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CHAPTER 1

General Considerations

The original Aslib-Cranfield investigation on the efficiency of indexing systems
{refs, 1, 2 and 3} did not, by itself, produce firm answers to what is one of the
basic problems in information retrieval, namely the decision as to which index language
should be used. Certainly it did not, as some people had anticipated, demonstrate
that one system was ‘better’ than another, either generally, or in any given situation.
The positive contributions of Cranfield I can be grouped into four areas:

1. It swept away a number of popular misconceptions concerning indexing
and index languages that were extant in 1957 when the project commenced. Every
index language had its passionate adherents and opponents. The modernists against
the traditionalists, those arguing for natural language against controlled vocabulary,
those preferring alphabetical as opposed to classified arrangement, all could find
both comfort and dismay in the results of Cranfield I. It was shown to be not true
that postcoordinate indexing was vastly superior to precoordinate indexing, it was
not necessary to put 120 entries into a card catalogue to retrieve a document
covering five concepts, yei on the other hand it was not true that a postcoordinate
system {at that time usually assocciated with the Uniterm system) necessarily need
have weaknesses due to lack of term control; the chain index did not provide a
satisfactory means of entry intoc a single order facet classified catalogue nor, on
the other hand, did engineers find any particular difficulty in using the long numerical
notations of the Universal Decimal Classification. Such were only some of the view~
points which had been endlessly argued without any experimental evidence to justify
either side.

3. With the test of the index of metallurgical literature of Western Reserve
University, it was shown that an evaluation could be made of an operational system
with comparatively little effort and by using only a small sample of the collection.
Since that time improvements have been made in the methodology, and experience has
shown in what respects improvements are still necessary, but the general methods
firsi tried in 1962 have been successfully used in a number of different applications
{e.g. Refs. 5 and 6},

3. It stimulated a considerable amount of discussion (see, for instance, the
bibliography in ref. 4) which has helped to clarify the problems of information retrieval,
and created an inierest in the methodology of evaluation.

4. Tt provided sufficient data to enable provisional statements to be made
covering a number of aspects of information retrieval systems.

It was in the new hypotheses which could be formulated that the earlier project
is of main importance in regard to the present work. Swanson (Ref. 4), in the most
exhaustive and scholarly review of Cranfield I that has been made, has listed the
following pointe which appeared fo him as being significant.



1. No significant improvement in indexing is likely beyond an indexing time of four
minutes, {which is taken to be equal to about seven minutes in a real-life situaticn},

2. Trained indexers are able to do consistently good indexing although fhey lack sub-
ject knowledge.

3. Indications are that information-retrieval systems are operating normally at a
recall ratio between 70% and 90% and in the range of 8% to 20% precision ratio.

4. There is an optimum level of exhaustivity of indexing. To index beyond this limit
will do little to improve recall ratio but will seriously weaken the precision ratio.

5. There is an inevitable inverse relationship between recall and precision.

6. Within the normal operating range of a system, a 1% improvement in precision
will result in 2 3% drop in recall.

7. The most significant result of the main iest program was that all four indexing
methods were operating at about the same level of recall performance.

in some published commentis on Swanson's paper (Ref. 4A) it was suggested that
the following points should be considered in addition to those listed above.

8. The most important factors to be measured in the evaluation of information retri-
eval systems are recall and precigion.

8. The physical form of the store has no effect on the efficiency of the system with
regard to recall and precision.

10. The index language has a relatively minor effect on the operational performance
of an information retrieval system. The main influence is the intellectual stage of
concept-indexing.

11. Given the same concept-indexing, any iwe or more kinds of index languages will
be potentially capable of similar performance in regard to recall and precision.

12. The more complex an index language {i.e., the more devices it incorporates),
the greater the range of performance in regard to recall and precision.

i3. Maximum recaill is dependent on exhaustivity of indexing; maximum precision is
dependent on the specificity of the index language.

Of the above, numbers 1, 2, 3 and 6 were presented with the qualification that
they only applied to the set of documents and set of questions that were investigated,
namely a coliection in the general subject area of engineering, metallurgy and physics.
The remainder appeared to be of general application, and numbers'4, 5, 7, 8, 11, 12, and
13 in particular formed the basis of the present work. It is not suggested that all these
hypotheses were new; it was merely that, with the results from Cranfield I, experi-
mental data were now available which appeared to justify them.

Possibly the point which has attracted most aitention and criticism has been in
regard to the assertion that there is an inevitable inverse relationship between recall
and precision. This, in other words, implies that if an attempt is made to retrieve



movre relevant documents, one is forced t{o accept a proportionately larger number
of non-relevani documents. Alternatively, if it is desired to resirict the nuvmber

of non-relevant documents, this can only be done at the cost of also missing sgme of
the relevant documents. Our experience, backed by the results of {ests carvied out
by a number of cther investigators, leads us to believe that this is a fact. However,
until in a later volume the further evidence of some 120,000 searches has been pub-
lished, we will, {0 avoid argument, call it a hypothesis,

instead of the form in which if is stated in {5} above, it would be more precise
if it were stated as follows: Within a single system, assuming that 3 sequence of
sub-searches for a particular gquestion is made in the logical ovder of expected
decreasing precision and the requirements are those stated in the guestion, the
is an inverse relationship between recall and precision, if the results of & number
of different searches are averaged,

There are here Tour qualifications to the original sistement, Concerning the
logical order of sub-searches, assume the request is for information on Sial
cats. A reasonably logical order of sub- uearches might be

se
Qe

S \ ©
f’ \, 4
I

Siamese cats
Domestiic cais
Domestic peis
Wild cats 1§)
Cats
Felidiae £
Lions
In such a case the inverse relationship would be expected to hold, However if one
first searched under 'Lions!, it might reasonably be expecied that the recall ratio
and the precision ratic would be very low, so that going next io '‘Siamese cais' would
improve both recall and precision. This qualification is therefore only put in fo cover
the somewhat absurd situation suggested, and can hardly be said to weaken the bagic
~assertion, any more than can the point that the requirements are those stated in the
question. This is toc cover the situation when the quesiioner asks for information in
Pekenese dogs and, when presented with the output, says that he really required in-
formation on Siamese cats, In a very much more subtle way, this situation frequent-
1y occurs in operational systems; what is really happening is that a new guestion is
being put to the system.

a5
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In single cases there may be exzceptions to the genersl rule, pariicularly in
the case where, salthough there is at least one, there are relatively few relevant
documents. In such a situation, the first sub-search may well fail to produce a
relevant document, so ai this stage the recall can only be described as 0% recall
and 0% precision. The finding of a single relevant document in a later sub-search
will obviouely improve both relevance and recall so, for complete accuracy, it is
necessary to add the qualification that the resulis of a number of searches should
be averaged.

The final qualification "within a single system" is more difficult to discuss at
present, for the question of what is a "single system'' is fundamental to the project
considered in this volume, for it could be said that we have been endea‘vouﬂing to find
how the changing of 2 component {e.g. any variable) in a sub-system {e.g. an index
language} of a complete I.R. system can improve both recall and precision. This
point also came to the fore in connection with the test results obtained by Professor
Salton with the SMART Programme (ref, 30) where a number of different "options" -



project) - are
system will

{which correspond o the devices being
used. The question of exactly what cons
therefore be discussed later,

Considered separately, cerlain conclusions drawn from Cranfield I may be
difficult to jusiify, since it is possible for different interpretaiions o be placed on
the evidence. Consider the matter of the relatively equal performance that could
obtained Hy the four systems. Ii has been argued, quite reasonably, that the un-
ionship belween the questions and their related documents was such that
e difficulty in locating the source document by whichever method it was
nat this was the reason for the level performance. The advantage of
al situation is that, in a well-designed test, it is reasonably simple
nt hypotheses to be tested, and, by analysis of the search failures, it

3

iz to show that recall {which was the main objective in Cranfield I) is far
: the concept indexing than on the index language. Therefore,
lexing was in general the same for all four systems, the first

to ensure that the performance should be much the same for all

o re-argue the conclusions listed above. It is sufficient to
say here ma‘t they ampeared reascnable a8 a basis for future work. All hinged on the

d precision. Why this should be the case has aroused a
cons ?dera‘bie amount of argument, and many different suggestions have been made
regarding the criteria that are of importance in the evaluation of an information
“etriev@ sy, tem., Bourne {ref. 7} presented a long list of such possible criteria

‘It is not clear why so much attention has been given to recall and rele-

vancy, Shou}_d these be regarded as betier criteria than any of the others proposed? '

est that all criteria fall into one of two groups. The fivst group,
riteria, is made up of those factors which are of concern {o

ﬂ‘se users a'? 3 system. Such criteria are related to the operational performance of
the systerm and can be Msﬁed as follows:~

1. The ability of the system {0 pr@sem all relevant documents {i.e. recall)

2. The abilily of the system to withhold non-relevant documents {i.e. precision)}

3. ; r\erva“ between the éemand being made and the answer being given {i.e. time)
4. 'The physical form of the output {i.e. presentation)

5. The effort, intellectual or physical, demanded of the user {i.e. effort).

The second group is made up of criteriain which the ordinary user is not direct~

Iy interested and which are therefore the sole concern of the managers of the sys-
tem, that ig to say all those who decide the policy, finance the system, or are in
any way responsible {or or participate in the actual operation of the system. The
uger is not normally concerned with the intellectual methods that are adopted to
achieve a particular result, nor is he interested in the economics of the techniques

sed. Such matlers are, however, of major concern to the management, but, on
the other hand, they cannot be considered in isolation or as an end in themselves.
It is a vessonable assumption that an I.R. system basically exists for the purpose
" meeting the requirements of the user group, and any evaluation of management
criteria must always be made in relation to the effect which they have on the user -
riteria. i cannot, for instance, be argued that one indexer is better than
ancther without relating their indexing to the requirements of the users of the
sygiem. '

g



To consider these five user criteria from the viewpoint of their evaluation, 'time'
and 'presentation’ offer few problems, for both are mainly influenced by management
decisions concerning hardware. To find the {ime factor it is only necessary to
record the time lapse between the request and the receipt of the output for a statistically
valid number of cases. To evaluate the presentation, one has merely to observe
whether the user receives a list of document numbers, a list of bibliographical references,
a list of titles, a set of abstracts or a set of complete documents, either readable text
or microform. To evaluate the effort demanded of the user in obtaining an answer to
his query is only slightly more complex because of the possibility, in certain systems,
that the effort can vary from the minimum of expressing the query in natural language
to the maximum of conducting the complete search unaided in, for instance, a citation
index. However, in any single system, evaluation of this point appears only a
straightforward observation of a number of cases. .

This only leaves recall and precision and the comment and the question by Bourne
can now be answered. The reason why so much attention has been given to recall
and precision is that these are the only two user criteria which demand any serious
intellectual effort in their measurement. They are concerned with whether the system
is capable of locating what is sought and are so fundamental that they can be said to
be on a different level to the other criteria. Whether they are "better' than any of
the other proposed criteria does not enter into the argument; it is certainly not
suggested that they are the criteria which are always uppermost in the mind of a user.
The unarguable fact, however, is that they are fundamental requirements of the users,
and it is quite unrealistic to try to measure how effectively a system or a subsystem
is operating without bringing in recall and precision.

Cranfield I had attempted, as its original objective, to establish the, at that
time, generally accepted hypothesis that there were significant differences in the
operational performance of various types of index languages, but this it had most
definitely failed to do. It had appeared to show that all four indexing languages
were operating at about the same level of recall performance; more positively, it
had shown, by the analysis of search failures, that the decisions by the indexers in
recognising significant concepts in the documents were far more important than any
variations in the structures of the various index languages. The test of the Western
Reserve University index appeared to indicate that there was an optimum level of
exhaustivity of indexing, for a higher level of exhaustivity did not significantly improve
recall but it weakened precision, while a low level of exhaustivity inhibited maximum
recall. In these matters, the index language appeared to play a relatively insignifi-
cant part, for these were intellectual decisions by the indexer and were made in
complete independence of the index language being used.

It was then realized that theoretically there was no reason why, given the same
concept indexing, there should be any difference in the performance of two index
languages. It was recognised that in practice the physical form of the index might
affect the operating efficiency - and still more, of course, the economic efficiency -
but theoretically there is a possibility of matching performance. To understand this,
it is necessary to consider the fundamental aspects of index languages.

It should be made quite clear that we are concerned with index languages only
in their theoretically perfect form; even in Cranfield I, we endeavoured to optimise
each index language that was being used. Although in this process nothing was done
which any person or organization using a particular index language could not equally
well have done, this did not prevent a number of people from sending in critical
comments on this score. To quote from some of the letters,



"you had no right to be so intelligent with the uniterm system; it is meant to be
used by people of low intellect.”

e UDC had an unfair advantage because of the detailed alphabetical index
which you compiled.”

“If vou had not used the colon device {of the UDC) so much, it would not have per-
formed so well, "

“Subject headings are not meant to be so specific as those you used, and that is
why the alphabetical subject index performed so much better than it would normally
have dene. "

Although such comments seemed amusing, they were undersiandable in that in 1961,
the results coming from Cranfield I were contrary to firmly held beliefs, and the impli-
cations of the test resulis had not been appreciated. However, in a recent paper
{Ref. 8) Richmond writes ", .. systems designed with a universal approach to the
intellectual organization of information and those designed for limited use in parts of the
whole, The former, when one comes to & specialized field like aeronautics, is a dilute
approach, while the latter is a concenirated one. At Cranfield, the dilute approach was
made through the UDC and through alphabetical subject headings, which are generalized
concept terms. The concentrated one was made through a faceted classification, tailor-
made for the subject and through uniterms, which had a vocabulary of words taken directly
from documents dealing with the subject'’.

Here is shown the same categorical assertions as are contained in the earlier
quotations, that the UDC and alphabetical subject headings are only for universal appli-
cation, that they must not be used in a specialized subject field, and that if so used,
they cannot possibly be as efficient as the "concentrated systems''. The fact that all
the experimental evidence is to the contrary appears to mean nothing, nor does the fact
that probably 90% of the operational UDC systems are concerned cnly with a "concentrated"
subject area. The UDC schedules used in Cranfield I were no exception, having been
developed over a long period by workers in the United Kingdom concerned with highly
specialised collections in the fields of aerodynamics and aeronautical engineering.

Again in the above guotation, there is the same confused thinking when it is
said of the uniterm system that it has a "wocabulary of words taken directly from
documents dealing with the subject, ' the implication being that the words found in
the other systems had come from some source outside of the documents. This is,
of course, untrue, for the facet classification, as is reported in ref. 1, was prepared
by taking the terms used in the literature and arranging them in categories and facets,
Bqually so, there is no single term in the alphabetical index to the UDC or in the
alphabetical subject headings which is not found in the list of uniterms, or in its lead-in
vocabulary.

Unconsciously {because the significance of what was being done was not then
realised) we were providing an additional basis for a similar performance in regard
to recall by providing all four sysiems investigated with an equally effective lead-
in vocabulary, which is the first basic requirement for all index languages. By
'lead-in vocabulary' is implied a complete list of all the sought terms including
all necessary synonyms, that are used in the set of documents being indexed or in
the set of questions that is put to the system. While some - in fact, probably most -
operational index languages are deficient in this respect, this is an incidental as



apart from a fundamental characterisiic, and whatever the type of index langnage,
it can readﬂg be provided wdzh a complete list of sought terms, that is a "lead-in
vocabulary'.

The second requirement for index languages is a set of index terms, while a

third requirement is a set of code terms. Before attempting to explain the differences,

i1 must first be said that in many index languages there will bs some terms which
will occur in the triple role of a lead-in term, an index term and a code term.
Further, all index ierms must be lead-in terms, and frequently the set of index
terms will be the same as {he set of code terms. For examples of the three
types of terms, the Thesaurus of the Engineers Joint Council can be considered
{Ref. 27}.

A lead-in term represents a concept which iz described by ancther term
than iteelf, This may represent a synonym, e.g. Speed use Velocity, or may
be a subordination of a specific term to a more general term, e. g. Hexagounal
uge Bhape,

Code terms are those terms which are actually used in indexing, examples
being Velocity, Rotation, Engine noise, Jet engines.

Index terms are all Code terms, and additionally any combinations of
Code terms which make up and express new concepts, For instance, the
Index term 'Peripheral speed’ is expressed by the use of the two Code terms
Rotation and Velocity, while the Index term 'Jei engine noise' is expressed
by the use of the Code terms Jet engines and Engine Noise.

While these thres types of terms, i,e., lead-in terms, index terms and code
terms, are normal ingredients of an index language, most Index languages also make
use of auxiliary devices or aids. In a completely simple system, lead-in terms would
always be the index terms and the code terms, which is to say that terms would be
used exactly as they appeared in the literature. As soon a2s the sei of index terms
is fewer in number than the set of lead-in terms, then a measure of contrel has been
introduced. This normally tskes the form of combining terms which are synonywms,
and is only the first of many devices which are used in-various ways to make up
different index languages. There is nothing exclusive about such devices which res-
trict their use to any particular type of index language; /precoordinate or post-
coordinate, alphabetical or clagsified, any type of index language can potentially be
given the same devices and thereby have the operational performance of any other
index language.

In his book "On retrieval system theory", {ref. 8}, Vickery identified seventeen
devices, and acknowledgement must be made that in the original project proposal,
these formed the basis of our argument. Viekery lisis these devices as follows,

Means of control Field of use

i. No conirol, _ Some amateur alphabetical indexes,

2. Rigid control - fixed vocabulary Some mechanized systems with limited coding
of descripiors. ‘ , capacity,

3. Confounding of variant word forms. Professional alphabetical indexes, including
‘ Uniterm, and most other systems,
4., Confounding of true synonyms. Ditto.
5. Confounding of near synonyms. Some subject heading lists, some classi-
fications, and systems based on thesauri.



ric descriptors.
Specific and generic descripiors

linked hievarchically,

Multiple generic links for each
specific descriptor.

Categories of descriptor, form-
ing facels.

Semantic factors to represent
subject terms.

Correlation of descripiors.

Regulated sequence of descriptors

Interfixing descriptors.
Role indicaiors.

Relational terms.

All the resulis of Cranfieid I po

a

Field of use

Many mechanized systems.

Claggifications, thesauri, some subject head-
ing ilsts, some mechanized systems.

Some classifications, subject heading lists,
and thesauri, a few mechanized systems.
Faceted clagsifications, some mechanized
sysiems.

To sowe extent in faceted classification,

the W.R.U. system, mechanized patent
office systems,

Many alphabetical indexes, some classified
catalogues, all mechanized systems.

bome experimental compuler systems,
Alphabetical indexes, classified catalogues,
computer systems.

Alphabetical indexes, faceted classifications,
fized-~field punched cards, some computer

SyEiems.
Mechanized patent office systems.

P
Some faceted
systems,
Alphabetical indexes, some faceled classifi-
cations, some mechanized systems.

clagsifications, some mechanized

inted to only one conclusion. Whereas one could

evaluate the performance of an operational information retrieval systemn and find how
the index language belng used affected the performance of the particular system under
investigation, it was not possible to do any basic research on index languages by this
method, for there are so many unconirollable variables in any operational system
that comparison of index languages is impossible,

sysiem.

It has io be admitted that this view is not generally held, since one finds a
new investigation which has the objective of comparing various UDC operational
systems with other operational systems using different types of index languages.

In that this resulis in even more variables than existed in Cranfield I, it is difficult
to see how any valid data concerning the UDC can bé obtained., On this point
Richmond is in complete agreement, for she writes (ref, 8) "System evaluation by
comparison testing is essentially a negative operation"”, and again, "Comparison
with other systems does not answer problems arigsing from the weaknesses of this

in each case, the faulis are internal and only obliquely subject to

evaluation by comparison with other gystems®,

operational variables,

To make advances in knowledge regarding index languages, what was now re-
guired was a laboratory-type situation, where, {reed from the contamination of

the performance of index languages could be studied in isolation.

While such an approach was unusual in 1881, at least {wo cther organizations have
also established similar conditions, namely the Centre for Documentation at Western
Reserve University and the Compuiation Laboratory of Harvard University. The
methods used at Cranfield to esiablish this situation are considered in the following
chapters of this volume.



Chapter 2
TEST DESIGN

There has been a considerable amount of comment during the past few years about
test design in general and the test design for Cranfield I in particular. That much of
this has been, unfortunately, misinformed has been due both to a failure to appreciate
the basic problems and purposes of an evaluation test, and also to a failure to dis-
tinguish between two main types of testing.

The first type of testing is that which is concerned with the evaluation of an opera-
tional information retrieval system, a sub-system of an operational system or a system
or sub-system proposed for an operational system. In all such cases, there is no
basic intention of advancing knowledge concerning information retrieval systems in
general, although in the present state of fragmentary knowledge, this may well be a
by-product. Basically such a test is designed to provide data for an analysis to be
made which will show how the system can work more efficiently either in regard to
operational or economic factors, in supplying the particular requirements of a given
body of users. Such a test was that performed by Lancaster on the index of the Bureau
of Ships {(reference 5}. Well designed on the basic Cranfield test procedure, with
defined limited objectives, it produced, economically and quickly, data which enabled
decisions fo be taken on the optimum methods for the information retrieval system at
the Bureau of Ships. As a ‘research! pay-off, it revealed yet another situation where
the use of roles was economically inefficient and operationally of doubtful value, and
added to the growing body of data on the problems created by the use of roles of the
type proposed by the Engineers Joint Council, in the Thesaurus of Engineering Terms.

There are many different variations of this type of test situation. One can, for
instance, devise a new system or sub-system and test it while it is still comparatively
small as effectively as one can test the performance of a long-established operational
system, but the characteristic of all such tests is that they are made with a given
gituation in mind, their parameters are fixed by the pre-determined environment of the
system being evaluated. ’

The second type of test - the type with which this report is concerned - is where
one is dealing with an experimental situation. In such a case, the purpose of the test
is to advance knowledge in some aspect of information reirieval without any particular
operational requirement in mind. For this to be done, it is necessary to advance from
a firm foundation of what is known. To make such an advance may require the use
of unproved techniques, and, since the attempt is being made to investigatie the unknown,
there is always the possibility that, however meticulously the test has been designed,
gome unexpected factor will interfere with the objective of the test. If such a factor
can be recognised early enough, it may be possible to adjust the design to take account
of the new situation, but the risk has to be accepted that the weakness may only become
apparent towards the end of the test.

A classical example of such a situation was the test carried out by Documentation Inc,
Inc., where the objeciive was to compare the performance of a UThiterm index and the
alphabetical subject catalogue compiled by the Armed Services Technical Information
Agency. The first stage of the test involved the indexing of 15, 000 documents by the
Uniterm system, at the same time as they were also being indexed by the ASTIA staff.
The second stage was for the two groups to carry out searches in their indexes for
some ninety odd questions and then for each group fo analyse the output of their searches
to find which documents were relevant. Up to this point, everything appears to have
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gone according to plan. The final stage was intended to be a comparison of the out-
put of the two sets of searches, in order to find which system had been successful
in obtaining more relevant documents,

The problem which arcse at this final stage was that neither group was willing
o accept the relevance assessments of the other group; rumour has it that at the
end of the second day of discussion, the two groups were still arguing about the
meaning of the first search question. No real blame can be fixed on those who
organised the test; in 1852 it was not unreasonable to think that two groups of intelli-
to which documents were relevant to a partimular question. I any fault can be
found, it only lies im the failure to make generally available either of the two reports
which are said to have been prepared by the two groups taking part in the test., The
only published account was a brief paper by Gull which appeared some years later in
American Documentation {reference 10}, and which dealt mainly with the resulis of
the searches. Gull does, however, make the following very apt comment: "When

id

cne considers that a fairly thorough search of the literature indicates that this compari-

son of two reference systems is the first undertaken so far, it is not surprising
that the results revealed clerical errors and an incomplete design of the test.”

With the exception of a small test done in 1953 by Cleverdon and Thorne {ref, 11},
this had been the only test of an I. R, system carried out before the test design for
Cranfield I was prepared in 1956. While access to the complete reports of the
ASTIA -Uniterm test might have revealed some more information, the only positive
‘act known in 19568 concerning test design of 1. R. systems was that failure to have a
irm agreement on question-document relevance could resull in complete failure to
ealise the test objectives. Concerning information reirieval systems, however,
othing was known for certain. For any belief categorically stated by one expert, it
was possible to find the exact opposite stated by another expert. Those were, in
fact, the halycon days when one could argue all night without producing a shred of
evidence for one's views, when Metcalfe , for instance, could wriie a fascinating book
{ref. 12} proving in three hundred pages that an alphabetical subject catalogue was
vastly superior to a classified catalogue without having to, or being able to, present
one piece of experimental daia to support any of his many assertions,
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The field of investigation for Cranfield I was therefore wide open, in the sense
that it would prove or disprove some conflicting beliefs. Since it was uncertain as
to what was of major importance, the decision was deliberately taken to plan the test
over a wide range of aspects, Not only index languages but gualifications of indexerg,
indexing time, categories of documents, search tactics and search capability, optimi-
tically {over-optimistically some might argue) all were incorporated in the test
esign. Any knowledge would be  new knowledge and there was practically no limit
to what could be attempted, although there were certainly definite but unknown limits
as to what could be achieved. From a personal viewpoint, however, cone limitation
wasg essential in the design; actual questions could not be used if these involved
relevance assessmentg by other people than the questioners., This restriction had
to be accepted, and the result was the adoption of the technique of using prepared

0. W



questions hased on scurce documents. Although this technique has been strongly
attacked in many papers, no-one has suggested any other method which would

have permitied so much reliable data to be obtained so economically.®* However

by the time the design of the present project was being considered, the position g
had changed radically, The conclusions coming from Cranfield I, supported by
other smaller investigations, had deliniated more sharply the problem areas for
investigation; equally important was the realization that progress would be dependent
on the use of more refined test methodology. '

As oullinsd in tne previous chapiters, the new project was to deal with index
language devices; the first objective was the precise measurement of recall and pre-
cision ratios. The essential prerequisite to obtaining these measures {in an experi-
mental situstion) is the determination of the sets of documents which are and are not
“yrelevant to each of a set of test questions. Before proceeding to discuss the various
ways of determining this matter, it may be helpful to consider a recent paper by the
late Dr. Taube 'The pseudo-mathematics of relevance’ (ref.138), which is being widely
quoted as discrediting the results of the Cranfield investigations. ’

Any paper by Dr. Taube merited serious consideration, and in particular any
paper dealing with the question of relevance, since this was the critical problem in
the original test carried out by Documentation Ine. While the paper presents what
at first sight appears to be a plausible argument, if is, in fact, based upon a con-
fusion and distortion of meaning of two wuses of the term 'relevance’. First there
is the use of the term on its own where it denotes, in a true life situation, the subjec-
tive assessment of an individual in relation to a document or a set of documents which
he receives in answer {o a search question, so that he says "these documents are
relevant to my questions, those other documents are not relevant'. The second use
of the term is in 'relevance ratio', which is the manner of expressing the proportion
of relevant decuments retrieved to the total of documents retrieved in a search. As
such, 'relevance ratic'! has nothing to do with the determination of relevance, but
merely involves a numerical calculation of those documents which have been previously
allocated to one of the two sets of relevant and not relevant.

At a meeting in Washington in 1864 of a group of some thirty people concerned,
to a greater or lesser degree, with evaluation of I.R. systems, the paper in question,
{which was originally written in March 1964) was amongst the documents circulated,
Since it was clear from ihe discussion that Dr, Taube was still confusing the two
meanings, Cleverdon agreed that in future we would cease to use the term 'rele-
vance ratio! and substitute anocther term. FPossible alternatives were ‘acceptance
rate' or 'precision ratio?, both of which were being used by other groups with
the same meaning as 'relevance ratio!. As stated earlier, 'precision ratio!
was selected, and if one ‘substitutes this {erm in those cases where Taube

*In these days when large grants are comimon for small investigations, it is of inter-
est to recall that the five years! work of Cranfield I, including the test of the Metal-
lurgical Index of Western Reserve University, was covered by two grants from the
National Science Foundation, totalling $44, 000.
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used the term ‘relevance’ with this meaning, it is immediately apparent that the whole
argument is defective. The argument in the paper starts with a quotation from a
Cranfield paper written before this decision to change to the term ‘precision ratio!.
had been taken. Substituting this term, but not in any way changing the original mean-
ing, we would now have written, "With the aid of the set of documents and the set of
questions [for which the document/question relevance assessments have been pre-
x,omxijf made by the questioner] it will be possible {c test each index language device

in turn and so get precise figures for the effect on recall and precision ratios."

At

wes 'Bome way or ancther a vague or hardly recogrisable
i.e. relevance | has turned out to be precisely measur-

- 3 5 o I'Tl N
a‘a}&‘”a ,ﬁ: is :1:3:3 of CGuK‘Se, re

: ready been taken. As Salton says {(Ref.14), "once
vole z*eievancm judg emeﬂ*“ are available for all documents with respect to all

cﬂcu lation of recall and precision becomes perfectly straight-
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g to find, in the lssue of American Docurmentation for April 1965,

ef note {ref, 15} by two members of the staff of Documentation Inec.,

. g8 a NASA Search Systern Analysis Sheet. The example which

gented has been reproduced on page 12, and from this it can be seen that these
i Documentation Inc. have been able io derive, for this particu-

acceptance rate (i.e. precision ratic or relevance ratio) of 86.5%.%

to note that, on the Analysis Sheet, the phrase used is 'accepted hite

"his implies thai the determination of the relevance of the document

the question has been bgr a member of the staff of Documentation Inc., and his stan--

for relevance might be very different from that of the questioner. This leads us

back to the point we had K‘Ed{:heﬁ before the diversion to consider briefly the matter of

relevance. As we argued earlier, there were sound, compelling reasons for the use

Eig

dard
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of source-document questions in Cranfield I, because they gave, simply and economically

unequivocal relevance assessments. More particularly, it still remains probably the
most effective and economical method of establishing the general recall ratic in many
test situations. By 1861, however, il was quite unacceptable for an experimental in-
vestigation of d e type we had in mind. What were the alternatives? These can most
simply be tabulated under various aspectis as follows.

Types of search questions

1. An actual guestion that is put to an information retrieval system and searched at
the time it is required,

Z. An actual guestion thai has been put to an I.R. system. In other words, one obiains
questions that have been used previously, either with the system being tested or some
other system.

*To save misunderstanding, we would point out that an error has been made in cal-
culating this figure. It should, of course, be 85.9%,



3. > Pr *‘ d g
‘he purpose of the test and is not a question which meeis an actual need of the ques-
tioner. ?mm p“e sarad questions may or may not be based on a particular document
or documents.

suestion, that is a question which has been composed specifically fef
pe

Method of Belevance Assessment

the gquestioner

the consensus of opinion of a group of people

an individual, not the questioner

matching the indexing with the search programme,

Ivope of lndividual{a) Involved

A system
B oy technical staff, not users of the sysiem
T Librarians or ol Ezer information stafi.

