-) {-) 17 0 17
4 72 (-} 66.1% {-) (-} 7 0 17
5 54 702 49.5% 7.1% 2,963% 18 17 17
[ 32 226 29.4% 12.4% 0.954% 14 17 17
7 17 37 15,6% 31.5% 0.156% 10 17 17
8 7 18 6.4% 26.9% 0.080% 4 17 17
g 2 0 1.8% 100. 0% 0. 000% 1 17 17
10 1 0 0.8%  100.0% 0.000% 117 17
i1 g 0 ¢ 17 17
iz
13
14
is
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FIGURE 4.320T
indsx Language IL.lc {(5.7T. Natural language. Coordination, Interfixing)
Exhaustivity of Iadexing 3
Search Rule B
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions 1% (Subset 4)
Number of Relevant Documents 131
Generaslity Number 4,9
Coord- Documents Recall Precision Fallout
ination Retrieved Ratic Ratio Ratio X v z
Level Rel. Non-rel. afasc afa+h bib+d
1 113 {-) 86.3% {- {-} 19 [
2 22 () 70.2% {-) -) 19 0 is
3 51 358% 38.9% 12,5%* 1.346%% ie 7= 19
4 25 54 19.1% 31.6% 0.204% iz 18 g
& 8 G 6.1% 100, 0% 0, 000% 2 i3 19
[ 4 0 3,1% 100. 0% 0.000% 1 ig 19
7 3 0 2.3% 100.9% 0.000% 1 18 ig
& .
8
ig
i1
12
i3
14
15
FIGURE  4.321T
index Laagusge I.lc (8.7. Natural language. Coordination, interfixing)

Exbaustivity of Indexing 3
Search Rule B

Document Relevance 1-4
Wumber of Documents in Collection 1,400
Number of Questions 17 (Subset 5)
Mumber of Relevant Documents 109
Generality Number 4,6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X ¥ z
Level Rel. Non-rel. afate afash bit+d
i 108 {~) 99.1% {-) (-} 19 0 17
2 9% (=} 89.0% {-) (-} 17 [ 17
3 82 {-) 75,2% {-) (-3 17 ] 17
4 62 (-} 56.9% £~} {-) 17 0 17
] 48 296 44.0% 14,0% 1.249% 7 19 19
8 28 118 23.8% 18.1% 0.498% 14 17 17
3 12 25 11, 0% 32.4% 9,1068% 8 17 17
8 7 9 6.4% 100.0% 0.000% 4 17 17
& 1 0 0.9% 150, 0% 0, 000% 1 17 1
0 0 0 ' o 17 17
i1 ¢ o g 17 17
12
13
14
15
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FIGURE 4.3237

Index Language I.6c {8.T. Synonyms, Quasi-synonyms, Word forms. Coordination,
Exhaustivity of Indexing 3 Interfixing)
Search Rule B
Document Relevance 1 -4
Number of Documents in Collection 1,400
Number of Questions -+ 18 {Subset 4)
Number of Relevant Documents 131
Generality Number 4.9
Coord~ Documents Hecall Precision Fallout
ination Retrieved Ratio Ratio Ratio x v %
Level Bel,. MNon-rel. afatc afa+b bfb+d
i 120 (-} 91.,6% {-} {-} 19 0 19
2 107 {-3 81.7% (=} (=) 19 0 19
& 72 1.019% 55.0% 6. 6%* 3, B50%* i8 7+ 18
4 a8 312 29.0% 10,.9% 1.179% 17 19 19
E] 14 25 106.7% 35.9% 0.094% 9 19 19
§ 4 5 3.1% 44.4% 0.019% 2 15 19
g 3 o 2.3% 100,0% 0.000% i 18 10
8
10
11
12
i3
14
i5
FIGURE 4.323T
Index Language IL.6¢c (5.T. Synonyms, Quasi-synonyms, Word forms, Coordination, Intd

3

Exhaustivity of Indexing
Search Bule B

Document Relevance 1-4
Number of Documents in Collection 1,400
Number of Questions 17 (Subset 5)
Number of Relevant Documents 109
GGemerality Number 4.8
Coord- Documents Recall Precision Fallout
ination Reirieved Ratio Ratio Ratio X y z
Level Bel. Non-rel. afatc ala+h bibed
1 108 (-} 89.1% {-) (-} 17 0 17
3 106 {-3 97.2% (-} {-) 17 o 17
3 28 ) 88.1% (- (-3 17 0 17
4 75 {-) 68.8% {-) () 17 0 17
5 80 93 55, 0% 7.0% 3.347% 17 17 i7
8 38 268 34.9% 12.4% 1.131% i5 17 17
ki 18 62 16.5% 22.5% 0,262% 12 i7 17
8 9 58 8.3% 13.4% 0,245% 9 17 17
8 4 8 3. 7% 33.3% 0.034% 2 17 17
iG S G 0. 9% 100. 0% 0.000% 1 17 17
i1 G [ Q 17 7
12
i3
i4
is




FIOURE 4. 3307

Index Language I.1d (5.7, Natural language, Coordination, Partitioning, Interfixing)

Exhaustivity of Indexing 3
Searck Hule B
Doeument Relevance 1 -4

Number of Documents in Collection 1,400
her of Questions 19 {Subset 4)

mber of Relevant Deocuments 131
unarality Number 4.9

Documents Recall Precisgion Fallout
Reirieved Ratio Ratio Ratio k3 ¥ -1
Rel. Nom-rel. afa+e afath b/b+d
113 {=} 88.5% {=} i~} ig fi] i8
2 88 {=} 67.2% (-} {-} 18 G 19
3 5% 3233% 38.2% 18.3%* 0, 842%% i =19
& i8 36 12,2% 30.8% $.136% i0 19 i9
& 7 4] 5, 3% 100, 0% 2. 000% 3 i9 18
8 4 0 3.1% 160. 0% 6. D00% T 19 18
ki 3 [} 2.3% 100. 0% G. 000% 1 i8 18
8
8
4]
il
12
i3
4
15

FIGURE 4.3317

et

Index Language I.3d {S,7. Naturallanguage. Coordination, Pertitioning, Interfizing!

Exhaustivity of Indexing 3
Seanrch Rule B
Document Relevance 1 -4

Number of Documents in Collection 1,400
Number of Questions 17 {Subset 5}
Number of Relevant Documents 109
Generality Number 4.6

Coord- Documents Recall Pracision Fallout
Ination Retrieved Ratio Ratio Ratie ® ¥ %
Level Rel. Noa-rel. ajats afa+h bibsd
i 108 (- 29.1% {-) €-) 1% o 17
kA 28 {-} 88.1% (-} {-} 17 [ 17
3 78 (-} 88.7% (-} (-} 17 017
4 53 =) 48.8% - - 17 21y
& 32 217 28.4% 12.9% 0.916% 14 7 17
& i€ 74 14.7% 17, 8% 0,312% 10 7 i7
K 8 @ 7.3% 106, 0% 0. 000% b3 17 i7
8 4] ) 4. 6% 100,0% 0. 000% k i 17
& g 0 Q 17 iy
10 ] [ ¢ 17 17
it g 8 [} 17 17
iz
X
i
15




FIGURE 4,3327

Index Language I.6d (S.7T. Synonyms, Quasi-synonymsa, Word forms. Coordination,
Exbaustivity of Indexing 3 Partitioning, Interfixing)
Search Hule B
Document Relevance 1 -

S

Nurober of Documenis in Collection 1,400
Nuymber of Questiong 19 {Subset 4)
Number of Relevani Documents 151
Geperality Number 4,9

C Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x v z
Level Rel, Non-rel. ajate afatbh b/be+d
1 120 £} 91.6% {-) {-) 19 0 19
2 102 (=} 77.7% {-) (-} ’ ig by 19
3 84 534% 48.9% 10, 79 2, 017%* i9 ™19
4 27 148 20.6% 15,4% 0,559% 12 19 1
8 g 11 8.9% 45,0% 0.042% 7 i3 19
8 4 3 3.1% 44.4% 0,019% 2 18 19
7 3 a 2.%% 108. 0% 0.000% 1 19 18
1
9
i
11
12
13
14
iz

FIGURE 4.333T

Index Language 1.6d (8.T. 3Synonyms, Quasi-synonyms, Word forms. Coordination, Partit:

tert:
Exhaustivity of Indexing 3 nter

Search Rule B
Document Relevance 1 -4

Number of Documents in Collection 1,400
Number of Questions 17 {Subset 5)
Number of Relevant Documents 108
Generality Number 4.6

Coord- Documents Hecall Precision Fallout
ination Retrieved Ratlo Ratio Ratio b4 ¥y Z
Level Rel. Hon-rel. afate afa+b hib+d
1 108 {3 99.1% (-} {-) 7 8 17
# 104 {-) 85, 4% {-} (-3 17 0 17
3 86 (-} 78.9% {=) {~) 17 a 17
4 87 {=} 61.5% {-) £ 17 ¢ 17
5 45 418 41, 3% 3.8% 1.756% 15 17 "
8 23 141 2L.1% 14,0% 0,595% 13 19 7
ki i2 25 11, 0% 32.4% 0.106% 7 7 17
3] 8 ig 5, 5% 24, 0% 0. 080% 3 17 7
8 2 G 1.8% 100, 0% 0. 000% 1 7 7
10 i 4] 8.9% 100. 0% 0.000% 1 17 7
11 Y o [ 17 19
12
i3
14
is
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100 ]
90
? O Fig. 4.300T. No links
850 <4 Fig, 4.310T., Partitioning
& X Fig., 4.3207. Interfixzing
7 % S Fig. 4,.3307.  Interfixing and Partitioning
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FIGURE 4.340P EFFECT OF LINKING DEVICES FOR INDEX LANGUAGE
i.1 WITH 19 QUESTIONS

O Fig. 4.3017. No links
+ Fig. 4,3117. Partitioning
;! #  Fig. 4.3217. Interfixing
4;! [ Fig. 4.331T. Interfixing and Partitioning
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FIGURE 4.341P EFFECT OF LINKING DEVICES FOR INDEX LANGUAGE
1.1 WITH 17 QUESTIONS
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:
s0
| & Fig. 4.3027. No links
mi 4 Fig, 4.312T. Partitioning
) ¥ Fig. 4.3227. Interfixing
o éﬁy & Fig. 4.333T, Interfixing and Partitioning
’é' ) B -
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FIGURE 4.342P EFFECT OF LINKING DEVICES FOR INDEX LANGUAGE
1.6 WITH 1¢ QUESTIONS
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FIGURE 4.343P EFFECT OF LINKING DEVICES FOR INDEX LANGUAGE
1.8 WITH 17 QUESTIONS



Section 4 Indexing Exhaustivity

Resulis when the three different levels of indexing exhaustivity

are compared are given in Figs, 4.4007T - 4,4057 and 4.410T -
4,415T. Three seis of gquestions are presented separately, being

the 221 guestions {subset 3) searched on the 1400 collection, the
35 seven rting term questions {subset 1) searched on the 1400
collection, and the 4% questions {subgset 2) searched on the 200
collection, Resulis for index languages I.l.a and 1.6.a are given,
and the three different performance curves for each question subset
and language are given in Figs. 4,420P - 4.425P, No adjustment
has been made in these graphs for the differing generality number
amongst the different plois, since only the relative position of the
curves on each plot is imporiant,

LIST OF FIGURES

Index No., of Question Document
Exhaustivily ILanguage Questions Subset Collection Plots

4,4007T 2 I.l.a 221 3 1400

4.401T i I.l,a 221 3 1400

4£.402T 2 I.1.a 35 1 1400

4.4037T i i.l.a 35 i 1400

4,4047 2 I.l.s 42 2 200

4£.4057 i i.i.a 42 P 200

4.4107T 2 I.g8,a 221 3 1400

4,4117T 3 i.6.a 221 3 1400

4,412T 2 i,8.a 35 1 1400

4.4137T i I.6.a 35 1 1400

4.414T 4 I.§.a 42 2 200

4,4157T i I,8.a 432 2 200

4.420P 3, 2,1 I.l.a 221 3 1400 Piot 4,1007
4, 4007
4,401°7

4,421F 3, 2, 1 L.i.a 35 1 1400 Flot 4,110T
4,4027

4.422P 3, 2, 1 I.1,a 42 2 200 Plot 4,140T
4,404T
4,4087

4.423P 3, 2, 1 1.8.a 221 3 1400 Plot 4.1047T
4.4107
4.4137

4,424P 3, 2, 1 I,8.a 35 1 1400 Plot 4,1147T
4.4127
4.4147

4.438F 3, 2, 1 L.6.a 42 2 200 Plot 4,2037
4,4147T

4.,4157T
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FIGURE 4.400T

Index Language I.1.a (S.T. Natural language. Coordination)

vExhaustivity of Indexing 2
Search Rule A
Document Relevance 1 -4

Number of Documents in Collection 1,400
Number of Questions 221 (Subset 3)
Number of Relevant Documents 1,590
Generality Number 5.1

Coord= Documents Recall Precision Fallout
ination Retrieved Ratio Ratie Ratio 3 ¥ 2
Level Rel. Non-rel. ala+c afa+b b/bed
1 1,480 {-) 93.1% (-} (-} 221 o 221
2 1,227 48,372 77.2% 2. 4% 16.040%* 221 44x 221
3 886 18,764% 55.7% 4,5%* 8, 092%* 210 109% 220
) 552 6,813% 34.7% 7. 5% 2.212%* 177 142% 212
5 279 2,301% 17.5% 10, 8%* 0. 747%* 121 17%% 197
& 131 514% 8.2% 20. 3%* 0.187%* 76 161% 164
¥ 58 133 3.6% 30.4% 0.043% 41 140 140
8 i8 28 1.1% 39.1% 0.009% i4 105 108
8 8 0 0.5% 100.0% 0. 000% 6 78 78
19 4 0,1% 100, 0% 0. 000% 1 52 52
%1 [ 0 Y 32 32
i3 0 0 4] 15 15
i3 g 0 0 8 8
14 1] 0 0 4 4
15 o 6 o 3 3
FIGURE 4.401T
. Index Language I1.1.a (5.T. Natural language. Coordination)
Exhaustivity of Indexing 1
Search Rule A
Document Relevance 1 -4
Mumber of Documents in Collection 1,400
Number of Questions 221 {Subset 3)
Number of Relevant Documenis 1,530
CGenerality Number 5.1
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio = ¥ z
Level Rel. Non-rel, afa+e alatb bfb+d
i 1,373 (-} 86.4% (-} () 221 0 221
2 1,085 23,164% 66.4% 4, 4%* 7.525%* 221 44x 221
3 655 7,823¢% 41,2% 7.1%% 2.54085* 198  109% 220
4 331 2,169% 20.8% 13. 2% 0, 704 %+ 154 142% 212
5 148 477% 9.3% 23, T%* 0.155%* 88 177% 197
6 87 134+ 4,2% 33, 2%% 0. 043%* 49 181 164
K 28 38 1.8% 43.3% 0.012% 25 140 140
8 7 9 0.4% 43.8% 0.003% 9 105 105
] 2 0 0.1% 100, 0% 0.000% 2 78 78
ig 0 0 0 52 52
11 4] 0 0 32 32
i2 0 0 0 i5 15
13 1] 0 0 8 8
14 0 g 0 4 4
i5 0 Y 0 3 3
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FIGURBE 4.40327

index Langusge I.i.z (S, T. Natural language. Coordination)

Eubaustivity of Indexing 2
Search Rule A
Document Relevance i -4

Wumber of Documents in Collection 1,400
Number of Questions 35 (Subset 1)
Mumbeyr of Relevant Documents 289
Generality Number 5,3

Coord~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 b %
Level Bel, Won~rel. afate afatb b/b+d
i 263 i) 81.7% {-) {-) 35 6 35
2 211 §,823% 73.6% 3. 0%* 13.924%* 35 23% 35
3 141 2,442 49.2% 5., 4% 5,013% 34 35 38
4 35 488 29, 7% 15.0% 1.002% 25 35 35
5 43 94 15,0% 31,49 0.183% 1y 35 35
8 Z3 20 8. 0% 53.59 0, 0419, a8 35 35
7 8 8 2.8% 50. 0% 0.018% 3 35 a5
FIGURE 4, 4037
Index Language 1,1.a {S.T. WNatural language. Coordination.)
Bzhaustivity of Indexing 1
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 1 ,400
Number of Questions 35 {Subset 1}
Number of Relevant Documenis 287
Generality Number 5.9
Coord-~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio = v 2
Level Rel. Non-rel, aja+c aja+b b/b+d
1 237 {-} 82. 8% {~) {-} 35 0 35
2 184 3,532¢% 684,1% 4, 8%* 7.208%% 35 23% 38
3 i1y 1,045 38.7% 3.6% 2,145% 34 35 35
4 54 188 18.99 24.3% 0.345% 22 35 35
5 22 i85 7.7% 53.7% 0,.039% G 358 35
8 16 2 3.5% 83, 3% 0.004% 5 35 35
7 5 2 1.8% 71,49 0. 004% 3 35 35




FIGURE 4.

index Language I.1.a (8.7,
%

404T

™

Exhaustivity of Indexing
Search Rule A

Document Relsvance

Number of
Number of

Documents {
Queeti

-4

n Coligction
na 42 {Subsei 2)

Natural language.

200 {Subset 1)

Coordination)

Number of Relevant Documenis 198
Generality Number  25.8
Coord~ Documernts Recall Precision Fallout
ination Hetrieved Hatie Ratio Ratieo z vy z
Level Rel. Non-rel, afate afath bib+d
i 188 3,401 93.9% 5,%% 49.488% 42 42 42
2 59 1,805 79.3% 8.5% i9,568% 42 42 42
3 120 882 60,8% 17,1% 7.086% 40 42 42
4 81 184 £0,9% 38.1% 2., 000% 32 41 41
B a9 46 19.7% 45,9% 0.581% 20 39 39
& 22 i0 11.1% 68.8% 0.122% 18 a3 33
Ki 10 i 5.1 20.9% 0, 0:2% 3 29 27
g 3 o 1.5% 100, 0% 0.000% 2 i3 i8
8 0 a [t} i1 i1
10 0 O O 7 K
i g G [ 3 3
i3 4] & 8 1 1
13
14
15
FIGURE 4,4057
Index Language I1.1.a {S.T. Natural language. Coordination}
Exhaustivity of Indexing 1
Search Rule A
Document Relevance i-4
Number of Documents in Colisction 200 (Subset 1)
Number of Questions 42 {Subset 2)
Number of Relevant Documentis 1898
Generslity Number 23,8
Coovd- Documents Recall Precizion Fallout
ination Retrieved Ratio Ratio Ratio % ¥ 2
Level Rel. Non-rel. afatc ala+b bfb+d
i 175 2,426 58.4% 6. 7% 28, 880% 42 42 42
& i32 g42 66.7% 12.3% 11.485% 42 42 42
3 a8 240 49, 5% 28. 0% 2.928% 35 42 42
4 50 63 25,3% 44, 2% 0.768% 25 41 41
& 24 i7 12.1% 58,5% 0. 207% i3 s 39
8 i5 2 7.6% 88.2% 0, 024% 8 33 33
ki @ O 3.0% 100. 0% 0, 000% 3 2 27
8 1 o 0,5% 1090, 0% 0. 900% 118 18
] ¢ g o it 11
18 (] 1 o K 1
11 3 0 4] 3 3
iz 4] ] a i 1
13
14
18
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FIGURE  4.4107

Index Language I1.68.2 (8.7, Synonyms, Quasi-synonyms, Word forms. Coordination}
Exhaustivity of Indexing 2

Search Rule A

Docnment Relevance 1 -4

Number of Documents in Collection 1,400
Number of Questions 221 {Subset 3)
Number of Relevant Documents 1,590

Generality Number 5.1
Coced- Documents Recall Precision Fallout
ination Hetrieved Ratio Ratio HRatio 4 ¥y -4
Leval Rel. Non-rel. afate afa+h b/b+d
L 1,530 {-) 36.2% {-) (-) 221 0 221
2 1,383 98,743% 87.4% 1,4%* 32. 089 % 221 44% 231
3 1,104 38,138% 58,4% 3., 0%* 11,739 % 215 109% 220
4 782 13,874% 498.2% 5, 3% 4,540 Yo% 203 142% 212
) 487 6,701 % 28, 3% 8, 5%* 2,178 %% 158 177% 1897
a8 261 2,549% 16.4% 9, 3%* 0,828 %* 111 181 164
7 iza 663 8.1% 16.2% 0.215% | 74 140 140
B 53 197 3. 3% 21.2% 0.064% 40 105 105
8 19 48 1,2% 28,4% 0.016% 18 78 78
10 5 7 0.3% 41,7% 0., 002% 6 52 52
11 5] 1 8. 0% 0, 0003% 1 32 32
12 0 0 0 15 15
i3 [ 0 0 8 8
14 0 0 0 4 4
i5 1} 1] 0 3 3

FIGURE 4.4117

Index Language L.6.a (5.T. Synonyms, Quasi-synonyms, Word forms, Coordination)

Byxhaustivity of Indexing 1
Search Hule A
Document Relevance i -4

Number of Documents in Collection 1,400
Number of Questions 221 {Subset 3)
Number of Belevant Documents 1,880
Generality Number 5,1

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio ® y z
Level Rel. Non-rel. afa+e ala+b b/b+d
i 1,455 {=) 81.5% {-} {-) 221 0 221
2 1,228 54, 263% 77.1% 2, 3%* 17.818%* 221 44% 221
3 881 15, 348% 84, 2% 5, 3%% 4,982%* 212  108% 220
4 520 4,903% 32.7% 9, 6%* 1,462%* 188 142* 212
g 261 2,2144% 16.4% 10, 69* 0,7190% 124 177¢ 197
&3 122 5a6* 7.7% 17, 29% 0.1850%%* 77 161% 164
7 54 141 3. 4% 27.7% 0.046% | 43 140 140
8 20 38 1,3% 34.5% 0.012% 22 105 105
8 4 7 0. 4% 48.2% 0.002% 7 78 78
10 3 i 0.1% 50.0% 4.0003% 2 52 52
11 0 0 0 32 32
id 0 G 0 15 15
i3 0 i} 0 8 8
14 o 4] Q 4 4
15 0 a 0 3 3
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FICURE 4.4127

Index Laaguage [,8.a (8.T. Bynonyms, Quasi-synonyms, Word forms. Coordination)
Bahaustlvity of Indexing 2

Bearch Rule A

Document Relevance 1 -4

HMumber of Documentis in Collectlon 1,400
Wumber of Questions 35 {Subset 1}
Number of Relevant Documenis 287
Generelity Number 5.8

Coord- Documents: Recall Precision  Faliout

ination Heirjeved Ratio Ratio Ratio % ¥ 22

Leval Rel. Non-rel. afarc afath blibed
i 276 {-) 98,2% (-} {-} 35 0 35
2 247 15,048% 86.1% 1,5%% 32,542%% 35 23% 38
] 187 8,587 65,2% 2.8% 13,481% 38 35 35
4 114 1,742 39.8% 8.1% 3,875% 33 38 35
5 40 387 21.0% 13,1% 0.8158% a5 a5 a5
& 37 52 i2,9% 37.4% 0,127% ig 35 35
q iz i3 4., 2% 48.0% 0.027% 5 a8 35

FIGURE  4.4187

Index Langusge 1.6.a (8.T. Synonyms, Quasi-syncnyms, Word forms, Coordination)
Brxhasstivity of Indexing 1

Search Rule A

Document Relevance 1 -4

Mumber of Documents in Collection 1,400
Numbeyr of Questions 35 {Subset 1)
Number of Relevant Documents 287
Generality Number 5.8

Coord- Documents Recall Precision Fallout

ination Reirjeved Ratio Ratlo Ratio kS ¥ E

Level Hel, Non-rsl, ajate afath bib+d
1 287 {=) 89,6% {-) (-3 86 0 36
3 216 8, 416% T8, 0% 3. 0% 17.17689% 36 33¢ 35
3 143 a,p01 48.5% 4.7% 5, 9855% 34 35 35
4 T4 539 26,8% 12.1% 1.108% 30 356 35
5 32 85 11.2% 37.4% 0.174% 14 35 35
8 12 8 4,2% 70.8% 0.010% 8 38 35
4 8 2 2,1% 76.0% 3, 004% 3 35 35




FIGURE 4.414T
jndex Languzge I.8.s (8.7, Synonyms, Quasi-synonyms, Word forma. Coordination}
Exhaustivity of indexing 3
Search Rule A
Docuraent Belavance 1 -4
Mumbher of Documents in Colleciion | 200 {Subset 1}
Number of Questions 43 {(Subeet 3}
Number of Relovant Documeni® 188
Generslity Number  23.8 '
Coord-~ Documents Hecall Precision  Falloud
Retrieved Ratlo Ratio Ratlo % K4 &
Hel, Non-rel. afets afath bibed
183 5,803 7. 5% 3,49 87.773% 43 42 48
F 198 4,268 48.4% 8.1% 36.661% 43 43 43
b1 148 1,431 72,2% 5.8% 17.449% 43 43 42
& 118 4 T.1% 17.2% 8.833% a8 43 41
B &4 78 32.3% 26.7% 3.148% 30 39 30
& 42 40 2L, 2% 51,2% 0. 488% 20 33 33
K 2 ik 10,8% 41,8% 06,158% i3 2% a7
& i 2, 5% 83.3% 0,012% 2 18 18
2 & & 2,0% 196, 0% 0., 000% 3 it i3
G 3 ¢ 7
a [ g 3 3
2 & G i i
FIGURE 4, 4157
Lenguage 1,6.a {§. 7. Syncnyms, Quasi-synonyms, Word forma, Coovdination)
Brhaustivity of fndexing 1
Search Ruls A
Docurcent Relevance | - 4
Number of Documents in Collection 300 {Subset i}
Wumber of Quesiions 43 {Subset 2}
Humber of Helevand Documents 188
Generality Number - 23,6
Coord- Doonments Hecall Precision Fallout
ination Retrieved Ratlo Ratio Ratie E ¥ S
Level Rel. Non-zel, afate ajath bibed’
1 8% 4,127 92.4% 4,2% 40.130% 4z 42 43
2 55 2,118 78.3% 8. 8% 25.823% 43 49 43
3 i1y 888 59.1% 14.6% 8.352% 39 43 43
4 a1 40.8% 9. 9% 3.31%% 23 41 41
& 47 23.7% 48.0% 0.622% 23 39 38
<] a4 31 13,1% 868.4% %,134% 14 33 33
? 19 3 5.1% 76.8% 0.037% 8 27 27
i 2 G 1.0% 100, 0% 0. 000% i i8 ig
8 2 3] 1,0% 100, 0% 6. 600% 1 i1 i1
ig ] ] & 7 i
ii & G g, 3 3
1% 0, 0 8 i H
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X 4,401T Exhaustivity 1

o]
IS

4.100T Exhaustivity 3

.400T FExhaustivity 2 =

FIGURE 4.420F

THREE LEVELS OF EXHAUSTIVITY WITH INDEX
LANGUAGE 1.1.a, 221 QUESTIONS, 1400
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THREE LEVELS OF EXHAUSTIVITY WITH INDEX
LANGUAGE I.1.a, 35 QUESTIONS, 1400
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Section 5 Search Rules

The first search rule investigated is type B, which, as
explained in Chapter 2, was used fo provide a minimal amount of
intellect prior to making the test of precision devices, The sets of
guestions {subsets 4 and 5) and languages {I.1.a and I.6.a) that
were used fo fest precision devices are investigated, Figs. 4.,500T
= 4.503T give tables of results for search A, this being the basic
type of search used in presenting the resulis on, for instance, the
recall devices, This particular series of results has to be given
because of the different set of guestions which was used for
testing Search B; the results of these latter searches have already
been presented in Figs., 4.300T to 4.303T in Section 3, Graphs
comparing the curves of search A with search B are given in Figs.
4.504P to 4.507FP, Search Rule ¢ demanded a selection of the
original starting terms taken from the question. This eliminated
gsuch terms as Problem, Influence, Comparison, etc,, and the
result was to reduce the number of starting terms in every question.
Whereas originally, in this subsst, each question had seven starting
terms, when search rule C was in force, the number varied from two
to six.

Search Rule I retained the terms selecied for search rule C
but imposed restrictions concerning the combinations of terms that would
be accepted at every coordination level, thereby eliminating non-sensical
combinations.

For search rules C and D a set of 20 questions {subset 6},
all taken from the 35 gquestions having seven starting terms {subset 1)
is used, searched on the 1400 collection, ILanguages I.1.a and I1.6.a
are tested and Figs. 4.5107 and 4,517 give the results with search rule
A,

Results for searches C and D were totalled by method 1B, {see
chapter 3, page 62), since the ordinary strict coordination level method
gave unsatisfactory results due o the small number of questions and
variation in starting terms that resulied from the rules used in the
searches. Figs, 4.512T and 4.5137 give the results of search C, and
Figs, 4.5147 and 4.5157T the resulis of search D; because of the
different totalling methods the fables of vesults have to include the
additional data’ which shows the reduced number of documents regarded
ag relevant at the higher coordination levels, and also the resultant change
in generality number, Two plots Figs, 4.516P and 4.517P present the
result for searches A, C and D with the two index languages.

Although the comparison between search A on the one hand and
searches C and D on the other hand might seem to be influenced by
the different tétalling method used, all possible methods were tried and
that used was found to be the most satisfactory.
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FIGURE  4.500T

2

ral language. Coordinat ion)

Index Language I1.1.2 {5.T.

Exhaustivity of Indexing 3
Search Bule A
Document Relevance i-4

Number of Documents in Collsction 1,400
Number of Questions 19 {(Subset 4}
N .

Number of Relevant Documenis 1351
Generality Number 4.8

‘Coord- Documents Heecall Precision Fallout
ination Retrieved Ratio Ratio Ratio = ¥ %
Leval Hal. Hon-rel. afate afash bib+d

1 118 12,700 80,1% C.8% 47, 744% 18 i2
2 100 4,294 76.3% 2.4% 16.143% iz 18
3 72 1,428 55, 0% 5, 0% 5,360% is 1o
& 38 188 25.8% 19, 2% 0.710% i85 i8 £
5 ig is 15,9% 52,9% 0, 060% 8 ig 1o
& i0 3 7.6% 76.9% 8.011% 4 ig 1%
7 4 4] 3.1% 100, 0% 0, 000% % i ig

FIGURE 4,5017T

Index Langusge L.1.s (S.T, WNatural language. Coordination)

Exhaustivity of Indexing 3

Search Hule A

Documeni Relevance 1 -4

Mumber of Documenis in Colleciion 1,400

MNumber of Qusstions 17 {Svubset 5)

Number of Relevant Documents 109

Generallty Number 4.8

Coord- Documernts Becall Precision Fallout

ination Retrieved Ratio Ratio Ratio % 7 %

Level Rel. WNon-ral afatc ala+h Bib+d
i 168 14,710 99.1% 0, 7% 81,807% [T |
2 1056 8,036 86. 3% 1.3% 33, 739% i 17 i
3 91 3,652 83.5% 2.4% 15.344% 17 17 i
4 LT4 1,558 87.9% 4.5% 5.580% 17 17 i
5 52 818 47, 7% 7. 8% 2, 600% 17 17 iy
8 38 237 35,8% 14,1% 1,000% 15 1% 17
i 22 100 20,2% 18.0% . 0.422% i4 17
] i3 22 11.9% 37.1% 0, 083% i6 i
9 & 4 5.5% 80. 0% 0.017% &8 17
ip i G 0.9% 180.0% Q. 800% i i1 I
1 a 4] G 17 19




FIGURE 4.5027

Index Language 1.6.a {S.T. Synonyms, Quasi-synonyms, Word Forms., Coordination)

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Number of Documents in Collection 1,400
Number of Questions 19 {Subset 4)
Number of Relevant Documents 131
Generality Number 4.9

Coord- Documents Recall Precision Fallout

ination Retrieved Ratio Ratio Ratio x ¥y z

Level Rel. Non-~-rel. alasc afasb bi{b+d
i 126 {-) 86, 2% {=) =) 19 4] 19
P 114 9,568 87.0% 1.2% 35,969% 18 18 1is
3 98 3,962 74, 8% 2, 5% 14, 895% 18 18 19
4 61 1,142 46.6% 5.1% 4.314% 19 ig i9
5 33 192 25,2% 14,9% 0,725% 18 ig 18
6 18 30 13.7% 37.5% 0.113% 8 ig 12
ki 8 1 8.1% 38.9% 0,004% | 3 i9 ig

FIGURE 4,5037T

Index Language 1.6.a (S.T. Synonyms, Quasi-synonyms, Word forms, Coordination)

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Number of Documents in Collection 1,400
Numbeér of Questions 17 {(Subset 5)
Number of Relevani Documents 109
Generality Number 4.8

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b3 y 2
Level Rel., MNon-rel. afatg afaib bib+d
1 109 {~) 160, 0% {-) . {-} 17 o 17
2 108 13,865 89.1% 0.8% 58, 256% 7 a7 17
3 101 7,264 82.7% 1.4% 30,521% 17 17 17
i?f 91 4,124 83.58% '2.2% 17,328% 17 17 17
§ 73 2,353 87, 0% 3.0% 89.832% 17 17 17
8 54 1,026 49,5% 5, 0% 4.331% 17 17 17
ki 37 361 34, 0% 9.3% 1.524% | 17 17 17
] 23 138 21.1% 14,5% 0.574% i6 17 17
9 9 41 853% 18.0% 0.173% i0 17 19
10 2 12 1.8% 14.3% 0.051% 4 17 17
}1 0 4] 0 17 17
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FIGURE  4,510T
Index Langnage I.i.a {(S.T. DNatural language. Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1- 4
Number of Documents in Collection 1,400
Number of Questiong 20 (Subset 8)
Number of Relevant Documents 147
Generality Number 5.3
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X ¥ z
Level Rel, Non-rel. afate ala+b b/bed
1 133 14,225 ‘80, 5% 0.9% 50, 804% 20 20 20
2 114 4,704 77.6% 2.4% 16.808% 20 20 20
3 82 1,830 55,9% 4,9% 5.852% 20 20 20
4 47 230 32.0% 17.0% 0.826% i8 20 20
5 21 24 14,3% 46.7% 0.086% 2 20 20
g 10 3 6.8% 76.9% 6,011% 2 20 20
ki 4 0 2.7% 100.0% 0.000% | 2 20 20
FIGURE 4.5117T
index Langoage 1.6.a (5.T. Synoayms, Quagi-synonyms, Word forms. Coordination}
Exhaustivity of Indexing 3
Search Bule A
Document Relevance 1 -4
Number of Documents in Collection 1,400
Nuraber of Questions 20 {(Subset 8)
Number of Relevamt Documenis 147
Seaeralily Number 5.3
Coord- Documents Recall Precision Falloui
ination Retrieved Ratio Ratic Ratio b4 y %
Level Rel. Non-~rel. alat+e afatbh bibed
L 142 (9 95.6% {-) ) 20 o 20
3 129 8,088* 87.8% 1.8%* 29, 038%%* 20 13% 20
3 108 4,857 74.1% 2.3% 16.720% 20 20 20
’;é 69 1,278 46.9% 5.1% 4.581% 20 20 20
5 36 226 24.5% 13.7% 0.811% 18 20 20
8 19 32 12.9% 37.3% 0.115% 8 20 20
7 8 1 5.4% 88.9% 0.004% | 3 2 20
PIGURE 4,3127
index Language I.1.a (S.T. Nainral language. Coordination)
Exhaustivity of Indexing 3
Search Rule C
Doecument Relevance 1 -~ 4
Number of Documents in Collection 1,409
Mumber of Quesiions 20 (Subset 8)
Mumber of Relevant Documents see fable
Genarallty Number see table
?Qi.ﬂi- Relevant Generality D;ctux.nent: Recall Precision Fallout «
mation Documents Number girieve Ratio Hatio Ratio
Level Rel, Non-rel,
1 147 5.3 128 (-) 87.1% (-) {-) 20 o 20
2 147 5.3 968  1,809% 65.3% 5. 0%* 6.495% | 20 13% 20
3 119 5.0 57 533 47.9% 9.7% 2.251% 17 17 17
4 94 4.8 26 83 27.7% 29.2% 0.323% 9 14 14
5 43 4.4 7 8 16.3% 46.7% 0.082% 2 7 7
8§ 21 5.0 1 2 4.8% 33.3% 0.048% 1 3 3
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FIGURE 4.5137

Index Language [.6.a ({S.T, Synonyms, Quasi-synonyms, Word forms. Coordination}
Exhaustivity of Indexing 3
Search Rule C
Document Helevance 1 - 4
Number of Doouments in Collection 1,400
Number of Questions 20 {Subset 6}
Number of Relevant Documents see table
Generality Number see table
&.Coa?d= Relevani Generality Docut:nents Recaill Precision Fallout
ination LY Retrieved X o N % v z
Documents Nuwmber - Ratic Ratio Ratio
Level Rel. Non-rel.
1 147 5.3 140 {-) 95. 2% {-) {-) 20 6 2¢
2 147 5.3 113 3,323% 78.9% 3. 3%% 11.930%< 20 13% 20
3 119 5.0 68 1,544 57.1% 4.2% 6.518% 17 17 17
4 94 4.8 38 289 40, 4% 11.3% 1.533% | 11 14 i4
5 43 4.4 12 33 27,9% 26.7% 0.338% 6 7 7
[ 21 5.0 2 2 9.5% 50, 0% 0,048% 1 3 3
FIGURE 4.5147
Index Language [.1.a {S.T. Natural language. Coordination)
Exhaustivity of Indexing 3
Search Rule 0
Document Relevance 1 - 4
Number of Documents in Collection 1,400
Wumber of Quesiions 20 (Subset 6)
Number of Relevant Documents see table
CGenerality Number see table
f’oé?d— Relavant Generality Docun}ents Recall Precision Fallout
ination Retrieved . . . X y z
Documents Number . ; Ratio Ratio Ratio
Level Rel. Non-rel,
1 147 5.3 97 2,213 66.0% 4.5% 7.945% 20 20 20
2 147 5.3 73 853 49.7% 10.1% 2. 344% 20 20 20
3 118 5.0 42 163 35.3% 20.5% 0.688% 15 17 17
4 94 4.8 20 i4 21.3% 58.8% 0.072% 8 1 14
5 43 4.4 7 4 16.3% 63.6% 0.041% 2 7 7
8 21 5.0 i 2 4.8% 33.3% 0.048% 1 3 3
FIGURE 4.5187
Index Langiage 1.8.a (S.T. Synonyms, Quasi-synonyms, Word forms. Coordination}
Exhaugtivity of Indexing 3
Search Rule D
Document Relevance 1 - 4
Number of Documents in Collection 1,406
Number of Questions 20 {Subset 6)
Number of Relevant Documenis see iable
'Com‘r-d— Relevant Generality Doctrxrvnents Recall Precision  Fallout X y zZ
ination Retrieved . . A
Documents Number Ratio Ratio Ratio
Level Rel. Non-rel.
1 147 5.3 102 2,668 68.4% 3.7% 9.579% 20 20 20
2 147 5.3 81 791 55.1% 9.3% 2.840% 20 20 20
3 119 5.0 48 189 40.3% 20.3% 0.798% 15 17 i7
4 94 4.8 25 21 26.6% 54, 3% 0.108% 11 14 14
5 43 4.4 10 8 23.3% 82.5% 0.061% 4 7 7
8 21 5.0 1 2 4, 8% 33.3% 0,048% 1 3 3
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Section 8 Document Relevance

The four grades of document relevance were first tested on the 35 guestions
(subset 1}, and resulis are given for languages !.1.a and I.6.a, Figs,
4,600T - 4.808T give the tables of resulis, and Figs., 4.606P - 4,607P
the plots of performance curves., The change in the different relevance decisions
causes a change In the generality number, which is shown in each table,
and therefore recallf/faliout plots are presented. Although the set of
questions used was typical, the test results of the iwo higher grades of
relevance {1-2 and 1) suffer from the fact that not all questions had any
relevant documents of these grades. 27 questions had relevant documents
when grade 1-2 was tested, but only 11 questions when grade 1 was tested,
All 35 guestions, however, were kept in the set and the non-relevant documents
retrieved by these questions were still counted., It can be noted that the
change in document relevance from low to high merely transfers some of
the relevant documents from the relevant retrieved to the non-relevant
retrieved category, while the total documents retrieved always stays
constant,

Because of the small total of documents having relevance 1 documents,
a further test was made on a set of f{ifiy questions, for which the criterion
of selection was that each guestion must have a relevance 1 document.
These were tested on the 1400 document collection with index language I.1.2
and the results are shown in Figs. 4,810T ~ 4,813T, with a recallf/faliout
plot as Figure 4,814P,

LIST OF FIGURES

Index No, of Question Document
Relevance Language Questions  Subset Collection Plots

4,600T 1-3 I.1.a 35 1 1400

4,601T 1=-3 I.6.a 35 1 1400

4,6027T 1-2 I.l.a 35 i 1400

4,803T 1-2 I.6.a 35 1 1400

4.804T 1 I.l.,a 35 1 1400

4,605T i I.6.a 35 1 1400

4,606P 1-4 I.l.a 35 i 1400 Plot 4.110T
1-3 4,800T
1-2 4,602T
and 1 4.604T

4,6807P 1-4 I.6.a 35 1 1400 Plot 4.114T
1-3 4,601T
1-2 4,.603T
and 1 4.605T

4.6107T 1-4 I.1.a 50 9 1400

4.8117T 1-3 I.l1.a 50 2] 1400

4.6127T i-2 I.1.a 50 9 1400

4,.613T 1 I.1.a 50 9 1400

4.614P 1-4 I.1l,a 50 9 1400 Plot 4.6107T
1-3 4.811T
1-2 4.612T

]

4.613T
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FIGURE 4.600T

Index L.anguage I,1l.s {8.T. Coordination

Exbaustivity of Indexing 3
Search Rule A
Bocument Relevance

Watursl language.