It we now chart Type of Question against Method of Relevance Assessment, the
various possibilities can be shown

Method of Relevance Assessment

- I It 11 v
A ~1 A A A
1 P / /_,./
. , e
- A BC | -~ BC | - -
r n . e -
Type A A A 7 A
of 2 -
guestion A e BC BC - _
ABC //«-/" ABC 7 | ABC | aBc
3 e _ e P
" aBC | 7 ABC " ABC | -~ -

In the chart, the upper half of each box represents the type of person asking the ques-
tion, the lower half represents the type of person making the relevance assessment.

An additional variable concerns the type of document on which the reference
decision is based, for this can be either

o The complete text
£ An abstract
¥ The title.

It can be seen that the Documentation Inc. example discussed above was, presum-

ably, the use of an actual guestion {1A) where the relevance assessment was made

by an individual, not the questioner {III} who was a member of the information staff
{C), probably basing his decisions on document titles,making up the code {1ANIICY).

For Cranfield 1 the code would have been {3B}IBa), which is to say thai prepared

Lgaw tions were used {3), based on complete documents (u}, this resulted in the rele-
vance being determined by the questioner {I) and the individuals involved were tech-
nical staff not concerned with the system {B).



The thecretical ideal is {1A}1A«) that is the use of actual questions with a rele-
vance asg rent made at the time by the guestioner from complete texts. This
cannoi be achlieved in an experimental situation since there is no bedy of users who
can ask guegtions, nor would the experimental collection normally be of sufficient
size to justify actual searches. For this project, it was considered that the nearest
to me 1dea}; Would e the combination {28)\14.;{:?4‘) that is questions which had been

*ha’a nothing less than abstracts would be used; the expec-
s would also be used., The wisdom and implications of
ma red in relation to the test results. What can be stated here

nal performance characieristics of the system belng tested will
inly change depending on the combination of questioner and relevance

1, and care ﬁ‘ﬂ uld be taken in interpreting figures which do not define

been obtained in this respect. A few illusirations of what can happen

lear up this point. In the Documentation Inc. example previcusly quoted,

io of 86.5% is very high. A probable ressin is that it is based on»
sment of a2 member of the information staff; when the set of docu-
guestioner, his relevance standards may be such that he will

: majority as non-velevant, so the relevance ratio would then drop con-

As another example, in a report of the evaluation of the EURATOM information
etrieval system {ref. 14}, a precision ratio of 65% is given. The key to this high figure
8.in the following sentence taken from the text of the paper., "Finally, the computeris
answers have to be che :ad, since it would be unreasonable to expect them to be 100%
complete and correct”

What has happened in this case is something rather different. The precision ratio
is not being calculated on the actual search output but on the search ocutput after techni-
cal information staff have vrejected the documents which they considered non-relevant.
A somewhat similar reason was the cause of some confusion at the NATO Advanced
Study Institute on evaluation of inforrhation retrieval systems, when Altmann, in
presenting the resulls of a test on the information retrieval system of the Harry
Diamond Research Laborateries {ref. 17) gave figures of 80% for precision ratio. In
this case, it appeared that the procedure was for the questioners, who were also making
the searches, to eliminate documents which, from title or abstract, appeared to be
non-relevant; this maybe gives interesting information about the ability of users to
eliminate non-relevant information on the basis of the title but, as with the EURATOM
test, gives no information at all on the performance of the system in regard to precision,

The discussion so far has been dealing with precigion ratios; while there is
still considerable doubt as to the most useful way, in an experimental situation, of obtain-
ing relevance assessments, once that asgessment hag been made the determination of
precision ratio is a straightforward maiter. The same is not, however, irue of recall
ratio, because this is dependent on the number of relevant documents which have not
been retrieved. This problem was effectively side-tracked in Cranfield I by the use
of source-document questions; since this method had been ruled out for the present
test, there was only one apparent aliernative, namely to lock at every document in
relation to every question. This decision automatically placed a restriction on the
size of the test collection and the number of questions to be searched. This was not
considered a serious handicap, since the W.R.U, test had shown that a collection of
only one thousand documents was sufficient to provide a considerable amount of data
for analysis. There seemed to be some advantage in having a larger number of questions
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in relation to the number of documents in the coliection than had previously been
used, and the decision was to aim at 1,200 documents with 300 questions.

There was no readily available collection of questions which had actually been
used on some previous occasion. Even if there had been, it would not have been
possible to have the originators of the questions check the documents for relevance.
The method adopted, therefore, to obtain the documents and the questions was to
select a number of recently published research papers, mainly dealing with high
speed aerodynamics, but about 90% of which covered aircraft structures. The author
f each paper was to be requesied fo provide the basic problem, in the form of a
earch question, which had been the reason for the research being underiaken, and
also to give some additional problems which had arisen in the course of his work.

At the same time he would be asked to state which papers in his list of references
were relevant to the varicus questions he had provided. It was intended that the docu-
ment collection would be made up of the pavers that had been included as references.
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"Relevance’ is obviously a matter of degree. The problem in arranging for rele-
vance assesgments to be made is to decide how many degrees of relevance can be
consistently recognised. In the test of the index of Western Reserve University, two
levels of relevance were used; previously , Swanson {ref. 18) had attempted ten
levels. The decision in this test was to use four levels of relevance; details of this
and the whole procedure of obtaining the questions and document collection are given
in chapter 3.

The references in any given paper might be expected to give a high proportion
of velevant documents to any question arising in connection with that paper, but at
the same time there was the probability that other documents in the test collection
would also be relevant. The author might have known about these documents but
have decided not to use them. Alternatively, he might not have been aware of
their existence; possibly they might have been published after he had finished his
work. While it was essential that ther should be a complete cross-check of every
document and of every question, it was impracticable to send 1,200 documents to
each of 200 or so authors for them to make the assessments individually, so a
screening process was first necessary. This was to be done by recruiting a num-
ber of postgraduate students who would (hopefully) be able to eliminate most of the
non-relevant documents for each question. Then it would only be necessary to send
to each author those papers which had a reasonable possibility of being relevant,
for each author to make a final decision concerning relevance.

We would forestall criticisrn of the method outlined above, by admitting immediately
that it includes nothing which overcomes the basic problems of the meaning and deter-
mination of relevance. No-one is more aware that relevance is a shifting notion, certainly
between individuals and often for the same individuals at different times. Is there, then,
justificiation for the comments by Taube that any attempt to measure system performance
is uselesg, since such measurement must be based on relevance decisions. We would
strongly argue against this, for it is the very situation which an information retrieval
system has to face. Users do ask questions and then accept or reject the search output
in what might seem an arbitrary manner. The objective of the methods used in this test
was to get as near as is possible in an experimental test to a true life situation in
velation to relevance decisions. While they certainly represented an advance on the
methods in Cranfield I, it is not intended to suggest that the design was perfect; again if
is necessary to go back to the time when the test was designed, and say that in 1961 it
appeared to be the best techni que that could be adopted for the particular requirements.
The experience of this test has shown not only its advantages, but also some disadvaniages,
and these are briefly discussed in Chapter 8.
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So far the discussion on the test design has been entirely concerned with the
methods to be used in obtaining a set of test documents and questions, and establish-
ing the relationship between the documents and the guestions, AIll such activity was
an essential preliminary to the investigation itself, the general background of which
was considered in the previous chapter. To summarize this briefly, we started from
the belief that all index languages are amalgams of different kinds of devices. Such
devices fall inio the two groups of those which are intended to improve the recall
ratio and those which are intended to improve the precision ratio. In other words,

»e are some devices which will always enlarge the class and thereby retrieve

more documenis, with the probable result that more relevant documents will be re-
irieved. On the other hand, the precision devices will always act in the reverse manner
by narrowing the class, thereby retrieving fewer documents, with the probable result
that some relevant documents will be eliminated. The purpose of the test was

o investigate the effect which each of these devices, alone or in any possible com-
bination, would have on recall and precision.

To enable this to be done, it was essential that it should be possible to hold every-
thing constant except the one variable being investigated. The organization of the
file, with its completed matrix of document/ question relevance agsessments, wag
the first step towards this. The nexi stage was to determine and fix, cnce and for
2ll, the concept-indexing of the documents and the relationships of the concepts. By
concept-indexing is meant the decision as to which coneept and groups of concepts
are significant from the viewpoint of retrieval. Such concept indexing can only be
in - the terminoclogy of the document. As soon as there is any "translation! of the
document terminology to any kind of formalized language, then one of the index lanpuage
devices must have been brought into use. Therefore the decision was to concept=index,
at a high level of exhaustivity, the documents in the collection so that they might be
translated into any type of index language which it was desired to test. Details as to
how thie was done are given in chapter 4.

The original proposal to the National Science Foundation contained the following
statement, At this stage it should be possible to decide which technique appeared
to have the most satisfactory characteristic for adaptation to automatic indexing.
Dr. J. O'Connor has explained the techniques which can be used to investigate methods
of automatic indexing without actually using computers. {ref. 19) . OQur approach
would be partly to investigate new techniques, but might as usefully be concerned with
testing methods proposed by others and measuring the performance of such methods
against the results from human indexing."

The possibility and the hope that the test collection could be used by other groups
and provide direct comparison with the Cranfield results was partly responsible for
the decisions concerning the indexing technique and alsc the searching method. This
permitted starting  from the absolute basic point of matching any actual word in the
question with any term used in the concept-indexing and then to introduce all the devices
by stages. It is agreeable to be able to record that it will be possible to compare the
results of the Cranfield tests with two experiments using computers, In England, at
the Cambridge Language Research Unit, the complete set of Cranfield indexing is being
processed on the Atlas computer, and it will be possible to measure and compare the
effectiveness of the 'clumping' process which Dr. Needham has been investigating{ref .28}
In the United States, at the Harvard Computation Laboratory, a sub-set of the index-
ing has been processed by a number of the opticns of the SMART programme which
Professor G. Salton has designed. There is particular interest in this work, in that,
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in addition to the searches based on the Cranfield indexing, searches have also been
made on the abstracts taken from the documents. This work is discussed in more
detail in Chapter 7.

it was, of course, known that decisions would have to be made concerning the
physical methods which would be used for carrying out the searches. Fortunately,
no firm decisions were taken on this point; the methods ultimately used are discussed
in Chapter 6.

Finally, there would be the necessity to present the results in a meaningful man-
ner, The recall/precision ratio figures and curves of Cranfield I have undoubtedly
taken a hammering over the past few years, and there are many who have sought
the elixir to change them into the pure gold of a single figure. Far from being able
o do this, it was by 1961 clear to us that, if there was to be any compariscn of ex-
perimental results, it was necessary first to investigate the effect on performance of
the generality ratio, namely the relationship between the number of relevant docu-
ments and the size of the collection. The first tentative ideas on this had been put
forward on page 101 of Ref. 2; in this project it was planned to attempt to measure
the effect of this factor on recall and precision.
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CHAPTER 3

Documents and Questions

To provide the necessary basis for the test, we required a collection of docu-
ments, a set of search questions, and a complete assessment to determine the
documents relevant to each question. These aims were accomplished in three main
stages:

Stage 1. A letter was sent to authors of research papers, requesting search
guestions and a relevance assessment of the papers they cited.

Stage 2. Using the collection of documents and a set of questions made up
from the replies to stage one, technically competent people examined every
document in relation to every question to find any relevant documents in ad~
dition to the authors' cited documents,

Stage 3. The additional documents judged relevant in stage two were submitted
o the authors, requesting their final assessment of relevance.

First will be givendetails of the methods used in these three stages, and the
response made by the authors. Then will follow a more detailed examination of the
question-document assessment of relevance, and finally a brief analysis of the
questions.

Methodology and authors' responses

271 recent papers on the subject of high speed aerodynamics and aircraft
stractures were obtained. Although high speed aerodynamics had been chosen as
the main subject for the test, a small set of documents dealing with aircraft struc-
tures was introduced in order to examine the effect of including two dissimilar sub-
jects in one collection. These papers were referred to as base documents, and in
order to be accepted for the test a base document had to satisfy certain criteria; it
had to be a paper published in the English language containing at least two references
in a bibliography, these references being in English, dated 1954 or later and likely
to be readily obtainable. Since aerodynamic papers contain on average about twelve
references, neither this nor any of the other requirements caused the rejection of
many paperg. Most of the selected papers were published during 1962, and the first
half of 1963; the articles from one prominent journal predominated, but some research
reports were included. A list of the different sources of those which were finally
used is given in Table 3.1. 76.9% of the papers are American publications, 22.5%
British and 0.6% Swedish.

T the author of each of these papers was sent a form, quoting the title and
reference of his own paper, and also listing up to ten of the papers which had been
included ag references. The authors were asked to do two things,

i. To state the basic problem, in the form of a search question, which was
the reason for the research being undertaken leading to the paper, and also to give
not more than three supplementary questions that arose in the course of the work,
and which were, or might have been, put to an information service.
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U.8. A,

Journal of the Aerospace Sciences ..
(later A.I,A A, Journal)

National Aeronautics and Space Admlmstratlon
Technical Notes

Great Britain

Royal Aircraft Establishment Reports and Notes
Aeronautical Research Council Papers .
National Physical Laboratory Reports

National Gas Turbine Establishment Reports
Southampton University Reports

College of Aeronautics Reporis

The Aeronautical Quarterly

Journal of the Royal Aeronautical Socwty

Sweden

Aeronautical Research Institute Reports

TABLE 3.1 BIBLIOGRAPHICAL ORIGIN OF BASE DOCUMENTS

USED IN THE TEST

Australia
France

Great Britain
India ..
Israel

Japan
Sweden
Switzeriand
United States

Totals

TABLE 3.2 COUNTRY OF RESIDENCE
OF AUTHORS OF BASE PAPERS

Total
102

38

PO OO Lo o= L0 O BN

U.S.A, G.B. Other
AUTHORS' COUNTRY 67.6% 26.0% 5.5%
(123) (49) {(10)
COUNTRY OF PUBLICATION 76.9% 22.5% 0.6%
(140) {41) (1)

TABLE 3.3. COMPARISON OF AUTHORS! COUNTRY

OF RESIDENCE AND COUNTRY OF PUBLICATION
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%2, To assess the relevance of each of the submiited list of papers which had
been cited references, in relation to each of the questions given. The assess-

ment was to be based on the following scale of five definitions:
{i} References which are a complele answer to the question. Presum-
ably this would only apply for supplementary questions, since if they applied to the
main question there would have been no necessity for the research to be done.
References of a high degree of relevance, the lack of which either
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An example of & completed sheet was included with each letter; this, the cover-
mple of material sent, are shown as Appendix 3 A.

ing letter and exs

53, 82 letters were sent out and by the end of that month 47
replies had been received with an average of 3% questions. Further letters were
despatched up 1o the middle of July, and then later ome chase letter was sent to those
who had not replied. By the end of September we had received the excellent response
of 182 completed forms of the 271 sent {67.2%). Some authors wrote to say that they
could not spare the time; many other letters were returned because change of address
prevenied delivery. The authors continued to supply an average of 3% questions, and
the total of those received was 641.

Most of these authors, 67.6% lived in the U.S.A., with 26. 9% in
Creat Britain and 5.5% in other countries. Table 3.2 shows the figures from
each couniry, based on the 182 authors with whom we corresponded., A complete
list of the authors is given in Appendix 3F. It is an interesting sidelight on
publishing habits to notice that eight of the British authors published in American
sources, and nine out of ten of the other foreign authors did the same, but all the
authors residing in the U.S., A, published there. Figures are given in Table 3.3.
Some of the authors had changed their country of residence by the time of the iest,.
and the figures are based on the country of residence in which their particular
research paper was writlen.

As the forms were being received, the document collection was being made
up, and 1,018 unigue documents resulted from the cited papers. The base
documents themselves were also included in the collection, adding 173 more
documents (9 were already included as cited papers), but in order to avoid any
possible bias in the results, these base documents are always completely deleted
from the results when the questions to which they gave rise are being tested,

209 further documents, taken from similar sources, brough the whole collection
o ite final 1,400 documents, For the indexing, which was proceeding during this
time, single xerox coples of the documents were made. Full bibliographical
information concerning the document collection is given in Appendix 3C,

To prepare for the next stage, 361 of the 640 questions were selected for use
in the tesi. e basis for this selection was questions that had two or more docu -
ments assessed as relevance grade 1, 2 or 3, and questions that were grammatically
complete were selected first., Some gquestions were received abbreviated, although
the missing idea was quite clear from another of the author's questions. For example,
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Q. 247 when received was worded "Can the hypersonic similarity results be applied

the technigue’. By examination of the other supplementary and basic questions,
(@.13, Q.12} it is seen that the technique under investigation is methods for pre-
dicting surface pressures of anogive forebody at angle of attack, so question 247 was
rewritten {o include this., When, as in the example, the meaning was quite obvious,
we inserted the missing words, and the re-submission of the question to the authors
in stage three revealed no disagreement with the amendments,

The next task was to find whether there were in the collection  documents other
han uhose which had been in the list of citations, which were also relevant to any of

A This was done by examining every document in relation to every ques-
thon, noting any new docaments that were judged as possibly relevant, and then sub-

se documents to the original authors for their final assessment of relevance,

NAS pe"f“‘r' ormed by students, with a knowledge of aerodynamics, who
Wers «snga@ed in ; g radusie study at the College of Aeronautics. Over 1,500 man-
i : the 1863 summer vacation were put in by five people. The job
ed in i‘ncmw oV e:@ half a million individual judgements, and was an extremely
onerous fask, The guestions were supplied on individual slips, with space given for
recording the file number of any document judged as relevant. Access was also
given 1o the ori gmal forms giving all the questions supplied by the author, the source
cument, and the authors' relevance assessment of the cited papers. Details of
the document collection were supplied in the form of typed sheets, listing the docu-
ments in file order, and giving authors, titles and biblicgraphical details. Complete

opies of all the ¢ ’z cuments were readily available to the students.

The uliimatle procedure adopted was to work on sections of the document col-
lection, ranging from 100 10 400 documents, depending on the number of people work-
ing at the same tlme. The guestions were first sorted into broad subject groups,
and small batches of very similar questions were done together. Thus some of the
prominent features and subject areas of sections of the documents were soon com-
mitted to memory, to assist fairly rapid scanning of the document lists. The docu-
ment titles were examined first, and any documents that could remotely contain mater-
ial connected with the guestion were recorded on the question slip, so that at the end
of a fscan’ of the -,lﬂe , the documents themselves could be examined. The students
were instructed to be guite liberal in their judgements, and to include documents that
they considered were only possibly relevant. An initial attempt was made to grade
their decisions for relevance, but this was found to be too difficuli to do consistently,
and so was given up.

The task was tedious, particularly for people of intellectual capability, but 361
questions were finally completed. Those who carried out the task would not claim
to have found every possibly relevant document, since question interpretation would
not always agree completely with the authors’ real need, and since human error was
inevitable. Some figures giving information on the number of relevani documents
misged by the students is given later in this chapter. Documents judged as relevant,
which really were not, did not cause any difficulty, since the original author of the
guestion was faken as the final arbiter of relevance. For 88 of the 361 questions, no
other documents ware considered to be relevant; for the other 275 questions, there
wag found at least one document judged as possibly relevant, with an average of 3.3
per question:
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X When submitting these documents to the authors, it was decided to add some
extra documents which had been suggested as & result of a test of the questions by
the technigus known as bibliographic coupling. A description of the processing of
the cited p'apers in the documents of the collection, which resulied in a citation
index and bibliographic coupling groups, is given in chapter 7. In the theory of
bibliographic coupling, as worked out by Dr. M. M. Kessler, {Ref. 20) it is shown
that, as the coupling strength increases, so also does the probability of the document
being relevant to the question. It was therefore decided to include all documents
retrieved by bibliographic coupling at a coupling strength of 7 or more {i.e. docu-
ments that had seven or more references in common with one of the authorts cited
relevant papers of grade {1}, {2} or (3)). Ofthe 213 documents produced in this way,
only the unexpectedly small number of 15 had already been assessed as possibly
relevant by the students. The balance of 198 were submitted, along with the student
assessed documents, in the second communication to the authors. This time the
authore were requested to do three things; for reasons considered later,

1. To make a relevance assessment of the new documents submitted, in
relation to their search guestions, using the same relevance scale as before.

2. To examine the selected questions {which they themselves had originally
asked), and to indicate the relative importance of each term or concept in the ques-
tion by marking with a *weight' from the following scale:-

{1) A paper that did not cover this term would be of no use.
{ii) It is desirable that this term should be covered by the document.
{iii) This is a term which is not absolutely essential to the enguiry.

3. To list any aliernative terms or concepts that might be used in a search
programme for the questions and, if necessary, to include a completely rephrased
version of the question.

A xerox copy of the questions as he originally wrote them was sent to each
author, together with a list of the new documents submitted, giving authors, titles
and bibliocgraphical references. Against each such document submitted was indicated
the question to which the document was thought to be relevant, and to assist the
relevance assessment a xerox copy of each document abstract was included. Each
of the questions was re-submitted on a separate sheet, with space provided for
alternative words to be added, either against each single term, or the concepts of
the questions. Examples of the above are given in Appendix 3B.

Most authors received a total of at least eleven sheets for examination, which
together with the absiracts of the documents submitied, made a somewhat daunting
package. In spite of this, 144 out of 182 authors (79.1%) returned completed forms,
with yet others being unable to help and some having changed addresses as before,
Our main concern was o obtain the relevance assessments, which were needed for
283 of the questions and the authors' responses provided assessmenis for 201 of
these. 78 questions had not been resubmitted to the authors because no possible
relevant documents had been noted; adding these to the 201 questions where the
relevance assessments had been completed meant that there was a total of 279
questions which could be used. This fell slightly short of the 300 questions
originally planned; as will be considered later, we were by this time beginning to
suspect that the test would provide more data than could be handled or would be

required, and therefore no effort was made to bring the total number of questions
back to 300,
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Most authors included the weighting of the questions in their reply, over half
of the questions had some alternative terms added, and 28 of the questions were sub-
mitted in rephrased form. (See Appendix 3B ).

A summary of the position regarding the questions is as follows:-

1. Total of gquestions received .. . - o o . 641
2, Questions discarded for various reasons ., . . N 280
2. Questions matched against complete document collection for
relevance { {1} - {2} ) .. . . . .. ' . 361
4, Questions having no additional relevant references .. - 78
5. Questions resubmitted to authors for relevance decisions .. ' 283
6. Questions returned by authors from stage {3) .. - .. 201
7. Questions available for test { (4} + {8} .. o . . 279

The relevance assessments

fhe basic data on the authors! relevance assessments is given in Tables 3 .4,
3,5, 3.6 and 3.7. These tables highlight various aspects of the relevance assess-
ments, and the figures given are taken from the 279 usable questions obtained. In
each table, the documenis that were submitted to the authors are split into three
categories:~

1. Those cited in the author's own original paper;

9. Those the students found and judged as being relevant;

3. Those retrieved by bibliographic coupling at a strength of 7 plus, and which were
additional to the two categories above.

Tach table also gives a figure for the total of all categories, the four divisions
being shown as the left hand parameter in each table. The relevance assessments
made are given in the body of the tables, these being split into several categories:-

1. Documents submitted (Tables 3.4 and 3.8)
2. Documents assessed as relevant, i.e. accepted: -
{a} Totals (Tables 3.4, 3.5, 3.6 and 3.7}
{b) Details of the four grades of Relevance (Tables 3.5 and 3.7)
Documents assessed as not relevant, i.e. rejected (Tables 3.4 and 3.6)
_ Total documents assessed as relevant expressed as a percentage of documents
submitted. {Tables 3.4 and 3.6).

gy

The figures given are in two forms in each table:-

1. Grand totals of documents, resulting from the whole set of questicns involved.
2, Figures for one average question, calculated by the arithmetic mean. These

averages are correct o one decimal place, but in a few cases 2 slight adjustment
has been made io preserve the correct totals.

Tables 3.4 and 3.5 giving the figures for the whole set of 279 questions will be
examined first. The bottom section of Table 3.4 shows that 3,087 documents
were submitted to the authors of which 1,126 were rejected as not relevant, and 1,861
{i.e. 63.5%) were accepted as relevant. Table 3.5 gives a breakdown of the 1,961

documenis accepted, showing that 171 were graded relevance {1}, 461 were relevance {2),
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TABLE 3.4

jad

TABLE 3.5 GRADES OF RELEVANCE

Origin of documents

. Cited in authors' papers

. Additional documents

selected by students

. Additional documents by

bibliographic coupling

. Comaplete total

Submitied
to the authors
for agsessment

1872 {7.1)

817 {3.3)

188 {0.7)

3087 {(11.1)

RELEVANCE ASSESSMENTS

Accepied Hejected % accepted

as
relevant non-relevant relevant

as

as

1250 {4.5) 722 {2.6) 63.4%
592 (3.1) 325 (1.2 64.6%
118 {0.4) 79 {0.3) 60.1%

1881 {7.0) 1126 (4.1) 63.5%

OF DOCUMENTS AS

AUTHORS IN RELATION TO THEIR SEARCH QUESTIONS

DECIDED BY

The total for all 279 questions is shown, with the average for each
guestion in brackets.

Origin of documents

. Cited in auvthors! papers
B

. Additional documents

selected by students

, Additional documenis by

biblicgraphic coupling

. Complete total

Relevant
documenis

1250 (4.5}

582 (2.1)
116 (0.4}

1961 {7.0)

i
158 (0.6}

12

171 {0.8)

Grades of Relevance
2 3
348 {1.2) 482 (1.8)

87 (6.4} 344 (1.2)

16 (0.1} 66 (0.2)

461 {1.7) 502 {3.2}

AS DECIDED BY THE AUTHORS

4
252 {0.9)

139 (0.5)

36 (0.1)

427 {1.5)

The total for all 278 questions is shown, with the average for each

question in brackets.

It will be noted that this table represenis a

breakdown of the figures as given in the second column of Table 3.4.
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Relevant
Origin of documents Total Grades of Relevance

1 2 3 4

1. Cited in authors! papers (B) 589 (5.0) 12 (0.1) 159(1.3) 273(2.4) 145 (1.2)
(S) 661({4.1) 146(0.9) 189(1.2) 219(1.4) 107(0.8)

2. Additional documents {B) 258(2.2) 1 53 (0.5} 144 (1.2) 60 (0.5)
selected by students {S) 334(2.1) 11 {0.1) 44 (0.3) .200(1.2) 79 {0.5)
3. Additional documents by (B) 59 {0.5) 0 6 {0.1) 30 (0.2) 23 (0.2)
bibliographic coupling {S} 60(0.4) 1 10 (0.1) 36 (0.2) 13 {0.1)
4., Complete total {B) 908 {7.7) 13(0.1) 218 (1.9) 447 (3.8) 22811.9)

(S)1055(6.6) 158 (1.0) 243 (1.6) 455 (2.8} 199 (1.2)

TABLE 3.7 RELEVANCE ASSESSMENTS GIVING A COMPARISON OF BASIC
AND SUPPLEMENTARY QUESTIONS FOR ALL GRADES OF
RELEVANCE

This table gives the same data as Table 3.5 except that the 279 questions

are divided into the two groups of 118 basic questions and 116 supplementary
quesgtions, with the average for each question in brackets.

(B) = Basic question {S) = Supplementary question.
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902 were relevance {3}, and 427 were relevance {4). In terms of an average ques-
tion, one can read off the figures as 11.1 submitted, 4.1 rejected, 7.0 accepted, and
S0 on.

Examining the different origins of the documents in turn, the cited papers are
seen to exceed all the other categories in size, From this group 4.5 documents per
question were assessed as relevant; . the additional groups of documents added
another 2.5, making an average of seven relevant documents for each question. 63.4%
of the cited documents submitted were accepted as relevant, and this seems satis-
factory when it is remembered that all the references cited would not be relevant to
all the questions given. In many cases some references are relevant to one of the
questions only, and not relevanti to the other questions at all, Table 3.5 shows that
14% of the relevant documents were graded as relevance {1}, and some more details
concerning this will be given when considering Table 3.7.

The additional papers that the students judged as relevant totalled 917. These
are not, of course, 817 unique documents, as one document might be relevant to sev-
eral questions, The acceptance rate was 64.6%, and this may be taken as a clue to
the succese of this difficult task, but further details are given when Tables 3.6 and
3.7 are examined, and when comment is made on the success of the studentd judge-
ments. Of the 592 accepted, only 12 (2%} were graded at relevance (1), so in most
cases the authors considered these additional papers subrnitted were not as relevant
as the cited ones about which they already knew.

The additional bibliographic coupling documents, submitted because they had seven
or more of their references in common with the cited papers of relevance {1}, {2) or
{3}, were only those which had not already been selected by the students as possibly
relevant {see chapter 7). Table 3.8 shows that of the 312 documents retrieved by biblic~
graphic coupling, 87 were cited papers and 12 were base documents; of the remainder
only 15%had been selected by the students as possibly relevant, leaving a balance of 168
further documents to be submitted to the authors. The acceptance rate of these was
80.1%, a little lower than the acceptance of the students?! documents, and only a single
document of the 110 accepted was graded relevance {(1).

In assessing all the additional relevant documents submitted, the authors did
not know which had been selected by the students and which were retrieved by biblio-
graphic coupling. The small variations in the acceptance rate (see final column of
Table 3.4} by the authors for the different categories are so slight that they are not
statistically significant. However there is significant difference in the proportion of
documents put into the various relevance grades. From Table 3.5, it can be seen
that with the cited papers4l% were included in grades (1) and (2); of the additional
relevant papers found by the students only 18% were put in those grades and 15% of these
revealed by citation indexing. The fact that so many of these additional references
were placed in relevance grades (3) and (4), may be due to the fact that the authors
did in fact know of the existence of many of those additional papers, but had selected
the cited ones as being the most relevant to include in this paper,

So far the figures have been derived from the total set of 279 questions, but,
as previously stated the questions fall into two groups. The authors had been asked
to give the one basic question that gave rise to their work, and then to give any sup-
plementary questions that came up during the progress of the work. Of the 279 ques-
tions, 118 are basic, and 161 supplementary. In order to discover whether the authors’
assessments of their basic questions were in any way different to the supplementary
questions, the same figures from Tables 3.4 and 3.5 are set out again in Tables 3.6
and 3.7, now divided into the two categories of questions,

*The 15 documents which were both selected by the students and retrieved by biblio-
graphic coupling might be expected to have a higher acceptance rate by the authors, but
in fact only 10 of them were accepted.
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Table 3.6 shows a considerable difference between the basic and supplementary
guestions. 72.2% of all documents submitted to the basic guestions were accepied ag
relevant, but for the supplementary guestions acceptance was 57.8%. Such a dif-
ference might be expected in the case of the cited documents, since more of the
references in an author's paper are likely to be included as relevant to the basic
guestion, but the difference in acceptance shows the same proportional difference in
a1l the additional documents submiited as well, {see Table 3.8}, A possible explana-
tion of this is the probably different attitude of the authors regarding the basic and
supplementary problems. In the case of the basic probiem no one complete answer
would be available, and any document that shed some light on the problem, even if
only remotely, would be likely to be accepted. The supplemeniary problem had more
often been solved satisfactorily some time previously, and the author would there-
fore want to sccept only those documents which dealt with the probiem in a way that
met his particular requirements.