1-3

Number of Documents in Collection 1,400
Number of Questions 35 {subset 1}

Number of Relevant Documents 231%
Genevalily Number 4,3
Coord- Documents Recall Pracision Fallout
ination Retrieved Ratlo Hatle Hafio £ v %
Level Rel, Non-rel. afarc afath bibed
1 184 23,755 01,5% 0, 8% 48,520% 35 85 35
2 158 8,151 73.8% 1.9% 19,256% 36 356 35
3 112 2,814 62.8% 3.7% 5. 865% 34 3B 35
4 &9 825 32.5% 2.9% 1.281% 23 35 35
§ 34 150 18, 0% 18.5% 0.307% 13 38 as
] 17 43 8.0% 28, 3% £.088% ki 38 35
¥ [ 10 2.8% 37,5% 09.020% 3 34 as
FilGuRsa 4.80L7T
Index Lenguege 1.6.a {S.T, Synonyms, Quesi-synonyma, Word forms. Coordination}
Exhaustivity of Indexing 3
Search Rule A
Document Helevance 1 -3
Number of Documents in Colleciion 1,400
Number of Quesiicns 35 {Subset 1}
Number of Relevani Documents 212
Generality Number 4.3
Coord- Decuments Recall Pracision Fallout
ination Retrieved Ratio BHetlo Ratin ® ¥ #
Level Rel. Noa-rel., afate ajath bib+d
1 205 {-} 98,7% -} - 33 8 38
2 188  1g,333% 87.7% 1,0%* 39, 455%* 36 a3* 35
3 146 8,126 68.9% i.8% 16.658% 35 a8 35
4 93 2,463 43,8% 3.6% . 048% 35 35 35
3 50 583 23,8% T.8% 1,215% 30 35 35
8 28 118 13.2% 19, 0% 0. 244% 18 as as
ki i0 Z2 4. 7% 33.3% 0.045% ] 35 38
FIGURE  4.8027T
Index Language I.i.e (8,7, MNatural language. Coordination)
Euhaustivity of Indexing 3
Search Bule A
Document Relevance 1 - 2
Number of Documents in Collection 1,400
Nuymber of Questions 36 {8 guestions had no relevant documenta}
Number of Relevant Documents 5
Generality Number 1.8
Coord- Documenta Recall Precision Fallout
ination Retrieved Ratio Ratig Ratio b4 y @
Level Rel. . Non-rel. alate afath bfbed
i 73 23,878 82.4% 0. 3% 48, 726% 38 35 35
3 55 &, 252 89,6% 0. 7% 20, 176% 35 85 3B
3 43 2,943 54.4% 1.4% 8.0808% 34 86 35
4 30 a64 38.0% 4, 3% 1.387% 28 a8 36
5 ig B 20,3% 8. 3% 0,361% 18 36 35
8 9 [ 11.4% 15, 0% 0,104% ki a5 a5
q 3 T 12 3,89 1B. 8% 0,087% $ 35 35
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FIGURE 4.803T

Index Language I,8.a {8,7T. Synonyms, Quasi-zynonyms, Word formsa. C@@rdﬁmﬁnﬁ}

Bxhaustivity of Indexing 3
Search Rule A
Docnment Relevance . 1 - 2

Humber of Documents in Collection
Number of Questi 35 {8 questiona
Number of Belevant Documenis 78
Generality Numbsr 1.8

1,400
&

wad no relevant documents)

LE

Coord- Documernis Hecall Precision Fallout

ination Reirieved Ratlo Batio Ratio b4 h:4 4

Leveal Ael. MNon-rsl. afare afatb bibid '
78 {-} 88,7% i~} {-} 35 0 35
3 F0 18,448% 88.8% 0,4%%  39.601gw 35 23 385
3 63 ®,218 87.1% 8,6% 16,801% 3 35 38
4 37 2,519 48,8% 1,4% 5.140% 35 35 35
5 24 819 30.4% 3.7% 1.2685% 39 88 35
a 17 130 2L, 5% 11.8% 0. 268% 18 a5 35
7 g 26 7.6% i8.8% 0., 053% 8 38 as

(8.7, Natural languags. Coordination)

Bxhaunt
Sear
Diocument

zlevancs 1

Number of Documents in Cellestion 1,400

Humber of Questions 25 {24 guestions had no relevant documents)
Number of Relevant Documents 18

Geperality Nomber 0.4

Coord- Deocuments Recall Precision Fallout

ination Retrieved Reatio Ratic Ratio b4 -4 -2

Level Rel.  Non-vel. afate YRR b bed
A 1T 23,933 94, 4% 0.1% 48,840% a5 35 85
2 18 8,291 48, 8% 0.2% 16.920% 35 35 - 8B
3 i3 3,014 56.7% 0.4% 6.,145% 34 35 35
4 & 388 44, 4% 1,2% 1,401% 28 38 35
i) & 188 27.8% 2.8% 0.384% i8 35 35
8 3 58 i1,1% 3.3% 0.118% ki 38 38
K 2 i4 11.1% 12,5% 0,029% 3 a5 35

FIGURRE  4.6057

index Language (6.2 {5.7T. Bynonyms, Quasi-synonyms, Word forma, Coordination}

Exhaustivity of Indexing 3
Seavch Rule &
Document Belevance 1

Number of Documents in Collection 1,400

Number of Questions 35 {24 questions bad no relevant documents)
Number of Relevant Documents i8

Generality Number 6.4

Coord=- Documents Recall Precision Fallout

ination . Retrieved Ratio Ratio Ratio -4 v 2 .

Level Rel., Non-rel. afa+c afath bib+d
3 i8 (=) 100,0% -} (-} 35 8 85
2 16 19,503% 68,9% 2,1%%  39.802% 38 23+ 38
3 18 2,359 72,2% 8. 2% 16,861% 35 35 38
4 i0 2,648 55.8% 0.3% 5,108% 35 35 35
8 5 B36 50.0% 1.4% 1 1.208% 30 38 35
[ & 141 33.3% 4.1% ) 0.288% i8 38 28
K 2 28 18.7% 8.4% 0, 058% ] 38 a5
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FIGURE 4.6107

index Language 1.l.a

Exhaustivity of Indexing 3

<

Search Rule A

Document Relevance 1

Number of
Number of

-4

cuments in Colleciion 1400

Do
Questiong 50

Number of Relevant Decuments 381
Generality Number5.2
Cooxrd~ Documents Recall Precision Fallout
inaticn Retrieved Ratio Ratio Ratio ® ¥ %
Level Rel. Non-rel. ajate afa+h bf/brd
1 340 30,778 94.2% 1.1% 44.,196% 50 50 50
2 281 11,5%2 T7.8% 2.4% 18.819% 50 50 50
3 i78 4,717 48, 8% 3.6% 8,759% 47 50 50
4 107 1,787 28.68% 5.8% 2.480% 38 46 48
§ 58 717 16.3% 7. 6% 1.815% 21 40 40
& 35 273 8,7% 11.4% 0.382% 12 30 3
7 i9 80 5, 3% 19.2% 0.115% 8 23 23
8 7 17 1.9% 28.2% 0.024% 4 12 12
8 5 Z 1.4% 71.4% 0.003% 3 16 10
19 i 0 2.3% 100, 0% 0. 000% 1 8 8
11 O 0 g 8 8
i2 0 0 Q i 1
FIGURE  4.6117
index L.anguage L.l.a
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1-3
Mumber of Documents in Cellection 1400
MNumber of Questions 50
Number of Belevant Documents 287
Generality Number 4.3
Coord-~ Documents Recall Preacision Fallout
ination Retrieved Ratio Ratio Hatio Ed N %
Leavel Real Non-rel. ajatc afath bfbsd
i 277 30,841 93, 2% 0.8% 44,248% 50 50 50
2 235 11,618 79.1% 2.0% 18.851% 50 50 50
3 i62 4,731 54.8% 3.4% 6.787% 47 50 50
4 a7 1,737 32.7% 5.3% 2.492% 39 46 48
) 49 724 16.5% 6.4% 1.035% 21 40 40
8 29 279 9, 8% 3.2% 0.400% i2 30 30
7 16 83 5.3% 16, 2% 0.119% 8 23 23
8 8 18 2. 0% 25. 9% 0.026% 4 i2 12
8 4 3 1.3% §7.1% 8. 004% 3 10 10
%ﬂ 1 g 0. 3% 100, 0% 0. 000% i 8 8
i1 0 o 0 & 8
iz 0 0 6 1 1




FIGURE 4.612T

Index l.anguage 1.1.a

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1-2

Number of

e

Number of

- 146 -

Diocuments in Collection 1400

Guestions 50

Number of Relevant Documents 155
Generality Number 2,2
Coord~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x v z
Level Rel. Non-rel. afa+c afa+b b/b+d
i 1486 30,918 94, 2% 0.5% 44.269% 50 50 50
2 125 11,728 80.6% 1.0% 16.789% 50 50 50
3 a7 4,806 56.1% 1.8% 6.958% 47 50 50
4 58 1,778 37.4% 3.2% 2.543% 39 46 46
5 33 740 21.3% 4.3% 1,059% 21 40 40
8 21 287 13.5% 6.9% 0.411% 12 30 30
7 10 89 6.5% 10.2% 0.127% 8 23 23
8 8 18 3.9% 25, 0% 0.026% 4 12 12
9 4 3 2.8% 7.1% 0. 004% 3 10 10
10 i 0 0.6% 100. 0% 0. 000% 1 8 3
i3 0 0 0 8 8§
12 0 G 0 1 1
FIGURE 4.613T
Index Languagel.l.a
Exhaustivity of Indexing 3
Sesrch Rule A
Document Relevance 1
Nomber of Documentis in Collection 1400
Number of Questions 50
Number of Relevant Documents 85
Generality Number 1.4
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 y z
Level Rel. Non-rel. ajatc a/a+b b/b+d
i 20 30,974 94.7% 0.3% 44,309% 50 50 50
3 81 11,770 85.3% 0.7% 16.837% 50 50 - a0
3 57 4,836 60.0% 1.2% 6.918% 47 50 80
4 40 1,794 42.1% 2.2% 2.566% 39 46 48
5 24 749 25,3% 3.1% 1.071% 21 40 40
8 14 294 14.7% 4.5% 0,420% 12 30 30
7 7 92 7.4% 7.1% 0,153% a8 23 23
8 3 21 3.2% 14.3% 0,030% 4 12 12
8 2 5 2.1% 28.6% 0.007% 3 10 10
16 0 1 0.0% 0. 0% 0.00L% i 8 8
it 0. 0 0 8 8
12 G 0 0 1 i
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1-2, Fig. 4.6127
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Section 7 Simple Concepts:- Recall Devices

The simple concept languages are tested by the 42 questions
{subset 2) searched on the 200 collection (subset 1). Fifteen separate
languages are presented in the tables, 4.700T - 4.714T. Index
language I.1.2 uses the basic natural terms, and index language
1.2.a incorporates the recall device of synonym control. All subsequent
index languages are based on index language 1.2.a,

Index languages 1.3.a, I.4.a, I.5.a, I.6.a, I.7.a and 1.8.a
investigate differeni selections of classes based on the schedules as
given in Appendix 5.4 of Volume I. Index languages 1.8.a, 1.10.a
and I.11.a represent seclections from the alphabetical index as given
in Appendix 5.5 of Volume I. Index languages [.12.a, 1.13.a and
I.14.a investigate the complete classes of the schedules of Appendix
5.4, while index language 1I.15.a brings in both the alphabetical and the
hierarchical languages.

A table presenting the fifteen languages and their relationships
appears as Figure 2.6. (page 10).

Seven graphs are included in this section, each plotting two or
more of the sets of test results; these graphs fall into three main groups
and provide comparison of '

{1} the different hierarchical devices, including the selective
and obligatory types, {(Figs. 4.715P, 4.716P, 4.718P,
4.719F and 4.721P).

(2) the alphabetical device, (Figs. 4.717P and 4.721P).

{3) hierarchical and alphabetical devices {(Figs. 4.719P and
4.7219P),

LIST OF FIGURES

Index No. of Document Document

Language Ruestions Subset Collection
4,700T IT.i.a 432 2 200
4.701T li.2.a 42 2 200
4,7027 11.3.a 42 2 200
4,703T Ii.4.a 42 2 200
4,704T I.5.a 42 2 200
4.705T ii.6.a 42 2 200
4.7087T II.7.a 42 2 200
4.,.707T il.8.a 42 2 200
4.708T 1.9.a 42 2 200
4,7097 11.10.a 42 2 200
4.710T iT.11.a 42 2 200
4 2 200

L7I1T il.12.a 432



L S

.712T
.713T
.714T

.715P

.716P

LILTP

.718P

LT719P

. T20P

L721F

Index
Language
1I.13.a
II.i4.a
1I.15.a
II.1.a,
II.2.a,
11.3.a,
II1.4.a,
N.2.a,
I1.6.a,
ir.7.a,
II.2.a,
iI.9.a,
11,10.a,
II.2.a,
i1.12.a,
1I.13.a,
II.14.a,
Ii.5.a,
iI.6.a,
II.7.a,
i1.9.a,
II.8.a,
11.10.a,
1.8.a,
I.i1.a,
iI.14.a,
iI.15,a,
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No. of
Questions

42
42
42

42

42

42

42

42

42

42

Document
Subset

[SI VI S )

Document
Collection

200
200
200

200

200

200

200

200

200

200

Plot

Plots

Plots

Plots

Plots

Plots

Plots

Plots

L L T S S SN T =TT SN Y A

L7007,
L701T,
L7027,
.703T.
.701T,
.705T,
.706T,
LT0LT,
.7087T,
L7087,
L701T,
ST,
L7127,
L7137,
L7047,
L7057,
L7067,
.708T.
107,
.709T.
LT07T,
L7107,
. 7137,
L7147,
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FIGURE 4.700T

Index Language II.1.a (Simple concepts. Natural language. Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Number of Docwments in Collection 200 {Subset 1)
Number of Questions 42 (Subset 2)
Number of Relevant Documents 198
Generality Number  23.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x ¥y z
Level Rel. Non-rel. afate afatb b/b+d
1 73 459 36.9% 13.7% 5.597% 42 42 42
2 28 a7 14.1% 50,0% 0.328% i8 41 41
3 10 ] 5.1% 100, 0% 0.000% 5 38 38
4 0 [ 32
5 [} 4] 20
[ 0 0 8
i 0 0 3
FIGURE 4.7017T
Index Language iI.2,a (Simple Concepts. Synonyms. Coordination)
Exhaustivity of Indexing 2
Search Rule
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1)
Number of Questions 42 {Subset 2)
Number of Relevant Documents 198
Generality Number  23.6
Coord~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x ¥ z
Level Rel, Non-rel. afa+c a/a+h b/bed
1. 101 6835 51, 0% 13.7% 7.743% 42 42 42
2 44 85 22, 2% 40.4% 0.752% 25 41 41
3 i0 2 5.1% 83.3% 0.024% ] 38 38
4 2 0 1.0% 108, 0% 0.000% 2 32 32
5 0 0 o] 20 20
& 1] [t} 0 ] [+]
ki 0 4] 0 3 3
FIGURE - 4,702T
Index Language 1i.3.2 {(Simple Concepts. Species {selected). Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1)
Number of Questions 42 {Subset 2)
Number of Relevant Documents 108
Generality Number 23,6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Hatio Ratio X y z
Level Rel. Non-rel. alat+e afa+b b/b+d
i 115 1,010 58.1% 10.2% 12.317% 42 42 42
2 80 11§ 30. 3% 34,3% 1,8080% 32 41 41
3 24 8 12.1% 75, 0% 0.098% 12 38 38
4 4 0 2.0%  100.0% 0. 000% 3 3z a2
] 0 4] [} 20 20
6 0 0 1] 9 9
7 0 [} (i} 3 3
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FIGURE 4.7037

Index Language II.4.s (Simple concepis. Superordinate {Selected). Coordination)

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Humber of Documents in Collection 200 (Subset 1}
Number of Questione 42 {Subset 2}

Number of Relevant Documents 188

Generalily Number  23.6

Coord- Documents Recall Preclsion Fallout

ination Ratrieved Ratio Ratio Hatio x y %

Level Rel. Nom-rel. afztc alath bfb+d
i 129 1,338 85.2% 8.8% 18.292% 42 42 .42

- 2 87 255 33.8% 20, 8% 3.100% 36 41 41

3 18 40 8.6% 32.2% 0.488% ig 38 38
4 2 8 1.0% 20. 0% 0.088% 4 32 32
8 0 2 0.0% 0. 0% 0.024% i 20 20
8 0 i 2. 0% 0.0% 0.012% 1 9 8
7 4] O ’ 8

FIGURE 4.704T

Index Langusge I1.5.a {Simple concepts. Specles and Superordinate (Selected). Coordination)

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Number of Documents in Collection 300 {Subset 1)
Number of Questions 42 {Subset 2)

Number of Relevant Documents 198

Qenerality Number 23,8

Coord- Documents Recall Precision Fallout
ination Retrieved Ratic Ratio Ratio b4 y 2
Level Rel. Non-rel. afat+c . afatbh bibrd -
i 138 1,614 . 88, 7% 7.8% 19,682% 42 42 42
2 a1 359 40.9% 18.4% 4.371% 39 41 41
) 3 32 80 18.2% 34.8% 6.732% 22 38 38
4 6 10 3.0% 37.5% 0.122% 5 32 32
.8 ¢ 4 0, 0% 0. 0% 0. 048% 1 a0 20
8 0 i Q. 0% 9, 0% 0,012% i g 2]
7 4] [ g 3 3

FIGURE 4.705T

Index Langeage 11,6.a -{Simple Concepts. Co-ordinete (Selected), Coordination)

Exhaustivity of Indexing 3
Search Ruls A
Document Relevance 1 -4

Number of Documents in Collection 200 {Subset 1}
Number of Questions 42 {(Submet 2)

- Number of Relevant Documents igs
Generality Number 23,8

Coord- Documents Recall Precision Fallout
fnation Reirieved Ratio Ratic Ratio X ¥ 8
Level Rel. Non-rel. alatc aja+b b/b+d
i 118 1,124 59,8% 8.5% 13.707% 42 42 42
) 2 67 155 28.8% 26,9% 1.890% 33 4 4
’ ‘3 18 28 g.1% 40.9% 0,219% 11 38 38
4 4 5 2.0% 44.4% 6.061% 4 32 32
5 0 i} ¢ 20 20
4] ] 0 (1} 2 -9
7 0, 0 0 3 3




FIGURE 4,706T
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Index Language II.7.a {Simple Concepts. Co-ordinate and Collateral {Belected). Coordinaéion)

Exhaustivity of Indexing 3

Search Rule

Document Relevance 1 -4

Humber of Documents in Collection 200 {Subset 1}

Number of Questions 42 {Subget 2)

Number of Belevant Documents 198

Genperality Number  23.3

Coord- Documents Becall Precision Fallout

ination Retrieved Ratio Ratlo Ratio z ¥ -1

Level Rel. Non-rel. afasc ajath bibed
1 137 1,832 88.2% 8.2% 18.682% 42 42 42
E 75 318 37.8% 19.1% 3.877% 33 41 41
3 23 50 11.8% 31.5% 0.8310% 14 38 38
4 ] g 2. 0% 40.0% 0.110% 4 32 32
5 1 4] 0.5% 160, 0% G, 000% 1 20 20
& ju] ] [ 8 9
K o ] ¢ 3 a

FIGURE 4,709T

Index Language I1.8.a {Simple Concepis.

Species, Superordinate, Coordinate and Collateral

{Belected)., Coordination)

Exhaustivily of Indexing 3

Bearch Rule A

Document Relevance 1 -4

Number of Documents in Collsction 200 (Subset 1)

Number of Questions 42 {Subset 3)

Number of Helevant Documents 188

Generality Number  23.8

Coord- Documents Hecall Precision  Fallout

ination Reteieved Ratio Ratio Ratio x ¥ o1

Level Rel.  Non-rel, afatc afath bibwd
1 159 2,133 80.3% 8.8% 28,0124 4% 43 43
2 89 LH08 50, 0% 14.1% 7.378% 40 41 41
3 38 123 19.3% 33.68% 1.500% 23 38 38
4 14 33 7.1% 29.8% 0.402% i0 33 32
& § ‘ B 3.5% 38.5% 0, 098% 2 20 a0
g 2 1 o, 0% g, 0% 0,012% i 2 8
7 0 o ] 3 3

FIGURE  4.708T :

Index Language Ii,8.a (Simple Concepis. First alphabetical collateral {Selected). Coordination),

Exhauativity of Indexing &

Search Rule A

Document Relevance -4

Number of Documents in Collection 200 {Subset 1)

Number of Questions 432 {Subset 2)

Number of Relevant Documents 108§

Generality Humber 23,6

Coord- Documents Becall Precieion Fallout

ination Hetrieved Ratlo Hatio Ratio k- vy )

Level Rel. Noa-rel., afaso ajath bfbed
3 i3s 1,824 88, 2% §5.1% 18.585% 43 43 42
] 75 %96 37.9% 20.2% 3.800% 33 41 41
3 37 45 18,7% 45.1% 0.549% 18 38 38
4 13 ] §.8% 88, 4% 0, 073% 8 32 32
8 1 2 0.5% 33.6% 0.024% 3 20 Z0
8 a o . 0 9 2]
7 o 0 0 3 8




FIGURE 4,709T
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5

Index Language JI.10,a (Simple Concepts. Second alphabetical collateral (selectéd).Coordlnation.)
Exhaustivity of Indexing
Search Rule A

Document

Number of Documents in Collection
Number of Questions

Relevance ! -4

3

42 (Subset 2)

200 {Subset 1)

Number of Relevant Documenis 198

Generality Number  23.8

Coord- Documents Recall Precision Fallout

ination Retrieved Ratio Ratio Ratio x y -1

Level Rel. Non-rel. afate afa+b b/b+d
1 182 2,852 91.9% 5.0% 35,2688% 42 43 42
2 129 042 85.2% 12.0% 11.485% & 41 4
3 78 253 40.0% 23.8% 3.085% 34 38 38
4 27 44 13.68% 38.0% 0.536% 18 32 33
B 7 ] 3.5% 53,8% 0.073% ] 20 - 20
6 1 0 0.5% 100.0% 0. 000% 1 8 8
7 [ ] 0 3 3

FIGURE 4.710T

index Language I,i1.a (Simple Concepts,

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Number of Documents in Collection

Species, superordinate, co-ordinate, collateral,
and second alphabetical collateral {selected). Coordinati-

200 {Subset 1}

Number of Questions 42 {Subset 2}

Number of Relevant Documents 188

Generality Number 23,8

Coord- Documents Recall Precision Fallout

ination Retrieved Ratio Ratio Ratio x y z

Level Rel. Non-vel. afatc alatbh b/b+d

i 183 3,317 82.4% 5.2% 40.451% 42 43 42
2 146 1,259 73.7% 16.4% 15,350% 41 41 41
3 94 408 47.5% 18.72% 4.974% 37 38 38
4 34 89 17.2% 25,6% 1.207% 18 32 32
) 14 25 7.1% 36.9% 0.305% 9 20 20
8 3 1 1.5% 75.0% 0.012% 3 B g
7 g 0 0 3 3

FIGURE 4.7117

Index L.anguage 1I1.12,a {Simple Concepts,

Exhaustivity of Indexing 3

Search Rule
Document R

Number of Documents in Collection
Number of Questions

A
elevance 1 -4

42 (Subset 2)

Species {complete). Coordination)

200 {Subset 1)

Number of Relevant Documents 108

Generality Number 23,6

Cgoxd- Documents Recall Preclaion Fallout

ination Retrieved Ratio Ratio Ratio X y 2

Level Rel. Non-rel. afate a/ath bib+d

1 128 1,432 684,6% 8.2% 17,463% 43 42 42
2 72 287 38.4% 20,1% 3.500% 34 41 41
3 27 32 13.68% 45, 8% 0,390% 13 38 38
4 ] 3 4.5% 75, 0% 0,037% 5 32 32
] 0 0 0 20 20
] 4] 0 0 8 ']
7 0 0 0 3 3

ion)

,}N\»
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FIGURE  4,712T

Index Language 11.13.a ({Simple Concepts. Species, Superordinate and Co-ordinate {complete).

Coordination).
Exhaustivity of Indexing 3
Search Rule A

Document Relevance 1 -4

Number of Documents in Collection
Number of Questions 42 {Subset 2)
Number of Relevant Documents 198

200 (Subset 1}

Generality Number  23.8

Coord- Documents Recail Precision Fallout

ination Hetrieved Ratio Ratio Ratio 4 y z

Level Rel, Non-rel. afatc aja+b b/b+d

i 168 2,490 84.6% 6.3% 30,365% 43 42 42
2 117 837 59,1% 11.1% 11.424% 40 41 - 41
3 49 244 24.7% 16.7% 2.975% 29 38 38
4 20 54 10.1% 27.0% 0.858% it 32 32
5 8 21 4, 0% 27.68% 0,256% 3 20 20
[ 0 1 0. 0% 0. 0% 0.012% 1 8 8
ki 0 0 0 3 3

FIGURE 4.7137

Index Language II,14.a ({(Simple Concepta. Species, Superordinate, Coordinate and Collateral

Exhaustivity of Indexing 3 {complete}. Coordination}.

Search Rule A

Document Relevance 1 -4

Number of Documents in Collection 200 (Subset 1)

Number of Questiona 42 (Subset 2)

Number of Relevant Documente 188

Generality Number 23,86

Coord- Documents Heeall Precision Fallout

ination Retrieved Ratio Ratio Ratio X y g

Level Rel. Non-rel. ala+c afa+b b/b+d
1 180 3,684 90,98% 4.6% 44,926% - 42 42 . 42
2 143 2,047 72.2% 6.5% 24.957% 40 41 41
3 68 800 33.3% 9.9% 7.315% 33 38 38
4 28 179 13.1% 13, 7% 2.182% 18 32 32
5 13 59 8.6% 18,1% 0.718% 7 20 20
6 [¢] 11 0, 0% 0. 0% 0.134% 2 9 8
ki 1] 0 0 3 3

FIGURE 4.714T

Index Language [I.15.a (Simple Concepts, Species, Superordinate, Coordinate, and Collateral
Exhaustivity of Indexing 3 (é:omg}ete:, )Second ‘alphabeucal Collateral (selected) .
Search Rule A oordination).

Document Relevance 1-4

Number of Documents in Collection
 Number of Questions 42 {Subset 3)
Number of Relevant Documents 188

200 {Subset 1)

Generality Number  23.6

Coord- Documents Recall Precision Fallout

ination Retrieved Ratio Ratio Ratio X y 1

Level Rel. Non-rel. ala+c afa+b b/b+d
i 180 4,542 96.0% 4. 0% 55, 360% 42 42 42
2 168" 2,590 84.8% 6.1% 31,578% 41 41 41
3 117 1,020 59,1% 10.3% 13.436% 37 a8 38
4 81 325 25,8% 13.6% 3.862% 26 32 32
5 21 96 10.6% 17.8% 1,170% 12 20 20
6 4 15 2,0% 21.1% 0,183% 5 8 ]
7 0 o [ 3 3
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Section 8 Controlled terms

Recall devices

The investigations on the controlled term languages were carried
out, on two sets of questions and two collection sizes: the 42 questions
{subset 2) searched on the 200 document collection (subset 1),
and the 77 questions {subset 7) searched on the 350 document collection
_ {subset 2). Six recall languages were tested, and the effect of each
recall device is seen in the tables and plots given in Figs. 4.800TP
- 4.805TP, tested with a search rule A, A plot of the six curves
is given in Figure 4.806P. The recall devices are shown in Fig, 2.7 (p.11)

Search Rules

Further comparison of the six index lanpuages {8 given with the
tests made using Search Bule ¥ on both the 42 gquestions with the
200 document collection and the 77 questions with the 350 document
collection. The results are presented in Figs, 4.810TFP - 4.815TP
and 4.820T - 4.8257T, with plots covering the various index languages
as Figs, 4.816F and 4.826FP, With Search Bule E all the combinations
of acceptable terms were selected for each coordination level. Examples
of search formulations for a number of questions are given in Appendix
8.1.

Tests with Search Rule ¥ were done on index languages III.5.a and
I11.6.a with 42 questions on the 200 document collection, This search
was superimposed on Search E, and the results are presented at the
various coordination levels according to the number of basic terms as
apart from related terms. Thus, at a coordination level of 4, the
tables {Figs. 4.8507T and 4.8517T) show the results when all terms
‘were basic terms, where one term was a related term, where two terms
were related terms and so on. I is obvious that when all the terms
are basic terms, then the results must be the same as for index language
III.1.a with Search E: when all the terms are related terms, then the
results must be the same as for the corresponding index language with
the basic Search E. Thereiore in the plot 4.850FP, the two main
curves represeni index languages III.1.a and 1I1.5.a with Search B and in
Figure 4.851P the main curves represent index languages IlI.1.a and
{I11.6.a, again with Search E. The addilional resulis obtained with Search
¥ now produce a series of secondary curves at each coordination level
which span the main curves.