Individual relevance assessments, done by 183 different people, and with no
personal interaction with the project staff, cannot be entirely consistent. However
the assessimnenis were made by experis in their subject, and represent the individual
and personal needs of the people concerned - the situation in which every information
retrieval system has to operate. The evidence appears to show that the assessments
were carefully done, although the task was sometimes difficult; as one author said:-

"Relevance asgessment i8 not easy, bui I have
done the best I can. In the case of this subject maiter, the
literature is so exiensive that the chances of a relative
newcomer picking out what mattered would be very poor;
miuch of what are, in this connection, significant deiails
have not been published anyway; even more important per-
haps is that only long association with such a subject,
both academically and experimentally, can enable one to
appreciate what is useful and to judge what is misleading,
unreliable or definitely faulty.V

The use of four relevance grades might appear to be too precise a distinction
to be able o make in practice, but guite a number of the authors indicated 111 grades,
i,e. {1-2}, etc. For the testing stage we accepted these documents ai the lower grade.
The definitions of the grades was a problem to one author:-

"Actually ... none of your definitions {1}, (2},
{3), (4), {5} fits my attitude toward the references. All
of the references were of considerable interest to me
because they showed me what people had done so far, how
recently, and by what methods. None was useful in
suggesting methods of tackling the problem. I already
knew all of the mathematical procedures that had been
used in the papers, and several that had not been employed.
To a large extent, it was interesting to find how litile had
been done, and in some cages, how inadequately.”

Ancther author suggested that papers containing new or original answers to a
problem should have a separate grade, and several authors indicated that a given
document was a complete answer {o their guestion, but an incorrect one. One new
idea for assessing relevance wag suggested:-
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M, .. the 'assessment of relevance' categories seemed
particularly difficult to interpret in relation to most of
these additional documents. I believe that I have 'scored’
the documents roughly in proportion to the degree of ir-
ritation I should feel if a librarian produced them in res-
ponse to my original query. Whether this is a proper
basis for measurement of relevance may be arguable!”

The relevance assessments that the authors made of their own cited papers reveal
some information on the citation habits of authors, but any observations can only be
made within the limits of this situation, in which in most cases only a selection of
the cited papers was used.

A few of the authors assessed all their cited papers as not relevant to the basic
questions, and one explicitly stated that he did not find any relevant at all. An analysis
of 174 of the basic questions, more than was ultimately used, shows that 36% of the
cited papers submitted were assessed as not relevant, and if marginally relevant
papers graded {4) are included, the figure is 52%. The results from the 118 basic
questions in Table 3.6 give results of 28% and 46% respectively. It may be concluded
that about half the references in an author's paper are not included in connection with
the main problem of the paper, a fact which may assist examination of the possibilities,
and limitations, of bibliographic coupling and citation indexing.

There were some cases where a cited document was not strictly relevant to any
of the search questions at all, as one author honestly explained:-

"1 have had some difficulty in clasgifying some of my
references into the required categories: chiefly those
which occur at the beginning of the report when I attempt
to relate this report to my own previous work. It is dif-
ficult to know whether they should be categorised as 3,
4, or 5: from the librarian’s point of view they should
probably be in category 5, but it is not easy to admit that
several of one's references are, sirictly, irrelevant to
all the questions discussed.’

Ancther good explanation for this case was:-

""In the particular paper of mine a number of references
are included, not to give information on the basic search
guestion, nor do they arise from any subsidiary ques-
tions; rather they are included to amplify certain details
in the text. For example the first three references of

my paper are included purely to save time and words in
the report, as I felt it completely unnecessary to describe
experimental equipment which had been described fully
elsewhere. Thus the first three references merif a 'five!
rating.

One author supplied us with his reasons for inclusion of six of his references.

"My assessments of reference 3, 6 and 9 refer really to
many papers of which these are typical examples; No. 8
was not located - it just happened to turn up at the right
time; No. 4 did not come to hand until after the work was
completed and the report nearly so; No. 11 was included
merely in order to satisfy anyone who wanted a long list."



A separate investigation, to extract similar information more thoroughly, might
be of value, particularly if the author supplied reasons why each paper was, or was
not, relevant, Comments on relevance itself, in the match between the questions
and the documents, is made later.

The authors' assessments of the additionally submitted documents might be
expected to have suffered a little in reliability, due to the time lag between the first
letier and the second, and due to the additional documents being supplied as abstracts
only. However some authors would be expected to have been aware of some of the
additional documents, and, having the full bibliographical details, could examine the
full text if they wanted to. Of the 201 questions for which additional documents were
submitted, 39 were returned with all the additional documents assessed as not rele-
vant, leaving 162 guestions which had one or more of the documents relevant. Several
authors indicated a countinuing interest in the problem of their own paper, and the
guick response to the second questionaire may indicate that the time lag was not a
problem.

The large and difficult task undertaken by the students must next be examined.
Some error would be expected of any job like this, and two pieces of evidence may
indicate the magnitude of the documents missed.

1. Of the 198 documents found only by Bibliographic Coupling, 119 were assessed
ag relevant by the authors, (see Tables 3.4 and 3.5). There was only one graded
as relevance {1), and the majority were graded {(3).

2. In cases where an author had given more than one question that we were using,
and also where we submitted additional relevant documents in relation to more than
one of the questions, all documents submitied were listed together on a sheet with

an indication given against each document of the question to which that document was
judged to be relevant {see Appendix 3.2). However, there were cases when an author
considered that a document which had been submitted in relation to one of the ques-
tions only was also relevant to another of his questions. This occurred in 32 ques-
tions, and involved a total of 75 documents,

This last fact means that the figures in Table 3.4 referring to the additional
gtudent assessed papers  include these 75 documents, and the corrected figure for
documents selected by the students is 842. Of these, 517 were accepted as relevant,
giving an acceptance rate of 61.4% as against the previous figure of 64.6%.

Together with the Bibliographic Coupling documents that were accepted, a total
of 194 relevant documents were missed by the students, which means that they found
517 of the 711 that were assessed as relevant, i.e. 73%. Reasons for failing to find
the known loss of 27% may be:-

1. The students' interpretation of the question was more strict than that of the author,
resulting in the students rejecting what the authors may have accepted.

2. The enormity of the task and inevitable occurrence of human error,
We may hypothesise that if the students® interpretation of the question had been

more liberal, a large number of pessibly relevant documents would have been selec-
ted, resulting in a difficult task of assessment for the authors, and thereby perhaps
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resulting in a much lower acceptance rate. Had more been submitted, more would
probably have been accepted, but absoclute perfection could not be achieved unless
each author examined every document in the collection himeelf. he relevance
assessments in relation to each question are given in Append¥x 3G.

The guestions

The authors apparently found no difficulty in preparing the search guestions,
and the number received was greater than expected, with each author supplying an
average of 33 questions. Space was provided on the form for four questions, and
of the 182 authors who replied, 120 supplied four questions. 40 supplied three ques-
tions, 18 supplied two questions, and 4 authors only submitied the basic question.
The high average, together with the fact that two-thirds of the authors supplied
four questions, suggestis that some authors could have written more questions, if
space had been provided, However, since in practically every case all of the cited
papers submitied were assessed as relevant to one of the questions given, so imply-
ing that none of the references wag includad specifically to answer a question which
they had not supplied because of lack of space, it is reasonable to assume thai four
guestions represented a near waximum for these authors.

The requested distinction between basic and supplementary questions clearly
fitted the authors® view of their different problems, and only in one case did an author
indicate that two of his questions were equally concerned with his basic problem.

The 279 questions finally available for testing comprised 118 basic and 161 supplemen-
tary questions. There appeared to be no fundamental difference between the basic and
supplementary questions.. The set of questions is given in Appendix 3D,

The subject areas of the base documenis were high speed aerodynamics and
aircraft structures. The questions mainly fall into these two areas, bui some of
the supplementary questions in particular concerned subjects away from the cenire
of the two subject fields chosen. In aerodynamics, some questions dealt with chemistry
of gases, sonic boom, flow in compressors, stability and control, spaceflight re-entry,
and heat conduction. The structures -guestions mostly involved thermal and mechanical
deformation and loading, with a few on vibration, effects of noise, and waterial proper-
ties. Some questions involved both gubject areas, namely on aeroelasticity and flutter,
while there were also some purely mathematical requests.

The generality of search questions is largely a matier of degree, but we would
say, in the context of an aeronautical research organization, that most of the gques-
tions are reasonably precise, asking for a clearly defined part of the subject. There
are a few broader questions {e.g. Q.41 "What progress has been made in research
on unsteady aerodynamics'): there was one question which was not used in the tests
because we considered it might have a hundred relevant docurents, and would prob-
ably have retrieved the whole collection,

As previously stated, 279 questions were available for searching., Of these, 58
were really two or more guestions stated in one, since they had a logical sum
relationship. (e.g. Q.129 ""What experimental measurements exist of spanwise and
chordwise loadings on swept wings at low subsonic speeds and small incidence')

For this reason, most of the tests were made with the remaining 221 questions, although
at later stages in the tests,various subsets of thirty to forty questions were used for
various purposes. The composition of these various groups of questions is given in
Appendix 3E). Questions varied in length; the search terms ranged from 2 to 15 and

the average number of individual search terms in the 221 most used guestions was

7.6, median 7.9, and the mode was 7. These figures were obtained at the stage when
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the search programmes included every possible word, and 2 more conventional library
gsearch would be made on fewer terms than this, an average of probably 4 {0 5.

1t is always difficult to prove that any set of questions is really typical, or
average in some way, but since each of these questions is a statement of a2 real need
for information that aroge in the course of some 180 research projects, they are
probably ag typical a set as can be obiained outside a real life situation. Many of the
questions may have been put to an information service at some stage. '

Without the facility to cross-examine the gquestioner, interpretation of the mean-
ing gave less trouble than expected. A deep knowledge of the subjects would probably
have revealed some facts and connections not appreciated, but many replies to the
second questicnaire included additional search terms suggested by the authors, and
in some cases aliernative rephrased questions, An example of the intricacies of the
subject is seen in the following comment, made by an author fo explain why one of
the additionally submitted documents was not relevant {o his question:-

"It might seem sirange that the paper by
Kuchemann and Kettle would be of no use at all in
answering my question. This is due to the fact
that the influence of end plates ig different for stream-
lined and unstreamilined bodies. In the first case
they modify the vortices shed from the tips whereas
in the second case they prevent spanwise flow brought
about by the blockage of the body. There is no con-
nection between these two effects.”

The test design has produced a set of documents which have been assessed as
relevant to a set of questions. Since this has not been done in a real life situation,
can it be argued that the questions are artificial and the match with the documents
unreal?

Considerable discussion and argument on these points has taken place in con-
nection with the questions used in Cranfield I and the Western Heserve University
test., Although the present question-gathering method did involve a base or 'source!
document, it has not been used in the same way as in the previous tests, Previously
the questions were framed so that the source document would be a complete answer
to the question, but in the present test the question is the real need or research
problem that gave rise to the 'source’ document being written. Although the ‘source?
documentis are included in the collection, it is only the cited documents from each
tgource! document that are assessed and counted as relevant, with the addition of
the extira relevant documents found. The 'source’! document for each question is
removed from the collection when that guestion is being testied and does not appear
in any of the results at all., There is therefore, no reason for continuing to argue
about the unreality of tests based on source document quesiions, or to continue to
imply that the ‘Cranfield test method' necessarily involves the use of such questions.
However, we have stated a belief that source document questions 'can still be used
satisfactorily in situations where time and cost are important considerations, as might
be the case in an evaluation of a small operational information retrieval system?.

This comment was given in a reply to an article by D. R. Swanson, on 'The
Evidence Underlying the Cranfield Resulis' {Ref. 4), in which he emphasised what
he called "the artificial’ or 'biased’ nature of the relationship of the question o the
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source document!, in Cranfield I and the W.R.U. Tests. Swanson, in a sample
taken from the first project, demonstrated that this biased relationship was shown
by an unusually close match between the words of the question and the titles of the
relevant documents. In his paper, Swanson gives the result of an analysis of the
terms used in a set of 100 questions and the titles of their accompanying source
documents. This was done by the Cranfield group and discussed at some length

on pages 27-32 of Ref, 2, although Swanson does not comment on this work.

instead he prepared an admittedly more exact method, which would give, according
to his view, retrieval of the source document and the number of irrelevant documents
also retrieved would be small. To do this, he took the 100 document titles given in
Appendix 4B, and made a list of all the terms which did not occur more than once.
From this he argued that, if such a term also occurs in the matching question, then
the document would be retrieved, with an average of 60 other documents also being
retrieved. This statement is incorrect, in that Swanson bases it on the view that
there were only 6,000 documents in the index searched, whereas there were 18,000,
so a search of the nature proposed might be expected to retrieve an average of 180
documents.

However, using this method, Swanson finds a close correlation between the
result of his 100 searches and the actual search results, and goes on to imply that
the use of questions based on source documents will give predictable results,

To find whether these results could be repeated, we carried out the same pro-
cedure with the 114 questions and source documents of the W.R.U. test, as given in
Appendices 2a and 2b of Ref. 3. This procedure gave 232 terms, of which 132 occurred
only once. The result of this analysis was to show that 38 documents would have
been retrieved by the use of a key term occurring not more than once, this repre-
senting a recall ratio of 33%, as against the 85% recall achieved by the Cranfield
facet index. On the other hand, assuming that each key term occurring once in 114
documents would occur on an average of nine times in the whole collection, this
method would have given a maximum precision ratio of 11% as against 16% achieved
by Cranfield. Such a precision ratio of 11% could, of course, only be achieved by
the hindsight of selecting the correct term and no other., For instance, Q.107
1Effects of increasing molybdenum content by carburising steels! is counted as a
success by the fact that 'carburising' occurs in both question and document title.
However, 'molybdenum' meets the single-use requirement, so would have retrieved
the source document for @. 21, which would have been completely non-relevant., This
effect would probably reduce the relevance ratio to less than 5%, but even so, the
performance obtained by this method is vastly inferior to the performance obtained
by the Cranfield index, and appears to make untenable the criticisms of Swanson.

There would appear to be three possible reasons for the difference in results
of the similar tests done by Swanson and at Cranfield. Firstly, the W. R.U. collection
was narrower in subject coverage than the collection of the first Aslib-Cranfield pro-
ject. For instance, one key word given by Swanson is 'Titanium'. Since only some
300 documents in the whole collection dealt with metallurgical subjects, such a term
is clearly unlikely to occur more than once in a hundred documents, whereas in the
W.R.U. count it occurred on eight occasions. (This is an aspect of the generality
ratio discussed later)

A second reason could be a significant difference in the quality of titles. Many
documents in the first Aslib-Cranfield test were research reports, with titles which
were fuller than usually occur in commercial journals, from which many documents
were taken for the W, R, U. test.
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Total documents retrieved by bibliographic coupling 312
at strength of 7 or more

Documents which had already been agsessed for 87
relevance by being references.

Base documents 12 A

Documents which had been located by students 15 114

Submitted to authors for relevance assessment 198

Table 3.8 BREAKDOWN OF 312 DOCUMENTS RETRIEVED BY
BIBLIOGRAPHIC COUPLING AT STRENGTH OF
7 OR MORE.

QUESTION 145

Has anyone investigated the unsteady lift distributions on finite wings in
subsonic flow ’

RELEVANT DOCUMENTS

1698. The unsteady lift of a Wing of finite aspect ratio, (STRONG MATCH)

1705. On the kernel function of the integral equation relating the lift and
downwash distributions of oscillating finite wings in subsonic flow.
(STRONG MATCH)

1704. A systematic kernel function procedure for determining aerodynamic
forces on oscillating or steady finite wings at subsonic speeds.

(WEAK MATCH, because 'finite wings' and 'subsonic' are commonly used
terms in this collection)

1700. Two and three dimensional unsteady lift problems in high speed
flight. (WEAK MATCH)

1703. General airfoil theory. (NO MATCH) _
1792. Some low speed problems of high speed aircraft. (NO MATCH)

TABLE 3.9 EXAMPLES OF QUESTION/TITLE MATCHES
FOR RELEVANT DOCUMENTS

Terms underlined in the document titles are those matching
the required terms in the question.

()
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The third, and probably mosti significant reason was the greater care taken
with the questions for the W, R, U, iest. There appears to be no reason to apologise
for the fact that it was not possible io exercise such close control over the question
compilers when we had to obtain some 1,600 questions for Cranfield I, but by the
time of the W. R, U, test, the importance of the matter had been accepted, and the
question compilers were personally selected and more adequately instructed.

_ In the W.R,U. test, an analysis was made of all documents in the collection
againgt each question and, as given in Appendix 3C of Ref. 3, 42 other documents
were assessed as equally relevant as the source documents. As a further check on
source ument questions, the titles of these documents have also been matched
against the appropriate questions, using the list of terms generated with the original
114 source documents. Fourteen documents had a single term match with the
questions, so again the recall ratic was 33%, the same as with the source documents.
This appears to show fairly conclusively that, in the W, R. U, test, there was no
unnatural relationship between the terminology of questions and source document
titles, and lends support to the strongly-held view of the Aslib-Cranfield staff that
questions based on source documents can still be considered as being, in the right
circumstances, a convenient and economic device for testing I. R, systems.

Some unnatural relationship was clearly present in Cranfield I, but it is wrong
to conclude from this that whenever there is a substantial match between question
and title, then the relationship is necessarily unnatural. Some proportion of ques-
tions in a real life situation are bound to have some relevant documents with a close
question title match, and if this is not the case then all Permuted Title or K. W.1.C.
indexes are useless. However, although as explained earlier, source-document
questions are not used in the present test, Swanson still expresses doubt and comments
on the present test method:- 'This is some improvement (since the title-question
correlation is probably diminished}; but it is still dubious in principle - a 'biased!'
or "special' relationship between questions and relevant articles persists’ (ref. 4).
Although no evidence is presented to justify this statement, an examination of some
of the questions and their relevant documents has been made, to find out the extent,
if it existe, of the bias of the suggested relationship.

Using 35 of the questions*, and their associated 287 relevant documents, we
first examined the correlation between the questions and document titles. The words
and phrases of the questions were examined for a 'match’ with the words and phrases
in the titles, and generally an identical word or phrase only was considered as a
match, except that synonymous word ending variants were accepted. In terms of the
whole question, two levels of matching were distinguished: -

Level A Strong Match Two or more concepts, or important subject words were
demanded. A single concept was only accepted if it was one of the vital ones in the
question, and in a few cases a single word was accepted as a vital or 'key' term
provided it was used less than twenty times in indexing.

Level B Weak Match These rules accepted any match down to a single word, provided
it was a subject content word, The general descriptive words such as Problem,
System, Solution, Parameters, High, Large, etc. were not accepted.

*These questions are the 7 search-term questions and appear as Question Set 1 in
the Appendices.



- 87 =

Relevance grades

Strength of match Totals,
{1} {2) (3} {4) all
relevant
12 17 40 20 89
Weak match 3 20 39 25 87
No maich 4 24 54 258 111
(T otal) 19 81 133 74 287
Percent strong match 83,29 27. 9% 30.1% 27. 0% 31, 0%
Percent strong and weak combined maich 78.0% $0.7% 55, 4% 50.8% 81.3%

TABLE 3.10, RELEVANCE GRADES OF DOCUMENTS
WITH SPECIFIED QUESTION-TITLE MATCH

Strength of maich . C’%ﬁed _ Add:ﬁiana‘“‘% ‘ All .
documents documents documents

Strong match 44 45 89
Weak match 38 49 87

Mo match 67 44 ii1
{Total) ' 149 138 287
Percent strong match 29.5% 32.5% 31.0%
Percent strong and weak match combined 55, 0% 58.1% 831.3%

TARLE 3.1i1. COMPARISCN OF THE CITED AND ADDITIONAL
. DOCUMENTS WITH SPECIFIED QUESTION-TITLE MATCH
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Some examples of a sirong maich are: Chemical, Kinetic {Question 8); Viscous,
flat plate {Q.82); and Slip (frequency of 19, Q.87). Some examples of a weak match
are: High Speed {Q.2); Aircraft {(Q.2); Hypersonic (Q.9); and Structural {Q.49). Further
examples can be seen by reference to Table 3.9,

Out of the 287 documents examined against the 35 questions, 89 {31%) showed a
strong match; an additional 87 had a weak match, and the total of 176 represents
81.3% matching. 28 of the questions had one or more documents with a strong match,
and 32 had one or more with a weak match,

This shows that nearly one-third do have a strong question-title match, but
since the assessment of relevance has been done in four grades, we may expect that
those documents with a strong match will be graded as more relevant than those with
a weak match. Table 3.10 divides the results into the four relevance grades, and
shows that the probability of a relevance (1) document being strongly matched is more
than twice that of the relevance (2}, (3) or (4) documents. That the relevance (2),(3)
and (4) documents show the same probability may be accounted for by the difficulty
of consistenily doing such a refined grading of relevance, but the relevance (1) docu-
ments seem to indicate a sirong trend.

Whether it is taken that these figures show an unusual question-title match or
not, the presence of an unnatural question-document relationship cannot be proved
or disproved by this. One would have expected a certain strength of title match in
this subject, where titles are usually fairly long and a good indication of the subject
of the document. The documenis examined were the total of those relevant to
each question, and included both the original documents cited in the authors' base
document, and also the additional documents discovered in the collection. It is obvious
that these additicnal relevant documents, discovered by the students! examination of
the collection and by bibliographic coupling, were discovered and assessed as rele-
vant in a situation equivalent to a real life one, and therefore it would be quite
absurdto suggest that an unnatural or biased relationship could possibly exist in
their case. So a comparison of the question-title match between the 'cited' relevant
documents and the ‘additional’ relevant documents will provide some evidence of any
unnatural differences in the question-document relationships,

The 287 relevant documents comprised 149 cited and 138 additional, and the
matching scores were calculated for each group. Table 3.11 presents the results,
and it is shown that the additional relevant documents had a slightly stronger question-
title match than the cited ones, 32.6% to 29.5% for the strong matches, and 68.1% to
55.0% for the weak matches. Ten of the 35 questions had no additional documents at
all, and the cited document for these questions have been included in the resulis;
deleting these ten questions would reduce the matches for cited documents to 27.6% and
51.4%.

These results might alter over the whole set of questions, but there is no
reagon to expect that they would change significantly. On the basis of the question-
title match anyway, no real difference exists between the cited and additional docu-
ments, We suggest that this indicates that there is no justification for anyimplication
that there is a biased or unnatural question-document relationship, and that the rele-
vance assessments and relevant documents found are not really different from that
which might happen in a real life situation. Further evidence can be obtained from
some of the test resuite themselves, where the retrieval performance in recall of
the cited documents can be compared with the additional documents.
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Co-ordination Cited Documents Additional Documents
Level Total Recall Total Recall
Recalled Ratio Recalled Ratio
o1 99 94.3% 128 92.8%
2 80 76.2% 101 73.2%
3 59 56.2% 75 54.3%
4 40 38.1% 46 33.3%
5 17 16.2% 25 18.1%
8 g 8.6% 10 7.2%
7 2 1.9% 3 2.2%
Total Relevant 105 138

TABLE 3.12 COMPARISON OF RECALL PERFORMANCE OF
RELEVANT 'CITED' AND ADDITIONAL DOCUMENTS
IN RELATION TO 25 QUESTIONS.

All questions had seven starting terms; the table shows the effect on recall of
increasing the search requirements from any one term to all seven terms,

Using the same set as considered in the previous paragraphs, the 25 questions
which had some additional relevant documents wére used, comparing 105 cited with
138 additional documents. Here again the difference between the two groups is not
significant, (see Table 3.12). For instance, at a coordination level of 2, the recall
ratios are 76% and 73% for cited and additional documents; at a coordination level
of 5, the figures are 16% and 18%. These results {which are, of course, only a small
sample of what will be presented in a later report .} should have revealed any un-
natural question-document bias, whether conspicuous in the title or not, had any bias
been present at all. We are confident that there is no measurable unnatural match
between the questions and the documents themselves. Questions obtained from a
real life situation and tested on an existing collection might give different results in
some way, but until such a test is done, and a comparison is made of different test
methodologies, it is not possible to state in what ways, and by how much, the present
test method falls short of the ideal in this respect,



Indexing Procedures

The function of indexing in libraries and informasation retrieval systems is to
indicate the whereabouts or absence of items relevant to a request. [t is essentially
a timersaving mechanism. Theoretically, we can always find the relevant items by
an exhaustive search through the whole collection {assuming that we can recognize
what is relevant when we see it}. Since this is economically impossible, the size
of the store to be examined is reduced by classification, using this term in its very
broadest sense, i.e., as the recognition of useful similarities between documents
and the establishment of useful document groups based on these similarities. So
documents, or document surrogaies, are assigned to a limited number of classes
according to certain criteria, in particular, their subject content (although in machine
indexing, utilizing complete text scanning, this 'limited number' can become very
large ~ as large as the number of significant words used in the text). Search for
relevant items is made via these classes {which are classes of documents); only
those with a probability of containing relevant ifems are examined, and the resi
{hopefully the vast majority) are ignoved, Clearly, we need to know as much as
possible of the nature of the classes o be recognised, and the degree to which they
allow reliable predictions to be made as to the probability of relevant items being
included in them.

Most library indexes, other than those to imaginative works {novels, music
scores, etc.) are aimed ultimately at the retrieval of subject information. Even
the great Author-Title catalogues, on which so much care has been lavished, serve
for the most part the function of a diagnostic classgification, i.e., an author's works
are sought in the first place because they are about a certain subject and his name
is a clue f{o locating it. The popularity of the author-title catalogue rests partly
on its precision in retrieval. Classes determined by authorship or title are mutually
exclusive; there is almost no overlapping, no ambiguity about them and requests can
be met with 100% recall and precision. But they are useless if the author or title
is not known and it is this situation with which IR is mainly concerned. So the
classes investigated by this project are those designed for searching by subject
prescription only.

There is one exception to this. Bibliographic coupling {including Citation in-
dexing) establishes classes for much the same reason as author-title catalogues,
as an obligue way of getting at subject content. Papers which have cited item % are
assumed to have Some connection with the subject of x. This pariicular device is
dealt with separately in Chapier 7.

The terms which are used to express a request or a search prescription rarely
coincide exactly with the terms used to describe a particular relevant document;
this is likely to happen only at a relatively broad level, when a request may be ans-
wered by a treatise or monograph on the subject. For example, in the test Q.93
read 'What investigations have been made on the flow field about a body moving
through a rarified, partially ionized gas in the presence of a magnetic field.¥ Two
documents relevant to this question were

1296 'Waves through gases at pressures small compared with :magnetic‘ pressure’
1446 'Waves of a satellite traversing the atmosphere'

In both cases the match is very imperfect, It is made only by recognising that the
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class prescribed in Q.93 can be adjusted in order to coincide at some points with

the index descriptions of the documents., The class ‘rarefied, partially ionized gas®
must be seen to correspond or relate, after sultable manipulation, to 'gases at small
pressure’ in the one case and 'ionesphere! in the other. The class 'body' must be
geen to relate at some point to the class "satellite?,

So a subject index must provide facilities for adjusting and manipulating its
classes; it must allow the index classes examined {0o be expanded or contracted,
and in different directions, until a match with the search prescription is recognized.
Index language devices are the agents of this manipulation. They are devices whereby
class definitions may be adjusted to meet the requirements of different sezarches,

Index language devices

The index description of a document is a condensed (usually a highly condensed)
statement of the document's subject content; it seeks o convey succinctly what the
document is about. Its main, and sometimes only, constituent is the set of subsiantive
terms (lexical elements) which aci as clues to the subject of the document. These
terms may be supplemented by some indication of the relations between them {syn-
tactical elements), e.g., by the addition of roles, or facet indicators (explicit or
implicit) or by such elementary syntaciical devices as those of the Alphabetical
subject catalogue. In a postcoordinate index they are usuaily kept to 2 minimum,
enough to remove serious ambiguity but no more,

It seems reasonable, then, to assume, as the simplest possible form of index
description, a bare list of words, selected directly from the title and text of a docu-~
ment as being good clues to its conient, and presented without any reference what-
soever to a control list for synonyms, related terms, etc.

The simplest way in which such a list of words could be used would be to regard
each word as defining one of the classes {o which the document belonged, without
reference to the other words. Searches would then be made simply within these
clagses, separately. For example a document indexed as being about Wakes -
Satellites - Traversing - Ionosphere would be seen simply as a member of four dif-
ferent classes (the class "Documents dealing with Wakes’, the clags 'Documents dealing
with Satellites’, and so on). So a search on Satellite wakes would be made simply
by examining all documents in the class Satellites, and all documents in the class
Wakes. This is very similar, of course, to what a Permuted Title or KWIC index
does. Recall performance figures for this crudest of all forms of index language were
assessed in the first Cranfield project as 97%. Preclsion figures were not available
but it is certain that they were very low. It is assumed that all the keywords constitu-
ting the question are examined. If a selection were made, recall would probably
drop in so far as the exhaustivity of the searching would have dropped. The question
of exhaustivity and specificity of searching and indexing is discussed later,.

Now will be considered the ways in which, by the use of various devices, this
simplest of all possible forms of indexing can be refined in order to increase its
capabilities for meeting all the demands which search prescriptions may make on
it. Such devices may be separated conveniently into two groups;

1. recall devices - those which, when applied to any existing class, increase the
size of the class in terms of the documents responding to the definition; e.g., if

the class Bakelite is expanded by hierarchical linkage to include all Phenclic resins,
more documents are retrieved,
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2. precision devices - those which, applied to any existing class, decrease the
size; e.g., if we coordinate Bakelite with Exirusion and exemine only the class
defined by this simple relationship of intersection, we exclude those documents on
Bakelite which do not refer specifically to this operation.

The operation of these devices on the sort of simple index description described
above can be seen by a consideration of the relations such a description displays
to the precise subject of the document concerned, and to the wider subject field of
the information store from which we may wish to retrieve that document or some-
thing like it.

An index descriptiona, b, ¢, d, &g, _i;(where each letter represenis a substantive
term or lexical element, e.g., Wing, Drag, Control) embodies {wo sets of relations:
firstly, those internal to it, reflecting the local and temporary conditions peculiar
to the subject of the document described; e.g., the fact that d-is the product, whereas
f iz an agent of the process a which produces it, or, the fact that b qualifies a while
c qualifies d, but that neither of these qualifiers is applicable to the object of the
other; or, more subjectively, that a and b, rather than cdeorf, represent the domi~
nant theme of the document. These are, broadly speaking, “the n’aerlockmg relations
between the substantive terms.

The second set of relations are those external to it, reflecting the more perman-
ent pattern of relations in the wider field or subject area to which the document
belongs: e.g., that ais a species of %, or that ¢ is almost synonymous with g, or
that a represents one participle of a term (e. g., Cooling} which may be usefully
related to ancther participle (e.g. Cooled) in the subject concerned.

The two sets of relations can be utilized to add precision to the original des-
cription {using the first set) or to expand the description by reference to the wider
relations {using the second set). In other words, they underlie the two groups of
index language devices which will now be ouilined briefly.

Devices which increase precision

{1} Coordination ~ i.e., the conjunction of two or more terms to produce a nar-
rower class defined by the intersection; e.g. Shear and Flow to give Shear flow.
This is the most important device in indexing. Whilst it is commonly associated
with postcoordinate systems where it is implemented mainly if not entirely at the
search stage, it is equally fundamental to precoordinate systems; but in these, only
the products of selected coordinations are usually catered for conveniently.

{ii) Weighting - i.e., the assignment to a term of a figure representing the relative
significance of that term in the total subject description of the document. So a term
which represents the central theme of the document gets a high weighting and one
which represents only a marginal element in the subject content of the document
gets a low weighting. If now a question is also weighted, i.e., greater significance
attaches to one or some of its terms than to others, then the search may be directed
only to coordinations with that term or only to the same term when it has been given
a similarly high value in indexing. In either case, the class of documents retrieved
is made narrower.

{iil) Links - i.e., indicating a particular connection between two or more terms
in a descmpﬁon where the lack of such an indication would produce ambiguity; e.g.,
if the same document deals with the hardness of copper and conductivity of titanium
a link between Hardness and Copper on the one hand and between Conductivity and
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‘Titanium on the other would make it clear which property referred to which substance.
Clearly, = link must involve at least {wo terms.

{iv) Roles - i,e., indicating the role or function of a particular term in an indexing
description. Sometimes a simple link is insufficient to remove ambiguity; e.g.,
Production of particle x by bombardment of particle y. To link, say, Production
Wl‘f:h x and Bombardment with y could still allow the description to be interpreted
as Production by x, or Bombardment of y. The addition of a role-indicator makes
the relationship more explicit, e.g. by 1abe11mg x as Product and y 28 Patient (and
possibly a bombarding particle, z, as Agent).

Devices which increase recall

{v)} Confounding synonyms ~ i.e., accepting items indexed by x when searching for
y, and vice-versa, where x and y are regarded as synonymous.

{vi) Confounding word forms - i.e,, accepting items indexed by different forms of
the search terms, such as its singular and plural, participle and gerund; e.g.,
Injectant + Injected + Injection + Injectors. The most comprehensive operation of
this device is where a stem or root is used to define the class and all words con-
taining it are included in the class.

{vii) Hierarchical linkage - i.e., accepting items indexed by terms which are in some
generic hierarchical relation to the search term. By this we mean terms which are
either subordinate to, superordinate to, coordinate with, or collateral with the search
term; e.g., the class Cooling might be extended hierarchically to include the subor-
dinate term Sweat cooling, the superordinate term Heat transfer, the coordinate

term Heatling and the collateral term Radiation. This is a stricter interpretation

of hierarchical linkage than is often used in the literature of IR, confining it to the
relations between a thing and its kinds as distinct from numerous other relations

such as those between a thing and its parts, iis processes, its properties, the opera-
tions performed on it, and so on.

It is perhaps necessary to note that hierarchical linkage is essentially a recall
device. This is not fo say that it cannot be used in order to refine a question and
give it more precision; e.g., an enquirer about to search the class Cooling might
be led to realise (by the hierarchical display of related terms) that he really wanted
Sweat cooling and would then narrow his search by confining it to this species of
cooling. This is almost as though hierarchical linkage were acting as a precision
device. But clearly, the quesiion asked was wrongly put and the function of the
hierarchy would have been to assist the question- programming. In testing devices,
it must be assumed that the question has been accurately stated, otherwise a large
and disrupting variable will enter the test. Therefore such adjustments as the one
described cannot be considered, and hierarchical linkage must be treated as a recall
device only.

{viii) Non-generic hierarchical linkage. The device of hierarchical linkage which

has always featured prominently in subject indexing and is the central device in what
is generally known as 'classification' is the result of selecting one particular relation-
ship {the generic one, between a thing and its kinds) as.the basis of various kinds of
class definition. This raises the question: should we similarly regard the use of
other particular relations (e.g., between a thing and its parts, a thing and its pro-
perties) as constituting separate indexing devices, each to be evaluated separately?
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Certainly, no other single relation rivals it in u siquity or mportance for retrie

val, although collectively the other relations contribute significantly to class defi-

aition in indexing. In precoor rdinate classified indexes it is normal in question-

programming to move from the terms of a category or facet, each one cons tituting

a hierarchy, to the particular ferm which gives rise to the facet; e.g., to move from

i titanium) in the Properties facet of the class Titanior, to Titanium,

i systematically arranging classes in such indexes is to provide a per-

manent ::ﬁ'id constanily available mechanism for manipulating the classes in this way,

and not only by movement within a strict genus{species hierarchy. Classes are ex-

panded or coniracted by moving also from one category {o another. For example,

in & guestion on compressor operation,ihe class examined may be expanded by moving
%'c‘ lar paris of the compressor {Blade, Shroud, eic.) to particular processes

{Stage interaction, Stage stall, etc.) or to pdrtlcalar characteristics of these {Inlet

blade angle, Stall lmit line, stc.)

In fact, the term 'hierarchical’ is frequently used as a g synonym for the process
of subordination which is the essence of a precoordinate system. In Hrzzs view of hier-
archical linkage a chain such as Delia ng Sweptback - Transonic speed - Low angle
of atiacl

Metals-Titanium, or Aircrafi-Heavier than air-Monoplane-with
cusible to g«* even further and refer to the precoordination of an
catalogue {which, of course, subordinates some terms to others

,» €.g. Aircrafi-Design) as a hierarchical system {Ref, 21).

] a
ck - Lift is regarded as reflecting a hier archy every bit as much as a irue genus/
like

Hven if thig lasi extreme vi ew of the term Yhierarchy' is rejected, we are lefi
with the fact that the identification of hierarchical linkage with the full range of rela-
¥,
I

nighly or amz,ei library classification system does not give us
& bagic device which can be measured in the same way as can coordination, weighting,
€., but is a varied mixture of relations capable of defining classes,

stablish *subclasses! of a given class, In the sense that iﬂ*mry

: aig with clagsses of documents, and that documents on any aspect
whatsoever of a subject x can be regarded as belonging to some subclass of 'Docu~

' o Extrusion of plastics is just as much a subclass of Plastics as




Bakelite. But recognition of this is of little use unless the further step is taken of
organizing these subclasses according to their particular relations, in terms of sub-
ject content, to the class x., i.e., of recognizing that some are the properties of

¥, some are its parts, and so on.

In a modern faceted classification these relationships are systematically dis-
played. All terms standing in the same relation to the original class are marshalled
together to constitute a category or facet of that class. BSo, whatever concept
comprises the original class, all its Properties are assembled together, all its
Operations, all the Agents of these Operations, and so on. So far as they lend them-
selves to the process, the members within each category are organized in a hierarchy
and their relationship within the category is one of a thing and its kinds - kinds of
properties of x, kinds of operations on X, kinds of agents of operations on x. But
nierarchical linkage in the strict sense, that is generic hierarchical linkage, is estab-
lished between the terms within a category, not between individual terms from dif-
ferent categories, or between the terms of a category and the original class.

However, it is undeniable that in indexing and searching, classes are manipulated
{i.e. expanded and contracted) by going outside hierarchical linkage in the strict
sense defined above. The two main paths pursued are those already indicated; firstly
to move from a term in one category of a class to one in another category of the same
class, e.g. Separation see also Boundary layer control {where Separation belongs to
the Process facet of Boundary layer and Boundary layer control belongs to the Opera-
tions facet). Secondly, to move from a term in a category to the original class giving
rise to the category, e.g. Blowing see also Boundary layer (where Blowing is an
operation designed to accelerate the flow in the boundery layer, and belongs to the
Operations facet of Boundary layer}.

Both the above types of connection imply a more or less definite subject area in
which the terms in question stand in some categorical or facet relation. Another type
of connection is sometimes recognized, between terms which come from quite distinct
areas and which are therefore not considered to have such a facet relation. The ‘phase
relations! of Ranganathan are one example, and some of the terms connected in syn-
desis constitute another. For example, a thesaurus might link Automatic control .
theory with Aerodynamic stability. Generally speaking, the view that this constitutes
a quite distinct type of relation assumes a relatively arbitrary map of the field of
knowledge in which subjects are assigned to one conventional class or another, such
as those found in a general classification. It does not correspond to any fundamental
relation between the terms which, if they have any connection at all, can be fitted into
the framework of categorical or facet relations. For example, Control may be viewed
as a term in an Operations facet of the subject Aerodynamic stability.

It is not feasible to consider syndesis (i.e., the adjustment of classes via a system
of linking references) as a device in itself since it clearly uses a mixture of several
quite different relations in indicating its further classes. Neither does it seem par-
ticularly profitable to make a rigid distinction between the two types of non-generic
relations above since it is likely that they will overlap from time to time; e.g., Blowing
may well occur in a general Control Operations facet rather than be subordinated
solely to Boundary layer; in which case the linkage between Blowing and Boundary
layer exemplifies the first type, not the second.

|
Also relevant to the question of whether these relations rank as discrete devices
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is the fact that they are rarely, if ever, used alone; whilst all the devices given
earlier may be thus used {at least in a posicoordinate system), the non-generic
relations are invariably associated with hierarchical linkage, whether this is via

a classified index or a syndetic network of connective references, In a thesaurus,
for example, generic hierarchical relations and synonym relations are often indi-
cated separately, but individual non-generic relations are never recognized separ-
ately.

We conclude that there is nothing in the practice of indexing to suggest that a
separate evaluation of each non-generic relation is necessary, but the collective
contribution to index performance of these relations compared with the contribution
of generic hierarchical linkage is a matter of some interest, and it seems reasonable
to group them together as a comparable device. It may be noted that generic hier-
archical linkage is iiself an aggregate of several particular relations, just as this
group is. The problem is discussed further in the section on Concept hierarchies
in Chapter 5.

{ix} Bibliographic coupling is a device for extending a class x {(representing the
subject of a particular document g} by accepting all, or some of the documents which
have cited q: or, by accepting all documents in a particular universe which have a
certain number of citations {6 or 7, say) in common with q.

{x} Associative indexing by machine {clumps', etc.) The possibilities of automatic
indexing now being explored by a number of investigators rest mainly on the assump-
tion that classes useful for retrieval purposes can be established on the basis of the
statistical characteristics of the index vocabulary {which may in fact approximate to
the complete texts of the documents concerned). By using such features as the fre-
quency of occurrence and co-occurrence of individual words and of particular word-
clusters, their position in the text, their relative freguency compared with a stan-
dard word-frequency list in the subject area concerned, and so on, associations
beiween terms are established which then form the basis of search programmes.
The criteria defining the classes {0 be examined are thus quite different from any

of those listed above and therefore the procedure constitutes an indexing device in
ite own right.

How far it might be feasible o distinguish particular procedures (e.g., the use
of one statistical technique rather than another) is as yet uncertain. In particular,
the purely statistical methods are in some cases replaced by methods using linguis-
tic analysis, and insofar as these must overlap the ‘semantic’ devices already des-
cribed {confounding of word forms, hierarchical linkage of various kinds) they may
not merit the status of a discrete and unique index device.

{xi) "L'Unité" system described by te Nuyl {Ref.22) is a somewhat exotic device
whereby a reduced vocabulary is established in a quite mechanical way by lumping
together all the terms in a given sequence of pages in the Concise Oxford Dictionary
and treating their aggregate as a single class. As is the case with all drastically
reduced vocabularies, it is argued that the theoretical absurdities which might arise
{e.g., the appearance of documents on Acne in a search for Aconite, or on Conduc-
tivity in a search for Cones) do not arise in fact, since subsequent coordination
eliminates them.

Any reduced vocabulary may be regarded as a recall device, in that it implies
enlargement {by coalescence) of the classes which are formed initially by the indiv-
idual index terms assigned to a document. Usually, reduced vocabularies are formed
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by a mixture of the devices already described - by hierarchical linkage, by confound-
ing'word forms, etc. "L!'Unite'" uses none of these, although the last-mentioned will
in fact normally be a prominent accompaniment of its class definition, since different
word forms will usually appear in the same alphabetical cluster. So it must be ad-
mitted that it forms a discrete index device in its own right.

The above eleven devices may be compared with the list of techniques for con-
trolling index languages given by B. C. Vickery in his book 'On retrieval system
theory' (Ref. 9 ) (see Chapter 1). Of those listed above, three devices, namely Bib-
liographic coupling, Associative machine indexing, and L'Unité, were not mentioned
by Vickery. The others include all the techniques given by Vickery, since a number
of these were variants of the more broadly defined devices above.

We have tried to distinguish the basic device itself, as a method of class definition,
from the different ways in which it might be implemented in different index languages.
The latter may be regarded as different amalgams of the various devices, with fur-
ther differences resulting from the various methods of file organization.

The different ways in which coordination is applied in precoordinate and post-
coordinate systems, have already been mentioned. The fundamental difference is
that in the former a limited number of coordinations are made and the resultant com-
poﬁnd.headings are then filed in linear order, and rules observed (as to citation order,
etc.) to allow determination of the exact position of any particular combination. This
difference has repercussions for the other devices. Even in a largely single-entry pre-
coordinate system, for example, 'weighting’ of an elementary kind is implicit in
the restrictions placed on the number of entries which can be recognized. Links are
fundamental to a precoordinate system by 'partitioning’, e.g,., separate entries
would be made for Copper-Hardness and for Titanium-Conductivity.

Roles are indicated in a precoordinate system by citation order or by explicit

syntactical devices; in a faceted index an index description such as

Wings - High aspect ratio - Drag - Low angle of attack
conveys by its citation order of Thing (Wing, etc.) - Property (Aspect ratio, etc.) -
Process (Load, Drag, etc) - Condition {Aerodynamic parameters, Angle of attack,
etc.) that High specifies Aspect ratio and Low specifies Angle of attack. In an Alpha-
betical Subject Catalogue, a similar function is served by such headings as

Children in art,

Pressure vessels - Heat transfer, ‘

Acceleration -~ Psychological effects,
Synonyms are treated with varying strictness of interpretation in different systems.
Often, it is a reflection of the degree of specificity sought, as when one system dis-
tinguishes Potential flow from Irrotational flow and another confounds them. The
problems of synonymity occurring at the level of multiple term descriptions raises
a particular problem for post coordinate systems, since it implies a degree of pre-
coordination at some point in the system; e.g. a Ground effect machine is a synonym
for Air cushion vehicle, although there is no synonymity between the individual con-
stituent terms.

Confounding of word forms may be implemented at the indexing stage, via a con-
trolled vocabulary (e.g., Conducting see Conduction), or by search rules (e.g., accept
Conducting + Conduction + Conductor), In a precoordinate system, where the dif-
ferent forms are separated in different categories, confounding may be possible only
at the search stage; e.g., by consulting the A/Z index of a classified index and ob-
serving the variant forms used.
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Hierarchical linkage may be implementied in a2 postcoordi 5
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Measuring the performance of index devices
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devices, both singly and in various combinations, i was fiy il
we established as far as possible figures for md@xmg in W}mﬂ nong of the devices
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of the introduction m’ sach device in turn. This agsumes, of course, = test collection
and a set of questions to be put to it, where it is known just what docs s are rele-
vant to each guestion, as described in the previous chaptes
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Swanson {Ref,,}m )E Tlm mterndtwe whlch we decided to ‘rikc, WaE t@ uge, as the
base situation, one in which the simplest known indexing device was used and to
measure the impact on this of all the other devices. This simplest device was taken
to be that of condensation of the full text into an index language consisting solely of
the funiterms' thrown up by the title and fext of the document itself, quite uncon-
trolled by any prior index language.

So the first step was to establish, by the indexing of the fest documents, a crude,
elemental index language from which all the other languages {each one cha mc+e3~'~ed
by the addition of a particular device or sggregate of devices) would be derivable,
Before this could be done it was necessary to provide for the conirol of ”z'vo major
parameters in indexing, exhaustivity and specificity.

Exhaustivity and specificity

Exhaustivity in indexing refers to the degree to which ane recognizes {i.e. includes
in the index descriptions) the different concepts or notions dealt with in a document,
Specificity refers to the generic level at which these capompﬁ;f or aoctions are recog-
nized. For example, supposs a report has as its main thewme the subject ! Drag on
swept wings at high subsonic speeds’. If one neglects, for the time be”mg; the various
subsidiary themes which are alsc dealt with, this report may be said to deal with
three concepts - an aerodynamic characteristic, an aerodynamic structure and a
flow condition. If these concepts were descmbed in the above fashion in the index
description, this latter would be exhaustive but not specific. If the description con-~
isted only of Drag - High subsonic speeds it would be neither exhaustive nor speci-
ic; for whilst the terms retained are specific, the absence of any reference to
Swept wings Implies that the subject deals with aerodynamic structures in gensral
{some siructure is implicit, of course) and this is less than mpECjF
this a description must be exacily ccextensive with the notion r
can be no reduction in exhaustivity which is not a reduction in upacuf ity; but the
reverse does not hold,

xw:
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An exhaustive and specific description (either in indexing or in question formulation)
igs-one which allows no further qualification or refinement - it is a completely precise
statement of the class concerned (or classes, if the terms are considered individually),
I4-seems clear that such a description should include not only the substantive terms
or lexical elements (which are the essential and often sole constituents of most index
descriptions, at least for postcoordinate systems) but also the full range of inter-
locking relations, or syntactical elements, which convey the exact relations between
these terms in that particular description. To take a rather far-fetched example,
another report might refer to a high wing at subsonic speeds and unless, in the first
example, High is interfixed or linked with Subsonic speed the two different subjecis
are not clearly distinguished, Unless we are to recognize these syntactic elements
ag a third parameter in the precise description of a document, they must be regarded
as elements in exhaustivity and/or specificity. In the great majority of cases they
do not refer to the generic level of substantive terms but reflect non-generic relations;
they constitute 'relational’ terms, analogous to the substantives. They are used as
such in a few indexing systems and theoretically at least can themselves display
varying generic levels; e.g., Influence could be replaced by the more specific Harm-
ful Influence. It would seem, then, that these terms reflect both exhaustivity and
specificity, but more often the former. Only when the relation is explicitly a generic
one {as can be the case, for example, with Farradane's appurtenance operator;Ref, 23)
can they be said to determine specificity.

Exhaustivity of indexing

Recall devices cannot be fully tested unless the indexing on which they are tested
is exhaustive; otherwise, loss of recall at any point might be attributable to a lack
of exhaustivity rather than to the device concerned. So maximum exhaustivity in in-
dexing was attempted, at least as far as substantive terms (lexical elements) were
concerned., At the same time, since it was clearly desirable to measure the effect
of varying exhaustivity on different devices, it was necessary to note during the index-
ing which terms would in fact have been omitted if any level less than complete exhaus-
tivity had been acceptable.

This problem was very conveniently solved by using the figures assigned to terms
as a weighting device as indicators also of which particular terms would have been
accepted at different levels of indexing exhaustivity. For the highest level of exhaus - |
tivity all terms would be acceptable, whatever their weight. For the lowest level of |
exhaustivity only those terms given the highest weight (i.e., those terms which would be
regarded as essential even in relatively superficial indexing) would be acceptable.

|
|
|
In the result, on average, 31 terms were used per document, with 3 levels of |
weighting. (6, 8, 10). If only those terms weighted 8 or 10 were counted, it repre-
sented an exhaustivity level of 25 terms per document and if only those weighted i0
were counted ii represented 13 terms per document.
Of course, 'complete exhaustivity' is a relative term here; strictly speaking only
the use of the full text of the document including diagrams, tables and graphs, con-
stitutes completely exhaustive indexing. But whilst the economics of mechanised
aids in indexing may eventually make this feasible and its testing desirable, the
degree of exhaustivity represented by 31 terms per document was thought to be a
reasonable approximation to what would be regarded, for documents in this particular
subject area, as extremely thorough indexing. The problem of syntactic elements
{*relational terms’) as an element in exhaustivity will be dealt with later.
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Specificity of indexing

Precision devices cannot be fully tested unless the indexing language on which
%hgy are tested is of maximum specificity. For example, a question on Elliptical
§yiinders can only be matched specifically if, whenever that concept appears during
indexing it is represented by the exact description Elliptical cylinders and not by
a more general term such as Cylinders alone. If the indexing is not specific in the
firat place, there is nothing the searcher can do to improve precision by altering
hig search programme.

A% the level of substantives, or lexical elements, specificity was fairly easy
to achieve, since, by adhering closely to the language of the document and indexing
exhaustively, it was reasonably certain that the specific subject of a theme or concept
would be brought out. Even if the author used a more general term in the title or
summary, as was often the case, the specific term would nearly always appear some-
where in the text. For example, the title might refer to a 'Laminar boundary layer',
the summary to an 'Incompressible boundary layer' and the body of the text to a
‘Steady, laminar, incompressible boundary layer'; the indexing would give Steady,
laminar, incompressible boundary layer.

Effect on indexing procedures of methods of meagsurement

Having provided for the conirol of the major parameters of exhaustivity and
specificity, the problem arose of how the different devices might be added, one by
one, to the basic natural index language, so as to allow for their measurement.

Several possible methods of proceeding now presented themselves: .

{1} To make one index completely devoid of any devices, and concurrently, to make

a number of separate indexes, each one embodying this first index modified by a single
device, e.g. one index in which the varying word forms of a term were confounded,
another in which hierarchical linkages were established, etc.

{2) To make a device-less index and measure the impact of devices entirely by vari-
ations in search programming; e.g., the result of confounding synonyms could be
measured simply by programming a search for 'Disturbance’ as 'Disturbance + Per-
turbation' whereby the expansion of a class is achieved simply by making a sum of

the constituent parts of the expanded class. Similarly, measurement of the effect of
confounding word forms could be effected by programmes such as 'Injecting + Injection +
Injector ...t ‘

In comparizon with (1), this method, obviously, would be much less laborious

¢lerically, even in the case of hierarchical linkage. It might be thought that this
could be best measured by constructing a classified index: but the latter is an amalgam
of several devices and the measurement of strict hierarchical linkage in isolation is
measurable quite effectively by such programmes as: Wave + [(Wave ¥ {N + Standing +
Blast + Shock)] to expand an initial class like 'N Wave' to the generic containing class
TWavel. :

Of course, such search programmes required the compilation of code dictionaries -
of synonyms, of word-forms, of hierarchies (i.e. of classification schedules). But
the indexing itself, so far as these recall devices were concerned, could be done
without any regard to these devices whatsoever, since the relations concerned did
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net depend on the context of the individual report being indexed but on the context of
the index language as a whole; in other words, the relations were paradigmatic rather
than syntagmatic. It may be noted thai all the devices measurable by Method {2) are
recall devices - i.e., devices for elaborating or expanding the classes given in the
index description of a document.

{3} To incorporate particular devices in the original indexing but in such a way as to

ake them detachable when required; e.g., to attach weights to terms which could
cunted when figures for weighted indexing were required but ignored for unweighted
iexing. This method, also much less laborious than Method {1), would be particularly
appreopriate for those precision devices which depended on the context of the individual
repori being indexed, and which could not therefore be measured by Method (2).

It was finally decided thai the indexing proper should be done on the basis of
Method (3); that is to say, the indexing would be basically postcoordinate, and take
into account only the precision devices of weighting, links and roles {whilst cbserving
a high degree of exhaustivity and specificity}, Method {2) was to be used in the
measurement of the recall devices of Synonyms, Word-forms and Hierarchical linkage
{generic and non-generic). Associative indexing could not be measured within the
conditions above, but it was hoped that the indexing would be sufficiently exhaustive
to allow some tests of associative technigues to be made by other investigators,

Te Nuyl's device was also ignored at this point, since it was clear that our indexing
language could always be translated into dictionary-based clusters when necessary

for measurement by Method {(2). Bibliographical coupling, since its classes are not
defined by subject descriptions, required guite separate measurement, and is discussed
in Chapter 7.

The major precision device of coordination is, in a postcoordinate system, purely
a search device and its measurement does not fit exactly into either Method (2) or
{3). It is perhaps necessary to mention at this point that post coordination in itself
does not constitute an indexing device. It is essentially a method of recording subject
descriptions in a physical form which allows equally free access to whatever combina-
tions of terms are requested. A precoordinate system, on the other hand, allows
direct access only to certain selected combinations of terms. Other combinations
constitute disiributed relatives and access to them is to this extent made less con-
venient {although it is by ne means forbidden, or made impossible, as is sometimes
suggested). But the class defined by coordinating two or more terms is exactly the
same, whether the operation is performed at the indexing stage {precoordination) or
at the search stage { post coordination). The relative convenierice with which access
to such a class is gained was not something with which this investigation was con-
cerned.

The form in which the indexing was recorded is best shown by Fig. 4.1 which
shows the index sheetl for document 1590. Author and title details were printed on
the sheet. The indexer then analysed the document in four stages: firstly, fconcepis!?
were distinguished as a first-stage interfixing device {'link'); these are not easily
defined {and this must be recognized as a theoretical weakness) but their practical
function was reasonably clear., This was to remove the first level of vagueness and
ambiguity inherent in words taken singly, by not accepting adjectival forms alone
but only in conjunction with the terms they qualified. So terms which in isolation are
weak and virtually useless as retrieval handles were given the necessary context;
such terms as High, Number, Coefficient, Main, Trailing, Angle, Aspect which in
practice do not form classes for which requests are made, appeared in conjunction
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with other terms, to produce meaningful class terms - €.g., High subsonic speeds,
Mach number, Pitching moment coefficient, Main wing, Trailing edge, Low angle

of attack, High aspect ratio. Not only 'weak' terms were combined, howevAer, for
the interfixing function of concepts often produces phrases whose constituemf term?'
are quite potent, index-wise even in isolation. For example, Cruciform wing, Cir-
cular body, Tail fins, Span loading theory, Force divergence Mach number, Wing
vortex field, Rectangular wing surface, Wind tunnel wall. Such combinations m.ake
it clear, for example, that in the one document Surface relates to Rectangular wing,
not Cruciform wing; that Mach number relates to Force divergence rather than fo .
some other phenomenon; that Low relates to Angle of attack and High to Aspec"c ra-tl'o
{(and not vice-versa). Or, as in Document 1590 that Distribution relates to Velocity
and Ratic relates to Total Pressure, and not vice-versa.

Secondly, the concepts were now grouped into a second-stage link device in
order to display the distinct 'themes’ into which the document could be partitioned.
"Partitioning' of a document is a well-established procedure in traditional precoor-
dinate indexing and is often referred to as analytical cataloguing . Owing to the
exigencies of space in the precoordinate index, such analysis is usually confined to
items in which the constiiuent chapters, sections, etc. can stand alone; examples
are symposia of various kinds, festschriften, and collections of plays. In such cases,
1standing alone! could be interpreted almost literally in the sense that each theme isg
dealt with in a distinct, self-contained physical section of the document. In such
ecircumstances, partitioning could allow greater recall {resulting from greater ex-
haustivity of indexing) with almost no loss of precision. This was ravely the cage in
the serodynamics reports constituting the test collection. In these, a particular con-
cept might run as a thread throughout the document, appearing at different times in
different contexts. So themes were not necessarily, or usually, mutually exclusive,
This diffusion of various concepts throughout a document seems to be an important
cause of many problems in retrieval and particularly that of the inverse relation
between recall and precision; for a document whose index description containg all or
most of the terms of the question prescription may yet feature those terms in an un-
acceptable pattern,

The example in Fig. 4.1 (Doc. 1590) demonstrates the salient features of the two
stages of linking embodied in the indexing. To economise in the writing dewn of
themes, the concepts were labelled with lower case letters and only these appeared
in the themes. Where the relationship between concepts appeared to be potentially
ambiguous, it was indicated in an elementary fashion by verbal quasi-role devices
such as 'effect of', 'by means of! or 'use of'. So the first theme of document 1590
is to be read as Axial flow compressor - Stage performance - Effect of Stage charac-
teristics - Use of Test Data - Analysis.

Normal practice was to give as the first theme (or first few themes where neces-
sary), the general subject of the document considered as an integrated whole. Sub-
sequent themes would then bring out the particular subjects which made up the whele.
In document 1590, for example, themes A and B jointly represent a formal statement
of the title, with the addition of Test Data and Analysis. It also demonsirates a fairly
common situation whereby the title provides a reliable and succinct statement of the
documents general theme.

The third step in indexing was to give weights to the concepts {and subsequently
to the terms) - i.e., to allocate to each concept a value indicative of its relative im-
portance in the document. Such a value can be regarded as an assessment of the
probability that, should the concept concerned happen to be the subject of a question,
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the document indexed would be of some relevance to it. It might be argued that all
indexing which involves a selection of terms to describe a document {and that is all
indexing - even the use of full text by a computer, with deletion of articles, preposi-
tions, etc.) implies weighting in that the use of a subject term indicates a reasonable
probability that the document is of some relevance to questions on that subject whereas
the rejection of a term indicates that the probability is low or non-existent. Weighted
indexing extends the range of values from two {worth using, not worth using) to what-
ever number of different weights are recognized. For example, if an index descrip-
tion contains the terms a b cde, and weighting is assigned to each term in the scale
3. Most important terms

2. Less important terms

1 east important terms

t“i

Iz, band ¢ are now each weighted 3, while d and e are each weighted 1, the implica-
tion is thai the probability of the document being relevant to a question a b c is that
much greater than the probability of its being relevant to a guestion on de.