Precigion Device

The precision device of weighting was tested, in which search questions
were weighted and tested on the most exhaustive index language, using
the weights assigned in indexing. Figs. 4.830TP and 4.831TP give
results for languages III.1.a and Iil.6.a respectively, and in the plots
a comparison is made of the weighted and unweighted searches, carried
out with search rule E.
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SECTION 8 LISTCOF FIGURES

Index Search No. of Document
Language Rule Questions  Collection Plot
4.800TP III.1.a A 42 (2) 200
4.801TP II1.2.a A 42 (2) 200
4.802TP III.3.a A 42 (2) 200
4.803TP iI1.4.a A 42 (2) 200
4.804TP - I1.5.a A 42 (2) 200
4.805TP 11.6.a A 42 (2) 200
4.806P II1.1.a, Ii1.2.a, A 42 (2) 200 4.800T, 4
11.3.a, III.4.a, 4.802T, 4
II1.5.a, 1I1.6.2 4,80471T, 4
4.810TP Iii.1.a E 42 (2) 200
4.811TP II1.2.a E 42 (2) 200
1,812TP II1.3.a B 42 (2) 200
4,813TP II1.4.a E 42 (2) 200
4,.814TP II.5.a E 42 (2) 200
4.815TP Iil.6.a E 42 (2) 200
4.816P III.1.a, II1.2.a, E 42 (2) 200 4.810T, 4
' II1.3.a, 1lI.4.a, 4.812T, 4
II.5.a, IlI.6.a 4,814T, 4.
4.820T I1.1.a E 77 {7) 350
4.8217T III.2.a E 77 (7) 350
4.822T II1.3.a E 77 (1) 350
4.823T il1.4.a E 77 {7) 350
4.824T II1.5.a E 77 {7) 350
4,825T IiI1.6.a E 77 {7) 350
4,.826P II1.1.a, II1.2.a B 77 {1} 350 4,820T, 4
I111.3.a, 111.4.a, ‘ 4.822T, 4
II1.5.a, II1.6.a 4.824T, 4
4.830TP II.1l.e (weighting) E 42 (2) 200 + 4
4.831TP III.6.e (weighting) E 42 (2) 200 + 4
4.840P 1.1.a A& E 42 (2) 200 4.800T, 4
4.841P II1.2.a A & E 42 (2) 200 4.801T, 4
4,842P III.3.a A& E 42 (2) 200 4.802T, 4
4.843P I11.4.a A& E 42 (2) 200 4.803T, 4
4,844P II1.5.a A& E 42 (2) 200 4,804T, 4
4,845P II1.6.a A& E 42 (2) 200 4.805T, 4
4,850TP III.5.a ¥ 42 (2) 200 + 4
4.851TP II1.6.a F 42 (2) 200 + 4

L8017,
. 803T,
.805T

. 8117,
.813T,

815T

.821T,
.823T,
. 8257

. 8107
.815T

.810T
.8117
.8127
.813T
.814T
L8157

. 8147
.8157T
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FIGURE 4.800T

Index Language Ifi.1.a {Contrelled terms. Bagic terms. .Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Relevance i-4
Number of Documents in Collection 200 {(Subset 1)
Number of Questions 42 {Subset 2}
Number of Relevant Documents 198
Generality Number  23.6
Coord~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X y z
Level Rel. Non-rel. alate af a+h bib+d
1 174 2,884 87.9% 5,6% 35,170% 42 42 42
2 136 948 68.7% 12.6% 11,534% 42 42 42
3 79 213 39.9% 27.1% 2.597% 31 41 41
4 36 49 18.2% 42.4% 6.597% 20 34 34
5 17 7 8.8% 70.8% 0, 085% 8 24 24
8 5 3 2.5% 62.5% 0.037% 3 13- 13
7 2 2 1.0% 50. 0% 0.024% 2 8 8
8 1 1 0.5% 50. 0% 0.012% 2 4 4
9 a 0 3 3
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FIGURE 4.800P INDEX LANGUAGE IIL 1.a




FIGURE 4.801T

Index Language III.2.a

Exhaustivity of Indexing 3

Search Rule

A

Document Relevance 1 -4
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Number of Documents in Collection 200 (Subset 1)

Number of Questions

42 (Subset 2)

{Controlled terms. Narrower terms. Coordination)

Number of Relevant Documents 1988
Generality Number  23.6
Cooxrd- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 y z
Level Rel. Non-vel. afatc aja+b bfb+d
1 176 3.062 88.9% 5,4% 37.34% 42 42 42
2 137 1,024 69.2% 11.8% 12,485% 42 42 42
3 83 232 41,9% 26.3% 2.829% 31 41 41.
4 as 53 19.2% 41,8% 0.646% 20 34 34
5 17 9 B.6% 65.4% 0.110% 8 24 24
-8 ] 3 3.0% 66.7% 0.037% 3 13 13
7 2 2 1.0% 50, 0% 0.012% 2 8 8
8 1 1 0.5% 50, 0% 0,012% 2 4 4
9 0 0 0 3 3
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INDEX LANGUAGE HI. 2.a
(Index Language HL 1.a Broken line)
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FIGURE 4.802T

Index Language III.3.a ({Controlled terms. Broader Terms. Coordination)
Exhaustivity of Indexing 3
Search Rule
Document Relevance 1 -4
Number of Documents in Collection 200 (Subset 1)
Number of Questions 42 {Subset 2)
Number of Relevant Documents 198
Generality Number  23.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X y z
Level Rel. Non-rel. afa+te afa+b b/b+d
i 178 3,565 ’ 89.9% 4.7% 43.475% 42 42 42
2 147 1,575 74.2% 8.5% 19,203% 42 42 42
3 90 364 45.5% 19.8% 4.438% 37 41 41
4 43 78 21.7% 35,5% 0.951% 22 34 34
5 18 8 9.1% 69.2% 0, 098% 6 24 24
] 7 3 3.7% 70.0% 0.037% 4 13 13
7 y o 2 1.0% 50. 0% 0.024% 4 8 8
8 1 1 0.5% 50.0% 0,012% 2 4 4
g 0 0 3 3
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FIGURE 4. §02P

(Index L.anguage

INDEX LLANGUAGE Il 3. a
111, 1, a Broken line)
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FIGURE 4,803T

Index Language 1Iil.4.a {Controlled terms. Narrower and Broader terms, Coordination)

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1 -4

Number of Documenis in Collection 200 {(Subset 1)
Number of Questions 42 {Subget 2}

Number of Belevant Documents 198

Generality Number 23,8

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X y 2
Level Rel. Non-rel. afatc afa+tb bfb+d
i 180 3,614 90,9% 4.7% 44,073 42 42 42
] 148 1,661 74.7% 8.2% 20,251% 42 42 42
3 94 388 47.5% 19,8% 4.7068% 37 41 41
4 44 82 22,2% 34.9% 1,000% 23 34 34
5 18 12 8.1% 60, 0% 0.146% 8 24 24
6 8 3 4,0% 72.7% 0.037% 4 13 13
7 2 2 1.0% 50.0% - 0,024% | 2 8 8
@ i 1 0.5% 50, 0% 0.012% 2 4 4
g 4] [ 0 3 3
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FIGURE 4.803P INDEX LANGUAGE Iil. 4.2
{Index Language IL 1,a Broken line)
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FIGURE 4, 8047

Index Language III,5.a {(Controlled terme. Related terms. Coordination)
Exhaustivity of Indexing 3
Search Rule A
Document Belevance 1 -4
Number of Documenie in Collection 200 {(Subset 1)
Number of Questions 42 {Subset 2) :
Humber of Relevani Documents 4&dffmimzem- 19y
Generality Number  23.8
Coord-~ Docwments Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio X ¥y z
Level Hel. Noa-rel. afasc afa+b bfb+d
i 185 5.424 98, 5% 3.4% 66,146% 42 42 42
Z 184 3, 044 92.9% 5.7% 37.115% 42 42 42
3 133 1,252 67.2% 9.6% 15,.265% 41 41 41
4 52 420 31.3% 132.9% 5.121% 29 34 34
5 35 122 17.7% 22.3% 1.487% 18 24 24
8 12 26 . 6.1% 31.6% 0.317% i i3 i3
7 4 ki 2. 0% 36, 4% 0, 085% 3 8 8
8 2 3 L 1.0% 44. 0% 0.037% 2 4 4
2] 2 1 1.0% 66.7% 0.013% 2 3 3
100
4
b4
90 L
i
80 %‘\
Y
70 % 2
5
r 80 \
-3
S
50
i
o \
& a0 % \&
_‘% A
30 A 5
K\ \
20 ‘ >,
N
Ny
k S,
10 o < 5
}‘”»"\ ~ .
¢} 10 20 30 40 SO 60 70 80 90 100

°le PRECISION

FIGURE <. 8047 INDEX LANGUAGE I[II 5. a
’ {Index Language III, 1, a Broken line)




FIGURE 4.805T

Index Language IiI.8.a {Controlled terms. Narrower, broader and related terms. Coordination)

Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1- 4

Number of Documents in Collection 200 {Subset 1)
Number of Questions 42 (Subset 2}

Number of Relevant Docurments 198

Generality Number  23.8

Coord- Documents Recall Precisicn Fallout
ination’ Retrieved Ratio Ratio Ratic X v %
Level Rel. Non-rel. afa+e ajath bfbed
i i8¢ 5,865 28. 0% 3.3% 68.085% 42 42 42
2 187 3,483 94,4% 5,1% 42,465% 42 42 42
3 148 1,609 75, 3% &,5% 18.617% 41 41 41
4 72 527 36.4% 1%, 0% 8.425% 31 34 34
5 38 140 18.2% 21.3% 1.707% 20 24 24
8 i3 31 6.6% 29,5% 0.378% 7 13 13
7 4 7 2, 0% 36.4% 0.085% | 3 8 8
a8 2 3 1., 0% 40,0% 0.037% 2 4 4
9 2 i 1.0% 86.7% 0.012% 2 3 3
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FIGURE 4, 805 INDEX LANGUAGE IL6.a
{Index Language IIL i, a Broken Hne)
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FIGURE 4.810T

Index Language I.1.a ({Controlled terms. Basic terms. Cooxdination)
Exhaustivity of Indexing 3
Search Rule E
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1)
Number of Questions 42 {Subset 2}
Number of Relevant Documents 198
Generality Number  23.8
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 vy z
Level Reil. Non-rel. afate alatb bfbrd
i 1892 1,033 85.4% 8.0% 23,573% 42 42 42
2 114 428 57.6% 21,0% 5.218% 39 42 42
3 82 82 ©21.3% 40.3% 1.122% 29 41 41
4 25 13 12.6% 85.8% 0.158% 15 34 34
5 10 4 5.,1% 71.4% 0. 049% 8 24 24
[ 2 0.0% 0.0% 0. 024% 1 13 i3
7 a 1 0.0% 0.0% 0,012% 1 8 8
8 [ 1 0.0% 0.0% 0.012% 1 4 4
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FICGURE 4.811T

Index Language 1II.2.a ({(Conirolled terms., Narrower terms. Coordination)
Exhaustivilty of Indexing 3
Search Rule E
Document Relevance 1 -4
Number of Documente in Collection 200 (Subset 1)
Number of Questions 42 {(Subset 2}
Number of Relevant Documents 188
Generality Number 23,6
Coord- Documents Recall Precision Fallout
inmation Retrieved Ratio Ratio Ratio b4 y z
Level Rel. Non-rel. afatc ala+h bfb+d
i 171 2,064 86.4% 7.6% 25.414% 42 42 42
2 118 455 58.6% 20, 3% 5,547% 39 432 42
8 64 100 32.3% 38.0% 1,219% 29 41 41
4 28 14 14.1% 86, 7% 0.171% 15 34 34
5 i1 4 5.6% 73.3% G, 049% 8 24 24
8 0 2 0. 0% 0. 0% 0.024% 1 13 13
7 i} 1 0, 0% g, 0% 0.012% 1 8 8
8 0 i 0, 0% 0.0% 0,012% i 4 4
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{Index L.anguage lil, 1.a Broken line)




FIGURE 4. 812T

Index Language III.3.a {(Controlled terms, Broader terms. Coordination)
Exhaustivity of Indexing 3

Search Rule E
Document Relevance

Number of Documents in Collection
42 {Subset 2)

Number of Questions

1 -4
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200 {(Subset 1)

Number of Relevant Documents 198
Generality Number  23.6
Coord- Documernts Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x ¥ z
Level Rel. Non-rel. afa+c afa+b b/b+d
1 173 2,758 87.4% 5.9% 33.634% 42 42 42
2. 117 762 59,1% 13.3% 9,.290% 39 42 42
3 79 172 39.9% 31.5% 2.007% 35 41 41
4 31 24 15.7% 56.4% 0.2926% 19 34 34
5 12 5 6.1% 70.6% C. 0609% 7 24 24
8 2 2 1.0% 50, 0% 0,024% 2 13 13
ki 0 1 0.0% 3. 0% 0.012% 1 8 8
8 0 1 0.0% 0.0% 0.012% 1 4 4
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FIGURE 4.813T

Index Language ilI.4.a {Controlied terms. Narrower and broader terms. Coordination)

Exhaustivity of Indexing 3
Search Rule E
Document Relevance 1 -4

Number of Documents in Collection 200 {Subset 1)
Number of Questions 42 (Subset 2)

Number of Relevant Documents 198

Generality Number 23.8

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x y z
Level Rel, Non-rel. alate afa+b b/b+d
1 175 2,854 88.4% 5.8% 34.804% 42 42 42
2 129 797 65.2% 13,9% 9.717% 39 42 42
3 81 180 40.9% 31.0% 2.195% 35 41 41
4 34 24 17.2% 58.6% 0.2826% 19 34 34
5 13 6 6.6% 68.4% 0,073% 7 24 24
6 2 1.0% 50, 0% 0.024% 2 13 13
q 0 1 0.0% 0. 0% 0.0i2% | 1 8 8
8 0 1 0. 0% 0. 0% 0,012% 1 4 4
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FIGURE 4.814T

Index Language III.5.a (Controlled terms. Related terms. Coordination)}
Exhaustivity of Indexing 3
Search Rule B
Document Relevance 1 -4
Number of Documents in Collection 200 (Subset 1)
Number of Questions . 42 (Subset 2)
Number of Relevant Documents 198
Generality Number  23.6
Coord- Documents Recall Precision Fallout B
ination Retrieved Ratio Ratio Ratio x y 1
Level Rel. Non-rel. afa+c ala+tb b/b+d
1 194 4,339 98.0% 4,3% 52,914% 42 42 42
2 156 1,660 78.8% 8.6% 20.239% 42 42 42
3 104 628 52.5% 14.2% 7.657% 40 41 41
4 48 155 24.2% 23.6% 1.890% 27 34 34
5 27 47 13.6% 36.5% 0.573% 17 24 24
[ 11 10 5.6% 52,4% 0,122% 5 13 13
1 2 2 1.0% 50, 0% 0. 024% 2 8 8
8 2 2 1.0% 50. 0% 0.024% 2 4 4
] 2 1 1.0% 66,.7% 0,012% 2 3 3
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FIGURE 4. 814P INDEX LANGUAGE IiL 5,a SEARCH E

200 DOCUMENTS

{Index Language IIL 1,a Broken line)




FIGURE 4, g157

Index Language [JI.6.a

Exhaustivity of Indexing 3

Search Rule

E

Document Relevance 1-4

Number of Decumenis in Collection
Number of Questions

42 {Subset 2)

{Controlled terms.
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Narrower, broader and related terms.

200 {Subset 1)

Coordination)

Number of Relevani Documents 198
Generality Number 23,6
Coord~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratic Ratio x v %
Level Rel. HMon-rel. afatc afa+b bfb+d
i 198 4,885 89.0% 4, 0% 57.134% 42 42 42
g i89 2,002 853.4% 7.5% 25.506% 42 42 42
3 129 848 65.2% 13.2% 10.339% 42 41 41
4 50 210 30.3% 22.2% 2,560% 31 34 34
3 30 55 15.2% 35.3% 0.671% 18 24 24
[ i1 10 5.6% 52.4% 0.122% i3 13
7 2 2 1.0% 50, 0% 0,024% 2 8 8
3] 2 2 1.,0% 50.0% 0, 024% 2 4 4
8 2 i 1.0% 68.7% 0.012% 2 3 3
100 \
90 \@
\
80 ‘\&
\\
70 X
\\
60
-
3 \ B
\
@E) 50
o \\
& 40 \\
N
30 3\
20 \\
\\
o N ~2
\ U
p M
o] Te) 20 30 40 50 60 70 80 90 100

FIGURE 4, 815P

“le PRECISION

INDEX LANGUAGE IIi,6,a SEARCH E
200 DOCUMENTS
(Index L.anguage IIL 1,a Broken line)



% RECALL

100

95

90

85

80

75

70

65

6Q

55

50

45

40

35

30

25

20

- 174 -

&

T,

\;\\\\
AN

/
/
//
i

NS
NN
] I
o Tha ~
N .
%'\ AN \\
o :\\\\ x ><‘
S i\\l '
g R S
&5‘,,“_, Y

1e]

i5 20 25 30

FIGURE 4.816FP

35 40 45 50 55 60 65 70 75 80 85 90 93
°le PRECISION

INDEX LANGUAGES HI.1.a (X}, III.2.a (A},
HI.3.a (@), II.4.2 (), Ii.5.a (),

I1.8.a {(O). SEARCH E. 200 DOCUMENTS
{Figures 4.810T - 4.815T)

100



- 175 -

FIGURE  4.8207

Index Language IiI.1.a {Controlled terms. Basic terms. Coordination)
Exhaustivity of Indexing 3
Search Rule E
Document Relevance 1 ~4
Number of Documents in Collection 350 (Subset 2)
Mumber of Questions 77 {Subset 7)
Number of Relevant Documenis 454
Generality Number 16,8
Coord- Documents Recall Precision Fallput
ination Retrieved Ratio Ratio Ratio x ¥y z
Level Rel, Non-rel. ajatc afa+tb bfb+d
i 361 8,320 79.5% 5.4% 23.845% 77 T M
2 231 1,413 50,9% 14.1% 5.323% 73 77 7
3 108 289 24.0% 27.4% 1.091% 54 73 73
4 40 31 8.8% 56,3% 0.117% 23 63 63
5 13 8 2.9% 88.4% G.023% 9 47 47
8 0 2 0. 0% 0, 0% 0.008% i 28 28
7 a 1 0. 0% 0.0% 0, 004% 1 17 17
8 0 1 0. 0% 0.0% 8, 004% 1 i1 11
9 0 1] 0 6 8
19 ¢ 4 4] 1 1
FIGURE 4.8217
Index Language IH.2.a {(Controlled terms. Narrower terms. Coordination}
Exhaustivity of Indexing 3
Search Rule E
Document Helevance 1 -4
Number of Documentg in Collection 350 (Subset 2)
Number of Questions 77 {(Subset 7}
Number of Helevani Docwments 454
Generality Number 18.8
Coord~- Documents Recall Precision Fallout
ination Retrieved Ratio Ratic Ratio £ v z
Level Rel. Non-rel. afa+e afa+b bfo+d
i 377 6,762 83.0% 5.3% 25.516% 77 77 77
2 245 1,554 54.0% 13.6% 5,865% 73 1 ™
3 113 335 24, 9% 25.2% 1.264% 54 73 73
4 48 35 10.1% 56.8% 0.132% 25 63 83
5 i3 [ 2.8% 68.4% 0,023% 9 47 47
6 0 2 0. 0% 0.0% 0, 008% 1 28 28
7 0 1 0. 0% 0. 0% 0. 004% 1 17 17
8 a 1 0. 0% G. 0% 0. 004% 1 11 i1
] 0 4] 0 g &
10 O 4] O 1 1




FIGURE 4,823T
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Index Language IiI.3.a2 (Conirolled terms. Broader terms. Coordination)
Exhaustivity of Indexing 3
Search Rule E
Documeni Relevance 1 -4
Number of Documents in Collection 350 {(Subset 2)
Number of Questions 77 {Subsei 7)
Number of Relevant Documents 454
Generality Number 16,8
Coord- Documents Recall Precisgion Fallout
ination Retrieved Ratio Ratio Ratio x y z
Level Rel. Non-rel. afate ajasb bfb+d
i 376 9,202 82.8 3.9% 37.724% (AR LB
2 2598 %,582 57.0% 9.2% 9.669% 73 i 77
3 138 496 30.4% 21.8% 1.872% 80 73 73
4 53 65 11.7% 44.9% 0.245% 31 83 83
5 18 9 4,0% 68.7% 0.034% 14 47 47
[ 2 0.4% 40.0% 6.011% 3 28 28
7 o i 0. 0% 0. 0% 0, 004% 1 17 17
8 i} i 0. 0% 0. 0% 0. 004% i i1 i1
2 o 0 o 8 8
19 o 4] 0 i 1
FIGURE  4.82a37
Index Language Ili.4.a {Controlled terms. Narrower and Broader terms. Coordination)
Exhaustivity of Indexing 3
Search Rule B
Document Relevance 1 -4
Number of Documenis in Collection 350 {Subset 2)
Number of Questions 77 {Subset 7)
Number of Relevant Documents 454
Generality Number 16.8
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio ® v -4
Level Rel. Non-rel. afatc a/atb b/bed
1 394 9,369 86,8% 4, 0% 35.354% I ]
2 278 2,757 60,.8% 9.1% 10,405% 73 77 7
3 213 595 46, 9% 26. 2% 2.281% 50 73 73
4 58 73 12.8% 44.3% 0.276% 33 83 63
53 ia i1 4., 0% 82.1% 0,042% 1 47 47
8 g 3 0.4% 40, 0% 0.011% 3 28 28
T 0 0. 0% 0.0% 0, 004% i 17 7
8 0 1 0.0% 0. 0% 0. 004% i 11 11
8 Q 4] 1] B 6
16 ] 4] ¢ ) i




FIGURE 4.824T
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Index Language 1iI.5.a {Controlled terms, Belated terms, Coordinatjon)

Exhaustivity of Indexing 3

Search Rule B

Document Relevance 1 -4

Number of Documents in Collection 350 {Subset 2}

Number of Questions 77 {Subset 7}

Number of Relevant Documents 454

QGenerality Number 16,8

Coord- Documents Recall Precision Fallout

ination Retrieved Ratio Ratio Ratio X N z

Level Rel. Non-rel. afasc aja+b bib+d
i 430 13,965 84. 7% 3.0% 52.698% K B
2 350 5,896 77.1% 5.6% 22.252% ki 7 77
3 211 1,943 46.5% 9.8% 7.333% 72 73 73
4 103 441 2%.7% 18.9% 1.664% 53 63 k3
5 40 132 8.8% 23.3% 0.498% 31 47 47
8 12 a7 2.6% 30.8% 0.102% 9 28 28
7 2 8 0.4% 28.6% 0.019% 4 17 17
] 2 3 0.4% 40. 0% ,011% 2 i1 11
8 2 i 0.4% 66.7% 0.004% 2 8 8
10 0 0 ' 0o 1 1

FIGURE 4.825T

Index Language III.6.a
Exhaustivity of Indexing

Search Rule ¥

Document Relevance

1 -4

Number of Documents in Collection
Number of Questions

{Controlled terms.
3

77 {Subset 7)

Narrower, broader and related terms.

350 {Subset 2)

Coordination)

Number of Relevant Documents 454
Generality Number 16.8
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x y z
Level Rel. Non-rel. alat+c afa+b bf/b+d
1 440 15,172 96,9% 2.8% 57.252% moom M
2 370 7,383 81.5% 4.8% 27.865% ki 77 77
3 252 2,664 55, 5% 8.6% 10,054% . 72 73 73
4 128 630 27.8% 18.7% 2.378% 59 63 83
5 45 167 8,8% 20.7% 0.630% 35 47 47
6 13 36 2.9% 26.5% 0,136% 11 28 28
ki 3 ki 0,4% 22.2% 0,026% 5 17 17
8 2 3 0,4% 40.0% 0.011% 2 11 11
9 2 1 0.4% 66.7% 0.004% 2 8 8
10 0 0 ' o 1 1
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INDEX LANGUAGES IIi.1.a (X), Iil.2.a @), II1.3.a
@), 1. 4.a (§), HI.5.a (&), III.6.a {O). SEARCH E,
350 DOCUMENTS (Figures 4.820T - 4.825T)
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FIGURE 4,830T

Index Language IIi.l.e

Exhaustivity of Indexing
Search Rule E
Document Relevance I -4
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{Controlled terms.
3

Number of Documents in Collection 200

Number of Questions

42 {Subset 2)

Number of Relevant Documents 198
Generality Number 23.6

Basic t

{Subset 1)

erms. Coordination, weighting)

Coord- Documents Hetcall Precision  Fallout
ination Retrieved Ratio Ratio Ratio x ¥ z
Level Rel. Non-rel. alatc afa+b bibsd
1 155 (-) 78.3% {-) () 42 o 42
2 80 215 45.5% 29.5% 2.821% 36 42 42
3 38 27 19.7% 59.1% 0.328% 23 41 41
4 11 4 5.6% 73.3% 0.049% 7 34 34
5 [ 0 3.0% 100. 0% 0., 000% 3 24 24
6 0 0 0 i3 13
7 0 0 Q 8 8
8 0 0 0 4 4
9 0 0 0 3 3
100
%0
:1e] i
%
70 A\
60
_.l
2 \
g so
[id
°
> 40
\
h
20 N
N
. \@t —
[o] o 20 kel 40 50 $0 . 70 80 90 100
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FIGURE 4.830FP INDEX LANGUAGE IH.l.e SEARCH E
(Index Language Iil.1.a Broken Line)




FIGURE 4.8317T
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Index Language III.6.e (Controiled terms. Narrower, broader and related terms. Coordination
Exhaustivity of Indexing 3 weighting)
Search Rule E
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1)
Number of Questions 42 (Subset 2)
Number of Relevant Documents 188
Generality Number 23,6
Cooxd-~ Documents Recall Precision Fallout
ination . Retrieved Ratio Ratio Ratio b4 ¥y %
Level Rel. Non-rel. afa+c afatbh bl b+d
1 192 {-) 97.0% {-) {=) 42 [i] 42
2 137 1,134 69.2% 10.8% 13.826% 41 42 42
3 88 345 44, 4% 20.3% 4.206% 38 41 41
& 38 56 18.7% 41.,1% 0.683% 24 34 34
§ 20 15 10.1% 57.1% 0.183% 11 24 24
8 8 2 4,0% 80, 0% 0, 024% 3 i3 13
7 O 0 0 8 8
8 ¢ 4] 0 4 4
2 8 0 0 3 3
100 %
90 Q\%
10 \\\\%
70 %
60
-
-t
S \\
§ so
. A\
S~ a0 \
3o D
. N\
20 N \b\
[e] ~J 7%
T
o 10 20 30 40 50 50 70 80 90 100

FIGURE 4.831P
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INDEX LANGUAGE III.6.e SEARCH E

{Index Language II1I.6.a Broken line)
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FIGURE 4, 840P INDEX LANGUAGE Iil.1.a. SEARCH A {BROKEN
LINE} AND SEARCH E. 200 DOCUMENTS (FIGURES
4,.800T and 4.810T7)
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PIGURE 4.841P INDEX LANGUAGE III.2.a. SEARCH A {BROKEN LINE)
AND SEARCH E. 200 DOCUMENTS (FIGURES
4,801T and 4.811T)
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FIGURE 4.842P INDEX LANGUAGE III.3.a, SEARCH A (BROKEN LINE)
AND SEARCH E, 206 DOCUMENTS (FIGURES
4.802T and 4.812T)
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FIGURE 4.843P INDEX LANGUAGE III.4.a. SEARCH A (BROKEN LINE)
AND SEARCH E, 200 DOCUMENTS (FIGURES
4.803T and 4.8137T)
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FIGURE 4.844P INDEX LANGUAGE III.5.a. SEARCH A (BROKEN LINE)
AND SEARCH E. 200 DOCUMENTS (FIGURES
4.8047T and 4.8147T)
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FIGURE 4.845P INDEX LANGUAGE IIi.6.a. SEARCH A (BROKEN LINE}
AND SEARCH E. 200 DOCUMENTS (FIGURES
4,805T and 4.815T)



FIGURE 4.850T

Index IL.anguage III.5.a

Exhaustivity of indexing 3
Search Rule F

Document Relevance

1-4

- 184 -

Number of Documents in Collection 200 (subset 1)

Number of Questions

42 (subset 2)

Number of Relevant Documents 198
Generality Number 23.86
Coord~ Starting Documents Recall Precision Fallout
ination Terms Retrieved Ratio Ratio Ratio
Level Rel. Non-rel.
2 0 158 1,660 78.0% 8.6% 20.329%
1 146 1,133 73.7% 11.4% 13.817%
2 114 428 57.6% 21. 0% 5.218%
3 ] 104 628 52.5% 14.2% 7.657%
1 i00 534 50.5% 15,8% 6.512%
2 89 339 44.9% 21.1% 4.134%
3 62 92 31.3% 40.3% 1.122%
4 0 48 155 24.2% 23.6% 1.890%
1 47 146 23.7% 24.3% 1.780%
2 47 100 23.7% 32.0% 1.220%
3 44 55 22.2% 44.4% 0.671%
4 25 13 12.6% 65, 8% 0.158%
5 0 27 47 13.6% 36.5% 0.573%
1 27 46 13.6% 37.0% 0.561%
2 27 37 13.6% 42,2% 0.451%-
3 25 29 12.6% 46.3% 0.354%
4 20 15 10.1% 57.1% 0.183%
5 10 4 5.1% 71.4% 0, 049%
6 0 11 10 5.6% 52,4% 0.122%
1 10 10 5.1% 50. 0% 0.122%
2 10 10 5.1% 50.0% 0.122%
3 10 6 5.1% 62.5% 0.073%
4 10 4 5.1% 71.4% 0.048%
5 [ 2 3.1% 75. 0% 0.024%
6 0 2 0.0% 0.0% 0.024%
100
90
+  Coordination level 2
& Coordination level 3
ac % Coordination level 4
8 Coordination level 5
\ ¢ Coordination level 6
70 \
\
6Q A
P |
o}
NN
50
i Y |
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N
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e
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FIGURE 4.8517

Index Language III.6.a

Exhaustivity of indexing 3
Search Rule F
Document Relevance 1-4

Number of Documents in Collection 200 {subset 1)
Number of Questions 42

Number of Relevant Documents 198

Generality Number 23,8

Coord- Starting Documents Recall Precision Fallout
ination Terms Retrieved Ratio Ratio Ratio
Level Rel. Non-rel,
2 0 169 2,002 85.4% 7.5% 25.506%
1 158 1,321 79.8% 10.7% 16.110%
2 114 428 57.6% 21.0% 5.218%
3 0 129 848 65.2% 13.2% 10.339%
1 122 685 61.6% 15.1% 8.354%
2 105 398 53. 0% 20.9% 4,854%
3 62 92 31.3% 40. 0% 1.122%
4 0 60 210 30.3% 22.2% 2.360%
1 59 192 29. 8% 23.5% 2.341%
2 57 128 28.8% 30.8% 1.561%
3 47 64 23.7% 42.3% 0.780%
4 25 13 12.6% 65.8% 0.158%
5 0 30 55 15.2% 35.3% 0.671%
1 30 51 15.2% 37.0% 0.622%
2 30 41 15.2% 42.3% 0.500%
3 30 30 15.2% 50. 0% 0.366%
4 23 15 11.6% 60.5% 0.183%
5 10 4 5.1% 71.4% 0.049%
6 0 11 10 5.6% 52.4% 0.122%
1 10 10 5.1% 50.0% 0.122%
2 10 9 5.1% 52.6% 0,110%
3 10 6 5.1% 62.5% 0.073%
4 10 4 5.1% 71.4% 0.049%
5 8 2 4.0% 80.0% 0.024%
6 (] 2 0.0% 0. 0% 0.012%
00
90

4 Coordination level 2
A Coordination level 3
80 R X Coordination level 4
N [=}
o]

Coordination level 5
Coordination level 6
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Section%&i Abstracts and Titles

This section does not introduce any new index language device,
since it deals with searches carried out on the abstracts and titles
of the 200 document collection. As such it represents a variation
in exhaustivity of indexing, and also, in some cases, different
concept indexing to that done by the project staff. The searches
are done first in single term natural language and then with
word forms confounded.

Figures 4.900T and 4.901T present the results of searches
on the titles only, and Figures 4.9802T and 4.903T present the results
obtained with titles and abstracts. Figure 4,904P is a plot of the
four tables.

In order to make a comparison from the viewpoint of exhaustivity,
Figures 4.910T and 4.911T present the results of Index Language
I.3.a (word forms) at exhaustivity levels of 2 and 1, on the 200
document collection. Plot 4.912P now gives the performance curves for
the three levels of exhaustivity with the project indexing, for the
search on titles alone and for the search on titles and abstracts.

We were able to do this series of tests by having a print out
of a concordance of the titles and abstracts of the 200 documents.
This was prepared with the SMART programme, and we are indebted
to Prof. Salton for making it available

LIST OF FIGURES

Index No. of Question Document
Language  Exhaustivity Questions Subset Collection Plots
.900T iv.l.a 42 2 200
.901T Iv.2.a 42 2 200
.802T iv.3.a 42 2 200
.903T Iv.4.a © 42 2 200
.904P Iv.1l.a 42 2 200 4.900T
iv.2.a 4.901T
Iv.3.a 4.902T
Iv.4.a 4.903T
9107 I1.3.a 2 42 2 200
911T I.3.a 1 42 2 200
912pP Iv.2.a 42 2 200 4.901T
IV.4.a 4.903T
1.3.a 3 4.201T
1.3.a 2 4.910T
I.3.a 1 4.911T



FIGURE 4.900T

Index Language IV.1.a (Single terms, Natural language.

Exhaustivity of Indexing Title only
Search Rule A
Document Relevauce 1 -4

Number of Documents in Collection 200
Number of Questions 42 (Subset 2)
Number of Relevant Documents 198
Generality Number  23.6

Coordination)

Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x ¥ 4
Level Rel. Non-rel. afa+c afa+b bfb+d
1 155 1,902 78.3% 7.5%  23,189% 42 _F 42
2 108 463 54, 5% 18.9% 5,645% 40 42 42
3 58 76 28.3% 43.3% 0.927% 32 42 4%
4 26 15 13.1% 683.4% 0.183% i8 41 41
3 15 . 3 7.6% 83.3% 9.037% 398 39
& 6 0 3.0% 100, 0% 0.000% 3 33 33
K 3 0 1.5% 100.0% 0, 600% 1 27 29
8 0 0 0 18 18
g hi 0 0 13 i1
io 0 o 0 7 7
i1 0 0 o 3 3
12 [} 0 [ i 1
FIGURE 4.0017
Index Language 1V.2.a (Single terms. Word forms. Coordination)
Exhaustivity of Indexing  Title only
Search Rule A
Document Relevance 1 ~4
Number of Documents in Collection 200
Number of Questions 42 (Subset 32}
Number of Relevant Documents 198
Generality Number  23.8
Coord-~ Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio k4 Y z
Level Rel. Non-rel. afate aja+b b/b+d
i 189 2,017 80.3% 7.3% 24.592% 42 42
2 111 512 56,1% 17.8% 6,242% 40 42 42
3 65 94 32.8% 40.9% 1.,146% 34 42 42
4 29 18 14.6% 681.7% 0.219% i8 41 41
5 17 4% 8.6% 81. 0% 0. 049% iz 39 39
[ 7 0 3.5% 100, 0% 0. 000% 3 33 33
7 3 0 1.5% 100.0% 0, 000% i a7 27
8 [¢] 0 0 18 18
9 0 0 0 11 1t
10 4] 0 o 7 7
ii 0 0 0 3 3
12 0 0 0 1 1




FIGURE 4,902T

Index Language 1V.3.a (Single terms. Natural language. Coordination)
Exhaustivity of Indexing  Title and Abstract
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1}
Number of Quesiions 43 {Subset 2}
Number of Helevant Documents 198
Generality Number  23.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio x vy z
Level Rel, Non-rel. alatc afa+bh b/b+d
1 185 8,261 93.4% 2.9% 76.353% 42 ;42
2 161 2,158 81.3% 6.9% 26.311% 42 42 42
3 120 854 60.6% 12.3% 10.412% 40 42 42
4 75 288 37.9% 20.7% 3,511% 32 41 41
8 44 97 22.2% 31.2% 1.,183% 21 38 39
8 27 25 13.6% 51.9% 0.305% 13 33 33
7 12 2 6.1% 85,7% 0.024% 6 27 27
8 3 Q0 1.5% 100, 0% 0. 000% 2 18 18
g 2 0 1.0% 100. 0% 0, 000% 1 i1 i1
i 0 0 0 i 1
11 0 0 0 3 3
12 0 0 0 i 1
FIGURE 4.903T
Index Language IV.4.a (Single terms. Word forms, Coordination)
Exhaustivity of Indexing  Title and Abstiract
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 200 {Subset 1)
Number of Questions 42 (Subset 2)
Number of Relevant Documents 198
Generality Number  23.6
" Coord- Documents Recall Precigsion  Fallout
ination Retrieved Ratio Ratio Ratio x y z
IL.evel Rel. Non-rel. a/a+c afatb b/b+d
1 187 6,770 ‘94.4% 2.7% 82.540% 42, 42
2 168 2,654 83.8% 5.9% 32.358% 42 42 42
3 130 1,150 65,7% 10.2% 14.021% 41 42 42
4 92 432 48,5% 17.6% 5,267% 35 41 41
5 51 158 25.8% 24.4% 1.926% 28 39 39
8 32 53 16.2% 37.6% 0,646% ig 33 33
7 20 13 10.1% 80.6% 0,158% 10 21 27
8 9 4 4,5% 69.2% 0, 048% 7 18 18
9 3 1 1.5% 75.0% 0.012% 4 11 i1
10 1 0 0.5% 100, 0% 0. 000% 1 7 7
11 0 0 0 3 3
12 0 0 0 1 1
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FIGURE 4.904P INDEX LANGUAGES IV, t.alV.2.a, IV.3.a
and 1V.4.a. (Figures 4.900T - 4.9803T)
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FIGURE 4.9107T

Index Language 1.3.a (Single terms. Word forms. Coordination)
Exhaustivity of Indexing 2
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 200 (Subset 1)
Number of Questions 42 (Subset 2)
Number of Relevant Documents 198
Generality Number  23.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio b4 y z
Level Rel. Non-rel. afa+c afa+b b/b+d
1 188 4,037 94,9% 4.4% 49.220% 42 42 42
2 162 1,867 81.8% 8.0% 22.763% 42 42 42
3 128 694 64.6% 15.6% 8.461% 40 42 42
4 87 208 43.9% 29.5% 2.536% 32 41 41
5 47 66 23.7% 41.6% 0.805% 22 39 39
6 30 17 15,2% 63.8% 0.207% 13 33 33
7 11 2 5.6% 84.6% . 0,024% 6 27 27
8 3 0 1.5% 100. 0% 0.000% 2 18 18
] 0 g 0 11 11
10 0 0 0 7 7
i1 0 0 0 3 3
iz ] 0 0 1 1
FIGURE 4.911T7T
Index Language 1.3.a (Single terms. Word forms, Coordination)
Exhaustivity of hldéxing i
Search Rule A
Document Relevance 1 -4
Number of Documents in Collection 200 (Subset 1)
Number -of Questions 42 (Subset 2)
Number of Relevant Documents 198
Generality Number  23.6
Coord- Documents Recall Precision = Fallout
ination Retrieved Ratio Ratio Ratio x y z
Level Rel. Non-rel. alat+c afa+b b/b+d
1 177 2,628 89.4% - 6.3% 32.017% 42 42 42
2 138 1,101 69.7% 11.1% 13.424% 42 42 42
3 103 308 52, 0% 25.1% 3.755% 36 42 42
4 60 80 30.3% 42.9% 0,975% 28 41 41
5 30 23 15.2% 56.8% 0.280% 14 39 39
6 17 3 8.6% 85, 0% 0.037% 9 33 33
7 7 0 3.5% 100. 0% 0.000% 3 27 21
8 1 Q 0.5% 100, 0% 0.000% 1 18 18
9 0 0 0 11 11
io 0 0 0 7 7
11 0 0 0 3 3
"12 0 0 0 1 1
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CHAPTER 5

Simulated ranking and document output cut-off

There is confusion of ends and means in this type of attack upon
measurement in principle., Perhaps if medicine threw away the
thermometer, the encephalograph, the X-ray, and all other
technicalities, medicine would become much more human! How
much more preferable the tender hand on the brow than a nasty
piece of glass in the mouth - how inhuman! But is it sympathy
and fellow-feeling that we want from the physician or a technical
competence o identify the condition and give us the cure? The
bedside manner still has a place in the cure, even although the
hand on the brow has been replaced by the thermometer.