It has already been noted that the weights given to terms could be used as the
basis for measuring exhaustivity i.e., when a figure for a highlevelof exhaustive
indexing was required, weights could be ignored and all terms regarded; when a
figure for less exhaustive indexing was required, those terms which had low weights
could be ignored and treated as though they were not indexed. Tt should be noted,
however, that the use of weighting as a measure of exhaustivity is purely an evaluation
technique and plays no part in normal indexing, for in the latter, weighting only
comes in as a device when it is applied also to the question, Then a question term
with a given weight will accept as a match only those index terms which have the same
{(or a higher) weight. This procedure inevitably alters the boundaries of the classes
defined in searching and proves weighting to be an independent index language device
and not just a reflection of exhaustivity.

The rejection of an index term as irrelevant is now performed at the search stage,
whereas exhaustivity of indexing is decided, of course, at the indexing stage. For
example, suppose a question containing terms a b ¢ d e, and a relevant document which
has been indexed with weights as 5_3 b3d* e g2 etc. If we were simply measuring the
effect of exhaustivity, we would say there was a match of four terms {2 b d e) when
indexing was fully exhaustive (all weights accepted). If terms with the lowest weight
{1) are now ignored, the match is reduced to three terms (a, b, e); if only the highest
weight of terms is accepted {i.e. the lowest level of exhaustive indexing), then the
match is reduced to two terms (a b). Here we have been using weighting purely as
a measure of exhaustivity of indexing, but to consider its effect as a precision device,
assume that each term in the question is weighted,and that the search specification
is now a® b? c¢* d' e The term ¢ is rejected because it does not appear in the index-
ing; e is rejected because the search requirement is for a term with a minimum
weighting of 3, whereas in the document e hasg been indexed with a weight of 2. This
now means the class accepted hasalteredto abd, whereas with variations of exhaus-
tivity it was respectivelyab de, ab eor ab.

Ag to the problem of howto weight, two general approaches seemed possible and
both were made, Firstlyﬁor three hundred documents, weights were assigned on a
quasi-statistical basis, dependent on the sections of a document in which a term ap-
peared. If a term appeared in the title, the summary or abstract, the introduction,
the body of the text, the conclusion, and the list of cited references, il received a
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weight of ten. If it failed to appear in any one of these positions its weight was reduced
by one point for each failure to appear. Since the indexing was strictly according to the
natural language of the document this meant that all terms received some weight insofar
as no terms were used which did not appear somewhere in the document,

Secondly, for the rest of the collection, weights were assigned subjectively. In
most of the literature on weights, notably the pioneering articles by Maron and others
(Ref. 24), weights were assigned subjectively to individual terms. This proved un-
satisfactory; e.g. in a document in which 'Low aspect ratio wings'? constitutes a cen-
tral theme, can the single terms Low or Aspect or Ratio possibly be regarded as
crucial in themselves? The significance of a term in a document is very often lost if
the term is robbed of its context. So weights were assigned to concepts and the indi-
vidual terms within a concept received the weight given to that concept.

A range of six different weights was again adopted. This time it attempted to
combine a measure of the importance of the concept in relation to the total message
of the document {(which is another way of referring to the document’s probable réle-
vance to a question entailing the concept) with an assessment of its significance in
retrieval terms, i.e., its potency as a retrieval handle in the particular collection
indexed. The subject significance was measured by reference to a trio of values:
these assume that a document can normally be regarded as consisting of its integrated
subject as a whole {its main theme), together with one or more subsidiary themes,
which may vary in importance from quite major component themes to quite minor,
marginal themes, This assumption is a simple extension of the analysis into themes
already described as 'partitioning’. According to the status of the theme in this scheme
it received weights between 9/10, 7/8 or 5/86:

Weights

9/10 For concepts in the main general theme of the document
7/8  For concepts in a major subsidiary theme
5/8 For concepts in a minor subsidiary theme.

When assigning the weights to the individual terms, the higher weight of the pair
assigned to the concept concerned was used if the term was considered to be a very
potent one; potency here was regarded as a mixture of word frequency in the total
collection {indicating roughly the generality or otherwise of the request in the context
of the particular collection), and 'concreteness’, whether the term was likely to be
requested as the focal point of a subject or whether it was too vague to be the object of
a direct and separate request. For example, in Document 1590 (Figure 4.1) the
concepts of Themes A and B were each allocated the top weight; the individual terms
which were considered potent {e.g. Stage, Matching, Compressor, etc.) received a
weight of 10; Flow {on the grounds that it was a very common term) Test, Data, Analysis
{on the grounds of vagueness) received the lower top weight of 9,

One small point to be noticed is that an individual term was always given the
welghting of the more heavily weighted concept if it appeared in more than one con-
cept. In the example, concept m is Idealised compressor, and the concept is given
a weight of 8. However the term Compressor hag previously occurred in concept ¢ ,
Axial flow compressor, for which it received a weight of 10, and this it retains. -

The fourth step in the indexing was to write out the terms individually and attach
the weights to them as explained above.
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terms. At this stage a temporary fallure
to be assigned, it was obviously desirable
reliminary analyses were made of a number
order to establish the major variations of role

e degree to which this might lead to ambiguity.

re

sy

hag to be reco
2t the

1t was stated earlier that the main function of roles would seem to be the removal

of a certain iype of ambigy beyond the power of simple links to remove. Links, it
should be remembered, ply assert that some relation exists between two or more
¢ & and . A role states what the relation is.

From the preli sjes, it hecame apparent that the roles developed
by Western Reegs American Institute of Chemical Engineers and by
DuPont were not appropri designed as they were for subject arcas {(chemistry

and applied chemistry) in which the appearance of the same term {e.g. a material}

in significantly different roles was a fairly frequent experience. The Cranfield inves-
tigation of the W.R.U. index had already shown some of the drawbacks associated
with roles, even in those fields for which they seemed particularly appropriate, and
our analyses confirmed these. A major problem was the fact that when a ferm plays
one particular role in an indexed document, it does not necessarily make that docu-
ment irrelevant to a question in which the same term features in a different role:

for example, a document on the 'Use of mufflers to control the gound of jets! suggests
the roles: Muffler (Agent of operation), Control {Operation}, Sound {(Product), Jet
(Cause), If a question weve now asked on the 'Effect of mufflers on jets! the role of
Muffler might well be designaied as Influencing factor {cause) and that of Jet as Thing
affected; the relevance of the document to this question would be obscured by the
different roles assigned to the otherwise matching key terms. Such a situation im-
plies that several quile diffeves 014 ight be acceptable in searching; but this comes
dangerously near to negall 1 les of roles. Such, in fact, was the situation
in the W, R, U. test, when _

grammes, presumably becauge of awareness of the danger of demanding too o
a match.

P

An alternative plan which seemed to be suggested by the kind of ¢
above was that roles should not be assig

the terms in the document or guestion concerned {(their syntagmatic relations), but

" algo according to a wider picture of the relations between the terms in 2 subject area
{their paradigmatic relations). It is generally recognized that the organization of
terms into facets is closely related to the provision of role indicators. In special
faceted classifications it is not uncommon fo find a term appearing in more than one
facet, the difference being due to the difference in role played; e.g., in a classi-
fication for pharmaceuticals, the same substance might appear as & Product, 2
Substance Extracted, an Agent of a reaction, or as an Agent of an operation. In such
a system, where prior analysis of the terms of vocabulary has been undertaken, the
more enduring relations {th problem or by-product in the propagation of jets is
the production of nolse, W and that mufflers are one agent of

d
igned purely according to the relations hetween
n

guestion would not have been 2 lowed {o obscure the situation.

Consequently, a set of roles was developed along these lines so that they closely
reflected the categories which would be distinguished in facet analysis of the field.
Byt trials of these {i.e., examination of a number of indexing descriptions in order
to see whether ambiguities would be removed by the roles) showed that they left un-
touched what was probably the commonest problem of ambiguity in the vocabulary
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being developed. This was the problem of knowing what terms were qualified by
what adjectives. The example of *High aspect ratio wings at low angles of atiack’
hag already been cited. Without some interlocking device (links or roles) this docu-
ment description would respond to a question on 'Low aspect ratio wings', or 'High
angles of attack'. Similarly, an index description 'Transient aerodynamic heating
of external loads' might respond to a question on 'Transient loads' or 'External
heating', and 'Compressible flow over an adiabatic wall' might respond to a question
on 'Adiabatic flow'. However, the situation is typically one which is solved by links
rather than roles, since the type of relation is not in dispute, only which of the two
{or more) terms are to be linked.

If such modifiers were to be regarded as roles the only solution which would
remove all ambiguity would be to give them the same role as the term they modified,
and then it would work only on the assumption that links were used as well. This
was therefore tried (using such roles as Specifier of agent, Specifier of structure),
but only at the cost of duplicating the linking function already performed by partitioning
and interfixing.

One of the few situations,in the literature indexed in which a concept (rarely a
single term) might feature in a role which appears to differ significantly from its
usual one is that in which a body of data is used as an agent in the investigation of
some other phenomeunon (to which it therefore takes second place in the document
concerned). For example, in B1204, Two-dimensional airfoil section data are used
as a means of studying high subsonic speed characteristics of swept wings. But
closer examination throws doubt on the necessity for using a role even here; had the
section data been referred to in some other way {as a parameter influencing aero-
dynamic behaviour, say) its essential relation to the primary subject (swept wings)
would not appear to have been altered.

It was stated earlier that in transferring concepts to themes {the second step in
indexing) the exact relationship was sometimes indicated for clarity. The relative
infrequency with which the need to do this arose {(and Document 1530 was not typical
here) was itself a warning that the field of high speed aerodynamics was not likely to
be very fruitful in the evaluation of roles as a device. This impression was rein-
forced by our preliminary analyses. Since, then, any measure of roles was likely
to reflect an uncongenial and unresponsive test environment, the very considerable
effort involved in developing a set of appropriate roles, applying them and measuring
the impact, seemed of doubtful worth. For this reason the preparations for the
evaluation of roles as a device were temporarily abandoned.



Formation of Index Languages

The indexing described in the iast chapier provided a number of different index
languages: first, one cansw %’a:mg; of single terms in the natural language of the docu-
ments indexed; second, t initial language made more precizse by the recognition
of 'concepts’, reflectin "g *Cz:sx* evel of interfized relations; third, a yet more precise
language recognizing & furiher 1 el of interfized relations in the form of ‘themes?;
fourth a language in which the relative importance of the terms was recognized {in
the form of weights), Combinations of these provided still more precise languages;
e,g., combination of the third & }

Insofar as the indexing recognized substantive or lexical elemenis primarily
and lacked the relational, or syniactic device of role indicators, it wae something
less than completely exhaustive. But apart from this, all the precision devices had
been accommodated and the next step was to es E;adhsn facilities for expanding the
elementary classes and forming he? index languages ~ i.e., to construct recall
devices. This chapter deals wm this

i. Bingle terms

2. Simple concepts

3. A pre-established thesaurus

tivity in relation o

1, Single-term clasges

A preliminary “i;a k was 1o prune the natural language indexing of certain minor
inconsistencies and var m whi E” ad inevitably crept in and which were not in
themselves regarded as sufficienily serious methods of defining classss to warrani
separate measurement. These ?m‘mal controls involved the following:

{1} Singular aund plural forms were confounded;

{(2) American and English and other variant spellings were confounded; e. g. gage and
gauge, fiber and fibre, Von Karmean and Karman.

{3) Certain qualifiers of terms {affizes, hyphenated-forms which were sometl
separated, eic.} were disregarded; e.g., built-up, pitch-up, roiled-up, e{tc, :
treated as builf, pitch, rolled; ellipse-like, jetlike, etc. were ireated ss ellipse, jet.

{4) Numbers as gualifiers were separated and ‘?,E."Pcfxf’d as separate terms; e.g. Mach 6

became '"Mach! and '8!, N, P.L. 18 x 4 {a wind tunnel) became W.P,L."and 18 x 4,
Table 5.1 gives the basic data rega?«“ g the number of single terms and their frequency
of use after the above preliminary conirols had been imposed. The full sei of indexing

terms is given in Appendix

Salient points are: for a collection of 1,400 documents the total vocabulary
was 3,094 terms, Wuh reductions to 2,888 and 1,816 for the less exhaustive
vocabularies, (the reduction being based on the weights assigned to each term).
The average number of terms uged to index a document was 31.3, reduced to
25.2 and 12.9 respectively for the less exhaustive vocabularies. (A discussion
of the problem of reduced vocabularies appears below).

As to the use of different terms, whi 3 rage number of times a term was
used was 14.2 this is not & very %1gm§icam figure in view of the wide scatter. Of the
3,094 terms, 1,189 were used only once; one term {Flow) was used 942 times, another
{Pressure) 720, The distribution curve for word-use is shown in Table 5.2 where it

is compared with three other indexes, with larger vocabularies. It can be seen that
the distribution behaves as expected in view of the fact that it reflects a smaller
vocabulary than the other three. In fact, the frequency of use proved to be remarkably
consistent with the well-known amf distribution of words according to their frequer

of use in natural language texts, It will be seen that some 10% of the terms {ah( wveoat




Collection

Total pos s of terms

Average 1 18 per document
g8 §

Total unicus ierms

Variations in exhaustivity

1400 documents
43,857

21.3

3094

Total terms

Average Posiings

in vocabulary per document

Maximom exhaustivity (all weights) 2084 31.3
Medium exhaustivity {Weights 7/190) _ 2868 25.2
Minimum exhaugtivity {Weights 2/10) 1818 12.9
Use of terms

Average usage per term 14.2

Terms used once only 1189

Terms used move than once 1825

The first ten terms, ranked by usage:

Flow {042}

Pressure {720)
Boundary {512}

Layer {512)

Distribution {(442)

Theory {(400)
Velocity {360)

Supersonic {(3532)

Mach {(344)
Eguation {312)

Variations in vocabulary size {according to different index languages).

Language 1 {Natural language, single terms only)
Language 2 {Lang. 1 with synonyms confounded)

Language 3 (Lang.
Language 4 {Lang.

with word forms confounded)
with synonyms and word forms confounded)

Language 7 {Lang.
Language 8 {Lang,
Language 8 {Lang,

e et

[

with minimum hierarchical reduction)
with medium hierarchical reduction)
with maximum hierarchical reduction)

3084
2088
2641
2444
1217
796
308

{383 Proper names are not included in the counts for languages 7,8 & 9)

FIGURE 5.1 NATURAL LANGUAGE SINGLE TERM DATA
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used ones) accounted for 68% of the indexing postings, and 30% accounted for 92% of
the postings, after which the curve flaitens out.

Reduced vocabularies

Some explanation of the problem of vocabulary reductions referred to above
seems desirable. Generally speaking, all recall devices imply a smaller vocabulary
{with bigger classes), and precision devices imply a larger vocabulary {with smaller
classes). A class is enlarged by confounding two or more classes which previously
had a separate existence; contraciion is the reverse process. By 'vocabulary', we
mean the total number of discrete indexing elements, lexical and syntactic {i.e.,
substantives and relational terms) provided in an index language. It may seem sur-
prising that links are included in a statement of vocabulary size, since they are not
discrete devices in the sense that they are countable in the way lexical terms and
roles are, bui vary with the number of documents indexed. However, by the funda-
mental criterion of whether they define particular classes which would not be dis-
tinguished without them, they must be regarded as part of vocabulary size.

It should be noted that vocabulary size, under normal indexing conditions, is not
necessarily a determinant of the specificity possible in an index language., This is
because increased specificity is always obtainable by coordination; e.g., if the
vocabulary contains the terms Flow and Supersonic, class Supersonic flow is specifiable
by coordinating these two terms. Theoretically it is possible to specify almost any-
thing in this way; e.g., Air x Cushion x Vehicle ig a simple conjunction of the separate
terms normally used to name this thing; but even where a name in no way defines the
nature of the thing it represents, it may be specified uniquely by contrived analytical
‘definition' e. g., in the W, R.U. Semantic Code, Tempering is represented by Process
- x Metal x Heat x (number) where the number is an arbitrary code symbol distinguishing
this particular heat process on metal from any other. Perhaps the extreme example
of the use of reduced vocabularies, with precise description resting on the various
conjunctions of a few fundamental terms was the Malvern experiment {Ref. 25),

In the case of single-term classes without coordination, however, a reduced
vocabulary can be an absolute bar on the specificity possible, If no coordination is
used, a single-term vocabulary of 1,500 specifies only half the classes specified by
a 3,000 term vocabulary, So far as testing devices is concerned, there are two dif-
ferent ways of effecting the expansion of classes. One is by an absolute reduction of
vocabulary whereby the reduction is obligatory for all searches; the other is by selec~
tive search programmes, whereby the effective reduction is permissive and may or
may not be utilized in a particular search. In the first case the reduction is measurable
{i.e., in terms of the number of discrete classes distinguishable) and in the other it is
not.

Obligatory reduction of vocabulary

Here, there is an absolute "block reduction’ {a block of classes being condensed
into one) in the number of classes recognized, and the indexer and searcher has no
option but to accept the confounding of more specific classes which is implied. This
wasg the case with reduction by synonym-control and by confounding of word forms. Ii
was also the case with the single-term hierarchies, although reduction by hierarchy
may be achieved permissively and was in fact done this way in the {esting of 'concept’
hierarchies. This point is explained later on.
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The use of quasi-synonyms* to enlarge classes is a permissive device; since
the final, expanded classes do not totally exclude the continued separate use of the
terms confounded {as is the case with real synonyms) no figure showing the exact
degree of vocabulary reduction is possible. For example, the expanded class for
Bow is Bow + Bowing + Ahead + Front + Forward + Forebody; the expanded clasg for
Ahead is Ahead + Forward + Upstream. Clearly, the expansion of Bow does not
result in the obliteration of the separate class 'Ahead’, which not only continues to
exist but is in turn expandable by the addition of other quasi-synonyms. In an index
language which confounds irue synonyms only, the reduction is once and for all and
the terms no longer have a separate identity.

At this stage of our thinking about the function of vocabulary size as the main
determinant of recall and precision, it seemed desirable to have as exact a measure
of this parameter as possible. So the first testing of hierarchy took the form of a
fixed { and therefore accurately measureable) reduction in vocabulary size.

Hierarchical reduction

The two methods of measuring hierarchy as a recall device {i.e., by obligatory,
block reductions in vocabulary size and by selective searching through different
hierarchical paths) are demonstrated below. The first example is one of a 'concept!
hierarchy - i.e., one not restricted to single terms and one place per term, This
is in order to show more clearly the two methods, and also to emphasize the distortion
which results from restriction to a 'one-place' hierarchy of single terms. The
latter results in the exclusion of some terms which are located in more general
categories and the resuli is seen in the second part of the example. A hierarchical
notation is attached to this example in order to make the permissive search clearer
(in the schedules actually used, notation was purely ordinal).

1Concept' hievarchy demonstrating hierarchical reduction

a Experimental wind tunnel methods for investigating flow
ab Visualization methods

aba Using smoke, vapours, etc. {3)
abaa Vapour screen {1)

abab Fog (1)

abac Wood smoke {1)

abad 0il swmoke {1)

abb Using coatings, flows, etc, {3)
abba il flow (1)

abbb Oil film {1}

abbe China clay (1}

abbd Phosphorescent lacquer (1)
abbe Ink flow {1)

abc Using spectrum {3)

abca X -ray spectrography (1)
abd Using Stroboscope {3)

*1Quasi-synonyms' are terms which can be used synonymously in certain contexts,
but which are not true synonyms. {see page 68)
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LExperimen‘tal wind tunnel methods]
[Visualisation methods]

abe Using shadowgraph (3)

abf Using photography. Photorecording {3}

abfa ‘ Drum camera {1}

abfb Photomultiplier {1)

abfe Television (1)

abfd Motion picture {2)

abida High speed {1}

abfe Schlieren {2)

abfea Spark (1}

abfeb Photomultiplier {1)

abff Interferometry (2)

abffa ' Fringe shift (1)

abffb Interferential strioscopy (1)
etc,

The full hierarchy provides twenty-nine classes.

. The first reduction, replacing the terms marked (1) by a see reference to their

immediate containing head {e.g. Drum camera see Photography), leaves eleven classes,

namely

a Experimenial wind tunnel methods
ab Visualisation methods

aba Using smoke, vapours etc.
abb Using coatings, flows etc,
abe Using specirum

abd Using stroboscope

abe ‘ Using shadowgraph

abf Using photography

abfd Motion picture

abfe Schlieren

abff Interferometry

The second reduction, similarly replacing terms marked (2}, which now include
those originally marked (1}, by see references to their containing heads, leaves eight

classes, namely

a Experimental wind tunnel methods
-ab Visualisation methods
aba Using smoke, vapours eic,
abb Using coatings, flows etc,
abe Using spectrum
abd Using stroboscope
abe Using shadowgraph
abf Using photography
The third reduction similarly replacing terins marked {(3), leaves two classes,
namely
a Experimental wind tunnel methods
ab Visualisation methods

In this way figures are obtainable to show the exact effect of moving, say, from



the quite specific class Interferential strioscopy to Interferometry in general, then
to Photographic methods in general and then to Visualization methods in general,
and 80 on.

It will be noted that by the second reduction there is no separate class left
for Schlieren photography, whilst a distinct class is retained for Stroboscope. Yet
in this subject field Schlieren photography is a decidedly more important class than
Stroboscope  This suggests that reduction by purely hierarchical criteria may be
unsatisfactory. When we reflect that the choice of terms within categories and the
choice of the categories themselves is ultimately a matter of literary warrant, it is
reasonable to assume that reduction of classes hierarchically should not be a rigid
process, but should take note of the weight of literature in the different clagses, so
that Schiieren photography, for example, might be retained although all other sub-
classes at that level were removed and incorporated in the containing class. For the
single term hierarchies, this line of reasoning led to the abandonment of 'pure!
hierarchical reduction and the incorporation of judgements as to the relative impor-
tance of particular classes, and the noting of word frequencies in determining which
classes should be retained intact at a particular level of reduction.

The above example stresses the primary function of hierarchy as a recall
device, whereby the index vocabulary is systematically reduced and the scope of each
remaining class is consequently widened (hence the greater recall). In practice,
however, by varying search programmes, hierarchical linkage allows movement in
both directions - to greater precision by refining class definition or to greater recall
by coarsening class definition. If specific indexing is agsumed {i.e., each document,
or document-theme, is assigned to its most specific class) a search may be made
in a number of different directions through the hierarchy. For example, a searcher
commencing at Photorecording abf may find the amount of material there unexpec-
tedly excessive and so decide to "Eaé_march a narrower class. This may be done, of course,
independently of hierarchy, by adding a qualifier or two {e.g., moving from Photo-
recording to Photorecording in high speed wind tunnel). But it may also be done by
moving down the hierarchy {e.g., to Schlieren tests).

Such a decision implies that the links established by the hierarchy are permis-
sive, not obligatory, and that the searcher selects from a comprehensive hierarchy
just those routes he considers likely to be fruitful. It is not certain whether figures
produced for a number of such searches would be useful in the sense of allowing firm
generalizations to be drawn since much will depend on the subject field, and on the
choice of pathways followed in searches {4) and (5) as discussed on the next page.
Assume that, as shown below a, aa, etc.are terms in hierarchical relation:

aa
aag
aab
ab
aba
abb
abc
etc.
ac
ad
ae
etc.
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Then, if a request is made for ab, there are the following alternative basic
programmes which can be used.

(1) Term and species - i.e. ab + aba, abb ... abz.

(2) Superordinate - i.e. ab + & {but excluding other subclasses of a; this is how
‘generic' search is popularly interpreted in general library practice where a might
represent a general treatise on the subject of which ab is a subclass).

{3) Generic -i.e. a +azs + aza, aab .., aaz + ab + aba, abb ... abz + ac + aca,
ach ... acz + az + aza, azb ... azz {this is how 'generic’ search is normally inter-
preted in machine systems and is analogous to search (1) where the content of class
ab is taken tc include the individually specified subclasses aba, abb, abc .. ).

(4) Coordinate - i.e. a selection of the more likely classes coordinate with ab, e.g.
ab + aa + ad; e.g., in a category of three-dimensional shapes a search for Sp_ﬁéroid
can be extended generically by searching under Body of Revolution, or by examining
all the different kinds of Body of Revolution (Sghere, Hemisphere, Ogive, Cone, etc.}.
But some of the latter will be more closely connected to Spheroid than others {e.g.
Sphere) and an intermediate search, stopping well short of examining every species,
can be made. It is true, of course, that a ‘closer connection' between several sub-
classes implies the possibility of an intermediate step of division being inserted.

But we have to stop somewhere.

‘ {5) Subordinate - i.e. =2 selection of the more likely subclasses of _a_»}?_, e.g. abb + abn,

It will be noted that programmes (1}, (2) and (3) ere obligatory; no freedom of
cheice is given to the searcher, bul {4) and {5) are permissive, the decision as to
the formaticn of the classes being at the discretion of each searcher.

To return to the matter of variations between single-term and concept hierarchies,
the shrinking of a concept hierarchy by restricting it fo & one-place hierarchy of
single terms is seen by the following, which is the schedule given on pages 62-3 and
reduced in this way.

vi2 mxperiment + Experimental
vea/l0 Visual + Visualization
Vii Spectrography

vi2 ' Stroboscopic

V13 ‘ Shadowgraph

Vi4,16 Photography + Photorecording
V17 Schlieren

V18 Spark

Vig Interferometry

vai Interferogram
V23 {(Fringe) Shift

Va4 Strioscopy

Vas interferential
V25a Clay

Va5b China

Of the 20 classes in the concept hierarchies only 13 appear in the one-place
hierarchy plus two {Interferogram and Interferential) which appear for the reasons
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explained on p.70. The others are now distributed under the more general categories
as explained: i.e., terms like Smoke, Vapour, Screen, Fog, etc. appear in other
contexts as well and are therefore placed in more general categories. Under these
conditions, as soon as reduction of the original full vocabulary begins, it becomes

very difficult to maintain the sensible boundaries of a clags like Visualization tests.
For if a question on this were now programmed to included such terms as Fog, etc.,

it is very likely that these in turn have been swallowed up in the reduction of the general
categories and that their inclusion in the search programme can only be had at the

cost of bringing in a number of other terms, such as Cloud, Snow, etc. which are quite
irrelevant to the context of Visualization tests.

Another drawback, related to the foregoing, is the loss of connection suffered
by terms treated in isolation and not in coordination. For example, a search in res-
ponse to a question on 'Flow in channels' would fail {o draw in documents indexed by
'Couette flow' or 'Poiseuille flow'. Although there is a clear connection between these
at the 'concept level' of types of flow, at the level of single terms there is no con-
nection between Channel {treated as a Structure affording a passage) and the personal
names Couette and Poiseuillie. This situation reflects a practical difficulty in post-
coordinate systems which rely on single terms - that of indicating connections (in a
thesaurus, say) when these connections are dependent on particular conjunctions; e. g.
this would imply a reference of the kind:

Channel: when coordinated with Flow

see also: Couette Flow
Poiseuille Flow.

It is important, therefore, to remember that the performance results of the single-
term hierarchies reflect the use of one particular application of hierarchy as a recall
device - i.e., its expansion of classes by fixed reduction of vocabulary size. Also,

that this was a procedure determined largely by considerations of measurement rather
 than regard for the normal use of hierarchy as a recall device in practical indexing.
There seems little doubt now that it is a mistake to regard hierarchy as an obligatory
recall device. Its essential function is to act as a permissive device, allowing flexible
choice of class adjustment according to the demands of the guestion context in a way
which is not feasible within the artificial conditions of single-term hierarchies.
From this viewpoint, the performance figures for the concept hierarchies described
in the next section are a better guide to the value of generic hierarchy as an indexing
device,

Laanguages based on single-terms and embodying recall devices

Before describing these in detail it may be noted that a certain artificiality
inevitably accompanies the application of recall devices to single terms in isolation,
simply because, in many cases, words make little sense when stripped of accompany-
ing qualifiers, etc. For example, the problem of synonymity in index languages fre-
quently demands recogunition of phrases, as when 'Ground effect machine' is equated
with 'Air cushion vehicle! although at the single term level there is no synonymity
between the constituent terms; and a term like 'effect’ on its own is practically value-
less as a retrieval handle {(which is what any class, in indexing, aims to be).

Traditional, precoordinate indexing has always begun with some degree of
coordination. Even in analytico-synthetic clasgifications, where 'elementary constituent
terms! are separated out as far as possible, there is no rigid adherence to the single
term as the basis of the language; for example, 'Ground effect machine' would be com-
fortably accommodated in a Vehicles facet. But coordination of terms is an extremel:
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potent precision device and whilst the measurement of its impact, alone and in conjunc-
tion with other devices (including all the recall devices) was of course essential, it
could not be included as a variable when measuring the impact of the other devices

on single terms. Completely free manipulation of clagses is only feasible if we begin
with single terms; this is a basic assumption of post-coordinate systems. It was
clearly desirable to obtain performance figures for the impact of single devices on
single classes before attempting to measure the joint impact of several devices - and
even a slight degree of pre-coordination would have compromised such figures.

Confounding of synonyms

This is perhaps the most obvious of all indexing devices and the one least likely
to be neglected even in the crudest of indexes. Much of this work was straightforward:
e.g., recognition of synonymity between such terms as Acoustics and Sound, Amount
and Quantity, Calculation and Computation, Axisymmetric and Axisymmetrical, Vertex
and Apex, Viscid and Viscous. However, exact synonymity is relatively rare (there
might even be argument about some of the examples above). The commoner situation
is a partial synonymity, where terms are interchangeable only in particular contexts.
The evident richness of the English language, even in the literature of high-speed aero-
dynamics, led to quite different terms being used on different occasions {but often in
the same document) to represent the same thing; e.g., the notion of Proximity might
be conveyed by that term or by Near, Nearest, Nearly, Close, Closely, Off, Adjacent,
Contact, etc. Two terms which might be used synonymously on most occasions would
occasionally diverge seriously; €.g., Interplanetary flight is equated with Interplanetary
voyage; Hypersonic flight with Hypersonic flow, Free flight with Free falling. But
Voyage, Flow and Falling cannot be regarded as synonyms.

The establishment of a synonym-list suffered one unfortunate drawback in that
it preceded the construction of classification schedules. Ideally, a synonym-list
in any given area should be extracted from a detailed classification; only by a system-
atic organization of all used terms according to their meanings can the ramifications
of complete and partial synonymity be exposed. For administrative reasons, however,
it was desirable to proceed with the measurement of relatively straightforward devices
like synonyms, word-forms, weights, etc., whilst the preparations for the more dif-
ficult devices like hierarchical linkage went on.

The truth of the assertions just made was borne out when the classified hierarchies
were completed, in that a number of further synonyms, unrecognized in the synonym
programme, were disclosed. However, these cases were relatively few and we are
satisfied that the synonym-list on which the tests were made was reasonable on the
whole, :

One difficult decision necessary in establishing the synonym list was whether
we should recognize variant word forms as synonyms. Whilst the usual view of syno-
nymity excludes variant word forms as being examples of a grammatical rather than
a semantic relationship, the practice of many subject heading lists, thesauri, etc.
which fail to recognize variant word forms at all is an implicit acceptance of the view
that such variants are virtually synonymous. Certainly, in the process of indexing
by natural language terms extracted from the documents, the fact that one word form
rather than another was selected was often almost fortuitous and this is shown, with
examples, in the section on hierarchical linkage. However, this argument was not
regarded as acceptable; a thesaurus, etc. may fail to recognize variant generic levels
as well as variant word forms, and so implicitly confound a genus and its species.
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Should a synonym list accept this also as a type of synonymity? In view of the fact
that separate measurement was being made of these other devices it was decided to
interpret synonymity as sirictly as possible, but the joint use of synonyms and word-
forms {for example} was also measured.

Another weakness, showing itself as a result of the single term basis, has
already been referred to - the inability to cater for synonyms which appear only at
the 'concept' level of phrases; e.g., Flexural centre and Shear centre, Surface friction
drag and 5kin friction, Uniform surface temperature and Constant wall temperature.

These considerations led inevitably to the recognition of 'quasi-synonyms' as
a variant of 'pure' synonymity.

Confounding of gquasi-synonyms

In this device, those terms are confounded which on some occasions, but not
all, are used synonymously; e.g. Subsonic and Subcritical; Compressor, Impeller
and Pump; Blunt, Blunted, Bluff and Rounded; Medium, Environment and Surrounding;
Region, Atmosphere and Material. A certain overlap appears here with the device of
confounding word-forms; on many occasions, different word-forms would be used in
a report indiscriminately to convey the same notion. The same overlap would appear,
of course, with 'true’ synonyms if ‘conveying the same meaning' were the sole criterion.
But in a single-term index language, the extra element of context is lacking; although
the phrases 'Seasonal density variation! and !'Variation of density with season' were
virtually synonymous in the reports indexed, if the single terms 'Seasonal' and 'Season!
are taken alone they cannot be regarded as synonymous,

With quasi-synonyms this restrictive rule did not apply, since acknowledgement
of differences conveyed by variations in context is the basis of the device. So variant
word-forms were accepted, where applicable, as one type of quasi-synonym, e,g.
Flexural and Flexible, Flow and Flowing.

The establishment of synonyms and quasi-synonyms was done as the indexing
progressed, with the aid of glossaries, classification schedules, etc. We have already
noted that theoretically, the only sure way of tracing synonyms is by a close classi-
fiction of the field, utilizing the defining functions of classification to expose synonymity
between terms used. However, the compilation of classification schedules was a much
longer task and, for clerical reasons, the list of synonyms was compiled first, in the
manner indicated above. Again, for clerical reasons, the synonyms were worked out
fully only in the case of those which were demanded by the search programmes - i.e.,
the starting ferms from the questions.

Confounding of word-forms

There is little to be said of this device, which was the simplest of all to estab-
lish., The expanded classes consisted of a comprehensive aggregation of all the
various forms a giveh word-rooct could take, whether with prefixes, suffixes, parti-
ciples or gerunds, etc, Examples are: Angle, Angled, Angular and Angularity;
Asymptote, Asymptotic and Asymptotically; Axial, Axially and Axis; Blunt, Blunted,
Blunting and Bluntness; Bound, Boundary, Bounded and Bounding. Their relations
to synonyms and quasi-synonyms have been mentioned and their place in one-place
single term hierarchies will be considered in the next section,

The terms used in searching, together with their synonyms, word endings
and quasi-synonyms, are given in Appendix 5.2.
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One-place, single-term hierarchies

By far the most difficult device to establish was that involving hierarchical
linkage. Two major (and connected) problems arose. Firstly, the arbitrary and
somewhat artificial restriction implicit in the need to. place each term in one hier-
archy only. This arose inevitably from dealing with single terms and meant that the
assistance normally given to definition by context was absent. Secondly, the prob-
lem of interpreting the prolixities and ambiguities of the natural language index vocab-
ulary in terms of this particular type of controlled vocabulary.

Problems of hierarchy

The term hierarchy as normally used in indexing can mean one of three dif-
ferent things:

1) A generic hierarchy; i.e., a system of subordinating some terms to others
whereby only terms which reflect the relationship of being kinds of a thing are
subordinated to that thing. Other relations are excluded. But the basis for the for-
mation of the species may or may not be a 'fundamental’ characteristic.

2) A strict genus/species hierarchy, differing from (1) in that it is confined to the
use of 'fundamental' characteristics; e.g.,, Methane could not be subordinated to
Fuel (as it is in the test schedules) since a fundamental definition of Methane does
not require characterization by this attribute. A parallel has been drawn by Gardin
(Ref.28) with the distinction between paradigmatic and syntagmatic relations, the
former reflecting permanent or necessary relations and the latter temporary or
contingent ones., A modern faceted classification uses both types of hierarchy in that
the same term might appear in two or more different facets according to its status
(as a product, an agent, etc.) and not be confined to the facet where it 'fundamentally’
belongs.

3) A hierarchy which includes generic and non-generic elements; i.e., one which
subordinates some terms to others regardless of the relation involved, so long as

the subordinated term can be seen to belong to some category or facet of the 'con-
taining' class, e.g., the subordination under a term of its properties, parts, pro-
cesses, etc., as well as its kinds. This situation is typical of nearly all existing

library classifications.

Reasons why (3) should be treated as a separate device ('non-generic hierarchical
linkage'} have already been given and are not considered here. In choosing between
(1) and (2) for single-term hierarchies, logic seemed to suggest that (2) be chosen;
for if each term may go in one hierarchy only it is arguable that that one place should
at least reflect the most essential characteristics of the thing represented. On the
other hand, the practical purposes of hierarchy in indexing would sometimes be ill-
served by such an arrangement. This purpose is to provide for each term a set of
class-mates standing in the same relation {(of Thing/Kind) to the containing class
and thus facilitate the expansion, or contraction, of any given class by the inclusion
or exclusion, of some or all of these helpfully related neighbouring terms; and
helpfully' here depends on the subject context.

If the terms are relegated to a 'fundamental' or 'common' category, these help-
ful relations tend to become tenuous; e.g., if the term Upper is located in a highly
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generalized category of Spatial Phenomena, its class mates will eventually include
such terms as Underwater or Buried. In a question on the Upper atmosphere, if ex-
pansgion of the first term brings in such classes it is clearly unhelpful. Many other
examples could be given; e.g., Boosted and Reinforced could reasonably be assigned
to a basic category of activities affecting the dimensions of a thing. But in the col-
lection indexed these terms appeared in quite different contexts - Boosted under
Rocketry and Reinforced under Structures.

The procedure finally adopted was a compromise. Where, in the test collection,
an index term had appeared only in one particular context it was placed in a hierarchy
reflecting that context, without regard to whether it was a necessary or contingent
relation. For example, Gun would be regarded as a method of propulsion in any
fundamental hierarchy; but in the test collection it appears only as a designation of
a kind of aeronautical testing device {a special kind of wind tunnel) and so it was
located with the latter. An extreme example would be Gamma; as a single term, this
could hardly appear in any 'fundamental' category other than Letters; in the test col-
lectisn it appeared only as the designation of a kind of steel and was locaited as such.

If, however, a term appeared im several different contexts suffering a significant
qualification of meaning, it was placed in a ‘fundamental® category; e.g. Integral
appeared in its mathematical and structural sense and was therefore placed in a
Common properties category. Similarly, the term Working appeared in two main
guises: to designate a particular section of a wind tunnel and to designate a fluid
{e.g., atest gas). The sense of the term Working is significantly different in the
two contexts and it was therefore relegated to a common properties category.

Problems of terminology

Closely related to the above problem was that of interpreting the intended mean-
ing {from the point of view of the test collection) of the terms used in the natural lan-
guage indexing. The organization of terms into hierarchies constitutes a form of
controlled vocabulary, of course; in this case, it was a control being exercised retro-
spectively, after the indexing stage. The object was to place each term in the hier-
archy to which it would have been assigned had the indexing been done using the con-
trolled vocabulary. So where the same essential notion was conveyed in various
grammatical styles, these variants would have been ignored and one form done ser-
vice for all; that is to say, the particular grammatical form of a term might have to
be disregarded since its semantic content in the index was the only point of interest
now. For example, a writer might refer indifferently to 'reduction of x by compres-
sion', or 'reduction of x by compressing! or 'reduction of x compressively’ without
wishing to convey a significantly different idea. Again, any one of the phrases 'plate
with curvature!, 'curved plate!, 'curve of the plate', and 'curving the plate' might
be used in a report without any intention of conveying different nuances of meaning
(i.e., without meaning to refer to the structure or thé property or the operation in
particular). Other examples were Test and Testing; Calculation, Calculating and
Calculated; Asymptote, Asymptotic and Asymptotically, All these variations in ex-
pression were ignored and the different forms juxtaposed in the hierarchies.

Where different word forms reflected significantly different emphases in mean-
ing they were assigned to their formal categories, So Buckle and Buckling appeared
as processes and Buckled as a property; Cantilever was used to characterize a kind
of beam, but Cantilevered designated a type of structure. Scooped appeared as a
property and Scooping as a process.
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In the same way, there were numerous examples of terms which appeared to
represent operations or processes (if one regarded only the single terms in isola-
tion) but which represented an integral part of the specification of a particular kind
of thing; e. g. Settling chamber, Driving gas, Non-lifting wing, Geared elevator.
Wherever such a term had appeared only in that particufér context and its function
as a class determinant had been to characterize the entity and not the operation,
property, etc., as such, it was subordinated in the hierarchy to the entity which it
specified. .

The exact status of these variants on insertion into the hierarchies created a
slight, theoretical problem. The confounding of synonyms in an earlier programme
had already established what terms were exactly synonymous and it would have been
inconsistent now to add these variants as synonyms (the weakness of a synonym pro-
gramme derived before the establishment of a classification has already been noted).
So they were simply clustered together as though coordinate in relation to each other.
Had the measurements of single-term hierarchical linkage taken the same form as
in the later 'concept hierarchies', whereby various hierarchical trails were followed
in order to distinguish sharply between different relations {subordinate, superordinate,
coordinate, etc.): this might have produced a very slight distortion of the performance
figures. However, the measurement of single~term hierarchies only took the form of
block -reductions in vocabulary size {in the manner discussed earlier in this chaper), so
no harm was done.

It must be admitted that a few errors crept in, when unjustified violence was
done to a category by the subordination of one of its members to another category.

For example, in the overwhelming majority of cases, the term Revolution occurred

in indexing as part of ‘Body of Revolution'; so, according to the reasoning above, it
was located in the category of Shape, since its function was to designate a particular
kind of shape. However, its synonym, Rotation, occurred once or twice in its funda-
mental guise of a process; it is therefore misplaced under Shape. It is not thought
that these occasional lapses were serious. We have already seen that in making single
term hierarchies, if a term is relegated to a fundamental category this resulis in
classes sometimes being drawn in which are unhelpfully associated; this is also what
happens in the case of a lapse like the above,

Construction of single term hierarchies

Having settled on the various solutions to the problems described above, the -
formidable task of organizing the 3094 terms of the natural language proceeded. The
basic operation was one of facet analysis {a facet being a hierarchy). A useful frame-
work for the initial sorting was the Facet Classification compiled for the first Aslib-
Cranfield Project by J. Farradane and B. C. Vickery, although high speed aerodynamics
(the subject of this test collection) tended to concentrate itself in only a few of the
areas covered by the scheme, and was in far greater detail than had been handled
before. Particularly large categories were those relating to Bodies, to Shapes, and
various Spatial and general relations, to Fluid dynamics proper, with particular
clusters of detail under such topics as Compressors, Upper atmosphere studies,
and Astronautics. The speed with which the last subject has developed in recent
years was reflected in the fact that whereas the Facet Classification barely mentioned
it, in this test collection it was a major theme.

Because no attempt was made to establish *fundamental’ categories as such,
the common categories which were formed tended to be residual ones in that they
contained only those terms which had not found a place in a more limited context.
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Al Particles

AS Blectron + Beta

Al Proton

A5 tom

A6 Isotope

AT Ton

A8 Molecule

ABa Mol
{structure)

286 Atomic

A8e Molecular

ABd Bimolecular

A9 Homonuclear

A9a . Nuclear

Al0 Monatonmic

A1l . Diatomic

Al2 Polyatomic

Al3 Polynmer

ALk Polycrystalline

A5 Matter + Matexrial
(By use)

A6 Pigment

ALY Lacquer

A8 FPhosphoreseent

A9 Inlk

Al9a  Injectant

A20 Fuel

A2 Methane

A22 BEthylene

AP3 Hydrocarbon

APk © Methanol’

A26 Propellant

A2T Explosive

A28 N

230 Coolant

A31L Iubricant

A32 Refractory

A32a Oxidizer
(By origin)

A3k Electrodeposit

235 Electroformed-
(By constitution)

A38 Metal

A39 Alloy

A3%e, Bimetallic

FIGURE 5.3 SAMPLE SHEET FROM SCHEDULES OF
SINGLE TERMS
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Nevertheless, some of them were still exceedingly large and detailed - e.g., those
reflecting spatial and shape characteristics. For these, and for the commeon cate-
gories of Properties, Processes, Operations, etc. the Thesaurus and Code Dictionary
FROLIC produced at the David Taylor Model Basin (Ref.28) proved very useful.

Interpretation of the various word forms, etc. referred to above was assisted
by the file, compiled during indexing, of synonyms, definitions, decisions, etc., by
the word frequency list, and by reference ic the indexing sheets of individual docu-
ments where necessary.

Sample excerpts from the single-teri hierarchies are given in Fig. 5.3. (The
complete schedules appear as Appendix 5.3.) It must be emphasised that only those
terms appear which were used in the indexing of the test collection. Whilst this
resulted in very detailed schedules in some areas, these still cannot be regarded as
exhaustive of the terms in the particular area. Sometimes, if they did not happen
to occur in the test collection, quite important terms will be missing.

2. Simple concepts

In the previous section we described the establishment of index languages
based entirely on single words, and indicated the limitations on the performance of
synonyms and hierarchies imposed by this restriction. These limitations were ac~
cepted in order to allow the examination of the performance of the different devices
applied to single terms, in the absence of auny element of precoordination. The
next step was to accept a degree of precoordination from the outset.

Examples have already been given of the sort of simple linking necessary if
the meanings of some expressions in the natural language are not to be quite lost;
e.g., 'Ground effect machine’ must be retained as a single concept if loss of meaning
is not to be suffered, The original indexing had, of course, included a statement of
the 'concepts' in each document - it was in fact the first step taken in the actual pro-
cedure of indexing a document. These concepts were now taken as the basis for the
production of new synonym and hierarchy languages.

‘Concept! languages

In order to reduce the task of preparing these to reasonable proportions it was
decided to take a substantial subset of the full collection of 1400 documents and to
make a detailed classification schedule for all the terms appearing in it. The sub-
set consisted of some 200 documents, containing all the documents relevant to some
40 questions. In order to make the new collection reasonably homogeneous, only
aerodynamics documents were included.

The performance of the index languages in this same subset was subsequently
measured separately for a controlled language {based on a thesaurus) and for the
‘options' investigated by . Salton and his colleagues at the Harvard Computation
Laboratory (the SMART system). Figures for the single term languages for the sub-
set had already been obtained - they had simply to be extracted from the figures for
the full collection.

No reindexing was attempted, of course, since this would have invalidated
comparisons with the single-term tests. One adjustment was made, however; the
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original concepts, based closely on the natural languages of the documents indexed,
reflected a degree of precoordination which was excessive for our purpose, so over-
elaborate phrases were now broken up into smaller units, e.g., Biconvex circular
arc cross section was broken up into Biconvex cross section and Circular arc cross
section; Dissociated {rozen hypersonic laminar boundary layer became Dissociated
boundary layer, Frozen boundary layer, Hypersonic boundary layer and Laminar
boundary layer. If search were subsequently necessary for the original concept, it
would still be possible by postcoordination. Meanwhile, this splitting up allowed
maximum freedom in distinguishing facets and subfacets {arrays). In other words,
the rigidity atiending the excessive precoordination typical of the older classification
systems {resulting in the obscuring of the multiple relations between facets and sub-
facets) was avoided.

Formation of concept hierarchies

This task proceeded in the normal way, by the now well-established process of
facet enalysis. However, some of the problems which occcur when making a special
clagsification were absent or greatly reduced; at the same time, the unusual basis
of the schedules (the 'natural language' concepis, already embodying a certain degree
of precoordination) raised some new problems of presentation. These points are
discussed later.

The procedure was as follows: the concepts {mostly short phrases like Tumbling
entry, Centre of rotation, Crossed flexure pivet, but with some gingle words, e.g.,
Strips, Trajectory, Pivot, Inclination) were first grouped into the following major
subject areas:

Aircraft types and paris

Bodies {Aerodynamic)

Non-aerodynamic structures

Flight: flying operations

Fluids, gases, atmosphere

Fluid flow: Kinds, Flements {vortices, jets, etc.)
Aerodynamic forces and loads, processes and properties
Aeroelasticity, flutter

Aerodynamic reference parameters (angle of attack, planform, etc.)
Mechanics, dynamics

Heat

Research: Experiment, Theory

Genersl properties and processes.

No particular significance attached to this order; for convenience of reference it ap-
proximated o the order of terme in the original Cranfield Facet Classification.
Generally speaking it reflected the citation order used in locating concepts; a concept
containing notions from more than one area was located under the one appearing

first in the above sequence; e.g., Wing-body interference went under Wing-body,

not Interference; Spherical segment nose went under Nose {Aircraft parts) not Spheri-
cal segment {(Bodies); Leading edge stall went under Leading edge. But where a clear
relation, explicit or implicit, existed between two slements of a concept, and reflec-
ted a clear precoordinate indexing principle (e.g., subordination of agents to the
operations or processes they serve) this was observed, even if it ran counter to the
broad rule above; e.g., a Shielding mechanism is a structure {non-aerodynamic)
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but it was subordinated to Ablation cooling since its functions in the literature indexed
was that of an agent of the cooling process.

The fact that Heatshield was subordinated to Ablation cooling devices did not
mean, of course, that it was unavailable as a member of the class Structure if this
latter subordination had also been required. It was placed under Ablation solely on
the score that in the test collection, or the subset, this was its most probably use-
ful hierarchy. The concept schedules were essentially 'one-place! schedules in linear
sequence, in the sense that no attempt was made to repeat one concept in several
different positions should it happen to belong usefully to several different hierarchies.
This last event was provided for by the rotated A/Z index, and by references within
the schedules described later. It must be emphasised that the function of these sched-
ules was simply to show as clearly and as comprehensively as pgssible the hierarchical
relations {generic and non-generic) between the terms {conceptis) so that searches could
be programmed from them. The major relations were most economically displayed
by physical juxtaposition. Other hierarchical relations were established via the A/Z
index and by internal references {linking, for example, Heat transfer, subordinated
to Thermodynamic processes, to Transport properties in general).

The index in the physical sense {the matrix of index descriptions and document
numbers) consisted of the separately entered concepts designed to be searched post-
coordinately (the strip, or the scan-column, method used is described in Chapter 6).
So a compound like Fully developed laminar channel flow could be sought equally in
any of the various arrays concerned, or combinations from them - Fully developed
flow, or Laminar flow, or Laminar channel flow, etc.

It follows from the above that the preoblem of citation order was very much
reduced, compared with a real life schedule, since it was confined entirely to the
choice beiween two {and someiimes, bui rarely, three) elements; e.g. Jet noise,
Interference rocket, Liaminar boundary layer heating, Surface stress, Slot blowing.
But whilst these particular examples offered a seriocus choice between two or three
equally important elements, the great majority did not even demand this; they con-
sisted of combinations such as High pressure ratioc compressor, or Hinged flap,
where the major.element was obvious and the other ‘elements trivial; no hierarchy of
Ratios, or things High, or things Hinged was necessary. Since the concepts repre-
sented the limits of precoordination, the problem of providing for the accurate pre-
diction of the exact location of all potential synthesized combinations {a major function
of citation order) did not arise. The problem of 'distributed relatives' was solved by

postcoordination of the concepts.

It also follows from the above that problems of notation were virtually non-
existent. A purely ordinal notation to identify quickly the location of particular
simple concepts was the only requirement. Problems of hospitality and expressive-
ness did not arise; no additions to the schedules were contemplated and no aids to
display were necessary in schedules which were relatively homogeneous and designed
for internal test-programming entirely.

Within each major area the various facets and arrays {subfacets) were now
distinguished. At this point the problem of displaying generic and non-generic hier-
archies arose; it was met as it usually is in conventional library classification, by
subordinating to a thing its various categories - its kinds, parts, properties, pro-
cesses, etc. Below is a brief extract from the schedules which are given in full in
Appendix 5.4, followed by an explanation of some of its features:



,.76_

E64 Compressor

E85 Centrifugal + Radial flow compressor.
+ Radial flow turbomachine

E68 Axial flow ¢. + A.c. + A.f. turbomachine

E67 Drum construction

E68 Disk construction

E69 Axial flow compressor blade

E70 Naca 65 {12) 10 Blower blade

E71 Jumo 004

E72 Single stage compressor

E73 Multi stage compressor

{etc. - i.e., other kinds of compressor)

{Parts]
E89 [Stage] Q.
E90 Stage characteristic
Eg1 S. efficiency + 8. performance
E92 Cascade losses
93 S.matching
{etc. - i.e., other Stage characteristics)
[Blade]
19 Rotor blade
F20 Stator blade

{(etc. - i,e. other kinds of Blade)
{Blade characteristics)

F35 Blade shape
37 B. curvature
{etc.)
[Flow phenomenal
Fol Irrotational flow
[Rotational flow
¥oz2 Inlet whirl
93 Prewhirl
{etc.)

The first subclasses under Compressor are Kinds of compressor: Centrifugal and
Axial flow {based on direction of flow): Single stage and Multi-stage (based on stage
numbers) and so on. The synonyms which appear at the concept level automatically
sort themselves out (e, g., the three variants at E65). Any categories (generic and
non-generic) which refer to a given subclass follow that subclass immediately. So
under Axial compressors is found Kinds {Drum construction, Disk construction, Jumo
004) and Parts (Blade) - and a particular kind of axial compressor blade follows that,
{(N.b. - a clerical error has resulted in the Kind of a.f.c. 'Jumo 004! following the
Part, 'Blade' instead of preceding it; such errors did not affect the programming of
searches).

The Kinds facet is followed by the Parts facet (Stage, Blade, etc.). The bracketed
term Stage followed by 'Q? indicates a term which appeared in one of the questions but
not in the indexing of the subset documents; it has been inserted for programming pur-
poses. The array of 'Stage characteristic' demonstrates a recurrent problem in the
subject field analysed, that of maintaining 'generic' relations in a situation where
strict definition of terms would result in an uncomfortably large number of tiny subfaceis



consisting often of 2 sole member; e.g., Stage efficiency I8 evidently a property and
Stage performance a process - but they are treated as virtually synonymous; Cascade
losses constitute a factor in efficiency or performance, but hardly a 'kind of efficiency?.
Stage matching is another concept which lies on the borderline beiween processes

and properties. It is possible to say, however, that all these rather subily related
notionsg are 'Siage characteristics and in this way the facet structure is maintained
without undue complexity. Other examples of a certain amount of violence being

done to the strict nature of generic relations may be found, as at M4/33 {see Appendix
5.3) where complexly related terms are grouped as Atmosphere properties and
characteristics, or at P7/28 Processes and properties of Vortices, Similar situ-
ations inevitably arose in the single-term hierarchies in areas like Mechanics and
Dynamics where the conditions of what Ranganathan has called ‘canonical! classi-
fication tend io hold.

Anocther minor Iliberty, not demonstrated in the example above, was taken in
the treatment of qualifying terms like Theory, Approximation, Experimental data,
when these were found precocordinated as in Hypersonic flow spproximation. If could
be argued that these do nof narrow the extension of the term they qualify and should
therefore be disregarded - i.e., treated as SynORymous with the ferm alone, Theo-
retically, this is why they are amua’lly placed {in the guise of "Form divisions') af
the very beginning of the subdivisions of a term in conventional classification. In
the search programmes, however, they were included in the ‘Terms and species!
sub-programme. This was later seen io be a mistake, but it is not thought that this
wag sevions in view of the very few terms involved,

Althouglh the differently related facels follow and interrupt each other without
clear signs of demarcation in the schedules, the different relations were strictly ob-
served, of course, when the search programmes were cormypiled; i.e., when expanding
a clags by generic hierarchy, only those terms standing in a {rue generic relation to

that class were counted; e.g., Compressor + Centrifugal ¢. + Axial flow ¢, + Dr
construction + Disk consiruction + Jumo 004 + Single stage ¢, + .., would b

as the full generic expansion of a particular kind of compressor {gseg the G
Broad search below). Any terms not standing in a true generic relations {e, g
Axial flow ¢, blade, Stage characieristics, Irvotational flow, etc.) would be

Multiple hierarchical relations

The major weakness of the linear display of classes just described, in which
a particular class {concept) is located iu one place only {dl it a carefully chosen
one} is that it fails to show the further generic relations a class may have, For
example, Jet inferference is subordinated to a category Jet characteristics, in which
its clase mates are Jet exit, Jet location, Jet energy, Jet qt%ucm'f::, Jet emission,
etc. It could equally well be subordinated to a category of Causes of interference
with class mates like Wake interference, Forebody interference, Support system
interference, Wave reflection interference, Wing-Body interference, etc, But in
the schedule described these last terms are 'disiributed relatives?.

There are two traditional rmethods of handling this problem in a real-life classi-
fied index: by multiple-entry as with UDC, where the number of eniries for a given
compound-class~description are multiplied, and filed according to a different classi-
fication, so that Jet interference appears in a class Jet {divided into Jet characteristics)
and also in a class Interference {divided into Causes of interference). Or, by leaving
these other connections to be indicated by an A[/Z relative index, in which all the
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different contexts in which a term appears are gathered together as qualifiers of that
term.

Although in a real-life situation the first method provides easier access to these
further relations, this advantage was not significant in the test environment. The
test collection subset was relatively small and a fully rotated A/Z index was easily
producable by clerical labour. In any case, such an index was necessary for other
reasons, too, as will be described. Moreover, although the working out of full al-
ternative hierarchies would have involved a considerable effort, there was no guarantee
that more than a small fraction of them would ever be used, since only those hierarchies
relevant to the terms occurring in questions would be required.

The assumption above is that such an A/Z index will automatically disclose the
existence of other possible hierarchies. Indeed, it is difficult to see how such ad-
ditional hierarchies could be economically developed unless we are guided by the
literary warrant afforded by the actual occurrence of the terms concerned in con-
junction with these other contexts, in which case the A/Z index automatically picks
them up. Nevertheless, further connections were indicated by references in the
schedules wherever it seemed desirable, particularly where it seemed that the A[Z
rotation of terms might still fail to show the connection; e.g. Small disturbance theory,
subordinated to Disturbance, contains a reference to Boundary layer theory to which
it ig also relevant. Streamlines, subordinated to Flow elements, has a reference to
Relative stream surfaces (in Compressor flow phenomena) to which it is also generic,
Or, within a given class, references were added {o link concepts occurring in dif-
ferent arrays; e.g., Performance discontinuities in the Performance facet of Com-
pressors contains a reference to Stall and Surge in the Flow facet of the same class,

It may be noted that in a real-life classified index, the A/Z index usually shows
even those connections just exemplified, since its entries contain more qualifying
material {(providing further information regarding the context) than the test index,
where the concepts gave the sole element of precoordination. For example, a docu-
ment dealing with Small disturbance theory in the context of Boundary layer theory
would produce rotated A/ Z index entries:

Small disturbance theory: Boundary layer theory

Boundary layer theory: Small disturbance theory
and these establish the connection which in the test collection had to be established
by references.

The significance of multiple hierarchical linkage as an element in the recall
performance of generic hierarchical linkage generally is probably not very great,
Most questions impose a particular context of their own and the likelihood of relevant
material being found in radically different contexts of the particular terms of the
question is probably small, For example, a question on the kink in the surge-line of
a multi-stage axial compressor imposes a context on the notion of 'surge'; clearly,
documents indexed under Surge as a general concept should be examined, but it is
unlikely that extended examination of the classes flanking Surge in the general hierarchy
of Aerodynamic processes would be very fruitful.

The A/Z Index {see Appendix 5.5)

In order to provide for multiple generic hierarchical linkage as discussed above,
and for other reasons, a rotated A/Z index of the concepts was now produced; e.g.,
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Class
No.
Afterbody, Conical Base
,Cylinder
,Cylindrical
Drag D6
Surface D5
,Truncated
Vehicle, Conical
{etc.)
Base Afterbody, Conical
Bleed Ti6
JFlat
Forward attiiude K8l
{etc,)
Cone HS55
Cone, Blunt Nose
, Blunted
,Circular
Cylinder H78
Cylinder Bodies H78
{etc.)

Conical Afterbody Vehicle ABT
Base Afterbody Co9
Camber W33
{etc,)

It can be seen that each concept appeared as many times as it had distinct words. So
the first concept above appeared in three different contexts - that of Afterbody, of
Base and of Conical. The class number appeared after the direct form of the concept.

The index served the obvicus purpose of a key to location besides its other major
purpose - that of indicating all the different contexts in which a given term had appeared
in the schedules. One aspect of this second function, the capacity to reveal other
generic hierarchical relationships, was discussed above. But this was only one kind
of context revealed, In the example above, Afterbody surface, Base bleed, Base
forward attitude, etc. reflect non-generic relations. The index therefore acted as
a valuable supplement o the schedules proper in displaying these relations. The
major display of these was, of course, by the subordination of a thing's categories
to that thing. But these would not necessarily exhaust the non-generic relations, and
the A/Z index not merely supplied further relations, but could lead the question pro-
grammer back into the systematic order to explore further categories, if necessary.
For example, examining the entries adjacent to Heat transfer leads o Heat sustaining
leading edge {subordinate to Leading edge), to Heat transfer at the wall {subordinated
to Surfaces and Walls, where related concepts such as Constant wall temperature and

» Wall temperature gradient are found) and to Heated air {subordinated to Air, where
related concepts such'as High temperature air and Dissociated air are found). Many

. of these other concepts do not contain the term 'Heat! or its variants and might not
have been picked up had purely alphabetical considerations governed the search.