L.T., Wilkins: Social Deviance, page 9

With all the results so far given, the presentation has been on the basis
of coordination level cut-offs. The reader is invited to consider the same
test results, but now presented on the basis of a simulated ranking order and a
document output cui-off. In Chapter 3, one of the main problems considered
was that of totalling the resulis of a set of questions that was heterogenous in
having different numbers of starting terms and matching terms. Several
solutions were considered, buit only brief mention was wmade of one possible
method, namely document output cut-off. Although this method was recognised
as having many advantages, it was decided not to use it for the main test
results; this was partly because of the additional effort required to obtain the
necessary prerequisite of a ranking order, but also because it would have
involved a transformation of the test results as actually obtained by the
co~ordination level cut-off., At a later date a simpler method of deriving a
simulated ranking order was found and, in trying this out, it was shown that
there was a possibility of obtaining an ‘area measure' which could be used for
producing an ovder of performance effectiveness for the different index languages,
Therefore, the majority of the test searches were converted to a simulated
ranking order, and in this chapter the results are presented by fhe document
output cut-off method.

The influence of the SMART system was mainly responsible for our
original investigation into attempting to obtain a ranked output for the Cranfield
test searches. In the SMART system, the output of a search is arranged in an
order of decreasing correlation with the search question; this is established by
each document having 'a scoring that is obtained by calculations based on the
match between the reguest terms and the document terms in the particular
dictionary being tested. Thus every document in the collection is assigned a
rank order number, the rank position reflecting the correlation with the search
system. A sample output from the SMART system, showing the results for
Question 147 searched on the Cranfield 200 document collection for fourteen
different options, is given in Fig. 5.1. This output sheet shows, for each of the
fourteen options, the file numbers of the fifteen highest ranked documents and
also the rank numbers of the five documents which are relevant to this particular
question, The heading at the top of each section refers to the particular option
being tested, and it can be seen that, with 'ABSTR OLD QS*, for instance, the
five relevant documents, Nos., 708, 711, 713, 712 and 709 were ranked 21, 32,
68, 768 and 122 respectively.

In Fig. 5.2. are shown the conventional search results for 42 questions
by Index Language I.l.a, and these are set out in coordination levels.
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1+ 2+ 3+ 4+ 5+ 6+ T+ 8+ 9+
Q R N R N R N R N R N R N R N R N R N
79 2 60 1 7 1 1
160 4 167 3 71 3 50 1 2
118 8 168 5 92 4 51 3 25 1 12 0 4

118 123 5 49 5
ii9 6 170 6 82 4 37 3 13 3 8 0 1
121 3 20 3 5 3

ot

122 5 107 5 41 3 11 1 0
123 3 92 3 24 3 3

188 2 95 2 62 2 20 2 4 2 0

130 4 153 4 28 1 0

132 2 18 2 51 1 31 1 5

136 6 63 6 23 6 8 6 4 5 4 5 3 3 2 2 1 0
137 6 147 6 60 8 22 8§ 10 2 4

141 i 82 1 35 1 4 1 1

145 12 168 12 102 11 47 7 23 8§ 10 4 1

146 - 7 37 4 1 11

147 3 a7 2 35 1 13 0 7 0 3 0 1

148 4 38 4 15 4 4 2 0 1 o

167 4 182 4 105 3 51 3 21 3 9 11

170 2 109 1 45 1 18 1 8 1 1

181 2 164 2 43 i07

182 3 175 1 47 1 5

189 2 64 0 1 0 1

160 7 162 § 45 5 10 30

223 2 148 2 75 2 38 2 18 2 3 2 1 2 0
224 5 &0 4 65 2 27 0 3

225 & 158 4 91 4 43 2 17 0 5

226 7 60 4 18 4 2 4 1 2 0

227 2 83 2 35 2 8 2 1 0 10

230 7 42 2 O i o

250 8 162 8 54 8 25 8 7 5 4 3 0

261 4 131 4 34 4 13 4 5 4 0 4 0 3 0
264 2 104 g2 29’ 2 5 2 1 1 ) 10 1 0
266 5 164 4 32 0 8 o 1

268 5 23 5 1 4 0 2 0

269 4 34 4 4 2 0 10

272 4 183 4 123 4 66 4 22 3 4 3 1 2 0 2 0
273 7 33 8§ 10 51 2 0

274 5 177 4 81 3 28 2 8

317 2 118 2 69 2 31 2 10 0 2 0 1

323 5. 162 5 69 4 28 0 2 0 1

360 & 143 8 59 8 14 5 4 3 2 0 1

FIGURE 5.2T SEARCH RESULTS BY COORDINATION LEVEL CUTOFF FOR SINGLE TERM
'INDEX LANGUAGE (I.1.a) WITH 42 QUESTIONS AND 200 DOCUMENT
COLLECTION,
{.R = Relevant documents retrieved
N = Non-relevant documents retrieved)
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By using these figures it was found possible to obtain a simulated ranking
output. This is done by assigning a rank order number to each relevant
document retrieved by means of the equations:-

. (XC + 1
RD = XC + {n - YC) §;——;—°—1>

¢
where Rn is the rank order number of the nﬂl relevant document to be

retrieved
. . . . th :
c is the coordination level at which the n~ relevant document
is retrieved
Xc is the additional number of documents retrieved at coordination
level ¢. {i.e. those not retrieved af a higher coordination level)
Yo is the additional number of relevant documents retrieved at

coordination level c. {i.e. those not retrieved at a higher
coordination level)
X ig the total number of documents retrieved before searching at
coordination level c¢. {i.e. at higher coordination levels)
is the total number of relevant documents retrieved before
searching at coordination level c. {(i.e. at higher coordination
levels)

‘R is taken to the nearest whole number but if its value falls exactly
between two whole numbers, it is taken to the lower whole number for odd
numbered questions and to the higher whole number for even numbered
questions. Two examples to illustrate the effect are taken from Pig. 5.2.
With Quaestion 100, no documents are retrieved at a coordination level
higher than four, so for this question, the variocus values are as follows:

Question 100

= = = '@ = 3 =
At level c=4, then X, 3, Y4 1, X4 g, Y4 0
At level c¢=3, then XS = 50, y3 = 2, XS = 3, Yg, =]
1 = = = = =
At level ¢=2, then x2 21, y2 g, X2 53, Yz 3
At level c¢=1, then X, = 97, ¥y = 1, Xl = 74, Y1 = 3
*, For Relevant Document 1, retrieved at level 4 ;-
4 ) 3+ 1) . _
R1—0+(l—0)<1+1 = 0+ 2=2
For Relevant Document 2, retrieved at level 3 :-
- \
3 (50 + 1
= - 13 e = + 1 = G
R, =3+ (2-1) 2+1) 3+ 17 20
For Relevant Document 3, retrieved at level 3 ;-
A
3 . ) 50 + 1) Can
Bs-u+(3 1} Y = 3+ 34 = 37
For Relevant Document 4 retrieved at level 1 :-
1R4 = 74 + {4 - 3) (93 “_:—1—]) = 74 + 49 = 123

In the next example considered, Question 123, there are actually
four relevant documents; no documents are retrieved at a coordination
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8 g 11 i6 21 31 51 78 101 126 151 176
Q REL 1 2 3 4 18 -7 =10 {-15 1} -20} -30 {-50 }-75{ -100 | -125 |~150 |-175 ;-200
79 3 X X X
100 4 A, X b4 b'e
116 © e x X X X X
1181 B X X X XX !
1ig, % X £ 1 X X XX . ) i
ey 3 b X X )
1221 5 X X X X X
1231 4 X X X bie
126! 2 X x
130f 4 po 3 X X
132] 4 kS X X
136! & X X X X XX
137 8 X X ped KX
141 1 X
145] 12 X X b4 X X b4 X XXX X X
1461 9 X ps X X X X X X X
147f 5 X X X X X
148| 4 X % ® X
167! 4 X 3¢ X X
170 2 b X
181 2 e X
1821 4 b4 X X t %
189] 2 % X | | |
190 7 X 3 3 e X X X l l
993] 2 X X | \
224 5 X X X X X
2051 6 % X X X X X
oogl 7 X X X X ) XX X
o7l 2 1 x % '
230] 7 X X X X X XX
o50] 8 X 3 X X X X piad ; !
61| 4 x <« x| x f *, !
g4l 2 ® ¥ l ! i
2661 5B x | x X X x i |
268 O X X X | % b )
269 4 % ® % ®
272 4 % x X 1. X
273 7 X ] x| = X x X
2741 5 X X X X X
317| 2 X X
323) 5 % % | x X x |
360| B X ¥ oL X XX X | XX '
Totals 23 210 137 13} 12111 (i6 141 10 18 i7 |8 7 5 6 3 1 !
Recall 12 221 29y 351 41| 47 {56 621 67 76 85 (89 92 95:9 98 99 100 ‘
Precision | 55 | 51 45/ 42| 3932 [26 | 20{16 | 12 [ 8 6 4 4 3 3 2

FIGURE 5.3T DOCUMENT OUTPUT CUT-OFF SCORE SHEET FOR
INDEX LANGUAGE I.1.a FOR 42 QUESTIONS WITH
200 DOCUMENT COLLECTION,
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level higher than three, It will be seen from Fig, 5.2. that at the single
term level, only three of these documents have been found. The remaining
relevant document can only be retrieved by searching through the remainder
of the collection, namely 105 documents, and therefore at ¢=0, z is

taken i{o be 1053. In addition the eguations do not always produceowhole
numbers, so CE_ has ic be taken to the nearest whole number, or to the
lower whole number where the value falls exactly between two whole
numbers {since Q123 iz an odd-numbered queé‘tion),

Guestion 123

At level ¢=3, then Xy = g, Vg = 3, Xy = 0, YS = §
ES e c= % = 21, = S = =
t level ¢=2, then X, LN a, Yg 8, YZ 3
At level ¢=1, then z, = 68, vy = 0, X, =27, ¥, =3
At level ¢=0, then = 105, v =1, X =95, ¥ =3
o o o o
Then -
3 P 8 + 1%y T
Rl = 0+ {1 03 < 3 1/’ =7 ° 2
3 f6 + 1Y 7
R = 0 4+ f - 3 4 = — 2
R, ¢ (2 1) a\g " ij 5 3
3 6 + 1 21
= {3} - = —
Rg 0+ {3 O)< 7 5
On  -oos 4 (4 - %) {1054» i}
ﬁé 85 + {4 - 3) % T j 53 148

The argument for this simulated ranking method is given in
Appendix 5A.

When all such rankings have been calculated for the searches with a
single index language, the results are eniered on a score sheet as in
Fig. 5.3T,which represents the results as given in Fig. 5.27T. Seventeen
ranking groups were selected to have approximately the same number of
documents falling in fo each group; these were 1; 2; 3; 4; 5; 8-7; 8-10;
11-15; 16-20; 21-30; 31-50; 51-75; 76-100; 101-125; 126-150; 151-175; and
176-200. A cross is put in the appropriate column of the score sheet for
every relevant document for the 42 questions. From the score-sheet, the
total number of relevant documents retrieved at each of the seventeen cut=
off levels can now be obtained, In Fig. 5.37 it is shown that, in the 42
searches, the first document retrieved was relsvant on 23 occasions. As
there were 198 documents relevant to the 42 questions, the recall ratio at
this stage can be ‘calculated as oo X 100 = 12%; the precision ratio is
calculated on the basis of gpe document having been retrieved for each
question, and is therefore fl % 100 = 55%. In 21 of the searches, the
second document reirieved was relevant, making a total of 44 relevant
documenis so far vetrieved, so the recall ratic increases to 22%. The
precision ratio is now calculated on the basis of 2 x 42 documents having
been retrieved, and is therefore 51%. Recall and precision ratios are
similarly calculated for each document outpu‘t cut ~off level; ultimately the
recall ratic will reach 100%.
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Such recall and precision figures can be plotted on a conventional
graph as in Fig, 5.4P, which shows the results of index language [.1.a
(as in Fig. 5.3T) and also index language 1.9.a. These curves can be
compared with Fig. 4.206P and show the same superiority of index
language I.1.a over index language 1.9.a.

There is, however, an important difference. The positions of the
points in Fig. 4.206P were determined by coordination level cut-offs, and
were therefore random in relation to each other. With Fig. 5.4P, if
straight lines are drawn radiating from the point of origin, these will, as
can be seen, pass through the corresponding points in each curve. This
is due to the fact that the cut-off is based on document output, and
recall and precision ratios are now interdependent. It is known that
there are 198 documents relevant to the 42 questions, so, on average,

4.7 documents are relevant to each question. When only one documeni is
retrieved for each question, even if every such document were relevant,
the recall ratio could not possibly be higher than 190 x 42 21.2%,
although it would, of course, represent a precision ratic of 100%. If any
of the documents are not relevant, then the recall ratic will always fall

on some point along the line which goes from the point of origin to a
recall of 21.2% at 100% precision. Therefore at any given document output
cut-off, a drop in recall ratic with any one system as against any other
system. must also involve a drop in the precision ratio. Similarly, when
two documents are retrieved in each search, the maximum recall ratic is
42.4% and with this particular document/question set, 100% recall cannot
possibly be reached until at least five documents are retrieved for each
question, This would, however, represent a total of 210 documents. Since
there are only 198 relevant documents in the collection, the theoretical
maximum precision ratio would then be T ¥ 100 = 94.3%. As more
documents are retrieved, so the maximum possible precision ratio must
drop, and these document output cut-off performance lines can be calculated
as has been done in Fig. 5.4P,

Because of the fact that Question 141 had only one relevant document,
it would not be possible in this coliection to obtain the theoretically
maximum figures for recall and precision beyond the single document
cut-off level. Similarly, there are thirteen questions which have more than
five relevant documenis, and 100% recall could not possibly be obtained
until twelve documents have been retrieved, this number representing the
highest figure for documents relevani to a single question. This does not
affect the position of the lines, which would be different, however, for
other situations where there are more or less relevant documents per
question.

As previously mentioned, it is not possible to obtain the theoretically
maximum performance beyond the single document output cut-off, since Q141
has only one relevant document. As ten questions have only two relevant
documents, there must be a further deviation from the theoretical maximum
beyond this stage. In Fig. 5.5P is shown the actual possible maximum
performance that could be obtained with this collection. Achieving this
performance would imply that for each question all the relevant documents
were reirieved before any non-relevant documents were retrieved,

In Fig. 5.4P the lines radiating from the point of origin have been
based on the document output cut-off for this particular test situation,
but the performance curves could be drawn on a polar coordinate graph
with the lines radiating at regular intervals as in Fig. 5.6P. The original
burpose of using this type of graph was to investigate the possibility that



[ g i1 18 21 31 51 78 ig 126 18177 176
Q REL | 1 2 3 4 G ¢ -7 {-101 =15 -20; -30! ~50¢ -75 1 -100 | ~125 § ~150 [ -175 | -200
79 3 X X by
100 4 bid X X X
118 g « « - " .
418 5 X z g X X
119 6 X1 % X b X
121 3 X ] X
122 5 * x % % A i
123 4 x4 x bie :
126 2 % be
130 4 ’ i i XX
132 4 x X % b
136 8 XX i o= x| % i x
137 8 X XX x X X
141 1 z
145 1 12 x1 x ! x x | x 1 ¥ bs X X X
146 9 X XX 2 % o X
147 5 X%
148 4 X X b "
167 4 XX x X
170 2 X X
181 2 X X
182 4 X% x XX
189 2 X X
190 7 X X X X X % b4
223 2 x X
224 g X % % X %
225 6 b 4 X X pod %
L1228 7 X X X b po X
227 2 X X
230 7 X X oo b o Ed
250 8 X ® % % X X * X
261 4 x1 xl x| x
264 2 < .
2686 5 o s v .
268 5 x l.x % o
269 4 X e X ;.
272 4 b s
273 7 X X i.x XK
274 5 X % X %
317 2 % %
323 5 % ¥ b X
3601 8 x i x x X X % % %
Fotals 1924013 11a ta li2i20 23 ta1 biat1odas & 8 5 ol
FIGURE 5,97 DOCUMENT QUTPUT CUTOFEF SCORE SHEET

FOR SMART 'CRAN CON-CON, INDEX NEW Q&
FOR 42 DOCUMENTS WITH 2060 DOCUMENT
COLLECTION
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comparison could be made between different index languages by measuring
the performance over the wheole curve, and the polar coordinate graphs were
first iried with the performance curves obiained by the conventional
coordination level cut-off as given in Chapter 4, where there was no direct
relationship between the various cut-offs, The intention was to calculate
the area encompassed by the performance curve within certain limits;

with Fig. 5.6P {which is similar to Fig. 42038 it was calculated that, in
the area bounded by 85% recall and 85% precision, Index Language I.l.a
hed an ares measure of 24,9 while Index Language 1.8.a had 2n area
meagure of 21.1. It seemed to be unnecessary to do this with these new
plots, since the document output cut-off automatically gave an exact match

heiween systems, I was therefore hypothesised that obtaining a normalised
recall ratio for all the systems tested would permit an ‘order of effectiveness’ .
to be determined. To obtain this normalised recall ratio, the recall ratio Yoy R (S
st each of the seventeen document cut-off levels would be summed and then ; “/
divided by seventeen. ' N@m&m‘»
n 1y
It was possible to test this idea by using the output from the SMART éWﬂw

searches on the same collection. As previously stated, Professor Salton
had results for fourteen different options, and Fig. 5.1T shows the output for
guestion 147, Having similar output sheets for all 42 questions, it was
possible to prepare a score sheet for each option. As an example the score
shest for Cran. Con Con Index News QS' is shown in Fig. 5.7T. Reference
to Fig. 5.1T will show that the five relevant documents for Question 147 were
ranked at 8, 7, 103, 122 and 138, and it can be seen that this is shown in
the appropriate columns of Fig., 5.7T. The recall and precision ratios
based on this procedure were obiained for the fourteen SMART options and
the resulis are shown in Fig. 5.8T. The normalised recall ratios for each
option were then calculated and are shown in Fig. 5.9T. A normalised
recall and normalised precision for each question is given in the output
sheets of the SMART searches {see Fig. 8.1) and finally calculated for the
complete set of ,questions; the figures so obtained are also given in Fig.5.9T.
In Fig.5.10T these two sets of resulis are arranged in order of effectiveness
the higher figures representing the better results, It will be seen that,
with very minor variations, the order obtained by the Cranfield normalised
recall is the same as that obtained with the SMART normalised recall,
with a rank correlation of +.991, This would appear to validate the
ranking groups used at Cranfield, and also the simple method we have used
to obtain the normalised recall ratio.

To sum up what has been so far discussed,the document ranking
method has two major advantages. .

i, It enables a series of cutm(ffs t% be applied with equal consistency
{i,e. an equal cut-off ratio, w———%—t—-}- } between tests of different.
systems using the same document/guestion sets, and thus gsolves the
problem of totalling sets of results which was discussed in Chapter 3.

2. ¥ enables a series of recall ratios to be obtained which are directly
comparable, and permits the calculation of a single measure of performance,
normalised recall, :

Regarding the measure itself, it was conceived {in a slightly different
form) and originally used by Professor Salton. it is a method of
representing performance over the whole of the operational range and there-
fore differs fundamentally from the 'single-point composite measures’ which
were discussed in Chapter 3. In experimental work of the nature described
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- SMART
CRANFIELD NORMALISED
SMART NORMALISED -~ RECALL AND
LANGUAGE RECALL PRECISION
81 58, 84 1,402
s2 §1,08 1.548
53 82.70 1,573
84 58,58 1.495
S5 62,41 1.573
S8 64,88 1.609
87 61.82 1,548
S8 63,64 1.594
S8 65.13 1,618
518 62.94 1,578
sit 84.94 1,617 et
s12 63,64 1.583 947
513 - 65,23 1.624 ezt
514 84,82 1.612 P

FIGURE 5.87 PERPORMANCE FIGURES FOR SMART LANGUAGES

ORDER CRANFIELD
1 513
2 S8
3 s11
4 56
5 514
i 58
7 512
8 510
9 53
10 85
11 87
12 52
13 st
14 s4

SMART

iy

o 53
= 37
¥
Su

54

¥

pNl4
$13

g 1

>

$%
Sty
Sie

(&)

FIGURE 5,10T COMPARISON OF RANKING OF SMART LANGUAGES BY
CRANFIELD AND SMART NORMALISED MEASURES
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in this ‘report, it appears to give a valid single measure for comparing
the performance of different systems, and, without wishing to be
overdogmatic, appears more suitable for this purpose than anything else
that has been proposed,

Having - to our satisfaction - established the reasonableness both of
the simulat ed ranking method and also the method for obtaining normalised
recall, the procedure was used for the four main groups of index languages.
Fig. 5.11T gives the recall and precision ratios for the eight single term
languages, while Fig.5.12T gives similar figures for the fifteen concept
languages. The resulls of the six controlled languages are given in
Fig.5.137T and the searches of titles and abstracts are shown in Fig.5.14T.
These tables also show the normalised recall ratio for each index language.
In Fig.5.157 the index languages are rearranged inte an order based on
this normalised recall ratio, from which it can be seen that the highest
score (65.82) is obtained by Index Language I.3.a {single terms, word
forms), with the lowest score (44.64) for Index Language IL.1.a {single
concepts, natural language}. ¥t will be noted that this table also includes
the fourteen SMART options.

The figures given sc far have been based on what has earlier been
described as the average of numbers, and it might be thought that the
document ranking method would be particularly susceptible to aberrations
which the average of numbers sometimes produces., The results have
therefore been recalculated by the average of ratios, To do this, as can
be seen from the example in Fig.5.167T, the indication of a relevant
document is replaced by the number representing the percentage of the
total recall ratio for that particular question. Thus, with question 79,
there were three relevant documents, each document therefore representing
33.3% of the total. With question 100, having four relevant documents,
each relevant document is 25% of the total, Question 141 has only one
relevant document, so the retrieval of this single document represents
100% recall. These figures are summed for each column, then aggregated
and finally, of course, reach a iotal of 4200, Recall figures can then be
obtained,

This process was carried out for all the index languages, and as can
be seen from Fig. 5.17T this results in a general increase of two or
three points in the normalised recall ratio; however, when placed in order,
as in Fig. 5.187T, it can be seen that this order is virtually unchanged
from that obtained with the average of numbers, with a positive rank
correlation of +.992.

Fig. 5.197 shows the resuli of ranking documents on the complete
collection of 1400 documenis. It covers the 42 questions with Index
Language I.1.a., and is therefore directly comparable with Fig, 5.3T
which was based on the smaller collection of 200 documents. The first
eleven ranking groups have been retained, after which they are enlarged
to take in the greater number of documents. Fig., 5.20P gives the
performance curves for the two situations, and shows that, as would be
expected, the smaller generality number for the 1400 document collection
adversely affects the performance.

In Chapter 4, Section 8, were given the performance figures for
the controlled term languages with Search E, which required some
inteliect to be applied to the search formulation. The result of ranking
the output from these searches is given in Fig, 5,217, and the
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NORMALISED
ORDER_ RECALL INDEXING LANGUAGE
1 65, 82 iI-3 Single terms. Word forms
2= 65.23 1-2 Single terms. Synonyms
2= 65.23 5-13 SMART Concon and indexing new qs.
4 65,13 5-8 SMART Abstract and indexing new gs.
5 65,00 I-1 Single terms. Natural language
8 684,94 S-11 SMART Indexing new gs. and f null
7 64.88 5-8 SMART Indexing new gs.
8 84.82 S-14 SMART Concon and indexing f null
S 64.47 I-6 Single terms. Synonyms, word forms, quasi-synonyms
i 64.41 I-8 Single terms. Hierarchy second stage
i1 64,05 I-7 Single terms. Hierarchy first stage
12 63.64 5-8 SMART Abstracts and indexing f null
12= 63.64 5-12 SMART Indexing new gs. and f null
14 63.05 I-5 Single terms. Synonyms. Quasi-synonyms
14=" 63.05 Ii-11 Simple concepts. Hierarchical and alphabetical selection
18 62,94 5-10 SMART Abstracts new gs., and indexing f null
17 62.88 1I-10 Simple concepts. Alphabetical second stage selection
18 62,70 5-3 SMART Abstracts new gs..
19 62,41 S5-5 SMART Indexing f null
20 61.82 S-7 SMART Concon
21 61.76 aI-1 Controlled terms
21= 61.76 Iii-2 Controlled terms. Narrower terms
23 61.17 -9 Single terms. Hierarchy third stage
24 61.06 5-2 SMART Abstracts f null
25 60.94 . Iv-3 Abstracts. Natural language
26 60.82 Iv-4 Abstracts. Word forms
27 60.11 I11-3 Controlled terms. Broader terms
28 59.76 1v-2 Titles. Word forms P o
29 59.70 Hi-4 Controlled terms. Related ferms NW?%ZW %
30 59.58 -5 Controlled terms. Narrower.and hroader—terrms Q@QJQ e
31 59.17 I11-6 Controlled terms. Narrower, broader and related terms
32 58.94 " Iv-1 Titles, Natural language
33 58.64 S5-1 SMART Abstracts old gs.
34 58.58 S-4 SMART Indexing old gs.
35 57.41 1-15 Simple concepts. Complete combination
38 57.11 11-9 Simple concepts, Alphabetical first stage selection
37 55.88 I1-13 Simple concepts. Complete species and superordinate
38 55.76 II-8 Simple concepts, Hierarchical selection
39 55,41 11-12 Simple concepts. Complete species
40 55.05 11-5 Simple concepts. Selected species and super ordinate
41 53.88 -7 Simple concepts., Selected coordinate and collateral
42 53.52 Ii-3 Siiple concepts. Selected species
43 52.47 iI-14 Simple concepts. Complete collateral
44 52,05 -4 Simple concepts, Superordinate
45 51.82 II-6 Simple concepts. Selected coordinate
46 47.41 -2 Simple concepts. Synonyms
47 44,64 -1 Simple concepts. Natural language

FIGURE 5.15T ORDER OF EFFECTIVENESS BASED ON NORMALISED RECALL FOR 33
CRANFIELD AND 14 SMART INDEX LANGUAGES (AVERAGE OF
NUMBERS)-



- 210 -

RATIOS.

B 6 g1 11 16 21 31 51 76 101 128 151 176
Q@ | REL 1 2 '3 4 |5 -7 {-10 |-15] -20y -30 |-50 |-75 | ~100 | -125 |-150 {-175 |-200
791 3 33 34 33

hoo! 4 25 25 25 - 25

116!/ 68 16 17 16 17 16 17

1181 5 20 20 20 40

11g! 6 ‘ 1§ 17 |16 17 34

21| 3 33 134 133 -

1221 5 20 20 20 20 20

1231 4 25 25 25 ' 25

126 2 50 | 50

1301 4 25 25 125 25

132 4 25 25 25 25

136f 6 16 |17 16 17 34

137/ 8 16 17 33 {34

1411 1 100

145} 12 8 9 8 9 8 9 8 25 9 8

146{ 9 11 |11 11 11 11 11 11 11 12

1470 5 . 20 20 20 20 20

1481 4 25| 25 25 25

1671 4 25 25 25 25

170 2 50 50

181 2 50 50

1821 4 25 25 25 25
189] 2 50 50
190 7° 14 ] 14 | 14 15 14 14 15
293 2 50| 50

2941 B 20 20 20 20 20
0251 B 16 |17 i8 17 17 17
226 ki 14 14 | 15 14 28 15
2071 2 | 50 50

230 7 14| 14 .15 14 14 29
2501 8 12|13 {12 13 |13 12 |25
261 4 254 25 | 25 |25
2641 2 50| 50
266| 5 20 120 20 20 20

2681 © 201 201 20 {20 20 :

2681 4 25| 25 25 25

2721 4 251 25 25 25

2731 7 14 14 )14 |15 14 14 15 )

2741 5 20 20 20 20 20

317( 2 50 50
323 5 20 20 |20 20 20
360| 8 12 13 {12 |13 12 {13 |25
Totals 6771512 260 288 |240 {198 |306 {208 174 {378 (330 (134 {174 |99 127 70 25

“H% o
FIGURE 5.167T DOCUMENT OUTPUT CUT-OFF SCORE SHEET AS
FIGURE 5.3T CONVERTED TO AVERAGE OF ) §
. - in.l h4 7
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Index Normalised k Index Normalised
Language Recall v Language Recall

1-1 6.2 4 11-1 64.2

1-2 67.7 GlL I1-2 64.5

I-3 68.5 Ir-3 62.6

I-5 65.86 ‘ i1-4 . 62,4

1-6 66.9 1 1i-5 81.7

1-7 67.4 -6 61.7

1-8 87.1

i-8 63.5

-1 45.6 V-1 61.5

1i-2 49.0 v-2 | 62.4

-3 55,2 v-3 62.7

1i-4 53,5 Iv-4 63.1

\11-5 56.3

11-6 53.8

11-7 55.6

1i-8 56.8

1i-9 59.3

i-10 64.9

I-11 65.1

1I-12 57.2

1I-13 58.4

1-14 " 55.0

11-15 59.8

FIGURE 5.17T NORMALISED RECALL FOR CRANFIELD INDEX
LANGUAGES BASED ON AVERAGE OF RATIOS,
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INDEX INDEX

ORDER  LANGUAGE ORDER LANGUAGE
1 1-3 (1) 25 V-4 {28}
2 §-13 (23 26 1V-3 {25)
3 I-2 {2) 27 111-3 {27)
4 1-7 {13 28 -4 (29)
§ §-11 {8) 29 1wv-2 - (28)
8 i-1 {5} 30 ni-s {30)
7 5-14 {8} 31 0i-g {31}
8 S -9 {4) 32 iv-1 {32)
8 s-8 7 ao 33 5-1 (33}
18 i-8 (93 34 5-4 {34)
11 5-8 {7 35 3-15 {35)
12 g-8 7 {13) 36 1i-3 {(36)
13 5-1% {13} 37 i-13 {37}
14 §-10 (18) 38 1i-12 {30)
i5 I-5 {14} 39 11-8 {38}
s -1 {15} 40 -5 {40}
17 5-3 (i) 41 11-7 {41)
ig 3-10 {17} 42 1-3 {42}
18 -2 {29} 43 1-14 {43}
20 5-5 {18} 44 II-6 {45)
21 5-2 {24} 45 11-4 {44}
22 -1 {21} 48 15-32 {48)
23 1-8 {23} 4% i1-1 {47}
24 S-17 {20)

FIGURE 5,187 ORDER OF EFFICIENCY BASED ON NORMALISED
RECALL FOR CRANFIELD AND SMART INDEX
LANGUAGES CALCULATED BY AVERAGE OF
BATIOS {(FIGURES IN BRACKETS REPRESENT
ORDER WHEN CALCULATED BY AVERAGE OF
NUMBERS AS IN FIG, 5.147T)
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DOCUMENT OUTPUT CUT-OFF SCORE SHEET FOR INDEX
LANGUAGE I.1.a FOR 42 QUESTIONS WITH
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normalised reeall ratio is shown for each index language hy Search E and
Search A. It will be seen that there is an improvement with each language
of from 1 to 2 points,

Fig, 5.22T shows the ranking score sheet for Index Language I.1l.a..
with the 42 questions on the 200 document collection, but with the lowest
level of exhaustivity of indexing Fig. 5.23P compares these results with those
obtained under similar conditions except that exhaustivity was at its highest
level {as Fig. 5.37).

Four grades of document relevance were used in the tests, and the
effect on performance of each of the relevance grades has been considered
in Section 8 of Chapter 4. An alternative method of scoring performance
from that so far used would be to take account of these relevance gradings
by giving each document a weighting related to its relevance grading, The
use of the document output cut-off method and normalised recall permits this
to be done in what might be considered to be a meaningful manner. A simple
form of weighting is to give a score of 4 to those documents rated relevance
1, a score of 3 for documenis of relevance 2, a score of 2 for documents
of relevance 3 and a score of 1 for documents rated relevance 4. The effect
of this would be that question 119, for instance, which has two documents
{1378 and 1667) rated relevance 2 and four documents {1324,1666, 1670 and
2391} rated relevance 3 would now have a total "retrieval score' of
{2 x 3) +{4 x 2) = 14,

Referring back to Fig. 5.3T, the score sheet for this question would be
amended to show the weighting of each relevant document according to the
order in which the documents of the two levels of relevance were retrieved.
This was done for the 42 guestions by Index Language I.l.a and the amended
score sheet is given as Fig. 5.24T, The recall ratio is now determined on
the total ''points' score for the set of questions, which is 421. At a
document cut-off of 1, the recall ratio is therefore shown to be 58 x 100 = 14%
and the recall ratios are similarly calculated for the other sixteen cut-off
groups. The normalised recall ratic is then calculated as being 67.12,

This procedure wag repeated for five other index languages to find
whether the effect of a weighting score made any difference io their
comparative performance. As can be seen from Fig. 5.25T, there was for
each case an increase of approximately two points in the normalised recall,
so it does not appear that this msthod of weighting makes any significant
difference to the overall cemparison.

The exercise was repeated using different weightings, with a score of 10
for documents rated relevance 1, a score of 5 for documents rated relevance
2, a score of 3 for documents rated relevance 3 and a score of 1 for
documents rated relevance 4. This resulted in a further small increase in
the normalised recall ratios, but made no significant difference in the
comparison between systems., It would be incorrect to state that some form
of weighting might not be useful in certain circumstances, but it would seem
that it does not have any particular value in this test.