A third major function servecf by the rotated A/Z index was to provide a recall
device based on the 'accidental' alphabetical juxtaposition of concepts €njoying a limiia:
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degree of precoordindtion. It has already been shown how the cluster of concepts
around a given term (which might also be a root term for a number of word forms)

such as Heat or Interference reflects a variety of relations;e. g, , Interference, Blockage;
Interference, Forebody: Interference, Jet; these all reflect kinds of interference
according to source. Interference filters reflects Interference as an experimental

agent (in temperature measurement): Interference load reflects Interference as a

source of another phenomenon. When these assorted relations are added to a certain
degree of word-form confounding, {e.g. expanding an initial enquiry for Dissociation

by the addition of classes like Dissociated stream or Dissociating fraction) the result

is an eclectic recall device which utilizes elements of hierarchy, non-generic hierarchy,
confounding of word-forms, and linking (an element of precoordination is essential to -
the programme). Such 2 mixture cannot, however, rank. as a 'device' in the way this
notion was understood in Chapter 4. It is'further considered in the next section.

Formation of Classes by Search Programmes

A significant feature of hierarchical linkage as an indexing device is the rich
variety of relations it displays, enabling a number of different paths to be pursued in
adjusting the size and content of the class or classes with which a search begins,
Some of these paths were briefly mentioned in the last section, using the example of
Visualization tests,

In exploiting these relations {wo different policies can be followed; either classes
are expanded by bringing in all the terms related in a particular way - e.g., all the
terms subordinate to the original one, as when all the different kinds of compressors
are added to a search for Compressorsg. Or, classes are expanded eclectically,
choosing just those members of a given relationship which seem most likely to be
relevant in the context of the whole question. The latter policy is the one normally
followed in the conventional clagsified index,

The former policy has the merit of simplicity in programming (once the schedules
are established) and this is clearly pertinent in the case of machine searching and is,
in fact, generally implied by the term 'generic search!. Equally obvious is the fact
that it will tend to result in a lower precision ratio than a selective search, but pos-
sibly also a higher recall ratio.

In the testing of the concept hierarchies it was decided to attempt both approaches
and the following different searches were programmed, each one producing a differently

defined class.

{1} The simple natural language concept alone

(2) Confounding of synonyms. It has already been pointed out that a classification
should automatically throw up synonyms as a result of its analysis; also, that a num-
ber of synonyms only become apparent at the level of concepts. Both these factors
operated to produce a programme for synonyms quite different from that using single
terms alone. Examples are: Temperature distribution + Temperature profiles + Tem-
perature history; Angle of incidence + Angle of attack + Arbitrary angle of attack +
Incidence; Initial expansion region + Prandtl-Meyer region,

(3/8) From this point onwards, the classes formed by (2) were regarded as the basic
clagses to be expanded. This expansion was achieved by adding further classes to (2)
on the basis of the following programmes:
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{3) Term and species: If the basic class were Non circular cylinder and its synonyms
- {H75), this would be expanded by the addition of Cone cylinder + C.c. bodies + Ellip-
tic ¢. + Elliptic ¢. of eccentricity 3-/5 . + Hemispherical ¢. + C. with h. nose + Ogive
¢. model + Flat faced c. + C. without corners.

{4) Term and species {selection): a choice was made from (3) based on the context
of the question asked. For example, in a question on the kinetic theory of gases,
when programming the term Gases, only those kinds of gases which reflected in
some way the problem of the question were selected - such as Ideal gas, Real gas,
High temperature gas, Dissociating gas, Equilibrium gas.

(5) Superordinate - i.e., adding to the basic class its immediate containing genus
and as many more genera beyond that as appeared sensible; the number of steps
included would rarely exceed three. To Non-circular cylinder (H75) would be added,
for example, Cylinder + Body of revolution + 3-dimensional body. It should be noted
that only the superordinate term was taken - not its species as well; the search is
the equivalent of the traditional library search under 'more general heads.

(6) Generic {(narrow). - i.e. adding to the basic class its immediate containing class
(genus) and all the other species in the same array {subfacet) as the basic class;

e.g., to Non-circular cylinder would be added Cylinder and the rest of the array
based on circularity of shape, but excluding those kinds of cylinder {Inconel cylinder,
Flat faced cylinder, Long cylinder, etc.) reflecting other principles of division
(Material, Edge properties, Length, etc.). Similarly, if the basic class were Super-
sonic flow, this programme would add to it all other kinds of flow designated by speed,
but excluding kinds of flow based on other principles, such as viscosity, compressi-
bility, degree of turbulence, etc,

(7} Coordinate (selection): a choice was made from (8) of the most likely terms, but
excluding the superordinate term. Since by definition the classes of an array are
mutually exclusive this was never a very promising search and in fact was not often
productive of any terms. But in those border line situations referred to above,
where the concept of generic hierarchy can only be realized practically by accepting
a less-than-precise category such as ‘characteristics' or 'phenomena’, the likelihood
was greater; e.g., in a question on Air drag the coordinate class Atmospheric rota-
tion was accepted. Another example is that of opposites, or near-opposites, like
Laminar flow and Turbulent flow, where a document frequently refers to the one even
when its primary subject is the other.

(8) Generic (broad): this added to (6) as many more superordinate terms as seemed
reasonable, together with all their species - i.e., not just those restricted to the
immediate array (subfacet) in which the basic term appeared. For example, if the
latter were Supersonic flow, this search would now bring in documents indexed by
any kind of flow - Laminar and Turbulent, Conical and Parabolic, Equilibrium and
Non-equilibrium, etc. This somewhat undiscriminating acceptance of the complete
contents of a hierarchy is the equivalent of the 'generic search' as usually understood
in machine searching.

(9) Systematic Collateral (selection): this was a selection from (8) analogous to the
selection from (6) which produced coordinate classes (7) - again excluding the super-
ordinate terms themselves. This search was more productive than (7) since there is
often a close connection between cencepts from different arrays of the same genus.
This fact underlies the correlation of properiies and the principle of definition by
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aggregation of attributes, where a term is defined by a number of attributes, each of
which reflects a different principle of division of the genus which lies at the heart of
the definition, e.g., Poiseuille flow may be defined as Compressible, viscous, laminar
flow between closely parallel planes - and each attribute reflects a different charac-
teristic of division for the genus Flow. So where the basic class was Boundary layer
flow, for example, related classes brought in by this programme would include Shear
flow, Separated flow, Viscous flow, etc.

(10) A/Z collateral: the rotated AJZ index of concepts has already been described.
This search was made first by examining the index to find the basic class {question
concept) and any other concepts containing it {i.e., consisting of the basic class with
further qualifications). Those which seemed likely to be relevant were now added to
the basic class. For example, to the basic class Axial compressor was added Axial
flow compressor blade since this included the basic class and seemed relevant., Or,
to Heat transfer would be added such concepts as Convective heat transfer rate, Sur-
face subjected to heat transfer, Laminar heat transfer distribution, etc. It may be
noted that most of these further classes represent non-generic hierarchical relations
of the basic class. Also, that most of the question concepts already consisted of two
or more words and that in many cases there would not be any more concepts contain-
ing the one sought; e.g., this was the case with Multistage compressor, Non-circular
cylinder, Dissociated stream.

For those concepts containing more than one word a 'second-level search was
also made, in which each significant word {and any of its adjacent variant word forms)
was examined separately and further classes selected from ihe total body of concepts
containing it. For example, to Axial compressor would be added Axial inlet impeller;
to Surge line would be added Stall limit line and Surge. It should be stressed that these
selections were made in the context of a given complete question and might vary some-
what for the same concept if the context differed. For example, in a question on the
Surge line of an axial compressor, the tsecond-level’ for Axial compressor would
reject Compressor surge (although it would be relevant to the question as a whole} because
this approach was already covered by thee programme for Surge line, Again, it may
be noted that many of these further classes represented non-generic hierarchical
relations; in addition, the combined first and second level searches generally included
those terms selecied from generic hierarchies in searches (4}, (1) and {9) which also
included the actual terms used in the basic concept,

(11) Residual hierarchical linkage. The A/Z collateral searches, although providing
a large number of non-generic and generic hierarchical linkages, were restricted to
those which included one or more of the terms actually used in the question. This
still left a number of possibly helpful classes excluded. They could be divided into
two groups: firstly all those from the non-generic hierarchies which appeared in the
schedules where the question concept {the basic class) was located, but which failed
to include the actual question term or terms (in which case the A/lZ collateral would
have disclosed them.) It was a simple matter to establish these, by scanning the
various facets subordinated to a given concept, or adjacent to it.

Secondly, all related classes not already disclosed by the hierarchical relations
of the ten searches described. A number of these were already provided for in the
schedules, by references; e.g., Surface combustion {DB86) see also Ablation; Vaneless
diffuser {in compressors) (F84) see also Ducts; Compressor surge see also Rotating
stall; Mass flow fluctuation {(U44) see also Sound waves.
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It has already been noted that the formidable task of adding to the fone-place!
schedules all other possibly useful hierarchies was not attempted. This was partly
because miuch of the effort would have been wasted (if no questions were asked in-
volving these alternative hierarchies), and partly because the A/Z index was likely
te disclose the most important ones. It was also thought that the detailed analysis
of reasons for failure {an integral part of the test programme) would disclose any
examples of fajlure due to the absence of such alternative hierarchies.

It should be remembered that the hierarchies actually established were those
reflecting the most likely approaches o the material and that for many of the concepis
alternative approaches {manifested in different citation orders} were quite obviously
unnecessary; to take some at random for example, Mixture of cold gases could not
conceivably enter into a search for kinds of mixtures, or kinds of cold things; the
same applies to a nurmber of other concepts involving the term Mixture. Similarly,
in the case of a number of concepts involving the word 'modes’, or 'models', it was
unnecessary to contemplate the possibility of having hierarchies based on these
{although hierarchies of particular kinds of model, e.g., wind tunnel models, were
of potential value, of course).

The references already provided in the schedules and by a file of 'notes and
decisions® assembled during the indexing were now supplemented by those in various
thesauri and subject heading lists in the field of aerconautics and astronautics, since
" these are in principle the product of similar observation of connections between
classes. Examples of such references are those from Heat transfer to Transport
coefficients, Large Peclet number and Prandtl number; from Dissociated stream to
lonized boundary layer; from Kinetic theory to Diffusion and to Transport properties,

It has already been noted that all such connections could, if necessary, be incorporated
in a hierarchy of the kind being tested, although no distinction was drawn between
generic and non-generic relations when utilizing these references,

The combination of search programmes {(10) and {11) represents, by and large,
the performance of non-generic hierarchical relations largely, combined with a
smaller element consisting of those supplementary generic relations not shown direct-
ly in the 'one-place' schedules. Although it has already been argued that both these
hierarchical relations are generally quite secondary to the main display of generic
relations, it must be regarded as a weakness of this joint presentation that separate
programmes were not made for the two distinct situations.

3. Control by pre-established thesaurus

A major objective in producing the concept hierarchies described in the last
section was to afford a degree of precoordination sufficient to remove the artifici-
alities accompanying the use of single words only in the 'one-place! index language
and to provide where suitable, ' that minimum of syntactical linkage necessary to
the clear conveyance of unambiguous meaning in the index descriptions. It was
thought that the resulting index language approximated more closely to the usual
environment of index devices than did the first language,

By this time, the search methods developed in the course of testing the first
languages were producing the first detailed performance figures for the various
devices and languages concerned. Although the operation of the large number of
variables produced an extremely complicated picture in that many ways of aggregating
these variables and their different values presented themselves, the general picture
seemed to suggest clearly enough that the performances were not very encouraging.
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a low level of precision, and as soon as the latter

High recall was obtained only at
rop in recall ensued.

was improved, a precipitate d

A number of contributory causes of this were suspected. The ambiguities and
inconsistencies of the language of aerodynamics suggested one. The match between
the terms of the guestions and the relevant documents which was, in some cases at
least, very poor was another. The possibility of defective indexing was not thought
to be very serious in the sense that exhaustive selection of keywords and phrases
and the organization of these into concept and themes appeared to be reasonable.
But a failure to recognize fully the connectivity between the termes of the languages
so far established undoubiedly caused some of the failures,

Ancther possible factor was the unusual route by which the initial concept in-
dexing had been translated into the different languages. In a real-life situation,
this translation is done concurrently with the indexing itself, which iz channelled
into the controlled language as the first stage. The central elements in the test
languages had so far been applied almost entirely retrospectively. Although therse
appeared to be no reason why this should have affected index performance, it seemed
that validation of it as a method {by comparing it with a normally produced index}
would be useful.

One way in which improvements in performance were thought to be possible
was by putting more sophistication into the search programmes (by distinguishing
between terms of different potency, between different combinations of these, and
go on.) It was thought that maximum discrimination and conirol in searching implied
the need for maximum discrimination and control in the indexing if optimum perfor-
mances were to result. Again, although it was probable that the controls effected
retirospectively were as valid as those imposed concurrently {as in indexing by a
recognized, pre-established, control language} the slight element of doubt suggested
that it would be wise to demonstrate this,

These considerations led to a decision to set up a conventional index with a
different set of connectives based on a predetermined list of terms and to compare
its operation with that of the natural language withretrospective conirols already
tested. For this, the Engineerst Joint Council Thesaurus of engineering terms,
{Ref.28) was chosen as providing an up-to-date control language in the field of
physical science and engineering, which contained clearly defined connectives grouped
in a manner allowing convenient comparison with a number of the hierarchical
searches described in the last section. A second subset of 350 documents was selec-
ted: this included the 200 documents from the first subset that was used in testing
the concept hierarchies, thus allowing direct comparison with all previous programmes.

As in the case of the simple concept languages, no reindexing was contemplated,
only another translation of the indexing done originally, since reindexing would have
introduced an immeasurable variable; but the production of the new indexing language
simulated the normal indexing situation. In this, each document is subjected first
to 'concept-analysis! when if is decided what the decument is about, what its significant
terms are and how these are related in concepts and themes, This is followed by
the translation of this information into a particular index language, with pre-established
controls as to the level of specificity to be allowed and the recognition of synonyms
and of other connectives between ferms and between concepts.

Production of controlled index language using E,J.C,

The main problem raised by the use of E.J.C. was due to the fact that a
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relatively general thesaurus was being applied to a special field. Although some loss
of specificity {compared with the natural language) was regarded as inevitable, a
considerable extension of the vocabulary was necessary if the specificity were not

to suffer seriously. This extension raised problems of maintaining consistency with
the principles with which the existing vocabulary and its syndetic structure of con-
nectives had been developed. To assist this, the Rules for preparing and updating
Engineering Thesauri (4th draft) November 1964 were observed as far as possible.

Selection of terms

Generally speaking, the aim was to incorporate the exira detail as uncbirusively
as possible, without disturbing the distinctive character of the E.J.C. index language.
The various E.J.C. methods for keeping down the size of the vocabulary were cbserved
where feasible:

{i} Outright rejection of highly apecific terms (Rule T-1) when the sense of the term
could be approximated with reasonable adequacy by a broader term., E.J.C. omitted
a number of prominent aeronautical and aerospace terms which did not appear to

meet this criterion {e.g., Sonic boom, Tail, Stall, Bodies, Buffeting, Chord) and
these were simply added. It also omitted a very large number of more precise terms
and phrases occurring in the natural language indexing but which qualified for con-
sideration under this rule. Particularly affected were those terms reflecting spatial,
dimensional and tempeoral characteristics many of which were in adjectival form (which
E.J.C. avoids); e.g., Normal, Perpendicular, Vertical, Horizontal, Behind, Outside,
Below, Nearly, Large, High, Circular, Rectangular Octagonal, Radial, Circum-
ferential, Zero, Rate, Without, Free.

In some of these cases, where the notion was obviously dispensable because
of its poorness as a retrievable handle; the term was omitted. Examples of this
were Behind, Complete, Continuous, Degree, Direct, Coefficients, Effects, Hori-
zontal, Vertical, Near, Nearly, Normal, Quter, Outside (although some of these
appeared in phrases, such as Continuous loading). Outright omission was used
cautiously since it diminishes the exhaustivity of the indexing. It may be noted that
the main reason for holding exhaustivity constant is its effect on recall. However,
the absence of a term which is completely 'non-potent' as a retrieval handle will
not affect recall except in one circumstance -~ the use of single term searching.
Theoretically, if a question includes the term Degree or Normal and this single term
is searched it might retrieve a relevant document which would otherwise not be
retrieved. This possibility is removed if the term is totally obliterated from the
index vocabulary. However, this situation was regarded as sufficiently remote from
reality to allow it to be ignored.

Strictly speaking, the only condition under which exhaustivity is affected by
index language {as distinct from the personal decision of the indexer to include or
 not to include a notion) is when the language completely fails to provide an appropriate
term even at the highest level of generality. This sometimes occurred with E.J.C.
and the solution was simply to use the name of the category to which a term belonged;
e.g., the term Shape was used for a whole cluster of natural language terms - Bicon-
vex, Concave, Circular, Configuration, Diamond, Elliptical, Octagonal, Rectangular,
etc. Or, the category term Position {location) was used for terms like Beneath,
Outboard, Between. In this way, although specificity suffered, there was no lessen-
ing in exhaustivity.



(ii) Confounding of opposites: this was used occasionally, as in Continuum flow,
Use Free molecule flow.

(iii) Avoidance of precoordination: consistency here was not assisted by the E.J.C,
rules, one of which {T-1}) warns against being too specific and ancther {T-4} warns
against not being specific enough {in the matter of bound terms}. One arbitrary
limitation on the degree of precoordination {tc 34 characters) is evidenily imposed
by the three-column format used in printing the Thesaurus. But only in a few cases
did new combinations exceed iwo words {e.g., Mass transfer cooling, Blunt leading
edge, Wing-Body-Tail configurations).

This policy included the representation of some concepts by an instructed co-
ordination of single terms; e. g., Aercdynamic noise Use Aerodynamics x Noige
{sound), Dynamic systems Use Dynamic characteristics x Sysiems, Sounding probes
Use Sounding rockets x Space probes, Radiating body Use Hadiation x Aerodynamic
configuration, Reflected wave peak overpressure Q;S_g_giﬂck wave % Reflection x
Pressure. This device is not very clearly described in E,J. C, {using the ¥ and &
deviceg} and some of the examples of precoordination make the policy no clearer;
e.g., under the term Pressure is given a large number of precocordinated phrases
{Pressure distribution, Pressure measurement, Pressure gradient, etc,;. When
a 'new' term Pressure plotting occurred, it was not clear whether {0 precoordinate
or keep separate or confound as a near-synonym of Pressure measurement. Again,
a 'mew! term Circular wind tunnel might lead to acceptance by analogy with Circular
saws, etc. But should Rectangular wind tunnel and Octagonal wind tunnel be simi-
larly distinguished? Sometimes, this sort of economy in precoordination aveiding
highly specific new terms, led to strange equivalents such as Boot section. Use
Foundations x Profile. T

The record of these rejected terms and phrases, together with the ones fo be
used in their place, grew io large dimensions and constructed a massive 1
vocabulary from the terms and expressions of the natural language io those
conirolled E,J,C. languages. Over 1,500 eniries were made for the subs
totalled 350 documents. If should be noted, however,

RS

Use Oscillations; Oscillatory motion Use Oscillations; Elastic Use Elasticity; Edged
Use Edges.

Selection of references

{1) UF {Use for) These have already been considered above as forming a lead-in
vocabulary.

{2} BT and NT (Broader terms and Narrower terms}) The definition of these two
reciprocal relations is reasonably clear in E. J.C.

The BT reflects a true generic (Thing/Kind) relation excluding not only the cbviously
non-generic ones, like operations, or Properties, but also, explicitly, the Whole/
Part relation, which is often loosely associated with the generic, The BT also ex-
cludes ""generic families constructed on the basis of usage’, so Platinum, a member
of the class Metal, is not regarded as a member of the class Catalystis since it is
only sometimes used as a catalyst. This seems i{o suggest an even stricter inter-
pretation by the E,J,C. of the notion of 'class! - i.e., one which excludes from
membership all but "truet species in the sense that they possess permanent and funda-
mental characteristics, uniquely defining them.
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However, this is not borne ocut by an examination of the Thesaurus, which suf-
fers some inconsistency on this point. For example, Wind tunnel nozzles gives,
quite correctly, Nozzles as a BT, But the previous term Wind tunnel models fails
to give Models as a BT and under Models gives Wind tunnel models as a Related
term {RT). i.e., a non-generic relation. Again, the term Materials has eighteen
RTs; some of them are kinds of material based on Structure {Composite, Granular,
etc. ) some based on Properties or Behavicur (Radiocactive, Magnetic, etc,) some
based on Use {(Siructural, Molding, etc.). It would appear that the first charac-
teristic, at least, designates true species. Again, under Plastics are listed numer-
ous resins ags NT&. The term Resins itself is treated as a synonym of Polymers,
however; but no reference of any kind connects Plastic to Polymers or vige-versa,
although there is limited duplication between the NTs for each of these terms.
Similarly, there is no connection established between Pumps and Compressors {the
latter being treated as a synonym for Alr compressor} - although Pumps has num-
ercus NTs in the form of pumps of particular application. e.g, Fuel pump.

{3} RT (Related terms) These are designed to show non-generic relations {as
defined above) and the ruleg state that ii is undesirable to make BT

T's to Ytnore
specific' terms. However, there are numerous examples in E.J.C. of RTs which
do not observe this. For example, Hydraulic equipment has numerous references
to particular types of Hydraulic equipment {Hydraulic brakes, Hydraulic presses,
etc.) Apart from the fact that there were cases of true species {e.g. of Hydraulic
equipment) being included in the RT framework, problems arose regarding the
references from terms like Quartz (as a heat shield); if we assumed that Heat shield
is in the relation of RT to Quariz, should we, under Heat shield, have added Quartz
as an RT? By analogy with Insulation {say}, which gives as RT the material Mag-
nesium Oxide, Quartz should have been added. DBut if it represents {(as it does)
Quartz as designating a kind of heai shield according to material, it is a ‘more
specific! term and such references are not encouraged.

Generally spesking, E.J.C. cbserves the old rule of Subject Heading 1
which avoids references o adjacent headings on the score that their juxtaposition
makes further reminders to the searchers {the question programmers) unnecessary.
For example, there is no reference between Shock waves and Shoclk tubes. BSo this
should lead to the avoidance of a reference from lonization to Ionosphere {which was,
nevertheless, made). Alsg under Molding materials there are veferences to four
RTs which are adjacent entries beginning with 'Melding .. .7 .

Apart from these efforts to observe consistency and methed in making refer-
ences, the usual variety of relations appeared to be permissible and consequently
RTs were added for new ierms and for existing B,J.C, terms when these had inade-
quate connectives, Examples of the latter situation were fairly common since
Aerodynamics is not a particularly favoured subject in E.J.C. For example, there
are no connections between Vibrations and Elasticity, or between Supersonic flow
and Shock waves; in the case of Poiseuille flow, {which may be defined as viscous,
laminar flow in pipes or between closely paraliel planes), the term is rejected and
referred to Laminar flow but without any references linking it to the notion of pipe '
flow, which in this context is just as important as laminar flow.

References from postcoordinated terms.

E.J.C. provides a number of instances in which a term is distributed between
two or more wider terms; e.g., Pressure gas welding}; had BTs which include
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'Gas welding &' and 'Pressure welding &' {the ampersands mean that the two broader
terms Gas welding and Pressure welding can be jointly substituted for the single and
more precise term Pressure gas welding). This procedure led to a number of simi-
lar new references; e.g., Prandtl-Meyer flow Use Supersonic flow x Expansion,

However, this device leads to a difficulty, inherent in post coordinate indexing,
when these particular coordinations generate new reference structures of their own
which are not apparent at the level of single isolated terms. E.J.C. offers no guidance
on this point. For example, assume that for Conical flow the instruction is to use
Cones x Flow. In this case, some sort of reference seems desirable, either from
the rejected phrase Conical flow or from its constituent terms in the form:

Cones: when coordinated with Flow, RT Shock waves,
In this particular case an intermediate connective was established by using a heading
Mach cones. Examples of where the reference structure could be fairly elaborate
are Flow x Parameters and Vapour x Screens x Procedures. Fach of these. subjects
has its own set of related terms, generated entirely by the conjunction of their con-
stituent terms, e.g. Vapour screen method, which now has its own related terms,
such as Carbon tetrachloride vapour, Humidity control, Temperature control, Oper-
ational fog density.

The implied need for such connective references if the syndetic structure were
to be developed raised problems of complexity in the scan-column search techniques
{which were designed to be purely clerical in operation). In view of this, together
with the fact that E.J,C. quite ignored such postcoordinate reference needs, it was
decided to follow the E.J.C. policy and rely on future analysis of searches to show
where this weakness contributed to failures in performance.

E.J.C, roles

The E.J.C, system of roles which appear, without explanation, in Table 3 of
Ref.28 was used in the indexing. The reasons why roles were not tested in earlier
languages have already been discussed, but the availability of a ready-made set of
roles seemed a useful opportunity to investigate whether some of the assumptions
made there (those relating to the applicability of roles to aerodynamic literature)
were justified. Unfortunately, at this stage of the project, the time factor was begin-
ning to limit the amount of new testing which could be undertaken and it was decided
that this validation was not possible.

However the decision was not made uniil the tentative examination of the feasibility
of using the roles had been undertaken by adding them to the indexing descriptions of
a small sample of reports. These, in fact provided examples of most of the objections
and difficulties we had already met in the earlier attempts to use roles. An example
of the difficulties inherent in using the roles may be seen if we consider a particular
document and some of the questions to which it had been judged relevant. In a docu-
ment (1014) on the application of piston theory and the study of aeroelastic problems,
one of the themes indexed was calculation of panel flutter in supersonic flow by piston
theory. Some of the problems immediately raised by the addition of roles, taking
particular terms, were as follows:-

Panel is clearly a patient {role 9), but could conceivably be regarded also as a sup-
port or host in a process (role 5). Vibration (the E.J.C. term for flutter) is un-
doubtedly an undesirable component {role 3) in the aerodynamic behaviour of the panel,
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But this is 2 permanent feature of Flutier in the collection coniext and does not alier
from one document description to ancther, But roles are expressly designed to clarify
the local and varying relations between the terms of & particular description and
perhaps this rules out role 5 from consideration. Flutter could also be regarded as
the primary topic {role 8). However, firstly, role 8 is not strictly speaking a role

at all; it does not show semantic relations between the different terms of an index
description, only its subjective state as to a hypothetical reader; it is, in fact, a
weighting device. Secondly, it could be argued that piston theory is a primary topic
(role 8). Perhaps both terms could be labelled 8, but pision theory could also be
regarded as an agent (role 10), although this would overicck the fact that it is not an
agent of Flutter but of its analysis. Supersonic flow could be considered as an environ-
ment (role 5) or as a cause or influencing factor {role §}, If it is treated ag {6) how-
eVer, Flutter, which it affects, would be the factor influenced {(role 7).

When the questions to which document 1014 was one of the relevant documents
are considered, the further difficulties in ensuring a match become apparent,
Question 97 refers to the Prediction of flutter on lifting surfaces, Flutter could
conceivably be given role 3 {undesirable component), or 8 {primary topic). It could
also be considered as role 9 in the sense that it is the object of analysis or predictive
operations. Two other questions, numbers 98 and 276, to which document 1014 ig
also relevant, are on how flow characteristics or leading edge bluniness affect Flutter.
S0 now Fluiter is an influenced factor {role 7}, Vet ancther question, number 3, is
about aeroforces acting on high speed aircraft, and if Flutier is regarded as a kind
of aeroforce, it may also be given role 6 (cause or influencing factor).

The general import of these considerations seems to be that the term can be forced
to play simultaneously a number of different roles in the same document according
to what the particular user is seeking, and that attempting to label them too precise-
ly is liable to result sometimes in unjustifiable rejection of indexing descriptions
because they do not match exactly in the roles assigned them. "
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CHAPTER 6

Testing Techniques

The choice of the physical method to be used for searching was important,
but difficult to make. Since the work was entirely concerned with index languages,
it was essential that the physical form of the index should in no way impede the
investigation by introducing any controls or restrictions of its own. Although it
was not possible to forecast exactly the many different tests that would be made,
it was clear that for each question there would be the necessity of obtaining
several hundred sets of performance figures.

It was decided that a small test should be made soon after the project had
commenced; this was to be done parily to check the indexing procedures but also
to validate the proposed design of the tests and to provide experience that would
assist in deciding on the physical form of the index. For this pilot test, 1186
documeants had been indexed, and fourteen questions were available for searching,
for which there were 26 known relevant documents. It was planned to investigate
five sets of recall devices and four sets of precision devices, based on the single~
term, natural language indexing. These variables alone appeared likely to result
in some 80 searches for every question, and when other variables were added in
the main test, the potential number of different searches could run into several
hundreds. It was unlikely that every combination of the various devices would be
required, but the method used had to be flexible enocugh to provide for all possible
variations of searches, since it would only be after some searches had been made
that it would be known which were unnecessary,

Co-ordination was certainly the basic precision device, and some form of
post-coordinate index was clearly required. For the pilot test, the decision was
taken to prepare a peek-a-boo type index, This was done in a conventional way
but a complication arose due to the fact that, at this stage of the work, six diff
indexing weights were being used, and, to investigate the effect of these, it -
necessary to have, for every term, six cards each of which represgented a different
weighting.

The first search for a given question was carried out on the natural
language terms . Subsequent searches were made bringing in the various recall
devices and precision devices; the nature of these searches 1is considered in more
detail later in this chapter. The results of this test were interesting in themselves,
but the main objective had been to obtain information on the technigues being used.
In this respect, the test showed that the general test theory was reasonable and that
the indexing was satisfactory for the objectives of the test. Quite definitely, however,
it showed that a peek~a-boo index would be quite unsatisfactory for the main test.

This was because much of the testing involved use of increasingly large
numbers of‘terms in the search as the recall devices were tested, with the continual
need for co-ordination of all the different combinations. For example, if a question
had five terms searched on initially, and each of the five terms had one synonym,
two word forms and four quasi-synonyms, then in coordination of all five terms
using all the recall devices, 32,768 different combinations are possible. After this,
it would be necessary to search for any four of the five sets of terms, then any three
and go on. It is true that by use of the lowest posted terms first, the number of

coordinations to be done can be reduced considerably, but the use of natural language
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for the file, together with weights, resulted in serious difficuliies. Another problem
that loomed large was that of recording the aggregate of the different documents
retrieved out of all the possible coordinations at a given ordination level,

since many documents would be retrieved several times. One possible solution io
these problems was o prepare a new peek-a-boo index for each of the recall
devices; that is to say, there would be one index for natural language terms, &
second index with the synonyme conirolled, a third index with word endings. con-
founded, etc. However the manual re-punching of new indexes would have been a

big task, and at thai time no equipment could be found to aggregate a set of postings
from a number of different cards all on to one card. Other considerations mitigating
against a peek-a-boo index were the task of withdrawing and refiling large numbers
of cards during a2 search, and the difficully of performing more than one search at
one time.