In connection with the normalised recall ratio, it is obvious that there
is what could be considered a minimum figure which is based on the random
retrieval of the whole collection for every question, For instance, the three
relevant documents’of Question 79 would, with random retrieval, be ranked
50, 100 and 150, while the seven relevant documents of Question 190 would
be ranked 25, 50, 75, 100, 125, 150 and 175, With this particular
document/question set, the normalised recall ratio based on this random
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DOCUMENT :
OUTPUT III-1 -2 III-3 III-4 III-5 I11-6
CUT-OFF R P R P R P R P R P R P

1 13 62 13 62 11 50 10 48 10 48 8 38

2 21 50 21 50 16 37 16 37 15 36 13 30

3 31 48 31 48 24 38 25 40 23 36 22 34

4 36 42 35 42 29 36 299 36 28 33 28 33

5 39 37 38 37 35 33 35 33 31 29 33 31
6-7 46 31 45 31 43 29 43 29 38 26 39 27
8-10 53 25 52 25 49 23 51 24 46 22 46 22
11-15 62 20 63 20 59 18' 60 19 54 17 55 17
16-20 67 16 68 16 63 14 65 15 62 14 65 15
21-30 72 11 74 12 70 10 71 11 70 10 74 12
31-50 79 7 79 7 78 7 79 7 80 7 82 8
51-75 85 5 86 5 85 5 86 5 87 5 89 6
76-100 88 4 88 4 89 4 90 4 91 4 93 4
101-125 93 3 93 3 92 3 93 3 95 3 95 3
126-150 96 3 95 3 95 3 95 3 98 3 98 3
151-175 100 2 100 2 99 2 99 2 98 2 100 2
176-200 100 2 100 2 100 2 100 2 100 2 100 2

NORMALISED
RECALL
Search E 63.58 63. 64 61.00 61.58 60. 41 61.17
‘Search A 61.76 61.76 60,11 59.70 59.58 59.17

FIGURE 5.21T RECALL AND PRECISION FIGURES FOR INDEX LANGUAGES
' I, 1 - III.6 . FOR SEARCH E BY DOCUMENT OUTPUT
CUT-OFF METHOD, TOGETHER WITH NORMALISED
RECALL FOR SEARCH E AND SEARCH A,
(R = Recall Ratio, P = Precision Ratio)
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8 81 111 18 211} 311 51 76 1 101 § 126 | 151 | 178
Q| REL| 1 23 |4 5 |-7 [-10 |[-15] -20] -30 |-50 { =75 | ~100 | -125 |-150 |-175 |-200
5 2 2 1
g 3 2 2 - 2
11 3 2 3 1 1 1
i1 2 3
1 2] a3 2
1 7 2 1 i i 2
1 4 P 4 2
1z 5 4 i .
130l 11 3 31 2 3
REVIEY 3 4 2 3
136] 14 I 9 13 4
1371 13 3 2 41 2
141 2 2
1450 18 21 1]l 2411 20 1 i1 4 1 1
1451 _i8 21 2.1 219 2 1 2 1 2
147 7 ' ‘ 1 1 1 1 3
1450 10 3)..3 2 2
167] 11 3 2 2
IE 2
191] 5 2 3
182l 10 2 2 3
1851 4 2 2
1900 15 s, 31 2 2 3 2 1
2241 10 2 3 1 1 3
2251 13 2 3 4 2 2 1
2260 11 11 12 2 4 1
bo7l 5 Z 3
2301 17 2l 2 3 2 4 4
250 15 2] 3l 2 2 1 23
2611 12 41 41 2l >3
264, 8 4! 4
2861 13 3 12 3 2 3
263 8 21 1 4 1
2721 8 21 2 2 2
2731 12 30 1l 211 2 2 1
2741 13 3 2 3 2 3
317 8 3 3
3231 12 3 3 11 3 2
3601 18 21 ‘1 sl 342 21 1 |4
Totals421 | 58] 49 28 128 120 |20 134 .26 /19 | 42 132 |12 | 14 F) 10 8 3

FIGURE 5.247

HESULTS AS Fig., 5.3T ADJUSTED FOR WEIGHTING BASED

CN RELEVANCE GRADES,
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Index Normalised Normalised
Language Recall Recall
Ratio Ratio

{basic) {weighted)

1.1.a 85.00 67.12
I7.a 64.05 £5.94
I1.1,a 61,78 .83.64
II1.6.a 59,17 61.06
i1.%a 57.11 58.94
i1.5.a 55,05 57.11

FIGURE 5.25T COMPARISON OF NORMALISED RECALL
RATIOS BY BASIC SCORING METHOD
{as Fig. 5.15T) AND BY WEIGHTED
SCORING METHOD FOR SIX INDEX
LANGUAGES,

retrieval would he
chapter,

a8 was discussed eariier in this

rmance cannot be achieved due to the
different 2 of ant documents for each question, so the highest
possible normalised recall ratio would be 86.70%.,

1

Iso be emphasised that the normalised recall ratio only has
he context of the manner in which it has been calculated,
In this particular case it was by averaging the results of seventeen cuf-off
groupe as& given on page 198, Assume that the number of groups had been
reduced fo thirteen by combining the first six groups into two larger groups
covering documents ranked 51 - 100 and documents ranked 101 - 206, The
effect of doing this would be to reduce the normalised recall ratio for index
language I.1.a from 65% to 55.7%. On the other hand, if the original groups
were broken down so that no groupe had more than ten rankings, the
normaligsed recall ratic based upon the resulting twenty-seven groups would
be 75.1%. At the same time, the effect of either of these actions would be
to change, as coneidered in the previous paragraph, the minimum figure
based on random retrieval and the maximum possible figure,

It should a
meaning within 1
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CHAPTER &

Supplementary tests and results

Any social agency has a duty to study and evaluate its effect-
iveness and ito seek continuously to improve the methods it
employs to achieve its objectives. It is not enough to believe,
however sincerely, that we are doing good. It is not enough
to invoke 'experience' or to collect meaningless and mislead-
ing information... It is not enough to rely upon the support
of colleagues and those in the same professional group and

to accept their endorsement of our work as proof of its
effectivenss. Professional in-group support does not measure
effectiveness and does not absclive us from accountability for
our decisions. The effectiveness of social agencies, it is
claimed, is a question to be determined empirically by
methods which can be repeated and verified by others,

L.T. Wilkins: Social Deviance, pages 5 and 8

Whereas in the preceding chapter, the main test resulis were considered
on the basis of the document output cut-off method, with normalised recall
ratios, we now return to the basic method used in Chapter 4, and present a
series of mainly disconnected notes on various supplementary matters. In
some cases, new data arepresenied; in other cases data which have already
been given in Chapter 4 is brought together in different ways in order to
illustrate more effectively certain points.

Comparative Results

It is difficult fo make direct comparison between the main index
languages, because of the inevitable variations created by different numbers
of starting terms. However, Fig. 6.1P shows the performance curves for
Single Term Natural Language {I.1.a), Simple Concept Natural Language
{II.i.a) and Conirolled Term, Basic Terms ([il.1.a). These might be
congsidered to be comparable since they are all concerned with the. basic
terms in the particular vocabulary, but the inability of the Simple Concept
Index Language to obtain a higher recall figure than 36.9% is due to the
severe resirictions which interfixing imposes. That the Controlled Term
Index Language alse suffers a drop, as compared to Single Term Index
Languages, of 7.6% in maximurm recall is for the same reason, but the
effect is not so severe in this case, since fewer single terms are interfixed.
In general the Single Term Natural Language appears to give the best perfor-
mance, :

More reasonable is to make comparison between the index language
which have the highest normalised recall ratios in each of the three main
groups., These would appear to be Index Languages I.3.a {Single term. Word
forms), 11.10.a, {Simple Concept. Second alphabetical collateral selected},
andﬁﬂ.ﬁ,a, {Controlled term. Narrower terms). The resulis are given in
Fig. 6.2P, and show that the Simple Concept index language has made a
large increase in maximum recall, but again the Single Term index language
appears io give the best performance over the whole curve, thus bearing out
the figures presenied in Chapter 5.
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Document Relevance

In Chapter 4, Section 6, the effect of relevance was considered, and the
results were presented and plotted for documents of ‘different grades of
relevance according to the coordination level cut-off. Fig. 6.3T shows the
same results as are given in Figs. 4.610T to 4.613T, but now grouped accord-
ing to relevance grade for each coordination level,

Coordination Relevance Recall Precision
Level Grade Ratio Ratio
1 1 94.7 0.3

1-2 94.2 0.5
1-3 93.2 0.9
1-4 94.2 1.1
2 1 85.3 0.7
1-2 80.6 1.0
1-3 79.1 2.0
1-4 77.8 2.4
3 1 60.0 1.2
1-2 56.1 1.8
1-3 54.5 3.4
1-4 48.8 3.6
4 1 42,1 2.2
1-2 37.4 3.2
1-3 32.7 5.3
1-4 29.6 5.8
5 1 25.3 3.1
1-2 21.3 4.3
1-3 16.5 6.4
1-4 16.3 7.6
6 1 14,7 4.5
1-2 13.5 6.9
1-3 9.8 9,2
1-4 9.7 11.4
7 1 7.4 7.1
1-2 6.5 10.2
1-3 5.3 16.2
1-4 5.3 19.2
8 1 3.2 14.3
1-2 3.9 25.0
1-3 2.0 25.0
1-4 1.9 29.2

FIGURE 6.3T RESULTS FOR INDEX LANGUAGE I.1.a FOR
42 QUESTIONS WITH 1400 DOCUMENTS FOR
FOUR GRADES OF RELEVANCE.

Plotted as a series of short graphs in Fig. 6.3P, these illustrate
" yet again the inverse relationship of recall and precision.
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Basic and supplementary questions

Figs. 6.4T and 6.5T present the results on Index Language I.1l.a for
the 221 questions when these are divided into the 94 basic questions and 127
supplementary questions {see Vol. 1, Appendix 3G). The basic questions have
a generally superior performance, particularly in the middle range of
coordination levels and this can be partly accounted for by the higher
generality number for this group. On the other hand, documents relevant
to the supplementary questions have an average relevance grading that is
higher than that for the basic questions (2.7 as against 3.0), and this would
have been expected to more than counter the previous effect. It might be
suspected that the difference in performance is due to a stronger artificial
match between the basic questions and, say, the document titles than exists
with the supplementary questions. While analysis does not bear this out,
no cother adequate explanation can be offered, and the matter is considered
again in Chapter 8.

Average of ratios

On pages 51 to 56, the matter of averaging sets of results was
considered, the discussion being on the question of using the average of
ratios or the average of numbers. To go into this in more detail, the
subset of 35 seven-starting-term questions with Index Language I.1.a on the
1400 document collection is used to demonstrate some difficulties that arise
with the average of ratios. Numerical results for the 35 questions can be
found in Appendix 4A and the results are presented (by the average of
numbers) in Fig. 4.110T,

It can be seen from Fig. 6.6T that, when ratios are obtained for each
individual question, three different situations arise., Firstly, there are those
questions {e.g. Q82) where it is possible to include recall and precision
ratios at all coordination levels to the maximum of 7 {since these are all
seven-starting-term questions). Secondly, there are those questions
{e.g. Q294) where no documents are retrieved at the higher coordination
levels, so .no ratios can be included. Thirdly, there are those questions
{e.g. Q40) where at the higher coordination levels no relevant documents
are reirieved although some non-relevant documents are retrieved. This
latter situation is indicated in Fig. 6.6T by an asterisk in the appropriate
column. Because of these three different situations, it is a maiter for
argument as to the figure which should be used for obtaining the average
ratios. As an example, at the coordination level of four, the sum of the
precision ratios is 561,7. In order to obtain the average precision ratio
for the whole set of questions, this figure could be divided by 35, this
representing the total number of questions. Alternatively it could be
divided by 28, representing the questions which, at this particular
coordination level, retrieved some documents, either relevant or non-relevant.
Finally it could be divided by 23, representing the number of questions
which, at this particular coordination level, retrieved relevant documents.
With the results by the average of numbers for comparison, the precision
ratios obtained by these three methods are given in Fig. 6.7T.

The first method is clearly unsatisfactory; it would appear to be
relatively immaterial as to whether method 2 or 3 should be used, but it is
obviously important that when resulis are presented by the average of
ratios, it should be made quite clear as to which procedure has been
ddopted. The complexity involved in presenting resulis by the average of
ratios is an additional reason why, in this report, we have preferred to
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1400

94 Basic Questions

Number of Relevant Documents 737
Generality Figure 5.6
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio
Level Rel. Non-rel. alatc ala+b b/b+d
1 694 69037 94,29 1.0% 51.946%
2 604 28777 82.0% 2.2% 20.148%
3 474 10425 64.3% 4,3% 7.844%
4 324 3874 44, 0% 7.7% 2.914%
5 179 1286 24.,3% 12.2% 0.967%
6 92 333 12,.5% 21.6% 0.251%
i 49 112 6.6% 30.8% 0.082%
8 14 24 1.9% 36.8% 0.018%"
9 3 3 0.4% 50, 0% 0.002%
FIGURE 6.5T
Index Language 1.1.a
Exhaustivity of Indexing 3
Search Rule A
Document Relevance 1-4
Number of Documents in Collection 1400
Number of Questions 127 Supplementary Questions
Number of Relevant Documents 853
Generality Figure 4.7
Coord- Documents Recall Precision Fallout
ination Retrieved Ratio Ratio Ratio
Level Rel. Non-rel. ala+c afa+b b/b+d
1 816 90085 95.6% 0.9% 48.174%
2 879 31345 79.6% 2.1% 16.762%
3 472 11508 55.3% 3.9% 6.154%
4 282 3485 33.1% 7.5% 1.864%
5 135 1094 15.6% 10.8% 0.585%
6 62 366 7.3% 14.5% 0.195%
i 25 94 2.9% 20. 7% 0.049%
8 8 19 0.8% 28.8% 0.010%
9 5 2 0.6% 71.4% 0.001%
10 1 0 0.1% 100.0% 0. 000% -
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QUES- | COORDINATION LEVELS B
' TION 1 2 . 3 4 5 8 7
NUMBER R P IR P |R P /R P|R P|R PR P
2 66.7 3.3(37.5| 7 6!12.5?12.0 8.3°100] 4.2/10&» i
9 100 | 0.8{75.0| 6.4,25.0,20.0
34  [88.9] 1.4|11.1] 0,70 - @ | - = %
40 100 | 0.2{100 | 0.5 - ®7 - ® - %
48 100 | 1.6{100 113.9.66.7[40.0
67 100 | 1.7060.0| 2.4 30,0 4.1, - | *
81 100 | 1.4(93.3 2.4'86.7 3.7 73.3/7.81!40.0/15,0/20.0/42.9
82 100 | 2.00100 | 4,2.92,9! 8.0/85,7|26.764.3|60 [42.9/66.7 (7.1 [100
87 100 | 0.3|100 ! 0,7/100 | 1.1/100 | 8.0{25 [33.3
95 100 | 1.41100 | 2,6]70.0 4.2§5o 38.5
113 100 | 1.4(88.2 3.047.1] 5.4/23.5(13.8] 5.9(100 | B558|+60
122 100 | 0.6/100 | 1.560.0] 3.6 20 |11.1]
131 100 | 1.3]90.9 3.154,5| 7.9 27.3/27.3 9.1]100
132 50,0/ 0.4!50.0 0.8(25.0] 1.4,25.0{ 5.3 :
142 100 | 1,9|100 | 3.8/91.7| 6.4.83,3|12.5{75.0{14.3(33.3/13.3(33.3/33.3
145 100 | t.1l100 | 2.7/92.3!| 6.6i61.5] 9.3/53.8/21.9|38.5[62.5
157 100 | 2.2171.4 8.3/57.1016.7
160 100 | 0.7{100 | 1.4/80.0} 6.3 |60.0/16.7/40.0{50.0
165 100 | 0.5]75.0/ 1.2/75.0] 3.6 /50.0/11.825.0}25.0
170 100 | 0.3!50.0 0.5/50.0} 1.4 /50.0! 6.3150.0133.3
{
171 1100 | 0.6{100 | 2.11100 | 4.466,7{11.8] - * - s«
177 1100 | 1.5088.9] 7.1|77.8|11.3/55.6[41.7 - *
181 100 | 0.2]100 | 1.0/50.0} 3.8 -
189 100 | 0.8] - SR ®) - #*
205 100 | 0.4{100 | 1.3(66.7] 2.8!33.3/20.0
211 100 | 0.81100 | 4.1(83.3]11.1116.7{20.0 ,
219 100 | 2.5181.8! 7.6/72.7{17.0]27.323.1| - *
261 100 | 0.51100 !'2.31100 | 5.8{100 {22.2100 {80 |100 |100 {75 |100
285 93.8| 1.31{87.5{ 3.2162.5! 4.8|50.0]16.0{18.8]27.3
292 77,80 1.3033.3) 3.6/22.2{20.0{11.11100 |Sh=r | &8&
293 100 | 1.4{60.0 2.9]40.0(10.0
294 92.3/10.7176.940.0
299 75.0] 0.8(41.7 3.2| 8.3]11.1
315 100 | 1.8185.7 2.4{71.4111.8114.3]/11.8
338 75,0 0.8|75.0 3.2|75.0{13.0] - * .
3318.5 2733.2 1946.4 1092.9 54%.4 " 115.4
Totals 49.5 181.7 279.3 581,7 660.1 285.4 233.3

FIGURE 6.6T. PERFORMANCE RESULTS FOR 35 SEVEN-STARTING-TERM
GQGUESTIONS WITH INDEX LANGUAGE I.1l.a CALCULATED
BY THE AVERAGE OF RATIOS,
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T

FIGURE 6.7T. PRECISION RATIOS OBTAINED BY THREE
DIFFERENT AVERAGE OF RATIOS PROCEDURES,

use the average of numbers.

Comparison of documents dealing with aerodynamics and structures

The main sets of test results in Chapter 4 were concerned with a
subset of 42 questions all of which dealt with aerodynamics rather than
structures. For comparison purposes, a set of 42 questions on structures
was prepared. Searched on the 1400 document collection, with index
language I.1.a, the tests results are given in Fig. 6.8T, Comparison is
made in Fig. 6.9P with the results as given in Fig, 4.1207T for the 42
aerodynamic questions under the same conditions. This plot shows an
unusual characteristic, in that at the higher recall levels, the structure
questions have superior precision, but at a recall ratio of about 25%, the
curves cross over, and the aerodynamic questions have the better
performance.

There are two reasons why one would expect the structureg questions to
do better, Firstly there are more relevant documents, and therefore the
generality number is higher, namely 4.3 as against 3.4. Secondly, although
to calculate the generality number N is presumed to be 14006, real N must
{as argued on pages 7l - 76) be considerably less than this number,

If the position at a coordination level of 3 is considered, the perform-
ance figures are as follows:

Aerodynamics . Structures
{As Fig. 4.120T) (As Fig. 6.8T)
Recall Precision Fallout Recall Precision Fallout
Ratio ‘Ratio Ratio Ratio Ratio Ratio
66.7% 3.2% 6.790% 67.5% 8.6% 1.732%

To allow for the difference in the generality number, the precision
ratio for the aerodynamic questions can be adjusted by the equation given
on page 73 and this would result in a new precision ratio of 4.1% which
continues to be well below the comparable figure for the structures
questions.

Coord- | Average of Average of Ratios
ination numbers
Level 1 2 —3
(Total divided (Total divided (Total divided Rocats, o
by 35)/ 4 by figure Cﬁy" figure iag LTl
> { L shown in g}iownfijm ) (&R&ﬁ)
pstis (ot brackets) brackets) (-pe
—— A
1 1.1% 1.4% 1.4%(35) 1. 4%(35) ey, M '8} (31)\
2 2.7% 4.3% 4.3%(35) 4. 4%¢34) 781% 7?‘,‘” L (35 "
3 5. 2% 8. 0% 8. 2%(34) 9. 0%(31) $eg SPALIM
4 13.5% 16.0% 20.1%(28) . 24+4%(23) 327 39.0 4(%/{
5 23. 8% 2129139,  -42-2uia38 ¢ 54 39014 bl 3oLl
6 37. 29 H6% 2L 55Tt 416 7 642958 €77 T (b
7 50. 0% 6. 7% 77. 8% 3) T7.8%43) 137 357 (3)
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Index L.anguage I.1.a

Exhaustivity of Indexing 3
Search Rule A
Document Relevance

Number of Documents in Collection
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1400

Number of Questions 42 Structures Questions

Number of Relevant Documents 255
Generality Number 4.3
Coord- Documents Recall Precision| Fallout
ination Reirieved Ratio Ratio Ratio X N z
Level Rel. Non-rel. alatc ala+b b/b+d
1 251 22628 98.4% 1.1% | 38.652% 42 42 42
2 218 6081 84, 7% 3.4% 10.387% 42 42 42
3 172 1822 87.5% 8.6% 3.112% 41 42 42
4 92 602 36.1% | 13.3% 1.028% | 34 41 41
5 43 182 16.9% 18,19 0,3119% 23 37 37
6 23 65 9.0% 26.1% 0.1119 15 30 30
7 12 21 4.7% 36.4% 0, 036% 10 25 25
8 2 4 0.8% 33.3% 0.007% 2 19 19
9 1 2 0.4% 33.3% 0.003% 2 14 14
10 0 0 0 10 10
11 0 0 0 4 4
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squate
he revissed

werefore necessary m conf ﬁdrz’ whethe
questions., It hah already been cqtanllslﬂﬁd {on pag@s 71 to
; the aerodynamics questions is not 1400, but in the region of
, at whieh figa, re the irue generality number iz 4.8. One might first
othosgise th the remaining 373 documsents represent N for the siructures
crresponding generalily number would be 16.3. 7o maich

the adjusted precision ralio for ihe aerodynamics guestions
.68%, which is higher than the figure (8.6%) for the siructures
sfore appears that in the collection of 1400 documenis

subset which is common to both. Using the methods gwen
5, N for the siructures guestions is shown fo be probably
4, which gives a generalily number of 12,8, Adjusied tc this
number the precision ratio for the aercdynamics questions is now
same a8 for the structures gquestions. The fallout ratics also

for the serodynamics questions, where N = 1027, the fallout
8.2%; for the structures guestions, where W = 474, the fallout ratioc

474" was used because no accouni has
pmﬂ'ﬁ:e?mange f}gures will be aifected
e firmness af e terminology of aerodynamics and siructures.

: fact, implied belief that aserodynamics has the mushier or
cise language, and that for this reason, one would expect the
gtructures questions o provide the better performance.

o

5V the matier is cowmplicated even if this latter peint is ignored.

ordination level of five, the siructures questions have a performance

1 and 18.1% precision. WMo exact matching figures can be

n Fig. 4.1207, but reference to 4.125F shows that, for the

Suoms at 20"70 recall, precision would be approximately

for oenez’anw on the basis worked out earlier, this would

precision ratio to 62%, which is far in advance of the figures

res guestions. On the other hand ai a single term level, it is

42 struciures guestions have retrieved a fotal of 22,820

s, which is an average of 538 documents for each guestion. This is
rger than the 474 docurnents sarlier hypothosised as representing WM.

o ‘(

The above discussion is neither clear nor conclusive, and offers no
lanation for the crossover in the performance figures of the fwo seis of

tions {which is probably an sberration caused by the relatively small
number of resulis), Rather it serves to point up some of the difficuliies
hich are involved in attempting fo compare performance in different subject
areas by the cocordinstion level cut-off, and emphasises the necessity for
further research in this and related fields.

Performance comparison by ccordination levels

In Chapter 4, all the tables of resulis and accompanying perfcrmance
curves were based on the variation of coordination level. From these
tables, sets of figures are extracted where the coordination level is held
constant while the variable is the index language. Figs. 6.10T and 6.117
deal with the Single Term index languages at a coordination level of 3 and
§. Figs., 6.127T and 6.13T present the results at coordination levels of
%2 snd 4 for the Simple Concept index languages, while Figs. 8.147T and
6.157 present results at the same coordination levels for the Controlled
Term index languages.



FIGURE 6.10T
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-Coordination Level 3
Exhaustivity 3
Document Relevance 1-4 Search Rule A
Number of Documents in Collection 200 Number of Questions 42
Number of Relevant Documents 198 Generality Pigmee 23.6
Index Documents Recall Precision Fall-out x y z
Language Retrieved Ratio Ratio Ratio

Rel. Non-rel.
I.l.a 132 761 66.7% 14.8% 9.278% 42 42 42
I.2.a 134 837 67.7% 13.8% 10.205% 42 42 42
I.3.a 139 913 70.2% 13,29 11.131% 42 42 42
I.5.a 144 1613 72.7% 8.2% 19.666% 42 42 42
I.6.a 181 1785 76.3% 7.8% 21.763% 42 42 42
I.7.a 143 989 72.2% 12.6% 12,058% 42 42 42
I.8.a 146 1081 73.7% 11.9% 13.180% 42 42 42
I.9.a 183 2034 82.3% 7.4% 24.799% 42 42 42
FIGURE 6.11T
Coordination Level ©
Exhaustivity 3
Document Relevance 1-4 Search Rule A
Number of Documents in Collection 200 Number of Questions 42
Number of Relevant Documents 198 Generality Figare 23.6
Index Documents Recall Precision Fall-out x y Z
Language Retrieved Ratio Ratio Ratio

Rel. Non-rel.
I.1.a 25 17 12.6% 59.5% 0.207% 15 33 33
1.2.a 25 23 12.6% 52.1% 0.280% 15 33 33
I.3.a 32 28 16.2% 53.3% 0,341% 17 33 33
I.5.a 41 69 20. 37.3% 0.841% 23 33 33
1.6.a 47 87 23.7% 35.1% 1,061% 23 33 33
I.7.a 31 31 15.7% 50.0% 0.378% 20 33 33
I1.8.a 33 37 16.7% 47.1% 0.451% 21 33 33
1.8.a 46 171 23.2% 21.2% 2.085% 25 33 33



FIGURE 6.12T

Coordination L.evel 2

Exhaustivity 3
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Document Relevance 1-4 Search Rule A
Number of Documents in Collection Number of Questions 42
Number of Relevant Documents 198 Generality Eigare 23.6
Index Documents Recall Precision Fall-out x y Z
Language Retrieved Ratio Ratio Ratio

Rel. Non-rel.
II.l.a 28 29 14.1% 50.9% 0.329% 18 41 41
if.2.a 44 65 22.2% 40.4% 0.792% 25 41 41
11.3.a 60 115 30.3% 27.9% 1.890% 32 41 41
II.4.a 67 255 33.8% 20. 8% 3.109% 36 41 41
II.5.a 81 359 40.9% 18.4% 4.377% 39 41 41
I1.6.a 57 155 28.8% 26.9% 1.890% 33 41 41
II.7.a 75 318 37.9% 19.1% 3.877% 33 41 41
iI.8.a 99 605 50.0% 14.1% 7.376% 40 41 41
11.9.a 5 296 37.9% 20.2% 3.609% 33 41 41
1I.10.a 129 942 65.2% 12.0% 11.485% 32 41 41
iI.1t.a 146 1259 73.7% 10.4% 15.350% 41 41 41
II.12.a, 72 287 36.4% 20.1% 3.500% 34 41 41
I.13.a 117 937 59.1% 11.1% 11.424% 40 41 41
iI.14.a 143 2047 72.2% 6.5% 24.957% 40 41 41
II.15.a 168 2590 84.8% 6.1% 31.578% 41 41 41
FIGURE 6.13T
Coordination Level 4
Exhaustivity 3
Document Relevance  1-4 Search Rule A
Number of Documents in Collection Number of Questions 42
Number of Relevant Documents 198 Generality Pépgre 23.6
Index Documents Recall Precision Fall-out x y 4
Language Retrieved Ratio Ratio Ratio

Rel.  Non-rel.
iI.1.a 0 0 0 32 32
1I.2.a 2 0 1.0% 100% 0.000% 2 32 32
II.3.a 4 0 2.0% 100% 0.000% 3 32 32
I1.4.a 2 8 1. 0% 20. 0% 0.098% 4 32 32
II.5.a 6 10 3.0% 37.5% 0.122% 5 32 32
11.6.a 4 5 2.0% 44.4% 0.061% 4 32 32
II.7.a 6 9 3.0% 40.0% 0.110% 4 32 32
I1.8.a i4 33 7.1% 29.8% 0.402% 10 32 32
II.9.a 13 6 6.6% 68.4% 0.073% 8 32 32
II.10.a 217 44 13.6% 38.0% 0.536% 18 32 32
iI.11.a 34 99 17.2% 25.6% 1.207% 19 32 32
II.12,a 9 3 4.5% 75. 0% 0.037% 5 32 32
II.13.a 20 54 10. 1% 27. 0% 0.658% 11 32 32
II.14.a 26 179 13.1% 12.7% 2.182% 19 32 32
iI.15.a 51 325 25.8% 13.6% 3.962% 26 32 32
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FIGURE 6.147T

Coordination Level 2

Exhaustivity 3

Document Relevance 1-4

Number of Documents in Collection 200

Search Rule A

Number of Questions

Number of Relevant Documents 198 Gererality Eiguze 23.86
Index - Documents Recall Precision Fall-out x y z
Language Retrieved Ratio Ratio Ratio

Rel, Non-rel.
III.1 136 946 68.7% 12.6% 11.534% 42 42 42
Iir. 2 137 1024 689.2% 11.8% 12.485% 42 42 42
III.3 147 1575 74.2% 8.5% 19.203% 42 42 42
111.4 148 1661 4. 7% 8.2% 20.251% 42 42 42
I11.5 184 3044 92.9% 5.7% 37.113% 42 42 42
111,86 187 3482 94.4% 5.1% 42.465% 42 42 42
FIGURE 6,15T
Coordination Level 4
Exhaustivity 3
Document Relevance 1-4 Search Rule A
Number of Documenis in Collection 200 Number of Questions 42
Number of Relevant Documents 198 Generality Eigure 23.8
Index Documents Recall Precision Fall-cut x y Z
Language Retrieved Ratio Ratio Ratio

Rel. Non-rel,
IiI. 1 36 49 18.2% 42.4% 0.597% 20 34 34
II1. 2 38 53 19.2% 41.8% 0.646% 20 34 34
I11. 3 43 78 21.7% 35.5% 0.951% 22 34 34
111.4 44 82 22,2% 34.9% 1.000% 23 34 34
II1.5 62 420 31.3% 12.9% 5.121% 19 34 34
111.6 72 527 36.4% 12.0% 6.425% 31 34 34



- 234 -

If one makes the assumption that the coordination level of 3 for the
Single Term index languages is approximately equal to a coordination level
of 2 for the Simple Concept and Conirelled Term index languages, then it is
possible to present in a2 bar chart a represeniation of what happens in regard
to recall and precision ratios when moving from one index language to ancther.
Index Language II.1.a has the lowest recall ratio and highest precision ratio
so this is taken as the starting point in Fig. 6.187T, '

Eifects of precision devices

In Chapter 4, Section 3, the resulis of tests on the Single Tezz‘m index
languages with interfixing and partitioning were presented. Figure 6.17T and
6.18T make exirvacts from these tables of the figures at the ccordination
level of 4.

Effects of question generalily

The individual results for each of the 221 questions with the 1400 docu-
ment collection and Index Language I.1,a are given in Appendix 4A, and the
figures for this particular set of results are given in Fig. 4.100T. As
discussed in Chapter 3, this set of questions was a heterogenous group in a
number of respecis: various breakdowns have now been made.

First the quesiions have been grouped asccording to the number of
documents relevani to each question, and table 6.19T shows the recall and
precision ratios for each of the groups.

There. appears-to be a - .general trend-towards a lower recall ratio at
any given coordinaiion level for those searches where there are increased
numbers of relevant documents; as usual this is matched by a higher precision
ratio. If the guestions having 1-4 relevant documents and the questions
having 16 or more relevant documents are grouped, then this change becomes
more apparent, as is shown in Fig. 6.20T. \

However, the marked increase in the precision ratio at any given recall
ratio is obviously due to the large increase in the generality number of the
guestions having 18 or more relevant documents. If one considers the fallout
ratic, it can be seen from Fig. 6.21P that when recall is plotted against
fallout, those quesiions which have four or less relevant documents have
markedly superior performance.

It would probably be correct to say that, as a rule, a question having
few relevani documents is a specific query, while a question having a very
large number of relevant documents is likely to be a general question. From
this it is reasonable tfo hypothﬁs.ﬁse that a specific question should present a
simpler reirieval problem/a general question. Without suggesting that the
results presented above prdve this hypoth%‘sis, they can certainly be said to
support it.

Effect of number of postings

The next breakdown of the 221 questions was made by grouping the
questions according to the numbers of total postings of the question search
terms; information on this is included with the set of results in Appendix 44,
For instance, as can be checked from Appendix 5.1 of Volume I, the three
-search terms of Question 285 (i.e. 'uniformly’, 'loaded', fsectors!.} have a
total of only 46 postings, while for Question 106, the nine search terms have
a total of 3,474 postings. Ten groups were formed on this basis, each
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FIGURE 8.167T

RECALIL AND PRECISION RATICS WITH 200
DOCUMENTS ‘AND 42 QUESTIONS AT COORDINATION
LEVEL OF 2 FOR SIMPLE CONCEPT AND
CONTROLLED TERM INDEX LANGUAGES; AND AT
COORDINATION LEVEL OF 3 FOR SINGLE TERM
INDEX LANGUAGES.



FIGURE 6.177

 Exhaustivity of Indexing 3

Search Rule
Document Relevance

B
1-4

Number of Documents 1400

Number of Questions

- 236 -

19 (Subset 4)

Number of Relevant Documents 131
Generality Number 4.9
Coorﬁination Level 4
Figure | Index Language Documents Recall|Precision| Fallout{jx y =
Retrieved Ratio Ratio Ratio
Rel. Non-rel.
4.300T| 1.1.a 37 127 28.2% | 22.6% |0.480%| 151919
4.310T | 1,1.b {Partitioning) | 26 75 19.8% | 25.7% 10.283%{121919
4,320T1} I.1,c {Interfixing) 25 54 19.1% 1} 31.6% |0.204% {1219 19
4.330T 1.1.d {Interfixing &| 16 36 12.2%} 30.8% |0.136% 101919
Partitioning)
FIGURE 6.187
Exhaustivity of Indexing 3
Search Rule B
Document Relevance 1-4
Number of Documents 1400
Number of Questions 18 {(Subset 4)
Number of Relevant Documents 131
Generality Number 4.9
Coordination Level 4
Figure | Index Language Documents | Recall|Precision{Falloutix y 2z
Retrieved Ratio Ratio Ratio
Rel. Non-rel,
4.,302T |1.6.2 58 765 44.3% 7.0% {2.890% 191919
4.3127 | 1.6.b (Partitioning) | 39 321 29.8%] 10.8% |1.213%] 161919
4.322T | 1.6.c {Interfixing) 38 312 29.0%! 10.9% {1.179%} 17 1919
4.3327T {1.6.4 {Interfixing &| 27 148 20.6%{ 15.4% | 0.559%] 121919
Partitioning)
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containing appreximately similar numbers of questions; the resulis are
presented in Fig. 6.227, ’

With some minor aberrations, these show, for any given coordination
level, that the increase in total term postings results in a regular increase
in recall ratio accompanied by a corresponding decrease in precision ratio.
The next stage was te group the questions in relation to the average number
of postings for each term. However, the preliminary stage of making up the
groups of questions by this method showed that the groups differed little from
those used in Fig. 6.22T, so no further work on this was done.

Order of retrieval of relevant documents

An analysis was made of the effect on retrieval of individual relevant
documents in moving from one index language to another. The results in
Chapter 4 show, for instance, that with Index Language I.l.a, at a coord-
ination level of 5, there’were 94 relevant documents retrieved {see Fig. 4.2007).
With Index Language I.6.,a,at a coordination level of 6, there were 87 relevant
documents retrieved (see Fig. 4.203T). The question is whether the change
of index language and the increase in coordination levels resulied in a different
or a similar set of retrieved documents.

To investigate this point, nine index languages were selected namely
I.1.a, 1.5.a, 1.8.a, II.l,a, II.5.a, 11.10.a, II.15.a, III.1.a2 and III.6.a. For
the 42 questions, the records were checked to find the order of retrieval of
the relevant documents for each of the nine languages. Some examples are
given in Fig. 6.23T, which shows, for Questions 118, 170 and 250, the coord-
ination levels at which the relevant documents were retrieved, and in Fig. 6.24T
a ranked order of retrieval, From this type of data for the 42 questions, it
was too involved to sort out what happened to each.individual relevant document,
but an analysis was made for each of the three main groups of index languages
to find what happened to the relevant documents ranked first and last in the
basic langnages (i.e. I.l.a, II.1.a, and IIl.1,a). While it was not possible
to make a clear cut decision every time, Fig. 6.25T shows thai in the very
large méjority of cases, the change from one language to another did not
alter the retrieval rank of the first and last documents retrieved,
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QUESTION [INDEX CCORDINATION LEVEL
NUMBER [LANGUAGE 1 2 3 4 5 6 7 8
118 1.1 1324 | 1667 §
11378 | 1666 ° !
N b 5 1870 .
1.5 1378 | 1324" 1667 1666
i : j 1670
1.8 11324 1378 | 1666 1667
| 11670
TT 166% 1668 | |
1324 11670 !
1378 i |
.5 16671324 | 1666
1378 ‘ 1670 !
.10 1322 1666 | 1667 o
1378 | 1670 i
.15 1324 1666 |1667 ;
1378 |1670
o1 1322 1667
1378 1666
N 1670
1.6 1132471667
{1378 |1666
F 1670
170 1.1 1605 5 1360
1.5 ;1605 1360
L.8 1605 1360
0.1 1360
.5 1605 1360
.10 1605 1360
115 1605 1360
1.1 1605 1360
nr.6 1605 1360 |
250 1.1 2364 1798|1311
2367 | 1316 1415
1335 1416
1.5 2367 [1798 [1311
1335 | 2364 1415
1316 {1416
is 2367|1798 {1311
1335 |2364 (1415
1316 1416
i 1415|1311
2364 {1798
1335 |1316
1.5 1416 [1311
1798 1415
2364 |1316
2367
1335
o.io 2367 |1798 (13811
2364 |1415
1316 |1416
1335
I 7% 1798 11311
2364 1415
2367 |1416
1335 |1316
I 1 1335 [2364 |i316 |i31t
2367 1798 |[1415
1416
1.6 1335 [2364 ({1316 1311
2367|1798 1415
1416

FIGURE 6.23T COORDINATION LEVEL OF RETRIEVAL OF
RELEVANT DOCUMENTS FOR QUESTIONS
118, 170 AND 250 BY NINE INDEX LANGUAGES



QUESTION| RELEVANT |INDEX LANGUAGE
NUMBER | DOCUMENTS 1.1 L5 1.8 IL1 IL.5 I1.10 II.15 1.1 IIL6
118 1324 4= | 4 |5 | 3=1| 3 | 4= | 4= | a= | a=
1378 4= | 5 | 4 [ 3=| 4 | 4= | 4= | 4= | a=
1666 1= | 1 3 1= | 1= | 2= | 2= = | 1=
1667 1= | 2= | 1= | 3= | 4= | 1 1] 1= | 1=
1670 1=] 2= | 1= | 1= | 1= | 2= | 2= | 1= | 1=
170 1360 1 1 1 1 1 1 1 1 1
1605 2 12 2 |2 |2 |2 |2 |22
250 1311 1= | 1= | 1= | 1= | 1= 1= | 1= | i= | 1=
1316 4= | 4= | 4= | 1= | 1= | 2= | 1= | 4= | 4=
1335 6= | 7= | 7= | 4= | 4= | 4= | 5= | 7= | 8=
1415 1= | 1= | 1= | 4= | 1= | 1= | 1= | 1= | 1=
1416 1= | 1= | 1= | 7= | 4= | 1= | 1= | 1= | 1=
1798 4= | 4= | 4= | 1= | 4= | 4= | 5= | 4= | 4=
2364 6= | 4= | 4= { 4= | 4= | 4= | 5= | 6 | 6=
2367 6= | 7= | 7= | 7= | 4= | 8 | 5= | 7= | 8=

FIGURE 6.24T RANKED ORDER OUTPUT FOR RELEVANT
DOCUMENTS OF QUESTIONS 118, 170 AND
250 BY NINE INDEX LANGUAGES

HIGHEST RANKED LOWEST RANKED
DOCUMENTS DOCUMENTS
Maintained Changed Maintained Changed
) : Position Position Position Position
INDEX LANGUAGE :
GROUP
I SINGLE TERMS 33 3 33 1
II SIMPLE CONCEPTS 26 7 28 2
III CONTROLLED TERMS 30 6 29 4

FIGURE 6.25T EFFECT ON RANK OF HIGHEST AND LOWEST
RANKED DOCUMENTS IN MOVING TO DIFFERENT
INDEX LANGUAGE FOR 42 QUESTIONS
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CHAPTER 7

CITATION INDEXING AND BIBLIOGRAPHIC COUPLING

It is true that librarians do an almost religious job of storing
information; it is placed on record, but without evaluation,
and much of it is not worth its rental of space. FEach oper-
ational unit tends {o use its own special language, and
translators are very few. In warfare, the questioning of
returning forces is regarded as a highly skilled speciality.
Would social aciion {and perhaps social research) not gain
much if an analogous speciality could be created to assess
and consolidate relevant information? Such an organization
could not confine its atiention to information retrieval, no
matter how efficient such a retrieval process might be,
Storage and retrieval systems do not represent evaluation
and consolidation of information .

L.T. Wilkins: Social Deviance Page 111

In Chapter 7 of Vol. I, an account was given of the compilation of a
citation index, and the subsequent preparation of bibliographic coupling
groups, with a view to an evaluation being made of this index.

As stated in this earlier account, it is a matter for some argument as
to how this type of index can be tested in an experimental situation. In
carrying out a iest in an operational environment, there would be no
difficulty beyond the effort required, but although several different ways of
presenting the results of this test have been considered, there does not
appear to be any procedure which can be considered entirely satisfactory.
For this reason two sets of figures are being given; the first method
probably resulits in a performance which is better (in comparison’ with the
results obiained with conventional systems) than should be the case, but it
has the major advantage that it does not involve any manipulation of the
test results and therefore permits direct comparison to be made between
different subsets of questions, different relevance decisions etec. If an
evaluation of a citation index can be carried out in an experimental environ-
ment, then the second method of presenting results is probably nearer the
real performance of the system, and is used for comparison with the resulis
of the conventional index langlages.

As described in some detail in Vol. I (page 110 and Fig. 7.5) the
score sheets for each question gave the results with coupling strength from
1 to 7. The basic scoring at the seven coupling levels for the 42 aerodyn-
amics questions with the 1400 document collection is shown in Fig. 7.1T and
the results for this set of questions are presented in Fig. 7.2T. Fig. 7.37T
presents the resulis for the 42 questions dealing with structures, while Fig.
7.4T gives the results for the 35 questions having 7 starting terms. A
comparative plot of these three question sets is given in Fig. 7.5P.

All the resulis so far shown are obtained with documents of relevance
grades 1-4; Pigs, 7.8T, 7.77 and 7.8T show the results for documents of
relevance grades 1-3, relevance grades 1-2 and relevance grade 1, with the
42 aerodynamics questions. Fig. 7.9P plots the results of the four grades
of relevance.
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DOCUMENTS BY BIBLIOGRAPHIC COUPLING

QUES- COUPLING LEVEL

TION 1 2 3 4 5 6 :
R NR R "NRE R NR R_NR R _NR R __NR_R _NR

79 | 2 136 | 2 53 | 0 15| o0 3

100 | 4 76 | 4 19 ) 4 10| 2 712 2 2 0

116 | 6 204 | 6 77| 3 33| 3 16 {3 7 3 51 2 2

118 | 3 262 | 3 64 | 2 23| 2 710 4

119 | 6 317 | 6 83 1 4 31| 3 10|00 5

122 | 2 201 | o 45 | - 18| - 7| - 5 - ol - 1

123 | - 73 | - i5 | - 8] - 31 - 3

126 | 2 65 | 2 22 | - 8 6 | - 3 - 1

130 | 4 136 | 2 23 10 | 2 30 - 2 - 1] - 1

132 | 2 397 | - 108 | - 40| - 20| - 10 - 6| - 4

136 | 6 48 | 5 813 5] 2 312 3 - 2 | - 1

137 | 6 125 | 4 33 | 4 11} 3 513 2 3 - -

141 | - 6 | - 2 | - 2

145 |12 314 |12 76 |10 38| 8 19 |9 9 415 3

146 | 9 363 | 9 82 | 8 45| 7 19 |7 4 4 3

147 | 5 24 | 3 2 {3 - 3 -l2 - 2 -

148 | - 40 | - 11 - 3] - 1

167 | 4 145 | 2 36 | - 25] - 12| - 3

170 | - 79 | - 7| - 3

181 | - 103 | - 26 | - 12| - 4 |- 1 - 1

182 | 3 47 | 2 9| - 4

189 | - 19 | - 3] - 1

190 | 5 42 | 5 6 1

223 | 2 63 | 2 13 - 1

224 |3 221 | 2 56 | - 8 1

225 |4 636 | 4 199 | 3 95 | 3 56 |3 39 3 30 |3 17

226 |7 14 | 7 1515 3 0 0

227 |2 8 | 2 12 1

230 {2 274 | - 65 | - 27 | - 3

250 | 7 213 | 7 62 | 6 37 | 5 20 |2 11 2 5 | 2 2

261 | - 30 | - 8| - 2| - 1] - 1

264 |2 9 | 2 12 12 12 - 2 -2 -

266 | 4 141 | 3 35 | - 14 | - 3] - 1 - 1

268 | - 2 | - -

269 | - - - -

272 | 3 94 | 3 23 | 2 10 | 2 3 - 2 - 1 - 1

273 |6 43 | 6 712 42 3] - 3 - 2 | - 2

274 | - 49 | - 12 ] - 1

317 |2 13 | 2 41 2 -

323 |2 66 | 2 1312 8| - 21 - 1 - 1 - i

360 |4 337 |4 112 |3 34 |3 193 10 3 5 |3 -
FIGURE 7.1T RESULTS FOR 42 SEARCHES WITH 1400




FIGURE 7.2T

Index ILanguage

Document Relevance 1-4

Number of Documents in Collection
Number of Questions
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1400

42 {Subset 2 Aerodynamics)

Citation Indexing and Bibliographic Coupling

Number of Relevant Documents 198§
Generality Number 3.4
Coupling Documents Recall Precision | Fallout
Strength Reirieved Ratio Ratio Ratio
Rel. Non-rel.
1 131 5495% 66.1% 2.3%* 9.345%*
2 113 1446 56.3% 7.2% 2.459%
3 76 592 38.2% 11.4% 1.007%
4 58 257 28.1% 17.9% 0.437%
5 41 135 20.6% 23.3% 0.230%
6 29 70 14.6% 29.3% 0.119%
T+ 23 38 11.6% 37. 7% 0.065%

FIGURE 7.3T

Index Language
Document Relevance

Number of Documents in Collection
Number of Questions

1-4

42 (Structures)

1400

Citation Indexing and Bibliographic Coupling

Number of Relevant Questions 252

Generality Number 4.3

Coupling Documents Recall Precision|{ Fallout

Strength Retrieved Ratio Ratio Ratio

Rel. Non-rel.

1. 179 5962% 71.0% 2. 9% 10.684%%*
2 138 1569 54.8% 8.1% 2.668%
3 90 541 35.7% 14.3% 0.920%
4 51 140 20.2% 26.7% 0.238%
5 36 93 14.3% 27.9% 0.193%
6 31 54 12.3% 36.5% 0.092%
T+ 25 28 9.9% 47.2% 0.047%




FIGURE
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7.4T

Citation Indexing and Bibliographic Coupling

FIGURE 7.5P

Document Relevance 1-4
Number of Documents in Collection 1400
Number of Questions 35 {Subset 1)
Number of Relevant Documents 287
Generality Number 5.8
Coupling Decuments Recall Precision | Fallout
Strangth Retrieved Ratio Ratio Ratio
Hel. Non-rel,
3 i85 11858 67. 9%* 1.8%* 23.792%*
2 isg 3068 54,3% 4.8% 6.261%
3 115 1152 40,1% 9.1% 2,351%
4 70 464 27.5% 14.5% 0.5847%
5 56 209 19.5% 15.7% 9.810%
6 43 174 15.0% 19.8% 0.355%
T+ 40 101 13.9% 28.4% 0.206%
[lele]
f1e]
83
70 ,»@ ¥ Tig. 7.27
i\?\ o Fig. 7.3T
g % A\ + Fig. 74T -
| 1%,
SRE
1 80 \\
X8
& s0 ““;\ 3
30
\i.\
26 w,;'\ Kn
%%%\
1e] -
< jle] 20 30 40 50 &0 ki) 80 g0 109

%o PRECISION

PLOT OF PERFORMANCE WITH BIBLIOGRAPHIC
COUPLING FOR SETS OF 42 AERODYNAMIC
QUESTIONS, 42 STRUCTURES QUESTIONS and 35
SEVEN-STARTING-TERM QUESTIONS.




FIGURE 7.

Index Language

6T

Document Relevance 1-3
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Number of Documents in Collection 1400

Number of Questions

35 (Subset 1)

Citation Indexing and Bibliographic Coupling

Number of Relevant Documents 212
Generality Number 4.3
Coupling Documents Recall Precision | Fallout
Strength Retrieved Ratio Ratio Ratio
Rel. Non-rel.
1 139 - 65.5% - -
2 1086 2021 50. 0% 5.0% 4.124%
3 75 759 35.4% 9.0% 1.5499%
4 48 370 22.6% 11.5% 0.755%
5 38 - 187 17.9% 16.9% 0.382%
6 29 102 13.7% 22.1% 0.208%
7+ 28 58 13.2% 32.6% 0.118%
FIGURE 7.177
Index Language Citation Indexing and Bibliograph
Document Relevance 1-2
Number of Documents in Collection 1400
Number of Questions 35
Number of Relevant Documents 79
Generality Number 1.6
Coupling Documents Recall Precision| Fallout
Strength Retrieved Ratio Ratio Ratio
Rel. Non-rel.
1 51 - 64.5% - -
2 35 843 44.3% 4.0% 1.720%
3 26 - 412 32.9% 5.9% 0.841%
4 12 197 15.2% 5.7% 0.402%
5 11 105 13.9% 9.5% 0.214%
6 9 66 11.4% 12. 0% 0.135%
T+ 8 41 10.1% 16.3% 0.084%
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FIGURE 7.87

Index Language Citation Indexing and Bibliographic Coupling
Document Relevance 1

Number of Documents in Collection 1400
Number of Questions . 35

Number of Relevant Documents 18
Generality Number 0.4

Coupling Documents Recall Precision| Fallout

Strength Retrieved Ratio Ratio Ratio
Rel. Non-rel.

1 10 - 55.5% - -

2 7 194 38.9% 3.5% 0.396%
3 5 84 27.8% 5.6% 0.171%
4 2 41 11.1% 4. 7% 0.084%
5 2 28 11.1% 6.7% 0.057%
6 2 18 11.1% 10.0% 0.037%
T+ 2 12 11.1% 14.3% 0.024%

x Relevance grades 1-4

o Relevance grades 1-3

+ Relevance grades 1-2

Relevance grade 1

1.0
FALLOUT RATIO

FIGURE 7.9 RECALL/FALLOUT GRAPH FOR PERFORMANCE WITH
BIBLIOGRAPHIC COUPLING FOR DOCUMENTS OF
FOUR GRADES OF RELEVANCE, WITH 1400 DOCUMENT
COLLECTION AND 35 SEVEN-STARTING-TERM
QUESTIONS.
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in the method used for compiling the scores in the above results, what
might be described as the ''entry document’ was, in the scoring, also counted
as a successfully reirieved document; in other words, a previously known
relevant document was scored as being a successfully retrieved relevant
document - To pui it at its simplest, Q227 {(as can be seen from Fig. 7.1T)
has two relevant documents, the numbers of which were 2087 and 2088. When
document 2087 was used as an "entry document', it was found that it had
three references in common with document 2088, and therefore both documents
were entered as being retrieved at a coupling sirength of 3. To take another
example Q100 has four relevant documents, numbers 1785, 1786, 1787 and
1788, In the test search, documents 1787 and 1788 were found to have a
coupling strength of 6, and documents 1785 and 1786 had a coupling strength
of 3. However, there were no references that were common to the pair of
documents 1785 and 1786 on the one hand or the pair of documents 1787 and
1788 on the other hand. In spite of this, it would be scored as all four
relevant documents having been reirieved at a coupling strength of 3 and
lower. As a third example, for Q116 there were six relevant documents,
numbers 1317, 1574, 1575, 1576, 1578 and 1656. In the search, document
1576 had a coupling strength of 6 with documents 1574 and 1578, and a
coupling strength of 2 with documents 1575 and 1317. In addition document
1317 had a coupling strength of 2 with document 1656. Therefore, at this
coupling level this would be recorded as a successful retrieval of all six
relevant documents.

By the second method of presenting the resulis, allowance would be
made for these various situations. With Q227, the ''entry document'' would
be eliminated from the scoring; it would be considered that there was only
one relevant document, and that this was retrieved. With Q100, however,
the first "eniry document" would be eliminated from the scoring, but since
there was no link between the two pairs of documents, it would be consid-
ered that of the three remaining relevant documents, two had been retrieved.
With Qi16, the "entry document’ would be eliminated from the scoring, but
since the other five documents were linked either directly or indirectly with
the "eniry document’, all these five documents would be included in the
scoring.

On the other hand, with those questions such as @.122 or Q.132,
where no relevant documents were retrieved, the total of relevant documents
would in each case be reduced by one.

The result of this exercise is to produce a new set of performance
figures where there are now only 156 relevant documents, and the results
are presented in Fig. 7.10T. In doing this, it is only the recall and
precision ratios that are changed, for the fallout ratio remains the same as
in Fig. 7.2T.

It was earlier suggested that it would be reascnable to compare the
results by this method with those obtained by the coordination level
cut-off. However, as the generality number has been changed, by eliminating
42 relevant documents, it is necessary for this to be done on a recall/fallout
graph as in Fig. 7.11P where comparison is made with the Single Term index
languages which gave the best and worst performance,

Further tests were carried out where account was taken of the
proportional match between documents, this being based on the number of
references in the documents concerned. The procedure for doing this was
described on pages 110 and 112 of Vol. I. It can make no difference to the
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FIGURE 7.10T

Index Language Citation Indexing and Bibliographic Coupling
Document Relevance 1-4

Number of Documents in Collection 1400
Number of Questions 42 (Subset 2)
Number of Relevant Documents 156
Generality Number 2.7

-
Coupling Documents Recall Precision | Fallout
Strength Retrieved Ratio Ratio Ratio

Rel, Non-rel.
1 95 5495% 60.8% 1. 7%* 9.345%%*
2 79 1448 50.5% 5.1% 2.459%
3 51 592 32.6% 7.9% 1,007%
4 38 257 23.0% 12.2% 0.437%
3 25 135 16.0% 15.6% 0.230%
6 18 70 11.5% 20.4% 0.119%
T+ 12 38 7.6% 24.0% 0.065%
L

LR x  Fig. 7.10T Bibliographic Coupling

[} Fig. 4.102T Index Language 1.3.a

+ Fig. 4.104T Index Language I.6.a

FIGURE 7.11P RECALL FALLOT PLOT FOR BIBLIOGRAPHICAL COUPLING
AND SINGLE TERM INDEX LANGUAGES I.3.a AND I.6.a
WITH 1400 DOCUMENTS AND 42 AERODYNAMIC QUESTIONS
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FIGURE 7.127

Index Language Citation Indexing and Bibliographic Coupling (Weighted)
Documents Relevance 1-4

Number of Documents in Collection . 1400
Number of Questions 42 (Subset 2)
Number of Relevant Documents 198
Generality Number 3.4 '

Weighted Documents Recall Precision | Fallout
Coupling Retrieved Ratio Ratio Ratio
Strength Rel. Non-rel.

150+ 131 5495% 66.1% 2.3%* | 9.377%*
81-150 122 1758 61.6% 6.5% 3.000%
51-80 111 1387 56. 0% 7.4% 2.367%
31-50 90 854 45.5% 9.5% 1.457%
21-30 67 432 33.8% 13.4% 0.737%
16-20 51 207 25.7% 19.7% 0.353%
11-15 38 126 19.1% 23.19% 0.221%
6-10 23 59 11.6% 28.0% 0.101%
3-5 12 20 6.0% 37.5% 0.034%
1-2 2 1 1.0% 66.7% 0.002%

final figure of relevant and non-relevant documents retrieved, but replaces
the groups formed at the various coupling levels as given in earlier totals
with new groups based on the weighted scores. The results on the 42
aerodynamic questions are shown in Fig. 7.12T; although different groups
are formed, there appears to be little variation from the performance for
the same document/question set presented in Fig. 7.2T.

As stated in the opening chapter of this volume, we have considerable
reservations in presenting these results, in particular when it comes to
attempting to make comparison with the performance obtained by conventional
methods. One thing that can be stated positively is that the same inverse
relationship exists; bibliographic coupling is a precision device which has
very much the same effect as coordination in a conventional system.

Since approximately 12% of the documents did not contain any
references, it was inevitable that the maximum recall ratio should fall well
short of 100%. In the event it appears that, with this collection, something
around 70% recall might be expected; for any recall ratio lower than this,
the performance appears to compare quite favourably with conventional
indexing.
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CHAPTER 8

CONCLUSIONS

The first step in testing a theory (qua theory) is to examine it
to see what deductions can be made from it - to set up. post-
ulates which may be tested either experimentally or by observ-
ations of the 'real-life' situation. That is to say, the first
step in testing a theory is to state the practical consequences
of it. If the deduced practical consequences (operational
definitions) are proved to be unsustained, the theory is discre-
dited. No theory can ever be proved to be true; it is held

for so long as no better theory can be found.

L.T. Wilkins: Social Deviance Page 36

Although the results presented in this volume inevitably represent only a
condensation of the tens of thousands of individual results which have been
obtained, it is hoped that they are in sufficient detail for anyone interested to
make their own interpretation. It might, therefore, be argued that much of
this final chapter is redundant, and that it would be better to leave readers
to reach their own conclusions. However, the following comments are offered
as a personal contribution, with the hope - and expectation - that others will
feel free to deduce and argue.

The results have been presented in three main ways. Firstly, there are
the details of the search results for the various index languages, recall and
precision devices and search rules as obtained with the conventional coordin-
ation level cut-off. Secondly, some of these results have been regrouped to
illustrate various aspects of the test and thirdly, many of the test results have
been re-calculated by the document output cut-off method based on simulated
ranking. While the opinions presented in this chapter may be illustrated by
referring to a particular set of figures, they are not usually based on a single
result,

Within the definition as given in Chapter 2 of Volume 1, every set. of
figures supports the original hypothesis of an inverse relationship between recall
and precision. It is immaterial which variable is changed to give a new system;
it may be the coordination level (e.g. Fig. 4.100T), the exhaustivity of indexing
{e.g. Fig.4.912P)the recall devices {e.g. Fig. 610T), the precision devices
(e.g. Fig.6.17T), the search programmes (e.g. Fig.4.850T) or the relevance
decisions (e.g. Fig. 6.3P); it has been impossible to find any exception to
what can be claimed as a basic rule.

Quite the most astonishing and seemingly inexplicable conclusion that
arises from the project is that the single term index languages are superior
to any other type. This is mainly evidenced by the results based on the
normalised recall ratios of Fig. 5.15T, but also, although less obvicusly, by
the comparison of different systems using the conventional coordination level
cut-off (see Fig. 6.2P). This conclusion is so controversial and so unexpected
that it is bound to throw considerable doubt on the methods which have been
used to obtain these results, and our own first reaction was to doubt the
evidence. A complete recheck has failed to reveal any discrepancies, and
uniess one is prepared to say that the whole test conception is so much at
fault that the results are completely distorted, then there is no other course
except to attempt to explain the results which seem to offend against every
canon on which we were trained as librarians.
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NORMALISED .
ORDER . RECALL INDEXING LANGUAGE
1 65.82 I-3 Single terms. Word forms
2 65.23 I-2 Single terms. Synonyms
3 65.00 " I1  Single terms. Natural Language
4 64.47 : I8 Single terms. Synonyms, word forms, gquasi-synonyms
5 64.41 I8 Single terms, Hierarchy second stage
8 64.05 i 197  ©Bingle terms. Hierarchy first stage
7= 63.05 : I5  Single terms. . Synonyms. Quasi-synonyms
7= 63.056 . IIdl1 Simple concepts. Hierarchical and alphabetical selection
9 62.88 7% II40 BSimple concepts. Alphabetical second stage selection
10= 61.76 1114 Controlled terms, Basic terms
10= 81.76 «on II1-2 Controlled terms. Narrower terms
12 61.17 I8  Single terms. Hierarchy third stage
13 60.94 IV-3 Abstracts. Natural language
14 60.82 . .+ IV-4 Abstracts. Word forms
15 60.11 113 Controlled terms. Broader terms
16 59,76 Iv-2 Titles. Word forms p .
17 59,70 -+ III4 Conirolled terms. Reloted-terms Ny onel rgodls. .
18 59.58 ~ III5 Controlled terms. Narrewer—ami-broader—terms ol olich (G,
18 59.17 11186 Controlled terms. Narrower, broader and related terms
20 58.94 't IV-1  Titles. Natural language
21 57.41 .= II45 Simple concepts. Complete combination
22 57.11 ¢ o II-9 Simple concepts. Alphabetical first stage selection
23 55.88 i« II-13 Simple concepts. Complete species and superordinate
24 55.76 II-8  Simple concepts. Hierarchical selection
25 55,41 II12 Simple concepts. Complete species
26 55.05 II5 Simple concepts.  Selected species and superordinate
27 53.88 o 11T Simple concepts. Selected coordinate and collateral
28 53.52 113 Simple concepts. Selected species
29 52.47 Y4.% 1114 Simple concepts. Complete collateral
30 - 52,05 ¢ 114 Simple concepts. Superordinate
31 51,82 -~ I8 Simple concepts. Selected coordinate
32 - 47.41 .+ II-2 Simple concepts. Synonyms
33 44.64 I Simple concepts. Natural language

FIGURE 8.1T ORDER OF EFFECTIVENESS BASED ON NORMALISED
RECALL FOR 33 CRANFIELD INDEX LANGUAGES
{AVERAGE OF NUMBERS)
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Before considering some of the particularly striking aspects of the
ranked order of effectiveness as given in Fig. 5.157T, there are certain
points to be noted about this table. The normalised recall ratios range from
65.82% to 44.64% and this range encompasses some 33 different index languages
plus 14 languages {or options) of the SMART system. It is impossible to
state here what is a significant difference; most people who have been
consulted agree that anything less than 1% is probably of doubtful significance,
but that a difference of 3% or 4% almost certainly represents a significant
change in performance. Rather than itry to postulate on this point, we would
prefer to rely on the consistency with which certain actions have certain
effects,

For convenience of discussion, the normalised recall table, with the
SMART resulis deleted, is reprinted as Fig. 8.1, It can be seen that the
Single Term index languages rank 1, 2, 3, 4, 5, 6, 7=and 12 with the
normalised recall ratio ranging from 65.82% and 61.17%. Starting from the
base of natural language (with a score of 85.00%), the use of synonyms and
word forms shows a slight improvement, whereas an enlargement of the
classes by quasi-synonyms and hierarchical grouping detracts from the
performance.

Of the six Controlled Term index languages, that using only the basic
terms gave the best perfermance, with a ranking of 10and a normalised
recall ratio of 61.76%, this being a slight improvement on the lowest score
with a Single Term index language. As narrower, broader and related terms
are brought in, ranking orders for the other five Controlled Term index
languages are 10=, 15, 17, 18 and 19, with the lowest score being 59.17%.

The searches on abstracts and titles gave four languages which ranked
13, 14, 18 and 20, the range being from 50,94% to 58.94%. The abstracts
{which included titles)seemtobe marginally better than the titles on their own.
It is interesting that, with the abstracts, the confounding of* word forms
\ results in a slightly lower score, whereas the reverse is true with the titles.

The highest rank of the Simple Concept index languages is 7= with a
normalised recall ratic of 63.05%. Another language in this group is ranked
9, but the other thirteen Simple Concept index languages occupy the final
ranks from 21 to 33. The two Simple Concept index languages which perform
reasonably well are - surprisingly - those where the selection of additional
related terms is based not on the classification schedules but on the rotated
alphabetical index (see Vol. 1, Appendix 5.5).

In Fig. 8.1 it is significant that Single Term Natural Language I.1.a has a
score of 65,00%, while Simple Concept Natural Language II.1.a has the lowest score
of 44.64%. There is only one difference between these two index languages.

In the former, the single terms are free; in the latter exactly the same single
terms are interfixed into concepts. Index Language II.1l.a represents the
concept taken directly from the terminology of the document, e.g. ‘conical

afterbody®, 'centrifugal compressor’; Index Language I.1.a uses exactly the
same words, but they are broken down to the single terms, i.e. 'conical’,
tafterbody’, ‘centrifugal’, 'compressor'. It would therefore seem that inter-

fixing is such a powerful device that it can severely depress the performance

when calculated by the normalised recall ratio. Even when one considers the
performance by coordination level cut-off, it can be seen from Fig. 4.700T

and from the composite graph in Fig, 4.715P, that the Simple Concept Natural Lan-
guage II.1.,a has a very low maximum recall ratio, which is not compensated for
by a particularly good precision ratio. Because it is so relatively inefficient,

one finds that, for the Simple Concept index languages, the broadening of
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classes by the use of various recall devices resulis in a considerable
improvement in performance, which is contrary to the effect observed
with the Single Term index languages. This leads to the following conclusions.

There was in this test an optimum level of speéificity in the terms ‘
which were used. The conceptual terms of the Simple Concept index languages
were over-specific when used in natural language, this high level of
spécificity being related to the strength of interfixing between the single terms
of the natural language. Because of this, the broadening of the natural
language concepts into more general classes resulted in a significant improve-
ment in performance, in that ii helped to overcome the high specificity. On
the other hand, the Single Terms in natural language appear tc have been near
to the correct level of specificity; only to the relatively small extent of
grouping true synonyms and word forms could any improvement in performance
be obtained. Contrary to the experience of Simple Concepts, the broadening
of the classes by the use of quasi-synonyms or hierarchical grouping resulted
in a significant loss of performance. In between these two extremes of
Single Term and Simple Concepts came the Controlled Ter'msr Less specific
than the Concepts but more specific than the Single Terms, the effect of
broadening the classes from the Controlled Terms Basic Terms (Index
Langusge 1lI.1.a) was to depress the performance, although not to the same
extent as single terms. '

While the evidence is not so easy to interpret from the tables and plots
of the main test results as given in Chapter 4, it is quite obvious that
within the various groups of index languages - where a direct comparison can
be made - there is a difference between systems, and that these substantiate
the rankings which are given in Chapter 5.

To restate the main conclusions more precisely

i, In the environment of this test, it was shown that the best performance
was obtained by the use of Single Term index languages.

2. With these Single Term index languages, the formation of groups of
terms or classes beyond the siage of true synonyms or word forms
resulted in a drop of performance.

3. The use of precision devices such as interfixing and partitioning was
not as effective as the basic precision dewice of coordination.

In the light of these unexpected conclusions, it is necessary to consider
very carefully the test environment and to see whether there is any factor
which could have distorted the results.

The subject field is a matter on which it is difficult to argue. There
has in the past been a tendency to assume that, with an imprecise {mushy)
subject language, where the same notion can be expressed in several
different ways, there is the necessity for broad grouping of terms in the
index language. Yet it seems possible that this imprecision is such that it
is virtually impossible to make any logical practical grouping or class which
can improve overall performance. To form a single class of two vague,
imprecise terms may merely add confusion to confusion, so that any resulting
improvement in the retrieval of relevant documents is more than outweighed
by the increase in the retrieval of non-relevant documents.
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In Chapter 6, the results were given for a set of questions dealing with
aircraft structures, where, it has been earlier suggested, the subject language
is less mushy. The results are not easy to interpret, but it appears probable
that the assumption that aerodynamics represents the mushier language was
unjustified. In the final chapter of> Volume 1, we said that "It would seem,
that next to the question of relevance assessments, the determination of the
effect’ of subject language precision is the most important problem to be
tackled”, This opinion still holds, and we find it impossible to say categor-
ically that the subject area of the test collection did not have an influence on
the comparative test results.

Undoubtedly the size of the test collection (on which the normalised
recall ratios are based) is smaller than one would have liked. The test
results presented in Chapter 4, Section 1, show that the smaller sets of
documents and questions were representative of the complete document
collection and question set, but these tests were only concerned with the
Single Term index languages, and it will be necessary to await confirmation
on this point from the tests being carried out using the complete collection
with the SMART system. However, there appears to be no justification for.
suggesting that the size of the test collection could have significantly affected
the comparison between systems.

A matter that has already been raised in reviews of Volume 1
(e.g. Ref.14), and will undoubtedly be argued again is the matter of
relevance decisions used in this test. It was in fact considered in the earlier
volume, and the reader is referred in particular to the table on page 14 of
Volume I. However, since that section was written, the matter of relevance
has become the object of research and investigation in its own right, and it
may be worth reopening and expanding the argument in the hope that some of
the complexities introduced by psychological overtones might be clarified.

Consider first the matter of the evaluation of an operational information
retrieval system, which we have earlier described as covering all stages from
the first receipt of an enquiry to the stage of supplying the requester with the
references to the set of documents {or, if the system is so designed, to an
actual set of documents) which represent the system's answer to his enquiry.
It is particularly stressed that the process starts with the first receipt of
an enquiry. This enquiry is expressed in the form of a ''stated requirement";
anyone with practical experience of information work will know that quite

often the stated requirement is far removed from the real needs of the
questioner. The greater the expertise of the information staff concerned, the
greater the probability that it will be possible, before commencing a search,
to reduce the gap between the real and stated needs of the enquirer.

However, in such a situation, namely the evaluation of an operational
system, it is essential that the relevance assessments should be based on the
real needs of the questioner; it therefore follows that the questioner must
make the relevance judgements. Only if this is done can it be found whether
there are any errors {(i.e. the retrieval of non-relevant documents, or the
non-retrieval of relevant documents) which are due to a failure to bridge the
gap between the real and the stated needs. At the same time, however, it is
necessary to determine the relevance of documents in relation to the stated
needs. With these two sets of relevance judgements, it is possible to
pinpoint the reasons for the failures in the complete system.

These two types of relevance are called "user relevance" and "stated
relevance'. The former can only be decided by the questioner himself, but
"'stated relevance’ can be determined (as has been argued in the table on
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page 14 of Volume 1) by anybody with reascnable knowledge of the subject
field.

On the other hand, if the evaluation is only intended to cover a
sub-system of the complete operational system, such as the index language,
then there is not the same necessity of having "user relevance™ decisions;
in fact, such decisions could intrcduce an additional variable which might
mitigate against the interpretation of the test results, and a set of "stated
relevance’ decisions could be more satisfactory.

So far the argument has been concerned with the evaluation of operat-
ional systems. All the tests of experimental systems have been or are being
conducted in artificial, created environments. Under such circumstances,
Muser relevance’ decisions cannot be obtained, and in the few tests so far
carried out, ''stated relevance' decisions of one kind or another have been
used. However, in this particular project, as explained in the first Volume
{pages 21 - 23) an endeavour was made to simulate “user relevance™ decisions.
At the same time {and contrary to what was done in Cranfield I}, we delib-
erately eschewed any effort to interpret the stated needs; in all cases the
search terms were based solely on the terminology of the question. Whether
the original decision to simulate user relevance decisions was correct has
already been considered {Vol. 1, page 114) and {entatively the conclusion was
- there reached that it might have assisted the interpretation of the test results
if, instead, stated relevance decisions had been used. On the whole, this is
a view to which wes would still subscribe but for one fact. If stated relevance
decisions had been used, and assuming the test results had shown the similar
superiority of Single Term Natural Language, then it would have been virtually
impossible to refute an argument that the results were unduly influenced by
the relevance decisions.

In the artificial sifuation, a person - or a group of persons - is
presented with a search question (which may have been devised by someone
else} and a set of documents {or their surrogates in the form of titles or
abstracts) and told to make a series of decisions as to which documents are
relevant, He can be given specific instructions, such as the type of person
that he is supposed to be or the purpose for which he is supposed to require
the information. Whatever such instructions he may receive, he is ultimately
faced with a sequence of words which make up the question, and cther sequ-
ence of words which make up the documents, and by the intensity with which
the words and the meaning of the question appear to match the words and the
meaning of a document, he must decide that a given document is or is not
relevant to a given question. In this artificial situation it seems reasonable
to assume - and such experimental evidence as is available bears out the
assumption -~ that there will be a closer direct maich between the actual
words of a question and a relevant document, than 'is the case in the natural
situation of a questioner making user relevance decisions. Conversely, and
just as important, there will, in the artificial situation, be a lower match
between the question and a non-relevant document than will often be the case
with user relevance judgements,

Under such circumstances, it is highly probable that system perform-
ance will be better with stated relevance decisions, than with user relevance
decisions, since a source of possible error in the complete system has been
eliminated. This is not an impertant factor in the present investigation,
since the objective is not to obtain maximum performance per se, but is
concerned with the comparison between the performance of different index
languages. The important point is that stated relevance decisions which can
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only be based om a maich between words in the document and the question,
might be expected to favour systems using precise natural language, while
user relevance decisions might logically be expected to favour systems which
bring in groups of related terms. The conclusion is therefore reached
that the m v of obtaining relevance decisions in this test could not have
been responsible for the unexpected results, since any influence it might have
had would have iended to work in the opposite direction.
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‘search on abstracts, Intermediary were the three levels of indexing done
by the project staff. Figure 8.2T shows the normalised recall ratios
obtained in these five cases, all using natural language terms.

Index Language Average No. Normalised Recall
of Terms Ratio
Titles : 7 59.76%
Level 1 Single Term Natural
Language 14 62.88%
" 2 Single Term Natural
Language 22 63.57%
" 2 Single Term Natural
Language 33 65.00%
Abstracts Approx 60 60.94%

FIGURE 8.27 NORMALISED RECALL RATIOS FOR FIVE
LEVELS OF EXHAUSTIVITY

There is the possibility that the selection of terms by the indexer
was more descriptive of the document content than those terms used for
the titles and the abstracis, but the main variable in these five results
concerns the level of indexing exhaustivity., It would seem that while
the titles were at too low a level of exhaustivity, the gradual increase in
the level, up to an average of 33 terms, brought about an improvement in
performance, However, the higher level of exhaustivity represented by the
abstracts {probably about 80 terms per document) was too high, resulting in
the retrieval of large numbers of additional non-relevant documents, so that
the performance only represented a slight improvement on that obtained with
titles. This hypothesis is supported by the effect with titles and abstracis
of enlarging the classes by the use of word forms. With titles, where it
has been shown that the level of exhaustivity is too low, the use of word
forms improves the normalised recall ratio from 58.94% to 59.76%. With
abstracts, however, no such improvement is noted; already there are too
many terms and the use of word forms results in a fall from 60.84% to
80.82%. Admittedly this in itself cannot be considered a significant change,
but taken in the context of the other results, appears fo be of some import-
ance.

The compilation of the dictionaries or schedules was done, in the
main, by Mr. Jack Mills. Although there can be few people more comp-
etent in such work, there can obviously be no guarantee but that different
classes in the Single Term index languages might have given an improved
performance as compared to natural language. However, it seems unlikely
that the classes prepared for the Simple Concept index languages could have
been solely responsible for the relatively voor performance as compared to
the Single Term index languages, With the Controlled Term index languages,
the classes of terms were formed on the basis of groupings given in the
Thesaurus of Engineering Terms of the Engineers Joint Council, yet the use
of any groupings except Narrower Terms (Index Language III,2.a) resulted
in a loss of performance.

In Chapter 3, the statement was made that for any given question, the
total number of postings of the search terms of that question must be equal
to the total number of retrievals at the various coordination levels. To
explain this poirﬁ with a simple example, assume the search programme is
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made up of four terms A, B, C and D, each of which have been used five
times in the indexing of a set of documents as follows {x represents any

other term or terms also used in indexing the documents):

Documént
Number

Q1 WD e

et
O W -3

11
12
13
14
15

18
17
18
18
20

Index
Terms

ADx
b'd
ACx
X
BCDx

Searches for any combination of A, B, C and D would result in

retrieval at various coordination levels

Coordination Level

as follows:

No.

of Documents Retrieved

Thus the sum of the retrievals {1+3+6+10=20) is the

number of postings for the four terms.

1 {Document 9)
3 (Document 9,
6 (Document 9,
10 {Document 9,

7!

5, 15)

5, 15, 1, 3, 11)
5, 15, 1, 3, 11
13, 17, 19)

same as the total

The particular significance of this point is the effect on retrieval

Assume that the search terms are
broadened by being grouped with a related term, A,, B;, Cj or Dy, and
that these related terms have alsc each been used five times in the same
set of 20 documents, the indexing being as follows:

performance of enlarging the classes.
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Document Index

Number Terms
i ADx
3 ACDIX
4 le
5 BCDAIX
6 Clx
7 BC:!LX
9 ABCDx
i0 Alx
11 BDA;x
12 Clx
13 ABICIX
14 D.x
15 B&Dx
186 D.x
17 Cle-!X
i8 Cyx
19 Ax
20 le

Assuming the search now is for any coordination of (A + Ay}, (B + ByJ,
(C + Cy) and (D + Dyp), the retrieval at different coordination levels will be
as follows

Coordination Level No. of Documents Retrieved

4 2 {Document 5, 9)

3 8 (Document 5, 9, 2, 3, 11, 13, 15, 17}

2 10 {Document 5, 9, 2, 3, 11, 13, 15, 17,
. 1, 7

i 20 (Document 5, 8, 2, 3, 11, 13, 15, 17,

1, 7, 4, 6, 8, 10, 12, 14, 18, 18, 20}

Again it is shown that the sum of the retrievals (40) equals the iotal
postings for the four groups of terms. Assume now that there were four
relevant documents, numbers 3, 7, 9 and 15. The performance in the two
cases would then be as follows

Coordin- Case A . Case B
ation R N-R Recall Prec- R NR Recall Prec-
Level Ratio ision ision
Ratio Ratio
4 1 0 25% 100% 1 1 25% 50%
3 2 1 50% 66% 3 5 5% 38%
2 3 3 5% 50% 4 6 100% 40%
1 4 6 100% 40% 4 18 100% 20%




While this particular result has obvicusly been prepared to illustrate
the point, it would seem that this is an example of what has been consistently
happening in the test searches with the Single Term and Controlled Term
index languages. Whereas the broadening of the term classes has increased
the recall of relevant documents at higher coordination levels, the effect of
doing this has been more than offset by the increased number of non-relevant
documenis. Only when the index terms being used are too precise, as in the
case of the Simple Concept Natural Language, can the formation of broad
classes of terms bring about an improvement.

Finally, it is necessary to consider the measures which have been
used in this test, and to ask whether it is possible that some other measures
would have brought about a change in the comparative results. Obviously
suspect is the normalised recall ratio, based on a simulated rank output.
While at first it might seem that such a measure is likely to weigh in favour
of systems having high recall ratios, it is in fact mainly influenced by the
first two ranked documents. At this stage, the recall ratios, as can be seen
from Figures 5.11T - 5.14T, are as follows

Recall Ratio at Index Language
Document Output
Cut-off of 2

23% 1.2, 1.3

22% I.1

21% 1.6, 1.7

20%

19% I.5, 1.8, I11.9, 111.2
18% 1.3, II.12, 1Iv.3, 1v.4
17% .10, 1.1, 1v.i, 1v.z
16% 1.9, IiI.11, 1i1.3, III.4
15% 1.5

149, I1.13

13% 1.2, 1.8, III.5

12% Ir.1, II.4, I1I.8, III.6
11% Im.7, 1I.15

10%

9% II.14
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It will be seen that with the exception of Index. Language II.3, which(at 18%)

rises from 28 to 10=, there is a strong correlation between this ordering and
the final ordering as given in Table 8.1. With the document output cut-off
method, recall and precision are, as we explained earlier, completely
interdependent, and therefore it would appear to be a measure that is quite
impartial as between recall and precision. II is known that others are
investigating different measures, and most of those that have been proposed
have already been considered in Chapter 3. Now that the resulis of this
test are available, it is to be hoped that proponents of new measures will
be able to demonstrate any superiority over those used in this report.

Until such time, there appears to be no reason to suggest that the measures
have affected the comparative results.

With the possible doubtful exception of the subject field, there appears
to be nothing in the test environment which could be held responsible for
serious distortion of the resulis as between one system and another, There-
fore it is necessary to proceed on the assumptiion that the results are

L



correct, and attempt to find the reasons why they should be as they are.

It would be guite incorrect fto suggest that no-one has previously argued
in favour of single terms, natural language and coordination, for these were
the bedrock of the Uniterm System of coordinate indexing as originally
propounded by the late Dr. Taube in 1951. But while the device of coordin-
ation - or, as we would now term it, post-coordination - continues in favour,
there are few who now accept (for Information Retrieval Systems) uncontrolled
vocabularies, and some who insist additionally on the use of links and roles,
Even Dr. Taube himself was, within a couple of years of the inception of the
Uniterm System, to start devising associated maps, and there is no indic-
ation, in the writings at that time of the group at Documentation Inc., of any
awareness that the resultant increased recall would be more than offset by
the lower precision.

There are doubtless indexes in existence which follow the original
Uniterm principles, but one of the few persons who' has consistently, in
print, advocated the use of natural language and coordination is Mr. Th.
te Nuyl with his L'Unité System (Ref. 16). Even so, for most people L'Unité
System will be associated mainly with the ingenious coding system rather
than the use of natural language, It is of interest to note that the clustering
of the natural language terms into broad alphabetical groups (as in L'Unité)
brings about the confounding of word forms, so, possibly unintentionally,
te Nuyl did adopt a coding device which was, it would appear from the
results of this test, the only way to improve performance over natural
language.

Then there are, of course, permuted title indexes, which use the
natural language of the title, but these can hardly be considered in the same
light, since they do not have the facilities of post-coordination.

Therefore it is against these few that are ranged, for instance, the
activities over the last fifty years of the Universal Decimal Clasgification,
which is probably now more widely used than ever before. At the same
time, a large number of national and international organisations are
engaged in-'constructing thesauri, while many groups in the research field
are endeavouring to develop computer methods for the formation of classes
of terms (e.g. Ref, 17).

The effort that is put into these activities, by whichever process the
classes may be formed, is presumably influenced by the widely held
belief that it is only by such means that a high recall ratio is obtainable.
Yet even in Cranfield I we reported that a recall ratic of 97% was possible
merely by using the words in the titles. There was no way of knowing in
that experiment the corresponding precision ratio, but it was not only
assumed {(correctly) that it would be very low, but it was also assumed that
it would be lower than would have been the case if such a recall ratio had
been obtained with a conventional index language.

As far as this test is concerned, the latter assumption would be
unjustified; is it now reasonable to assume that the grouping of natural
language terms to form controlled vocabularies, or the broadening of
search strategies, must inevitably result in a loss in overall performance?

We would certainly not make such a statement on the basis of this
single test; however, it would be surprising if the comparative test results
were peculiar to the particular environment of this test, and it does seem
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that the results are sufficiently convincing to bjustify a fresh look at firmly
held beliefs.

The present position is that, in the very large majority of cases, the
manager of an information retrieval system employs indexers who apply their
intelligence to the documents which are to be entered into the system. The
indexers select the important concepts which they then translate into the terms
of a controlled vocabulary {e.g. a thesaurus or classification schedule). This
has possibly involved a considerable amount of intelligence in its compilation,
and requires more intelligence for its maintenance. At the stage of a ques-
tion being received, the search staff will apply their intelligence to deciding
the exact meaning of the question and to preparing a suitable search programme,
using the terminology of the system. In doing this they will take advantage of
the intelligence that has been applied to denoting the relationships between the
index terms, either in the arrangement of a classification schedule or by the
visual display of a thesaurus. Normally the search is then made, and the
questioner receives the output.

It would appear to be a reasonable assumption that the more intelligence
that is applied to any of these three stages (i.e. the indexing, the compilation
and maintenance of a controlled vocabulary, and the determination of the
search strategy) the better the result should be in terms of recall and
precision. For example, the most direct measurement {which can be isolated)
of the effect of using intelligence in this project is given in the series of
results presented in Figures 4.840FP - 4.845P, and again in Figure 5.21T,
From the latter it can be seen that Search E (where intelligence was used in
deciding the acceptable combinations of search terms) resulted in a 1% - 2%
increase in normalised recall ratio as compared to Search A (where any
combination of terms was accepted).

However, the mere use of intelligence is not enough, for in all cases it
is necessary that the intelligence should be applied intelligently in relation to
the needs of the system. An example of this relates to the level of exhaust-
ivily in indexing. One cannot say categorically that the selection of seven
terms to index a document indicates more or less intelligence than the
selection of sixty ferms, for it could be argued that, while the latter
certainly requires more clerical effort, the former requires more intelligence
in seleciing the most important terms. However, in the environment of this
test, the resulis show that intelligence was more effectively applied in
selecting an average of some thirty-three terms for indexing. (It should be
emphasised that this is in no way intended to imply that this level of
exhaustivity would be the optimum in a different environment.)

Intelligence is a valuable - and relatively expensive - commodity, and
should be used in the most efficient manner, An interpretation which could
be placed on the results of this test is that there may well be operational
situations in which one should take advantage of the intelligence that has

"already been applied by the author of a paper by accepting as index terms the

key-words in the title or abstract. There is the folk-lore that titles do not
represent a correct indication of the content of the document or that authors
cannot write reasonable abstracts, ‘and everyone can quote examples where
this is the case. Such examples are, however, comparatively rare; for
instance, of the many thousands of research papers issued by the National
Aeronautics and Space Administration, it would be very difficult to find

a single paper where the title did not present an adequate representation

of the main subject matter or the summary did not cover all the items of
importance. We would therefore argue that, in many operational systems,



a case could be made out for dispensing with indexers within the system
and for using the persons thus displaced to screen the search output. The
indications are that information staff, merely on the basis of reading titles,
can guickly and reliably screen out between 50% and 80% of the non-relevant
documents which are veirieved in an average search, without any loss of
relevant documents, Such a process would, in many cases, result in a

far better service fo the user, by giving an operational performance higher
tharn that now obtained.

Additionally it can be argued that there are situations where the intel-
lectnal effort involved in the construction and maintenance of controlled
vocabularies is unjustified, It is with very sirict qualifications that this
viewpoint is advanced; in certain subject fields it is almost certainly not
true. One critical factor (there are certainly others) could be the occurrence
of real synonyms as opposed to quasi-synonyms, or near-synonyms. To
illustrate the difference between subject fields, it has been said that there are
tweniy-one synonyms for the term 'aspirin’ (apart from irade names), any of
which may be found in the literature, whereas in the subject field used in
this project the number of irue synonyms (in contrast to quasi-synonyms) was
relatively small, the improvement in performance by grouping synonyms was
equally small and was hardly sufficient to justify moving from natural language
terms. I{ is difficult to believe that a controlled vocabulary should be less
efficient than natural language, even though the evidence of this test points
to such a conclusion. Apart from the theoretical reasons already advanced
for this being so, there could be a more fundamental reason, and the answer
may again le in the intelligent application of intelligence. No one could deny
that a large number of highly intelligent people have given a considerable
amount of time to the maintenance of the Universal Decimal Classification or
to the preparation of the Thesaurus of Engineering Terms of the Engineers
Joint Council. It can, however, legitimately be asked whether these activities
represent intelligent applications of intelligence., It may, in fact, be not
possible to generate an efficient controlled vocabulary without the applied and
close attention, over a relatively long period, of the professional staff of the
operating group.

This test has shown that natural language, with the slight modifications
of confounding synonyms and word forms, combined with simple coordination,
can give a reasconable performance. This means that, based on such practice,
2 norm could be established for operational performance in any subject field,
and it would then be for those who proposed new thesauri, new relational
groups, links or roles, to show how the use of their techniques would improve
on the norm. The availability of a computer programme, such as a simplified
version of the SMART programme of Professor Salton, would make this rela-
tively inexpensive.

Every quotation that has been taken from the bock by Professor Wilkins
is relevant to our final argument. We make no forcasts that a coordinate
system will break down when it"reaches a certain size, or any other specul-
ations of this kind, for there is nothing that has been done in this project -
or in any other experimental project recently completed or under way - which
can justify categorical statements of this nature. As Cranfield I gave indica~
tions of the situation over the general field of information retrieval systems,
so this project has shown, in a more specialised area, some of the basic
problems which beset any and every operator of an information retrieval
system. The results can be taken as an indication of what might be done to
improve efficiency, but the application of the results to any given situation
can only be on the basis of an evaluation of the operational system concerned.
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In conclusion, we make no apology for repeating the guotaiion given at
the beginning of this chapter

"The first step in testing a theory (qua theory) is to examine it
to see what deductions can be made from it - to set up post-
ulates which may be tested either experimentally or by observ-
ations of the 'real-life' situation. This is to say, the first
step in testing a theory is to state the practical consequences -
of it. If the deduced practical consequences (operational
definitions) are proved to be unsustained, the theory is discre-
dited. No theory can ever be proved to be true; it is held

for so long as no better theory can be found."

To put it more colloquially "the proof of the pudding is in the eating'’,
It must remain so with the results and conclusions of this project.



10.

11,

13.

14.

STEVENS, N.D.

AITCHISON, J. and
CLEVERDON, C. W,

VICKERY, B.C.
SWETS, J.A,

FAIRTHORNE, R.A,

REES, A M.

SINNETT, J.D.

GOFFMAN, W. and
NEWILL, V.A.

VERHOEFF, J.
GOFFMAN, W. and
BELZER, 7.

KENDALL, M.G.
and STUART, A.

MORONEY, M.J.
CROXTON, F.E. and
COWDEN, D.J.

SALTON, G.

- 264 -

REFERENCES

Review of test reports of Cranfield I.
Library Resources and Technical Services,
8, 1964, pp. 87-90.

Report of a test on the index of metallurg-
ical literature of Western Reserve University.
Cranfield, 1963.

On retrieval system theory. 2nd ed,
London, Buiterworths, 1965,

Information retrieval systems.
Science, 141, 19863, pp. 245 - 250.

Unpublished notes.

The evaluation of retrieval systems.
Comparative Systems Laboratory Technical
Report No. 5.

Western Reserve University, 1965,

An evaluation of links and roles used in
information retrieval.
Dayton, Air Force Materials Laboratory,
1964, :

Methodology for test and evaluation of
information retrieval systems.
Comparative Systems Laboratory Technical
Report No. 2.

Western Reserve University, 1964,

Inefficiency of the use of Boolean functions
for information retrieval systems.
Communications of the Association for
Computing Machinery, 4, 1961, pp. *557-558,
594, :

The advanced theory of statistics.
London, QGriffin, 1961.

Facts from figures, 3rd ed.
London, Penguin, 1865.

Applied general statistics.

.New York, Prentice-Hall, 1832,

Progress in automatic information retrieval,
I.,E.E.E. Spectrum, August 1965, pp.. 90~
103.

_Review of 'Factors determining the perform-

ance of indexing systems', Vol. I.
Times Literary Supplement, Aug. 11, 1966,



15.

18.

b

VICKERY, -B.C.

te NUYL, Th. W.

NEEDHAM, R.M. and
SPARCK JONES, K.

- 264a -

Review of 'Factors determining the performance
of indexing systems’, Vol. I.
Jnl. of Documentation, 22, 1966, pp. 247-249.

The L'Unité mechanised documentation system.
Revue de Documentation, 28, 1962, pp. 140-
147.

Keywords and clumps. »
Jnl. of Documentation, 20, 1964, pp. 5-15.



- 265 -

APPENDIX 3A

TABLES OF GENERALITY NUMBER, AND FALLOUT, RECALL AND
PRECISION RATIOS )

These tables provide a method of conversion between the recall,
precision and fallout ratios and the generality number. The equations on
which the tables are based, are given on pages 41 -~ 42,

The method of using the tables is as follows. Assume three separate
gsearch results where in the first case the generality number is 2, in the
second case it is 5, and in the third case it is 25. At 60% recall ratio, the
precision ratio is 15% in the first case, 25% in the second case, and 60% in
the third case. It is desired to equate the performance in regard to recall
and precision.

The correction is done by converting the precision ratios to what they
would be at a generality number of 2. Reference to the tables for a general-
ity number of 5 (page 270) shows that for a recall ratio of 60% and a precision
ratio of 25%, the fallout ratio is 0.905%. Reference to the tables for a
generality number of 2 (page 267) shows that for a recall ratio of 60% and the
fallout ratio of 0.905%, the precision ratio would be approximately 11%.

For the third case, where the generality number was 25, reference to
the appropriate table on page 281 gives a fallout ratio of 1.026% for a recall
ratio of 60% and a precision ratio of 6§0%. From page 267 it is found that
this fallout ratio of 1.026% at 60% recall occurs with a precision ratio of
approximately 10%.

The original and corrected ratios are then as follows:

Generality Recall Precision Fallout Corrected
Number Ratio Ratio Ratio Precision
Ratio
1.] 2 60% o 15% 0.681% 15%
2, 5 - 80% 25% 0.905% 11%
3. 25 50% 60% 1.026% 10%

This shows that the first case represents the best performance.
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Table of Fallout Ratios for a Generalily Number of 3.0
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Table of Fallout Ratios for a Generality Number of 4.0

0§
120
250
3e0
400

Se 0
7w 5
1050
1345
P59

2080
2540
30e0
S0
40q €

4500
5060
53e0
660
6500

T2
T8e0
8os 0
85.0
T90s 0

9500
40050

R

Se §
140
200
380
44 ©

560
Fe§
1040
13a35
1540

200
3500
3000
3520

4000

450
5040

§560

6040
65s0

T0e
7560
8ae0
85,0
90a0

G590
4000

S

30996
16088
esgBg
©e 649
0o 482

e 382
052 48
LPER-T)
Oe % 4%
L PEEW]

o,080
oe0bo
000647
2037
5030

0a025
0,020
@046
0,017
Ga011

©a 009
0. 007
0,005
06004
D002

Vs 001
0w 000

55

435936
256867
10,823
Tot 42
50301

42 297
2:7% 4
1,088
15546
1,252

0,884
0,661
05545
0o 440
05332

05270
@,224
Gy 108
Ou % 47
0s 338G

92095
©s074
020353
00039
6a025

Qe QL2
Q5000

ia

70993
32976
12968
L2299
20964

00 70%
Do 4G5
04363
c.381
0s228

0. 168
GalB0
Be 004
0.075
Ga0ho

04040
a0 40
0,033
Do ORY
De032

©e087
0.057%
G2050
0,007
0e00 4

D002
Ve QOO

60

472952
230835
1is807
TeFou
52783

40578
A Q72
24169
35687
1e385

02064
6723
oo 562
04.448
06361

0.263
5e2 48
TR ¥
0e 363
9. 430

0p 303
0s08¢c
ce.0b0
T80 4%
Ce027

0,01%
0,000

i3

110,088
5.664
2,033
s 04l
L

G0l 45
s 743
T § 42
Do 423
Ds 342

002 44
oe183
05 444
Gs Al
02200

[e e

0074
s0f0
20049
05040
90073

0a0206
Da020
Be015
Cu0Ld
02007

0,003
00000

EH

510948
250843
122793
Bs 440
6,265

40950
362%0C
%0349
15827

is 479

10044
a.78%
ceb0g
06485
00392

00349
00261
Cu21 4
PEL Y
Sed 4t

[ TEE ]
ase8y
6a006%
950 46
De02G

Qa0 4
05000

150984
72952
30936
2597
10028

10526
[PR1 33

0s72%"

oe 562
Qe 455

09324
Cw2 43
0,187
et 40
Tsi20

G, 008
2,080
Ge0b6
005 4
00043

0,034
0s027
0,020
0401 4
0009

0,004
0:000

Fo

552944
27894
13775
90 GQO
6o747

Se3 4L
36 467
29530
1.668
10593

1012 4

0a843 "

0s656
cs522
00 432

Pe34d
002838
092730
0,387
- PEAE

Dei2Q
Ca094
00070
00050
6e031

0.015
Qe DOC

2%

100080
90940
40920
342 46
%6 410

102908
12238
0504
0s70%
as369

06 402
65304
08254
22286
0,151

0e123
Qal00
o,082
8,067
0e05 4

0e0 43
60033
GL025
0s018
0,044

06005
05000

75

592940
290819
142759
90739
Ts229

56723
36745
2711
2.308
19707

16205
0090 4
05703
90559
os 452

0,368
05304
0ez 45
06201
04162

06329
Del00
0a075
020353

0e033

00106
08000

30

230976
110938
59904
32896
2.892

2+289
14 486
10084
os 843
0s 683

ow 482
0. 361
0s:251
02224
00181

Oe 1 47
00 120
0,099
0q080
0.065

0,052
Oa 040
0.030
Ca024
0e013

09006
0,000

8o

63,936
31,807
15743
106388

To7ad

6,104
364963
20802
28249
12821

10283
00964
0e750
Ge 597
os 482

02393
0x32%
0s263
0e21 4
0037%

0,138
os 107
0,080
0057
0p036

CaGLT
0,000

35

" 27,972

£30916
6,888
4e 545
30373

2,671
12734
15208
G298 4
0s 707

0. 563
9. 422
0,338
0,261
0,211

anif2
0ot 4l
0s15
0009 4
0s076

02060
00047
00355
0,028
06046

05007
Cs0O0

83

67.932
334795
160727
110037

8o193

6. 486
40210
35072
24350
10934

12365
12024
65797
0o 634
0 512

05 447
Daed 41
0.279
0,228
0e184

0e1 46
Os 34
0,083
ce0b0
0s048

0s018
04000

40

320968
£50904
7:871
50294
3855

22052
14081
1o 446
1042 4
02940

0s643
os 482
2o 375
2,298
a2 41

Ge 106
04463
00 i3
00207
s.086

0,669
0:s054
000 40
ne028
0s018

0,008
00000

Q0

710528
354783
176744
110687

8a675

6,867
4 458

35253

25530
24048

1e 446
1,084

05843

0,671
0o 542

Ce 442
0361
0295
053 44
0e19§

04155

Qe i20
02000
0e064
000 40

0019
Qe OO0

45

15.964
17.892
8,855
50843
40337

3+ 434
3:229
1,627
12265
12024

De 723
046543
o 428
0. 336
05271

0e2248
0s18s
0o 1 48
©s120
G097

9,077
cs060
020 4§
0e032
0,020

0eCi0
D000 -

50

39+ 960
19880
92839
6. 493
4s819

34813
20 477
16807
15 406
1,438

0s807%
e b02
0o 450
00373
05304

052 45
06204
0s164
22194
os 308

00086
0,067
05050
02035
0,033

DeOLi
Ta00D

L00

792920
39759
192679
125983
9+ 639

70631
40953
3s61 4
2814
2,276

150606
12203
02937
05746
o0 602

0o 40%
0s 403
0e329
Ge2 68
0,216

05172
0si34
Ce 400
0s07%
0.0 45

Qe 021
DaO0Q



Table of Fallout Ratios for a Generality Number of 5.0

R~

Ge§
L0
290
3=0
4o 0

Se0
75
10,0
1265
1520

2040
35e 0
3000
35«0
4060

45090
§06 0
j5e0
G0, 0
S5e0

JOa 0
75s0
8vs0
8s5.0
00, 0

95e0
100,0

%6 §
400
250
300
4o 0

560
Te§
10,0
1203
1500

2000
2550
3000
350
4060

45690
5000
3500
6o, 0
6550

T0s0
750
B8o.0
85a0
GG ©

9350
100,50

55000
20 487
10231
0.812
ceb03

Qe 477
o310
64220
00176
0o 142

0s104
0075
0s 059
s 047
050138

G031z
0,033
0e02¢
0,017
0o04 4

0o014
0s 008
0,000
0e00 4
00073

CeO04
Ce 00O

55

560000
270362
130543
B8eg36
6,643

50251
39 400
20 487
40935
1»566

15300
oslizg
93645
Qe 3523
s 415§

04338
0s376
0e236
os 184
Go i 49

0s248
0o092
0e,06g

02049
©0s031

05015
06000

i0

10.000
40975
26 462
10623
10200

90955
ceb20
Ce 452
Ge352
2,283

0e201
0251
Gal17
0093
0:075

5,063
02050
e 44
9:034
62027

0s023
0017
0y017%
0s009
0.0056

056073
06000

6o

604000
390849
240774
90749
70235

5729
30749
2.714
2,411
1s700

1.206
06905
©e 704
0s 560
Os 452

0. 369
De 302
Sa2 47
G204
Go162

05139
0o 104
0,073
04053
0034

0s016
0s 000

i3

155000
7+ 462
3+693
29 437
1. 809

1o 432
0e 030
©s678
os 528
0 427

0s302
04286
o176
e % 40
0e 4173

00002
0.07%
0,062
0:050
0o0 44

0,032
0,035
0e019
0:017
0,008

02004
0e000

63

65,000
320337
165003
100561

72839

6,206
40028
20940
2,286
128351

10307
2s 980
05762
0s 607
Os 490

00399

06327
6o2b7
Ca218
Bei76

0o 4 40
©s109
o.082
05058
06036

0017
65000

30

20,000
92950
40935
3s250
3s 412

ie940
102 40
295905
0o 70 4
0s570

o 403
00302
Ce235
0s 187
0si§i

0o 1273
QelOl
0,082
0e067
0s05 4

000 43
000734
0,025
ca018
0,011

26005
05000

70

T02 000
342824
1742736
110374
8. 442

6,683
42338
33&56
24 462
10993

16 407
10055
0eB24
0s653
0528

Os 430
Gel532
0,288
00235
ve28g

Ooljt
00817
0,088
o062
030

02019
o000

25

25,000
120437
6e156
45062
36045

20387
15549
1434
0879
G5 TLZ

035032
95377
G293
0:233
05488

0s154
ceizd

05103

084
oe0l8

0s054
00042
06031
0e032
Gs01 4

06007
05000

75

752000
376312
184 467
120186
90 45

7ot 62
40 648
je392
24638
2436

15508
1e831
0.879
Qg 700
05565

0o 461
Ce377
0s 308
G254
04203

00162
05126
0509 4
0,067
04042

00320
05,000

30

305000
140925
74387
40874
30618

2,864
ie839
1: 357

15058
cs854

0. 607
0a 452
00383
0e200
0,226

90184
Op 154
0s 4273
00 103
os081

o063
06050
0,038
06027
Co017

03008
0,000

8o

80,000
396799
19,698
12.998
96 648

7.6338
42958
35618
26814
20278

4,608
1s208
02935
O¢ 7 47
0s 5073

o 491
0e 402
0s329
0,268
0,216

0e172
Ce 134
05101
0. 071
09045

0021
0e 000

35

33:000
17s 442
8,618
52687
45231

30342
25169
15583
102731
00997

0704
09528
06 440
82327
ce264

0:2385
0ei706
Cod 44
P EL ]
0095

0075
0,059
0:044
05031
06020

06009
04000

85

850000
420286
20,5930
13,811
1092351

Bo116
54268
30844
29950
2.4 430

10700
16281
0e 997
0793
06644

00 522
0% 437
02349
0,285
0s230

0,483
0ol 42
0o 307
00075
00047

0022
Qe 000

40

400 000
195:890
9.8 49
6o 499
4e82 4

30819
2e 479
10809
i1 407
15439

oeB04
2,60%
2e 469
©e373
05303

003 46
0s204
vasby
06134
00108

05086
0s067
05050
06035
Ge022

CaD14
G000

90

005000
44277 4
22,164
140623
106854

85593
50578
460770
30166
20563

13809
12357
100585
06 8 40
0,678

00553
0s 452
06370
06302
Ce2 44

06104
0sl5d
Oelil
0q080
06050

0e02 4
05000

45

45000
224387
tis080
7e312
50427

46296
26789
2,035
15583
10281

0 QOGS
0.672
0s528
B 420
2s339

0,276
0e226
00183
Ced gl
©.122

0007
0s075
0:057
040 40
00035

0e042
0s 000

95

956000
470261
234392
150436
11e 457

96070
59888
40296
30342
2,703

1010
te 432
te84 4
0,887
0e7L 5

0583
00 477
0301
0,318
0:257

052038
Gs1359
0eitg
0,084
06053

00035
00000

50

505000
24¢874
126312
8o124
6,030

4077 4
30099
22361
12759
do 42 4

15005%
e 754
00586
0s 467
0s377

Qe 307
0354
0,200
00168
06135

0,108
00084
Ge067%
Ce0 44
0p028

Gs043
06000

100

16065000
4907 49
240623
26,248
12,060

9e 548
64493
40523
305i8
20848

2,010
16508
1173
02933
06754

0. 64 4
06503
05 421
. ©e335
00271

06245
0,168
Gat2l
0s089
0,056

0026
0s000



- 271 -

Table of Fallout Ratios for a Generality Number of 6.0
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Table of Fallout Ratios for a Generality Number of 12,5
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Table of Fallout Ratios for a Generality Number of 15.0
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Table of Fallout Ratios for a Generality Number of 17.5
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Table of Fallout Ratios for a Generalily Number of 20,0

R=

el
a0
20
3e0
490

Be0O
(M
I0=0
LR
L5090

3060
4550
38e0

450
4000

A£85+0
5000
55=0
G090
6500

FQe
7590
8.0
8500
900

950
000

L
T.0
Ba0

Fa0

440

500

Feb
00
I35
540

3060
3500
ABaD
35e0
4050

4590
3040
550
6060
85.0

FQe0
75e0
8os0
8500
9000

Q5 e0
ifoc.0

300306
10103
56000
32299
40449

1939
20250
©+918
BTl 4
0@576

85408
@o30d
2338
0150
©e353

De135
6s103
oe083
2.068
0+055

Do 44
QD34
0026
5.018
CeOLE

04005
6s000

335

550000
364293
260939

2Es327 .

23844
10103

74887 .

60361

40490

30367 .

2:619
2@065
12684

2:39%
1s123
00918
02748
Debhog

0eaBx
Be374
[ TEY 3
0:1068
Delal

G050
DeDOO

40005 3
23022304
200000

6:599
40808

50878

3o0517 .,
2827,

10420
50156

G816
806313
2s476

8379
Bo306

B34S
20504

2e167 .

00235
GeZiG

Be087 .

Ga068
0053
50036
020383

G a0311
DeGOO

o

600000
39532
290388

230265
EF103
X030
8.57%
5+939

40808
30673

2e859 .

22374

2837,

2497 .

0224
2003
0816
0eb59

Qo555
Dednld
D306
G251
De13d

0et64
G000

t§

600018
100306
2155000

9898

Ta347.

3+836
30918
50753
Bol4l
1935

To224
6691l
DeFL 4
0s569
8o459

Ce374
oag0b
BoB§50
00304
Be1by

RS £ 31
0s108

QaGT .

Le054
8034

[ ¥3-3 1)
0000

63

550000
420802

38837 .

280304
§6.36%

116939
90286

Te387 .

50306
2s980
32993
3&454
Fe990

L0621

Te327 .

Te08§
0,884
0754

LR L)
D442
©:332
00234

Celdq .

D070
@s000

30

8ro334
400408
30 2600

23207 .
80796,

Ta758
Jo034
30673

2@837,

23838

20633
fe234
Qo952
@9755
as613

20499
Be4nd
2334
Bo373
De330

©e175
2s236
0s3102
8072

G045

Bo0RE
B0000

Vi

70 2 DB
460290
3402386

272343
272000

13857 .

i o000
B.29%

5724
40386
32333
80654
25343

2e746
84439
Fe269
$2952
6.769

Debia
00476

8357 .

0253
0859

ve@7Y
V2000

35

§0e3E0
250000

16497 .
E3e24§

9e604
65293
40593
30378
3@693

30048
3538
fek90
o048
Ge76%

60634
0e§I0
DeblF .
o} 40
Ge375

Go3EG
0s290
0.228
0G0
Qo057 .

0037,
@s800

735

F50000
49e490
360735

2006583
i8.878
830776
207214

8.671

6s123
42393
32378
20843
20396

Fefiqy
24538
Ee852
E2020
ce8ag

oab56
DejRO
00383
Ce370
BeLTQ

oe0dz
BOOO

30

60613
3860000
190796
24:694

I1e633
YERME
§e5to
40286
30469

Bo44G

2o837 .,

Ie429

10157 .

0918

Be748
Ga6%ia
09501
os408
00330

0:363
Vo204
Bl 573
0108
C0068

8033
0+000

8o

Bo.000
320789
390284

33030
300136
140694
Iled29

90253

60533
4898
30810
35032
20449

16993
Kaﬁgs
10336
10088
6s879

02700
Ge544
0eq08
0388
0e281

00,086
Cs0O0O

35

10714
350000
23035
170243

$3057%
Ba830
Go g9
4000
4e0 48

208579 .

Fef43

10669 .
Le337 .

1074

5:873
Ga7L4
62504
204748
05385

00300
00338
Ve IFG
Be136
G.07Q

00038
0000

83

d5.000
560088
420633
32959
323935
XS@éXS
132143

90830

$2938
5204
40048
10332
2-602

ZeL3C
2735
1:4%9
Ta156
De934

00743
06578
EER XX
Be3006
902973

00002
0000

40

80,826
46000
260398
L9593

Ige5E0
ta.068

Fa347.

Se7h4
406236

2086%
20449
L2965
1a316
E0334

04958
8826
2.658
EERY T
Do 440

Be3 50
LPEY
Ge204
Dol4d
©e031

60043
B o000

90

502000
500388
440082
340898
330653
L6353k

13857 .

100468

Ta347 .

5e550
40286
2e43l
29753

Be345

18237 .

1.50%
1284
coglg

0e787 .

0ab13
D459
[P ¥
[ FE1-F)

80467,

D000

43

900928
450000
20e0604
230048

172440

EFe327 .

Boabs
G249
50304

3673
22753
2343
To7abh
1379

L2825
Y- 4]
Be752
Gefiia

D495

G304
De30b
Ge330
neiBa
D103

Qo048
asaan

98

952000

ﬁ36ﬁ87,

46-5%1L

360837,

83082
172449
13578
t0egl6

7a785
50816
4524
3802
20008

2379
10039
1586
10393
1e044

ne8331
006486
0.485
Ga342
G218

GoE03
QoG

P
[

50e000

326583
340450

150388
H

Ded43F .
B3 40
LEXSS
[ 4: 14
G117

0054
GeBOD

1060000
654686
48.980

F0494
300471
Te870
2oy 6L
LoBUG

oa898
0680
De5I0
as3%0
02237

Geio] .
Dodn



Table of Fallout Ratios for a Generality Number of 22.5

Re

005
Zo.0
300
300
490

3s0
7a3
2040
£3¢84
£500

3020
3540
3000

2500
4050

450
3000
380
6000
6500

FGeO
78e0
80.0
8500
§0a0

8850
E00.0

R

Qe jd
a0
30
300
460

5e0
T35
100
33§
50

3Ce®
2500
306cC

3500
4950

45-0
§0.0
550
6040
65+0

TQoO
7500
80.0
85.0
96.0

8%.0
f00s0

5

230903
T2:394
50639
30742
3.962

24187,

20459
2.036
6.806
0.652

o460
80345
6260
0384
0s173

OoT 41
6013%
6e094

0,097,

0.062

D40
00038
0029
0030
0e013

0e006
G000

630033
400934
30.38}

349054
15614
132394

8.862

Tal74

50064
30798
2.954
2+35%
te8g9

22547 .

22266
1,036
02844
0.682

02543
Go423
00316
00233
©®o3ax

Ge067

Ca0OD

X0

"45¢806
22-788
252399

Te443
§e524

42373
36839
30073
Te621

Ze30 4

20923
0691

D537 .
Ced2q .

©s345

ce282
00330
2288

0eZ53
BeE34

5099

00077,

5,058
Bo04%
ce0326

0012
Q2000

o

670673
540655
33s1§6

" 36esg0

172033
E3e430
3+668
74828

50534
4s143
Rea23
2+565%
30723

21.688
2381
10130
Beg92Z
80744

80593
%+ 460
Ga345
0e244
©el §3

©.073
©000

L3

68@7Q8
340183
£6s.528
$20264

Bo23B6

65560
4@353
Fel07
36487

10957 .

tealez
10030
56806
o642
60528

0o453
0345
00283
8230
02386

Ce148
DeIL§
20086
0e061
00038

00088
80000

85

930382
48:276
35.908

3804237 .

28453
130465
E06473

80478

50985
40488
30408
2779
Bes4b

20839
Losud
1e234

8907

6e806

Debagr
De409
Ve374
0.26@
0ok66

00795
60000

20

glebzy
450573
2330558
246885
220048

Bo947 .

56698
42143
30323
30609

1+8412
16383
26074
®e835§
Y131

25563
Ga460

Be377 .
De307 .

00348

0sEGT .

Dok 83
oLl
se.08%
Gs05E

8034
0s000

Ta

786951

$30097 .

38.670

30.614
19+873
240508
23790

9130

60445
40834
3.760
EXY ]

20417

2ogbg
20613
2388

1074

0868

80691

0537 .

[ TPI-3
00384
Coly9

0e08%
0000

33

560969
286297
280606
13822

100934
70097
50279
40038
20361

20303
10736
343
2s069
0:863

0+ 703
0575
XY {24
00384
o310

0347 .

Celg2a

RS ¥ ¥
00303
Ge064

2.030
95000

73

840501
5508!8
4!0433

3208012
252292

5537

130084
9.783

6og05s
50279
40028
30306
20590

20EE0
T07a6
Lo4is
2ol 5%
©eg930

Ce G40
00575
Ce433
0s305
©efQ3

00091
9:000

- 280 -

30

684.363
330836

236327 .

160573

£30120

B8e517,

6u3zg
42834
32913

30762
30073
Ia613
1283
10036

90844
04691
00564
o= 460
0373

002396
00330
0s173
Ce123

80077 .

0036
0:000

8o

90230
59540
445194

34987 .

220731

16573
23+890

200435

74366
5¢534

40297 .

3430
20762

30358
18412

1507 .

To228
0993

0.78g
Ga614
Ge 460
00325
02305

0097,

Qe0OC

33

790757 .

392476
236.049

25+335

152307 .

90936
Fe2512
5639
40565

3333

2417 .

24880
1496
15208

02985
00806
0650

0537 .

00434

02345
00269
0s201
X ¥ ¥]
0.090

06042
06000

83

954870
6303612

46957 .

37174
34s130
£7<609
130696

13087 .

7&326
5+870
42565
3634
%9933

203912

22857 .

1601
1304
1054

ce83g
0653
6e48g
0345
022317

oe103
0000

40

91258
456215
39770

2200097 .

27494
I8=35§
8,286

Be443

50337 .

30633
50762
30248
Ie7L0
20382

Le%a§
Gogal
807353
00614
Ge49b

22395
©el307
00230
00163
CeEDS

00048
00000

g0

66.082
4997%9

39.361
250550
£8.648
L4e50X
EL739

8.386
o223
4834

30847 .
3307 .

2533
26095
1695
£9382
Zelis

00888
0e6al
0e518
©2366
©e230

0s10Q
00000

500754
33492
840859

£9.680
18+775%
46333
7a28¢
5e89%

40143

30207 .
26417 ..

o934
0554

20266
2,036

0e847 .

066931
20558

So444
Ge345

09359
00183
LTT 3 31

6055
00000

935

79793
530481

450547 .

36096g
tge680

256307 .

134392

8s747 .

6s560
sei02
40062
30280

39673

20287 .

1789
3458

1277,
8037 .

CeF20

0s547 .

00386
00343

0oRL§
© 2000

5@

§6.394
37323
27a621

21867

140204

200358
85056
6=523

4e604
32433
20685
2137 .
10726

TadoF .
1,152
00943
0767 .
©s630

0493
00384
00288
06303
0.328

 ©2:06%

Gs0QO

200

7404325
550343

43734
38,389
200716
160127
130043

90307 .
6s905%
3372
4375
32453

34883
26303
16883
6335
o339

00936
00767 .
©s573
0s406
00356

Cal33
0000



- 281 -

Table of Fallout Ratios for a Generality Number of 25.0

R=

0e§
ie0
2¢ 0
30
4e 0

5e0
75
10,0
1245
i5.0

2050
2500
3050
3500
4000

450
5050
5560
6000
6500

7000
75e0
800
8500
0040

35+0
iC0a 0

R~

005
1s 0
200
300
4o

360
Fes
1040
1205
1560

2040
2500
3000
3560
4960

45s0
5060
33e0
60y 0
6560

70s0Q
7500
8o0ec0
8$e0
G0 O

85520
16050

5

250313
124602
66282
4e 245
3:077

26 436
1581
10154
0,897
0s726

0e 513
0s38%
0e259
0.238
06192

0157
0.528
0e 105
0s085
ca0b9

0s055
0s @43
00032
00273
0s014

0e007
06 000

69,107
452398
330846

262755
17393
12.602
2872
7091

54641
4o231
302018
20619
20115

10724
ie 410
1,154
0@ Q40
05759

0ab04
2. '470
0353
©s2 49
06157

00074
Qe OOO »

io

510026
25.385
126564
8291
Set54

40872
30162
23.308
12795
12453

1,026
0+769
20598
6o 470
0,383

Ce 313
0,256
0e210
Oet71
060138

011G
0,083
0s064

0s045
0,028

0043
Q0000

[19)

750383
49¢7 44
3600921

29:2731
180974
136846
10769

8,718

6s154
40615
3550
2.857
2,308

1880
16538
15259
10026
0828

0659
0w 513
00385
Qa2 74
Oe 87714

0,081

Ca 000 -

15

764538
38.077
18,346
120436

90231

75308
40744
30462
2,692
20179

10538
10154
0.897
Ce78 4
Ge 577

B85 470
0s385
Ge34s
0,256
0s207

0.163%
06128
0,096
0,068
00043

0020
0.000

815667

53.889
405000

31667
200556
150000
11,6067
I 444

G.587
56000
34889
350935
28 500

2,037
ib667
12364
teidd
0.897

o744
005356
Co 487
06294
0si85

0,088
Ge0CO

500769
250128
16,581
12,308

90744
6.325
40613
3+590
2,906

20051
16538
1107
0.952
6s769

0627
00513
00420
Vo342
0.276

Ce220
0s172
0,128
0050
0057

0.027
00000

70

87.949
58.034
430077

340103
224137
16154
124564
10:171

72179
52383
40188
30333
20692

20194
1795
18 464
10197
05966

04769
©s598
Ce 449
Ce317
0et9Q

00094
0.000

634 462
3ie410
20.726
152385

126479
7s906
50769
40487
32032

20564
12623
1496
151090
009562

00783
0eb 41
0s524
00427
02345

0e275
Oe21 4
aeibo
Osi13
De071

0,034
0s000

94e231
620179
46e154

362538
232748
170308
130 462
10897

7692
5769
40487
30578
20885

26350
1923
10573
1282
1.0%6

0e82 4
0wb4e
w481
25339
Co214

Oelni
Q2000

B

30

76at54
37692
240872
18,462

14013
90487
0e923
5385
40359

32077
20308
10795
10429
tel54

s G40
0e769
0e629
0e5t3
Ca 41 4

08330
062356
0e192
9s136
0,085

0e 040
0,000

8o

666325
490238

380974
259299
18s 462
140359
116624

8s205
6e154
40786
2.810
32077

26507
2,051
1678
19368
to105

0,879
0,684
06513
04362
00228

0s108
Qe Q0O

35

88,846
43974
299017
214538

$£7:031
11.068
Ba077
6.282
5e085

3e590
20692
2004
1667

16346

10067
0.897
06734
00598
0o 4873

0.383
00299
0,224
00158
Os 100

00047
06 0CC

gg

TCe 470
520308

4is 410
26,880
190015
152256
120350

8,718
66538
5083
40048
30269

20664
26179
10783
453
10174

06934
Ge726
©o 545
0.385
Do 42

Celt§
Gec0C

40

506256
334162
240,615

10. 487
1206350
9e231
70279
5:812

46103
30077
22393
15905
15538

te254
10026

0.839
00684
%6553

05 440
007342
0s256
0.881
Ostt 4

03054"

D000

90

740645
550385

430848
28, 462
204760
160254
530077

9234
65923
54383
40286
%6 462

20821
20308
1,888
16538
182 43

2.98g
06769
Ce577
0a 407
02356

0ol
VD00

45

566538
37+308
27:692

21.923
14e2131
100385
85077
6e538

46615
3s 453
20692
20143
12732

10410
10354
0o 44
0.769
cab21

Qe 495
06385
c.288
0e204
00128

0s061
04000

95

786763
584 462

460282
300043
21002%
172054
13.803

90744
70308
50684
4952 4
3e054

20977
20436
1%993
1.62 4
16343

10044
0s812
0s609
s 430
0271

00128
25003

50

624821
416453
300769

240359
156812
11538
85974
76265

55128
30846
269914
2628¢
10923

10567
16282
12049
0.853
0s690

02549
Oo 427
0el214
0s226

0ot 42

0e0b7
0000

i00

82,906
616538

484718
31662 4
230077
172949
i4e530

100256
74602
52983
40762
30846

30134
20564
20098
ie709
153832

12099
0s855
00044
Oo 452
00285

05135
56000



- 282 -

Table of Fallout Ratios for a Generality Number of 27.5

R

©s'§
{0
200
3¢0
400

§s50
Te3
4000
£33
4500

3650
3500
3006
350
400 O

4500
$0e®
35e0
8oo0
6500

T060
75e0
8os0
85.0
900G

9500
L0060

R~

Ce §
ie®s
300
3e0
4e ©

560
Te§
4090
1245
1500

29050
2500
300
35e0
40s0

4560
5050
§5e0
60,0
6550

T0e©
7560
Boeo
8590
9040

950 O
400 ©

H

ﬂagagé

430997
6,928
4e 873
3¢393

3,686
3744
1e372
0 GBO
[.P%:1.2 1

06 566
06 43 4
Ge 330
6s269
0213

09273
G0t 4d
©e56
00694
QoO?5

Q@OGS
Oo 047
0033
0038
00040

Qe 007
Ce 000

35

764208
50,287
376326

398530
196182
13997
10,887

8,813

6o224
40666
3829
2,888
22333

1e901
1s555
1273
12037
0s8137

Ge 667
00518
©s 389
Ge27 4
Dei73

se0a
De OOQ

£

565373
274993
135856
9ol 43
Go787

5+373%
30 488
3e545
32979
2eB03

22238
@B 48
0660
83523
Do 43 4

06340
@e3873
0e238
seu8g
05453

Gaidd
Be0Q4
QeCFi
95050
00034

GeBLS
0000

6o

- 8361146

$4e859
4067720

326237
200025
156270
11.877

96614

6,787
50000
1959
3e158
2s545

35074
1697
15388
1492
RN E)

0727
0. 566
e 42 4
08399
6s189

04089
08000

i3

840 400
422993
30:78 4
830745
1ecibs

8ouge
50338
30827
3egfy
3o 404

10607
2373
059490
0s 788
64636

oe5:8
O 43 4
0s347
00283
6228

2e183
Told 4
Dotud
0s075
G560 47

Vo022
©eQO0C

6s

900064

59s 430
440413

340923
220669
160542
125866
10s 415

76352
o5t 4
40289
30414
26757

Z2a2 47
1,338
12504
10235
QG0

0,788
5e613
e 460
Ue33 4
Co30 4

820697
20000

30

550390
376748
18,286

130573

" 100746

85975
50090
32559
3sd05

3.263
1.697
9320
16050
00848

0abgy
0 566
00 463
©2377
0e303

Dad 43
set8g

Do d 42
Ve 100

00067% "

©a030
00000

70

96+ 992
640002
47s 506

37609
240413
17815
£3.856
116387

Tegi 8
50938
42619
3.676
3,969

20419
1979
1.620
1320
1,066

00848
0s660
%0 495

Ge349
6e230

Oeil 4
0sQ0D

25

690087
340640
330838
3166967

30432
8789
6,563
40545
40006

20828
39824
10650
40343
to0b0

09864
Co7O7
©e 578
Ga 474
06381

02303%
69236
077
0425
22879

00037
86000

75

684573
500900

400296
365157
10087
1 408 46
1250618

8, 483
6,362
40949
36939
341848

20592
425822
ie735
te 44 4
10143

©s90G
©s707
ce§3e
90374
Go230

Gedid
G000

30

830083
4223568
270439
200360

16,518
104 463
72635
54938
4807

30393
2545
1979
1575
15272

14037
00848
02694
06566

04 457

02364
0,287%
0282
04150
05094

00045
0000

8o

73145
540293

425983
272008
200360
150835
120819

90049
6,787
5278
46201
36393

3.765
20262
10851
10508
10218

60970
0e754
05566

02399
0a254

05189
B0 000G

35

572982

480 496
320001

23753

18,804
129207
85907
60028
30608

30959
20989
205309
10838
10483

1210
00 9GO
00840
ce660
Go3533

0o 42 4
06330
002 47
0e175§
05130

0,052
6,000

83

770716
570686

45@668
295644
21.632
16,823
13.620

90614
Te21%
50608
40 464
3.603

26938
25404
1,967
1,603
26204

1.0%0
0s801
cab01
0042 4
02267

0s4327"

Te000

40

55042 4
360572
272147

2ie 491
138950
190480
7o548
6o 430

40524
32493
2.639
22402
ts697

12382
te13i
0s9358
9e754
ca609

00485
00377
06283
05200

0a126 .

ce060
00000

g0

83,288
S1.080

480353
380388
22.90%
17818
140422

10,180
7:6%5
54938
40736
3e817

Feiil
22545
2,082
16697
10370

1,004
,00848
0636
Qs 449
0,283

0s134
0000

43

620352
4iel 44
302540

240177
150694
$1e 452
8s907
Ted 1t

55090
39817
3.950
24363
L9909

16555
10272
12042
00848
0&685

Oe545
Os 42 4
00318
00233
Oei gl

0,067 .

0a0O0

93

88,859
640473

540048
336133
2 40477
18.803
150223

106746
Bo0359
6,268
40989
45030

30283
2,686
24298
197904
16 447

L0858
6895
04673
0+ 474
0,298

Dot 41
05000

50

690280
459716
33933

36.864
170438
12e725

9+897
3.012

56656
4o3 43
32399
2626
264314

16738
1e48 4
Led57

0s943
0a761

0606
Oa 472
0e353
052350
0si§7

05074
Ce000

100

Bio 432
67.866

§%0728
340876
2 5e 450
£90794
16,02 4

126388
8¢ 481
60508
5e¢2 52
4e2 42

36 456
2,828
2638 4
19885
10523

L6332
05943
o007
Oe 499
0e3i 4

Dol 49
04000
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Table of Fallout Ratios for a Generality Number of 30,0

R-

Oe S
1e0
260
3¢0
4e O

500
Te5
1040
1205
150

2060
25.0
3020
35e0
4000

450
50s 0
3590
60,0
6500

7040
7500
Boso
85s0
90a 0

95e0
10000

R-+

0o}
160
E
3e0
4e ©

5e0
To35
1060
1%e5
1500

20e0
2500
3020

35.0
406 ©C

4500
5000

550 ©

60,0
65&0

70e0
750
80,0
85.0
0060

9500
160.0

300773
15¢309
7577
58000
JeT7114

2,938
12907
16392
10082
06876

0s619
0.464
00361
02287
0,232

0.189
65155
0s127
05103
0s083

060606
0,052
00039
0o027
0s017

cs008
09000

55

830351
552000
404823

320320
204979
154309
119907

94639

60804
50103
3¢969
30159
2a552

2,079
1704
10302
10134
0016

08729
04567
0s 425
0e300
00189

04090
06000

10

616546
304619
15¢1355
10,000
Te 423

50876
3e824
25784
20165
18753

12237
06928
00722
00574
00464

0,378
00309
05253
0,206
0e167

00133
0s103
05077
05055
0s034

0s016
0e000

900928
60s000
440536

350258
22,4887
164701
126990
106545

76423
54567
4e330
30 446
20784

2,268
1,836
16518
1237
00999

0795
0sb19
04464
00337
05206

00098
6s000

15

920320
45928
22¢732
159000
11a132

8.814
5a722
40175
32247
2,629

1.856
1,392
1,082
0.862
0,696

00567
0o 464
0e380
02309
0e250

00199
05155
0a116
0.082
0e 032

06024
06000

65

98e505
654000
4802 47

38,196
340794
18,093
140072
110393

8,041
60031
40691
3733
340135

20487
B3040
16645

16340
1,082

0e862
0eb670
Ce 503
©e355
08323

0s106
05000

610237
306309
20,000
446843

110753
7+629
50567
40330
Je 505

20474
1:856
10443

10149
0,928

0s756
0s619
Qa506
0s 412
00333

0s265
0e206
0s155§
06209
0s069

0,033
06000

7o

70e000
51959

410134
265701
190 485
15613553
12,268

8,660
s 495
50052
42021
30247

24646
2.105
1771

10 443
14166

00028
0722
Oe 541
0e382
063 41

0ol g
06000

25

764546
37887
256000
18e557

1 46691
9536
6+959
50422
40381

32093
24320
16804
1e 436
10160

00945
00773
06633
0s545
00416

0e331
04258
0e193
06136
0,086

050 41
0s000

75

756000
55670

440072
28,608
206876
164237
1301 44

90278
60959
5e 412
40308
38479

24835
20320
10898
10546
182 49

0+994
0e773
oe580
Oe 409
00258

Oei32
00000

30

01,856
450 464
305000
220268

17.629
116443
Be351
Ge 495
50258

o744
2784
2,163
1723
14392

10834
06928
00759
0e0610
0w 500

0e398
0s309
0a232
0e164
0103

04049
0,000

80,000
592381

47s 0140
300515
22,268
176320
1 4040214

9+ 897
T7e 423
50773
403595
34744

30034
20474
26024
1649
10332

1,060
0e823
0e619
09 437
06375

ost30
06000

35

53041
358000
25979

200567
130351
90742
7577
60134

48330
3247
20526
24010
12624

14323
1,082
0,886
0e722
0,582

04 464
02361
06371
0a191
0el120

0.057
0,000

85

85,000
63,003

490948
320423
33.660
184 403
140897

109548
7-887
60134
40882

36943

30243
24629

35454

10753

10416

151427
00876
00657
00464
0393

00138
0s000

40

664619
406000
29.691

2305053
150258
116134

8,660

Te0tQ

49948
3e711
24887
24297
1856

1512
10237
1.012
0e8235
00666

0o 530
0s 412
60300
0s218
0a137

0s065
02000

90

906000
66,804

52.887
340330
2500352
19. 485
150773

130434
8,351
60495
50489
40378

38 403
20784
26377
10856
10499

L0493

00938
00696
00491
00300

Ood 47
Qe000

45

680196
45000
33. 402

264443
170163
120526
90742
74887

5¢567
40175
30247
26585
2,088

1o701
18392
ie139
0e928
o749

0+ 596
00 464
02348
002 46
05155

00073
06000

95

952000
706515

550823
36,237
264443
2063567
16649

11753
8,814
64856
50457
4o 407

3594
25938
20404
12959
16583

ie259
©e 979
00733
00518
0.326

Celd§s
Qe 00O

j0

75773
509000

370413

29s381
106072
136928
j06825

8,763

64,186
40639
30603
2.872
2+320

15890
14546
10205
1,031
06833

06663
Oe515
00387
0s273
Cel72

0,081
08000

100

1004000
740227

584763
380144
270833
210649
1725326

120371
90278
76386
50744
40639

3e780
349093
30530
20062
15665

L0328
1¢0314
o773
0s3546
o344

04183
¢s000
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Table of Fallout Ratios for a Generality Number of 35.0

R
P

Qo §
100
200
30
4e @

500
VIR
L0000
1305
41500

300
2500
3000
3500
4060

430
5000
3500
66e0
6500

TOe©
7500
8os0
8560
00e O

9540
10060

R

Qe §
ie¢0
200
300
400

5s0
Te3
i0e0
1305
1540

3020
3560
3020
35e0
4000

4500
500
3500
60s0
6500

7060
75e0
Boso
8500
9Ce 0

9500
40000

360088
172953
«886
50864
4e352

3o 446
2337
10632
10269
10028

00735
00544
Ge 423
0337
00272

0a222
o181
00148
0,121
0,098

0,078
0q060
0s045
0s032
00020

0e0i0O
0000

55

974746
640 459
47.876

37090032
240603
47.953
130904
11304

76979
50984
42653
36705
24992

20 438
12995
1,632
16330
1,074

0e855
00665
Oe 499
08353
00323

02105
05000

40

734176
350907
17773
14727

8,705

60891
40 473
36264
3e539
3,055

1e 451
10,088
04846
00674
0o 544

%0 443
00363
0e297
0.2 42
©s 195

0e455
0e1214
00094
05064
000 40

0e019
02000

6o

700363
520228

439347
26,839
190585
15333
120332

8s70%
66528
30078
4e0 41
30264

36660
2.176
16780
1s 451
1e'472

00933
06723
003544
8e384
003 42

0e18§
00000

is

$3.860
26,658
17504
430057

106337
6e740
46896
30808
3e083

20476
1632
10269
1,040
0.816

0s663
%o 544
Oa 445
00363
00293

00233
0,181
00136
00096
0s060

00039
04000

63

760236
560580

449793
290076
21,218
16e503
439359

9e 430
7073
Se 501
40378

- 3536

2,884
20358
129290
40573
1,269

50040
0786
05589
05416
00262

0ol 4
0000

20

710813
350544
336454
70 400

13782
8,946
65528
50078
4etd

20903
3,176
1693

10347
15088

0e887
00725
02593
0048 4
0s39014

0s311

002 43
0,181
00128
050812

0.038
02000

70

820090
604933

480238

310313

220850
17772
140387

100155
70617
5093 4
40715
32808

30103
24539
26077
16693
12367

1.088
06846
00635
0es 448
06282

0s134
[e T eTeds]

35

89e767
440 430
390318
2107063

170328
1101283
8e161
693 47
56438

30627
20730
30116
1068 4
16360

101408
0sG07
0742
00604
0.e 488

0,389
00302
06227
0e160
02104

04048
0,000

75

870953
650285

510684
330549
2 40 482
190044
850415

10,881
Be1614
60347
50052
40080

30323
2a720
20326
10843
1o 465

10466
06607
0,680
0o 480
05303

Gal43
Qe0OC

30

530316
350182
265114

200674
13e 420
9793
7e617
60166

4e 332
30264
20539
240312
1.632

1e330
1,088
0s 890
0,725
0,586

00 466
00363
06272
Qe 192
Q0w iz}

00057
0000

8o

93817
69,637

550130
350786
266114
2003414
160 442

116606
8,705
64770
50389
40353

30546
2v 902
24374
10934
10562

10244
00967
0,725
09512
G322

0st53

0s 000

35

62.202

410045
304 466

240119
150656
116425
8,886
70193

50078
34808
20962
22358
12904

12552
10269
16039
06846
06684

06544
00423
0e317
0e224
0o 44

0s067
CaPOC

83

990680
73s990

582575
38.02;
274746
210580
176 470

120332
90249
76193
58725
40624

34768
3:083
26523

20055
10660

1e324
10038
00774
0e544
00343

0ot 62
0,000

40

71088
46s908
34e819

276565
172893
134057
10155

8e2214

5e803
40352
363853
20694
24176

12773
te 451
10487
04967
0s781

6.622
00484
05363
0.256
08161

0,076
Qe 00O

90

784342

620,021
400259
29.378
22+850
186 497

136057
90793
76617
6,063
40896

3.990
30264
26674
2,476
12758

1399
1,088

00816
00576
00363

0173
0e000

45

790974
524772
390174

31010
20,130
140689
110425
962 49

66528
40896
3:808
3s03¢
24 448

12995
1,632
10335
14088
06879

0:699
Oej44
00 408
0s288
0etBt

0,086
08000

93

82,694

650 466
420 496
316010
240449
19e525%

130782
10337
. 8,040

65399
50168

4o2188
3e 446
20819
24397
16855

1e 477
10149
04861
00608
0+383

00181
0000

50

884860
58,636
430523

340 436
22366
166321
126694
106276

70254
Se 440
42314
30368
2s730

2,216
1849
ie48 4
1209
08976

©e 777
06604
0s 453
06320
022018

0e09§
08000

io0

870047

6859142
440732
3206 42
252389
20553

140508
105881
84 463
6,736
5e 440

40433
36627
22967
26418
18953

1e554
10209
00907
006 40
Oo 403

OeiQd
Q000



~ 285 -

Table of Fallout Ratios for a Generality Number of 40.0

Ga §
a0
200
3+ 0
400

SeC
75
i0a 0
13,5
1500

2000
2550
3040
3500
4000

4520
5000
5500
6000
65s0

7060
7550
8a,0
8500
900

95e¢0
1006,0

0o §
$60
2.0
3.0
4o @

5+ 0
7es
L0 O
1265
1500

2060
2500
T 30s0
1560
2060

4560
5040
550
6ce0
6500

7000
7500
Soe0
85@0
90e0

350
L0050

410458
20.635
106208
64,736
52000

32558
24569
1875
10458
15182

008373
0s625
0o 486
co387
V6382

902355

0,208
0el70

00139
Geliz2

0,089
©0a069
0a0352
22037
0.023

Cs0i2
©e 000

55

740097
550000

430542
38,264
200625
16,042
12,986

90167
6.875
54347
4.2 56
3437

2:804
20292
1.875
10528
10234

00982
02764
00573
Vs 404
0e255

08121
8 0CO

i0

82,917
41250
200447
130472
10000

Ta917
5+139
3s750
3917
26361

16667
10250
00972
0774
0s625

09509
Do 417
O3 44
0278
022 4

00179
061139
0ei04
0sG74
00046

0:022
Qs000

B80.833
60,000

47+ 500

306833 -

324500
178500
140167

40,000
7s 500
50833
42643
30750

30056
2. 500
30045
lméé?
10346

10071
0839
Csb25
Oo 441
0278

0s132
0e.GO0

15

63875
300625
20s208
15.000

3116875
7708
5623
4375
32542

2. 500
1875
16458
12461
©.937

00764
0.635
Ca5id
05417
00337

00268
0e208
00356
0o140
0.069

0,033
00000

63

8765609
655000

Sto458
33e403
246373
18,958
150347

10.833
B8eo123
62319
55030
40062

3s320
2,708
2,226
10806

10458

1162
00903
0.677
0s 478
06304

Ooi 43
0000

20

82,500
400833

260944
206000

T 154833

400378
7o 500
52833
40722

30333
24500
1944
16548
1250

16049
0.83%
0,682
6,556
s 449

06357
0,278
04,208
0ol 47
0s093

©:044
02000

70

940306
702000

559417

350972
2662350
30457
16,528

11,667
8a750
6,806
55417
40375

30565
22917
2,386
10944
12573

16250
00972
06739
05515
06324

Dol§4
02000

235

5100 42
33681
252000

156792
12 48 47
90375
70292
52903

45167
304235
20434
10935
15562

14273
16042
Ge852
02694
ce568

05446
00347
6s2 60
0,184
00310

04055
Q000

75

750000

594375
385542
280123
216873
170708

120500
9¢378
Te2 93
50804
40687

20819
10135
20557
2s08%
10681

1339
16042
00781
0e§54
a3 47

0a104
02000

30

610250

400 417
306000

232750
150447
110250
8s750
74083

54000
30750
22087
28321
16875

14528
16250
15023
00833
00673

00536
0o 447
03182
06221
0s139

04,066
0,000

8o

80,000

63333
41el1d
305000
230333
18,889

130333
10000
70778
64100
SnOOO

40074
30333
2.727
24222
22795

1s 429
1eitd
06833
0,588
Ce 370

06175
B3g Q00

35

740458
470853
350000

27.70R
17.086
135825
100208

8,264

5:833
40375
30403
2,708
26187

1,782
10458
12193
CsG72
06785

0.625
05486
00365
0s257
00162

0,077
6,000

85

85.000

674292
430681
11875
243792
306.060

140467
1006253
8,264
60577
50322

40329
3e 542
2.808
20362
10907

16518
1181

0,885 -

0s625
02394

00186

Ve Q0O

40

81,667

53.88¢
405000

31@667
206556
150000
11667

9o 444

60667
5000
3-889
30095
26500

24037
216667
1364
10311
0897

Se74 4
0s556
Co 427
Ce2G4
0,183

0,088
0,000

30

905000

71e2 50
46.2 50
330750
26,250
210250

15000
1162350
8,750
6,964
50623

40583
3750
3,068
20500
20019

1.607
16250
Ce937
0.662
0s 417

00197
0s000

45

940875
605633
459000

350533
23082§
16:89%
130323
10633

[ICRE1

ES
w2y DO
Neaer ©

2 o @ v @

B L

10230
1040

00804
0.623
06469
0a331
0,208

0:099
0000

95

950000

75208
480819
332625
270708
2204318

150833
11875
90336
7e3351
50937

40838
32958
30239
2.639
3s134

1:696
1329
06990
0699
O« 440

0ez08

D200 °

5@

00521
04368
06334

0elio
DsQ0OO0

100 0G0

790267
510389
375060
296167
23622

16,667
12,500
FaF22
72738
50250

52093
40467
30409
26778
202 44

15786
1380
La0 43
0a7%5
06463

0s21%
0e000
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Table of Fallout Ratios for a Generality Number of 45.0

R~

Co §
£50
280
30
4o O

500
Jag
L0 0
134§
1500

2G50
2500
300
3500
4040

4500
3060
55e0
6os0
65-0

T0e 0
500
8o.0
85«0
Goe 0

950

100s0

46,8835
232323
110545
72618
50654

40 476
35906
224230
12649
$6335

Cs Q42
0s 707
Ce350
00438
80353

0e288
0.2736
00193
Coi57
0ei27

[ PR RT3
0,079
05050
00042
20026

Vo012

05000 |

35

830796
625199

490342
310653
3303238

186142

14,686

500366
70775
60047
40813
30887

2:468
30592
26120
12728
15395

cie2id
Ge86 4
0,648
0o 437
00288

06136
00000

i0

93+ 770
482649
23,089
150336
110309

8.9353
55812
‘4ol 41
3e298
2+690

1@835
%414
1099
0.873
0s707

05576
e 474
00386
0314
00254

0203
0ed§7
0s118
0,083
05052

0,025
6s000

o

980 41 4
67.853

530717
340869
350 443
190704
164034

iie300G
8, 483
8s597
$e3 54
4e2 41

36455
20827
26313
16885
10523

152332
00943
0s707
%6 499
Go3l4

0ec149
Ve QOO

]

694974
340634
330853
16,963

430429
84717
6,365
40948
40005

24829
20830
12649
10343
10060

0,864
0.707
0,578
06471
we3Ba

2303
062136
20877
0125
Ge0TQ

00037
0e000

6s

990031
730508

585194
370775
270563
210440
370356

425258
9,188
7ot 47
55688

40594

36743
30063
293506
30042
1649

10313
10021
0s766
05540
06340

0e161
00000

530298
465178
300474
22,618

170906
310623
8,482
60597
5e3 40

3e770
20827
20199
19750
le 43 4

le152
0w043
0s771
Ge638
05507

Os 40 4
0o314
6e3136
00,166
0010§

04050
05000

y0

79862

62670
400681
29,686
33,089
38,6094

230804
9¢893
Fe695
Beinb
40948

40034
36298
20699
20199
14776

L0414
10009
06823
0,582
0366

0et74
0eQOO

25

§7¢723
38,089
28,272

320382
140529
10.603
842 46
6:675

4o 712
30534
24749
2,188
12767

1o 440
16478
0.964
06785
0863 4

06508
02393
0s29§
cez208

0e131

06062
04000

75

840817

6704 47
434586
31&806
240738
20,036

140336
106602
Bo2 46
65563
50308

40339
30534
20891
35356
10903

12585
10178
0a884
0062 4
08393

0et86
0+000C

30

69,267
450707
330927

26.,859
17435
12723
9¢895
8e¢010

50654
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Table of Fallout Ratios for a Generality Number of 50.0
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APPENDIX 4A

This appendix presents one set of search results, namely those
obtained with the 1400 document collection and 221 questions using the
Single Term Natural Language I.1.a, with Exhaustivity of Indexing 3, and
Document Relevance 1-4. It shows, therefore, the individual question resulis
which are summarised in Figure 4.100T.

Against each question number is shown first the number of documents
relevant to that particular gquestion, the number of search terms in the
question, together with the total number of postings for the search terms.
At each coordination level is then shown the number of relevant and non-
relevant documents which were retrieved. It will be noted that the sum of
the documenis vetrieved equals the total number of posiings. For instance,
with question 1, the retrievals at the various coordination levels of relevant
and non-relevant documents are {reading from left to right), 22, 381, 14,
136, 9, 20, 3, 2, 1, and the sum of those is 588 which is the same as the
figure given for the total number of postings. The significance of this point
is discussed in Chapter 8.
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APPENDIX

FORMULA FOR DOCUMENT RANKING BASED ON

G.H. STEARMAN

if a particular guestion at a particular coordination level resulis in the
retrieval of a total of N documenis, of which R documents are relevant, then
the average time taken to find each of the relevant documents when a iarge
number of searches is made can be determined on the ’basis\ of thie following
asgsumpiions: -
{a) Fach successive document is selected at random.
{b) The same time is taken to inspect each document for relevancy
so that, for example, if a relevant document is found at the
3rd choice, three units of iime are taken and if at the Tth
choice, se;«}en units and so on.

if one unit of time is assigned to each choice, then the value of the
average as defined above can be taken as the rank of the relevant document
in & simulated ordering of the N documents,
Let: -
Total number of documents reirieved be N
Total number of relevant documents be R
Order of N be 8 (5§=1,2 --- N)
Order of R be K (K =1,2.--R)

Then the problem is to find an expression for PK,S’ the probability
that the Kth relevant document will be found at the Sth inspection, where
N and R are given. Then if Qi is the simulated ranking, its value is given

by the weighted sum

V'
Qg - / 5-Pk.s
5=1,2 -.:N
ACB means the number of ways of choosing B items from A and is expressed
as ) AL
B! {(A-B)

The probability PK g may be determined as the ratio of the number of
configurations in which the Kth relevant document appears at the Sth inspect-
ion and the total number of ways in which R relevant documents may be

arranged in N positions.
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The typical layout would then be as shown:-
{8-1) choices includingag g‘Sth choice giving the] i—(N—S) choices including}

t(K-i} rel, docs. g iK’th rel. doc. j ;L(R—K)rel. docs.

TIME

The number of ways in which this layout can be formed is the numerator

of the required ratio and is given by

{5-1) (N -5)
Clg-1) Crx

N

The denominator is simply L\CR
(5-1) (N-S)
C . C
Thus P _, = (X-1) {R-K)
K.8 N ,
R

Q.. van now be evaluated as indicated above for each value of K from

1to R X (5-1) (N-8)

S Cooe 1y C,.,
Thus Q =) S . e (B -K)
L Yeg
51
N (N-5),,
-\ S(S-1)t . (R-K)
Li (K1) (5K N
/ c
S= R
N (N-8)
N
= §n—m \> Si . C(R'K)
CR a Ki{S8-K)*
54
N : - -
_kE T I {N-5)
* N Ck - Cr-x)

The terms of the series vanish for K> S> (K+N-R) so that the

limits of 8 wmay be changed to give
E+N-R .
K\ S (N -S) ] Note that
[N T e N
W "W, Z L('K : C(R-K)J K<R
1
R STk :
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The summation of this series is given by Schwatt E“Operations with

series' - Chelsea, 2nd edn. page 47| in the form:-

& 1
be . PRe P

C
m p-n-m

13

Puiting b=8, p=N, m=B-K, n=K we obtain

N-R+K
' S (NB) _(N+1) _{N+1) N+
Z Ck - “rx) ~ “on-m) " “aerwm) T Sren
S=K
(N+1)C
o - K (R+1) _ K(N+1)
K N T (R+1)

This simple expression is the basis of the method used in Chapter 5;
the above formal analysis shows it to be soundly based upon probability

considerations.
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