As a result other conventional index forms were considered but offered no
satisfactory solution. At this point in the project, several people working on
assoclative retrieval expressed interest in the possibility of using the indexing
being performed on our collection for their own testing of statistical associative
techniques, clumping, etc, With the agreement of the National Science Foundation,
arrangements were made to make the indexing available in machine readable form,
on magnetic tape. The format used for this is given appendix 6.1, and details of
supplementary tests being made are given inr Chapter 7. With the indexing available
on magnetic tape, the use of this for computer searching for the testing was then
considered.

A number of discussions were held with various groups, and we received
cost estimates for programming and searching which varied by a factor of fen
An effort was made to discover whether any suitable computer programme already
existed, which could be used to do the required searches, Discussions were held
during a visit of one of the project staff to the U.S. A, , but no suitable programme
was discovered io do the minimum of what was required. This led to a reconsideration
of preparing programmes in this couniry, but not only were the cost estimates high
in relation to the present project, but also the time factor was becoming critical.
Particularly discouraging was to learn that the searches which we had requesied
would result in seven million lines of print out; for these reasons and our own
lack of experience in the field, the idea of using computers was abandoned.

The flirtation with computers had not been entirely wasted, for by this time
we had a clear idea of exactly what was needed, and this heiped in producing a
method which met the main requirements. At the time when the sclulion was first
proposed, no similar method was known to exist, for it is guite unconventional
and it is difficult to visualise any application in real life circumstances, However,
it was later discovered that a somewhat similar suggestion had been made by
Dr. John O'Connor, known as the 'Scan-column index! {ref. 31}, although no actual
example of its use in practice is known. It had the advantages of flexibility to
meet changing circumstances, so that it would give results for the many different
typee of search, and also of permitting quite complex analyses to be done clerically.

The first stage in the preparation of the index was a complete posting of each
single term used in.indexing on to a set of cards. These cards also contained
information regarding the weighis assigned to each term. The indexing decisions
regarding Document 2076 are shown on the master indexing sheet in Fig. 6.1.

From this sheet, the single terms and their weights were posted on to cards, with

a separate card for each term. Thus 'Insulated 10!, together with the document
code number {2076} would be posted on one card, '"Two-dimensional 10' on another
card together with a code number and so on to every index term. These cards were
then sorted into alphabetical order and sub-sorted into document number within each
term. :
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The 361 guestions which it was proposed to use for searching produced a
total of 723 different terms, and these became known as 'starting terms'. As
such they were terms used in the questions without being subjected to any controls,
and were equivalent to the natural language index terms. For each starting term a
set of sheels was provided, these sheets bearing the document numbers 1001 -2400.
As an example, consider the starting term 'Flow'. The pack of cards which had
been posted with this term was taken, and the information transferred from the
cards to the set of sheets. The code 1 was used to denote that it was the actual
search term {i.e. Flow) that was being posted and Figure 6.2, which is an extract
from the set of sheets dealing with 'Flow! shows that a large number of documents
were indexed by this term. In particular it can be seen that document 1933 was
indexed by Flow at 2 weight of 9, as were documents 1939, 1940 and 1941.
Document 1842 was also indexed by Flow, but on this occasion the weighting is 8.
After all the indexing by Flow had been entered, additional entries were made for
terms related to Flow. The authority sheet for this is shown in Fig. 6.3, from
which it can be seen that Flux and Stream are considered as synonyms. The
packs of cards posted for these terms would be taken, and entered on the sheets
for Flow. Referring to Fig. 6.2, it will be seen that, for example, document
1978 is marked A8, This indicates that Flux, {which is coded A in Fig. 6.3)
was indexed in this document at a weight of 6, while document 1974 is one of
several that was coded by Stream(B) The variant word ending, Flowing, {coded g)
was used in document 1968; of the quasi-synonyms shown in Fig. 6.3, Motion
(K) and Moving (M) are examples which both appear in document 1978. It will
be noted that mul-fiple posting can occur on one document number; 1978 has, in
addition to Motion and Moving, also been posted with Flow and Flux. The reason
for doing this will be explained later.

The completion of this meant that there now existed a record of every time
the starting term Flow or any of its synonyms, word endings and quasi-synonyms
had been used as index terms. Since the codes for these were always kept constant
{A-D for synonyms, E-J for wdrd endings and K-Z for quasi-synonyms), the staff
always know to which group any particular entry belonged.

The posting had been done on foolscap sheets and these were now cut into
narrow strips, § in. wide, each strip being serially numbered so as to maintain
the document sequence order. These sets of strips were then filed in two specially
constructed 'beehive’ cabinets (Fig, §.4).

In effect, a separate index was now compiled for each question by the
preparaiion of a set of search sheets. The production of these in relation to a
particular question was controlled by the question starting term card, an example
for question 181 being shown in Fig. 6.5. This listed the starting terms for the
question and the order of the terms onthe search sheets, this order being of
importance in relation to some of the searching options. To prepare the search
sheets, the sets of strips for each of the starting terms were obtained and
assembled one page at a time by being clipped to a set of 23 prepared boards.
These boards showed the document numbers at the extreme sides, and the strips
were arranged in correct alignment with the numbers, When all 23 boards had
been thus prepared, a xerox copy was made of each board; the result is shown in
Fig. 6.6, which illusirates one of the 23 sheets for gquestion 181 in relation to
documents 1831 -1992.
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Starting term 1 FLOW

Synonyms A FLUX
STREAM
Word endings E FILOWING
Quasi-synonyms MOTION
L. MOVEMENT
MOVING

N FLOWING

" FIGURE 6.3 STARTING TERM AUTHORITY SHEET
SHOWING TERWMS RELATED TO 'FLOW'

FIGURE 6.4 THE ‘BEEHIVE' FILING CABINET

CHANNEL
VISCOUS
COMPRESSIBLE
FLOW

STRAIGHT
DETERMINATION
NATURE

R O Lo O

FIGURE 6.5 SEARCH STARTING TERMS FOR
QUESTION 181
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It can be seen thatforthe search term Flow, the appropriate information which was
first posted on the sheet shown in Fig. 6. 1 for documents 1931-1992 has now been
included in the second column of Fig. 6.6. The information relating to the other
starting terms would have come from similar strips. As an example, the search
sheet reveals that in document 1966 Nature did not appear, ‘but the quasi-synonym
Property {coded K) was indexed at a weight of 7. Flow was indexed at a weight of 9.
Compressible did not appear, but it was preéent in the variant word form Compressibility
(F) with a weight of 10, while Channel was indexed at a weight of 10. The remaining
three starting terms did not appear in any way in this document.

When the search sheets had been printed, the thoards! were dismantled, the strips
sorted into order and redistributed into the beehive ready for further use with another
search question. The boards finally used were of rigid hardboard, together with
tbulldog' type clips; earlier trials with cardboard sheets and perspex covers had failed
because the strips moved out of position too easily. The time taken to mount a question
on to the boards varied with the number of starting terms, but usually took between
thirty and sixty minutes. The xeroxing and checking took ten to fifteen minutes, and
redistribution of the sirips a further ten to fifteen minutes. A minority of questions
had more than eleven starting terms, and therefore needed two sets of sheets, It
was usually possible to pick two questions with quite different sets of starting terms,
so that both questions could be prepared at the same time. A system of double checking
the search sheets was used to correct any errors which occurred; these were usually
due to misfiling of individual strips in the re-distribution stage. While this method
might seem cumbersome, it appears to have been justified by results, since it gave the
flexibility that was required, and although expensive in man-hours was relatively cheap
compared to what would have been the cost for any form of machine searches.

The end result of this exercise was that we had 361 sets of search sheets, 23 sheets
in each set, posted with all the occurrences of the terms to be used in searching each
question; there were, in fact, 361 question-indexes, and it was now possible to carry
out the first series of searches. These were performed on single terms, and
investigated three variables.

1. The recall devices of synonyms, word endings and quasi-synonyms,
tested in six aggregations (known as 'index languages').

2. The precision device of simple coordination without any linking in the
indexing, where the search rules allowed any combination of terms to be

accepted, and every level of matching to be recorded.

3. The three levels of indexing exhaustivity, indicated by the weights (5-6,
7-8 and 9-10).

The six index languages investigated in the first series of tests were as follows:

Index

Language
1 Natural language terms (code 1)
2 Natural language terms + synonyms {codes 1 and A-D)
3 Natural language terms + word forms {codes 1 and E-J)
4 Natural language terms + synonyms + word forms (codes 1, A-D and E-J}
5 Natural language terms + synonyms + guasi-synonyms {(codes 1, A-D and

. K-Z)

6 Natural language terms + synonyms + word forms + quasi-synonyms

{codes 1, A-D, E-J and K-Z)
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These six index languages appeared to cover all reasonable permutations, since
it was not logical, for instance, to contemplate the use of quasi-synenyms without
the use of synonyms. ‘

The searches were carried out by clerical labour, and the resulis were
recorded on a score sheet as shown in Fig. 8.7. The actual operation of carrying
out a search became known as 'putting the ruler down the sheets’, since the use of
a straight edge to successfully uncover the postings for each document was found to
be the best method. The searches were made on the sets of search sheets {as in
Fig. 6.6}, where each vertical column deals with one of the question starting terms,
and shows not only the occurrence of the starting term itself, but also the related
terms as described earlier. Often an examination of the postings for a certain
guestion needed some care in working out, since in one operation the search resuiis
would be recorded for the six different index languages and for the three weights.
However, after a relatively short learning period, the clerical staff had no serious
difficulties. The time required to search a single question varied greatly, with this
particular set of six index languages, it might be anything from ten minutes o one
hour, being dependent on the number of starting terms, the frequencies of postings
for each starting term, and the number of terms related to the starting terms.

The score sheets list the document numbers on the left hand side, and across
the sheet space is given for recording the coordination level {i.e. the number of search
terms that match with the document terms)} of each document for each of the six index
languages at each of the three levels of exhaustivity. The way this is done may be
seen by examining a search sheet {(Fig. 6.6) for question 181 ‘Has any work been done
on determination of the nature of compressible viscous flow in a straight channel',
in relation particularly to documents 1963, 1966 and 1878,

The search sheet shows that document 1983 has two of the search terms present,
and 2 look at the codes shows that they are coded 1, the natural language terms, which
are included in all six languages. Both terms have a weight of 8, and therefore do not
come out at the lowest exhaustivity {weights 9 or 10), but do at the medium and high levels.
The score sheet (Fig. 6.7) records this, the coordination score of 2 being put in every
language at the medium and high levels of exhaustivity. Document 1866 has four of the
search terms present; two natural language, {1) one word ending (¥} and one quasi-
synonym {K). So taking the highest level of exhaustivity {6-10), every index language will
have a coordination score of at least 2; Index languages 3 and 4 will score 3, (1, 1 and F);
Index language 5 will alsc score 3, {1, 1 and K), but Index language & scores the maximum,
4, {1, 1, F and K) since it accepts both word ending variants and quasi-synonyms. Con-
sidering now the various levels of exhaustivity, index languages 1 to 4 have all their
terms weighted 9 or 10, and so keep the same coordination score at medium and low
exhaustivity, but index languages 5 and 6 have the quasi-synonym weighted 7, so at low
exhaustivity the coordination score drops to 2 and 3 respectively.

As a final example, for decument 1978, one of the two search terms (Flow) is
shown to be present in natural language at a weight of 7, as a synonym (A -6) and also
as two quasi-synonyms (K-7 and M-8}, All these, of course, only count as a coordinate
score of one since they are all separate alternatives to one of the search terms, but the
last quasi-synonym (M-9) is impoftam because it is the only term at low exhaustivity.
The coordination scores for this document in table 6.3 are 1 for index languages 1 to 4,
and 2 for languages 5 and 6, with exhaustivity reducing these scores as shown.

Since the search rules at this stiage allowed any combination of terms to be accepted,
it was never necessary to note which search terms occurred. Some combinations
accepted were obviously nonsense, e.g. document 1982 reirieved by the starting terms
Nature and Compressible is not meaningful, and is even worse when the quasi-synonyms
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on which it was retrieved are decoded as Property and Hypersonic. Intellect
was put in on later searches, to eliminate such unwanted combinations.

Contrary to the example shown in Fig. 6.7, in practice the score sheets for a
question rarely recorded documents with only one search term present, since this
would usually have involved recording the large majority of the documents in the
collection. The decision as to what coordination score to begin recording documents
varied for each question, depending partly on the number of starting terms in the
question. The objective was to examine an average of about 100 documents from the
collection (involving two or three score sheets), and this decision was fairly easily made
by looking at the density of postings on the search sheets. In some cases, when postings
were very heavy, a proportion of the collection only was examined (e.g. if half the
collection, the odd or even numbered documents only, etc.), and the resulis scaled up.
This was done to reduce the large clerical effort involved in searching so many questions
this way (involving looking at nearly 400, 000 'documents' on the search sheets in this
first series of tests alone), but was only done when the results were statistically valid.
An exception to this was that the relevant documents were always fully recorded.

To obtain the final results for a question, the documents which had been assessed
as relevant were recorded on a separate score sheet, and deleted from those first
produced. The base document for the question being tested was deleted altogether
at this stage. Then the actual numbers of relevant and non-relevant documents
were totalled up, a separate total being obtained for each index language, at all
coordination levels and at each exhaustivity level. The final record is seen on
a Results Sheet, (Fig. 6.8). Here, for question 181, it is noted that the Search
rule is type A which, as stated previously, allowed any combination of terms to be
accepted; the question has 7 starting terms. The search sheets were examined
for all documents having a coordination score of 3 or more, and there are two
relevant documents sought in this question. Three tables of figures are given, for
the three levels of exhaustivity, each table recording the coordination score and
language variables. For example, using the highly exhaustive indexing {weights
5-10), a three term coordination score using language 3 retrieves both of the relevant
documents, and 60 non-relevant documents. At the next level of exhaustivity
{weights 7-10), the non-relevant documents drop to 45; at the lowest level of
exhaustivity, the non-relevant documents drop to 10. In this case the recall is
maintained throughout, but with index language 6, for instance, at a coordination
score of 4, the effect of moving from high exhaustivity to low exhaustivity is to lose
the one relevant document retrieved. It will'be noticed that no non-relevant figures
are given for coordination scores 1+ and 2+, although the relevant documents are
shown here. In general, an attempt was made to cut down the clerical effort by
ignoring the count of non-relevant documents when the precision ratic was less than
3%, although, as will be recounted in the next volume, some sampling was done at
these low precision levels. The figures obtained from this particular question are
then ready to be totalled with those from other questions to provide results for a set
of questions. This, and the various methods for arriving at these totals, will be
considered in the next volume. ‘

There were many additional tests, in which were investigated the effect of such
matters as the single term hierarchies, the set of concept languages, again incor-
porating the various recall devices such as alphabetical and hierarchical grouping.
and also the various searches with controlled terms. These othcr tests meant, of
course, that the preparation of the question-indexes had to be commenced from the
beginning. For instance, the single-term hierarchies resulted in a group of terms



-101 -

QuESTION | &/

SEARCH RULE [} RELEVANT DOCUMENTS 2

STARTING TERMS ] LOWEST COORDINATION 3 DOCUMENTS TO  i7L4
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FIGURE 6.8

RESULTS SHEET FOR QUESTION 181 FOR
INDEX LANGUAGES 1to#6
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associated with 2 starting-term that was different from the group of synonym, word
endings and quasi-synonym described earlier. There were some minor modifications
in preparing the indexes, but in general the bagic procedure described above was used
for this further testing.

There was the additional necessity of investigating, on the single terms, the
precision devices of interfixing and partitioning, which, as described earlier, are
the two stages of links which were recognised, interfixing being concerned with
single terms within a concept, while partitioning deals with concepts within a theme.
This operation was done by examining the original indexing sheets for the relevant
and non-relevant documents that had been retrieved as a result of the searches
described above.

To illusirate the procedure adopted, Fig. 8.8 shows the processing of one of
the relevant documents (20768) to questiion 51. This question has eleven starting terms;
these are set out ai the top of the table, with the double dividing lines indicating the
concepts into which the guestion terms are divided, namely Displacement-Thickness;
Plate-Flat; Flow-Compressible; Boundary-Layer-Laminar; Formula-Approximate,
These concepts are the pairs and triplets of terms which must be interfixed within
concepts. In testing partitioning, all the terms in the search are demanded to occur
in one theme of the indexing. FEach asterisked term in Fig. 6.9 is the basic term in
its concept, and the search rules in operation at this stage of the test demanded that
no subsidiary term {i.e. non-asterisked term) would be accepted unless the basic
term was present. Thus in the index terms contained in document 2076 listed in the
second row, the last term Approximate is not accepted, since Formula is not present.
This row shows all the index terms in document 2076 that match with the terms re-
qguested in the search prescription, with the weights in brackets, this information
resulting from decoding the entries on the search sheet, The index sheet of document
2076 {fig. 6.1) is examined next, the index terms in row 2 are located in the indexing,
and the code letters assigned to the concepts in the indexing are recorded in the third
row. The first two terms, Displacement and Thickness, both occur in Concept i, and
therefore are interfixed; the fourth and fifth terms, Flow and Compressible, occur
respectively in concepts d and e, so no interfixing is present. However, an alternative
guasi-synonym acceptable in place of Compressible is Hypersonic; this occurs in
concept d and thus interfixes with Flow. The fourth row shows the themes from the
indexing that conlain the greatest number of search terms; theme 02 does not include
'"Displacement Thickness?!; while theme Qg has this concept, it does not include 'Plate
Flat', so both themes give the same results, since both eliminate one concept of two
terms. From this data the resulis can be calculated for interfixing, for partitioning
and for partitioning with interfixing, in all of the six index languages and at the three
levels of exhaustivity. The results for this single document in regard to these devices
are shown on the score sheet (fig. 6.10). This procedure was carried out on all the
relevant documents in the questions tested, and also several of the non-relevant
documents were examined. The totals of relevant and non-relevant documents for a
question are again recorded on a results sheet as before, and from this can be seen
the effect on recall and precision of these powerful precision devices.,

The testing of the simple concepts involved more index languages than the single
terms, since 16 aggregates of recall devices were tested. In this case the code
letters used in the columns were each allotted to a single device, rather than a group
of letters to a device. {e.g. B was synonyms, C was species, so that even if there
were five synonyms or five species, they were all coded with B or C). This was done
not only because of the large number of separate results wanted, but because the search
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QUESTION 51. DOCUMENT 2076

PARTITIONING

INDEX LANGUAGE 1 2 3 4 5 6
Weights 5- T- 9- 5- 7- 9- {5- 7- 9-| 5- T7- 9-| b- T- 9- |5~ 7- 9-
g 10 10 10 i0 10 10 {10 16 10 10 10 10| 10 10 10 |10 10 10
NO LINKS 9 9 5 9 9 5 9 9 5 9 9 5 9 9 5 9 9 5
INTERFIXING & 8 4 8 8 4 8 8 4 8 8 4 9 9 5 9 9 v 5
PARTITIONING 7 7 5 7 7 5 7T 7T 5 7 7 5 7 7 5 7 7T 5
INTERFIXING & 6 6 4 6 6 4 6 6 4 6 6 4 7 7 5 T T b

FIGURE 6.10 SCORE SHEET FOR LINKS WITH -
DOCUMENT 2076 FOR QUESTION 51.

STARTING TERMS

a. Compressible Flow
b. Viscous Flow
c. Channels

d. Straightness

SEARCH REQUIREMENTS
Only the following combinations of terms will be accepted.

2-term coordination ac, bc. cd
3-term coordination abc, acd, bed

4 -term coordination abed

FIGURE 6.11 INSTRUCTION SHEET FOR SEARCH WITH
CONTROLLED TERM VOCABULARY
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prescriptions contained more related terms than the single term searches did, and
would have required more divisions than the 26 .in a single letter code. Another
answer to the posting problem was not to post any related terms on a document when
the natural language term or synonym term ({both included in every aggregate of
devices) was already there. This could be done provided that a related term did not
improve the weights. For example, in document 1978 in fig. 6.6, Flow appears as
such as 1-7.  Because of this, A6 and K7 are really redundant, but on the other hand
the posti;g__of Moving (M) at a we_i_éht of 9 is required since this improves the performance
in regards to weighting-?— This superfluous posting was done deliberately on the single
terms to enable decoding of all search terms for the interfixing test, but no such
requirement existed in the concept searches, and such posting was left off.

Asg stated, the first series of tests had been done using the minimum of intellect
in the search programmes, with the result that many documents were retrieved on
nonsensical combinations of terms. At later stages in the test, increasing intelligence
was put into the search programmes; this is another way of saying that the requirements
were more stringent. This was done in various ways, and each time the attempt was
made to identify the particular intellectual decision which had been taken. One example
of this is given in Fig. 6.11, where the search was being carried out on the Controlled
Term Vocabulary. There are four starting terms, Compressible flow, Viscous flow,
Channels and Straightness. Instead of any combination of these being accepted at the
various levels of coordination, the search instructions specifically state, for instance,
that Compressible flow and Viscous flow are not acceptable on their own. In fact, the
definite requirement is that Channels must always be present.

This chapter has only considered the\general techniques which were used in
carrying out the tests. Quite inapplicable as far as can be seen to any operational
situation, they gave, albeit with a large amount of clerical effort, all the flexibility
that was required. One point which should be made clear concerns the prior knowledge
regarding which documents were relevant to which question. This knowledge was not
available to the indexers at the time of indexing, so therefore there is no question of
the indexing being slanted towards a particular question. In theory it could have been
available to Mills at the time when he was preparing the groups of related terms and
the various hierarchies. In fact, Mills was doing this work in London while the
indexes were being prepared and the searches were being carried out 50 miles away at
Cranfield. Even if he had had access to this data and had attempted to use it in
preparing these lists, we do not believe it would have made any significant difference
to the results. With regard to the searching, the description given in this chapter
of the methods used should make it obvious that its comprehensive nature preciuded
any possibility of influencing the results.
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CHAPTER 7

Additional Tests

The first year of the project coincided with a time when a number of groups,
who had been investigating various methods of statistical association, were becoming
interested in the possibility of putting their methods to the test, and we received
some enguiries regarding the possibility of the project test collection being used as
a ‘common sample'. All such groupe were, of course, working with computers, so
with the agreement of the National Science Foundation, it was arranged that a tape
should be prepared of the indexing for the 1400 documents in the test collection.

This was done by I.B. M, (U.K.} Ltd., and an example of the printout for document
1420 is given in Appendix §.1. : '

In the end, for various reasons, none of the groups in America was able to
make use of these tapes. However, in England, Drs. Roger and Karen Needham
decided to use the Cranfield collection for a test of the 'clumping' technique developed
at the Cambridge Language Research Unit. (ref. 29). Since the computer to be used
was the Atlas, it was necessary to prepare a set of paper tapes from the punched
cards. The problems involved in this are not for us fo relate, but the indexing has
now been completed, and a copy of the printout for document 1420 is also given in
Appendix 6.1,

At a later stage in the project, when the results were coming through, a meeting
with Professor Salton made it clear that the research which he had been undertaking at
Harvard was basically along similar lines to the work at Cranfield, in that both groups
were concerned with comparing the performance of various index language devices,
The difference lay in the methods adopted for the clerical processes of the testing, and
the SMART programme (ref, 30} gave the flexibility of rapid testing of any set of
documents for which the necessary relevance assessments had been made in relation
to a set of questions, so long ag these were in a subject field for which suitable
vocabularies had been prepared. The original testing of the SMART programme had
been carried out on a collection of abstracts dealing with computers, and for both
groups the prospect of using the programme to test the subset of documents taken from
the Cranfield project was very attractive. For Professor Salton, it gave the opportunity
of testing his programme in a different subject area; for us it opened up a completely
new field. There would be the opportunity for directly comparing the results of the
devices being investigated at Cranfield with the similar, but more complexly calculated,
devices used at Harvard. Secondly, there was the possibility that it would assist in
solving some of the interesting problems involved in the presentation of results. The
recall-precision curves, based on a series of cutoffs, were producing at Cranfield
quite different figures from the normalised recall and normalised precision based on
the ranked output at Harvard, This was only to be expected, since the method of
calculation was so different, but it was important to be able to find how to equate the
different sets of figures., The final point of interest was that though the Harvard
searching was normally done on document abstracts, the flexibility of the SMART
programwme made it practical for the searches to be carried out on both the abstracts
and the indexing which had been done at Cranfield, thus providing for the first time
a comparison between searches based on abstracts and on indexing.

A member of the Cranfield group spent a week at Harvard, and as a result of
the visit, it was arranged that a subset of the collection, consisting of 200 documents
and 42 questions, should be processed at Harvard, and that searches should be made
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on both the indexing of these documents and also their abstracis. Subseguently
the decision was taken to extend this work so as 1o cover the whole of the Cranfield
collection, .

Citation indexing

It was in 1961 that the first major grant was given for a ciiation index {ref. 32),
and the following year we were asked for ocur views on how a citation index could be
evaluated. Citation indexing is basically a method of forming classes of documents
which are all related through a common reference to a base document. There will,
of course, be many occasions when the class consists of only a single entry; however,
in the more numerous cases where the class consists of iwo or more documents,
then citation indexing can be considered eguivalent to bibliographic coupling at a
strength of one. Bibliographic Coupling has been developed by Dr. M. Kessgler at
the Massachusetis Institute of Technology {ref. 20}, and in relation to citation indexing,
can be considered as a precision device, since it progressively narrows the class of
documents as the demand for common references increases in number., Citation
indexing and bibliographic coupling could therefore be tested in the same way as any
other device; it was, however, necessary to prepare an index for this purpose.

The first stage wasg to prepare xerox copies of the citations in the 1400 documents
in the test collection; against each citation was put the code number for the citing
documents, after which each citation was cut up so as to appear on a separate slip
of paper. 'This resulted in some 20, 000 slips of many various sizes, which had to
be sorted into author alphabetical order. This being done, the slips were pasted
onto sheets of paper; where two or more slips related to the same cited document,
only one example was pasted in; the references to the additional citing documents
were entered alongside. This can be seen in Fig. 7.1, which covers a series of
references to papers by H,J. Allen, in particular a paper written with A, J, Eggers
entitled 'A study of the motion and aerodynamic heating of missiles entering the earth's
atmosphere at high supersonic speeds.! (NACA TN 4047). This is shown to have
been cited by thirteen papers in the test collection.

This procedure resulted in a normal citation index; to obtain the index for
bibliographic coupling required three further stages. First, each cited reference
having two or more citations was given a code number, the paper by Allen and Eggers
being A25, and a separaie card was prepared for each cited reference. On this
reference card was written the code for the cited document {i.e. A25) and then, in
numerical order the codes for the citing documents. Fig. 7.2 illustrates the
reference card prepared in connection with the paper by Allen and Eggers shown in
Fig. 7.1.

The reference cards were sorted into numerical order depending on the lowest
number on each card. Since these numbers represented the codes for the citing
documents, they ranged from 1001-2400, Each card was then taken in turn, and the
information from all reference cards having the same starting number was transferred
to a master card. As an example, the master card shown in Fig. 7.3 illustrates the
position with regard to document 1067, this number being posted in the top left hand
corner. In the column neadings are entered the code numbers for the documents which
have been cited by document 1067, this information being obtained from the reference
cards such as Fig. 7.2, and these being, in this particular case, A25, W32, A23, E23,
F90, and 024, In the first column of the master card are entered the document numbers
of all other citing papers, this information being again obiained from the reference
cards., A tick is put against each number in the column under the appropriate heading
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to indicate that it cited this particular reference. However, when a document number
appears in connection with another cited reference, the number is not repeated, but

a tick is put in the appropriate coluran. For instance, in Fig, 7.3, it can be seen

that this document has two references in common with document 1163, 1164, 1639

and 1716, three references in common with document 2379, and four references in
common with document 1715, To return to Fig. 7.2, when document 1067 had been
entered, then this number was crossed off and the reference card was re-sorted in

ihe pack under the next number, namely 1077; again this number was crossed off

when the master card had been entered for document 1077, and the reference card
re-filed on the next number and go on until all the document numbers had been entered,

The final stage was to go through the master cards and prepare the bibliographic
coupling card (Fig. 7.4). This showed the master document and all the other
documents with which it had two or more references in common.

It is clearly & matier for argument as to how a citation index should be tested
operationally, but within the context of these experimental investigations, it was
relatively simple to decide on the method to be used. Our concern was how a
citation index operated in regard to recall and precision and the procedure adopted
was as follows. For a certain question, the relevant documents were known as well
&g their relevance level. The numbers of the relevant documents were written across
‘the score sheet as shown in Fig, 7.5, referring to question 34. In order to avoid
complexity, a fairly simple example has been taken, where there were six documents
all of relevance 3.

The numbers in the left hand column indicate the coupling strength going from
a maximum of 6+ down to 1, which latter represents citation indexing. The
appropriate bibliographic coupling cards were then taken from the pack, the first of
these relating to document 1067. As can be seen in Fig. 7.4, document 1715 had a
match of 4 with document 1067; there were no oiher documents at this level of match,
and since document 1715 is also a relevant document to question 34 {see Fig. 7.5),
this is counted as a success and the score is entered appropriately. The document
which matches at a level of 3 is not relevant, so this now makes the score one relevant
and one non-relevant. At a match of 2, three of the docurnents are relevant (1164,
1639 and 1716}, so the score here becomes four relevant and two non-relevant. By
referring to the cards shown in Fig. 7.3, we can calculate the number of documents
involved with a single match. There are no other relevant documents in this set,
but many non- relevant, so the score for this is shown as four relevant and thirty-two
non-relevant,

This process is repeated for all the other relevant documents, as shown in
Fig. 7.5. When this has been done, the scores can be totalled to give a set of figures
where obviocusly the maximum recall and the lowest precision will be obtained at a
match of 1, and maximum precision with lowest recall obtained at a match of 6+.
However, there are various approaches that can be taken in compiling the score, and
thewe will be considered in the volume of test resulis. Such analysis was done for
documents of all degrees -of relevance.

In bibliographic coupling as discussed by Kessler, account is only taken of the
actual match rather than what might be called the proportional match. ¥For instance,
two review-type articles may each have [ifiy references, as against two other papers
which have only three references. If the former pair of papers have five references
in comrnon, this would be considered a sironger coupling strengih than the latter pair
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which have, for example, two references in common. However, proportionately,

it could be argued that the latter represents a stronger match than the former.

To test this, the number of references in each document of a matching pair were
multiplied, the resultant figure was then divided by the square of the number of
matches and the final figure was considered as the level of coupling strength, For
example, document 1067 (see Fig. 7.4) had six references, and document 1163 had
eight references, giving a multipland of 48, These had a match of 2, so dividing by 2?
gives a final weighted figure of 12. Document 1715, however, had nine references
which, combined with docurnent 1067, gives a multipland of 54, In this case, since
there is a match of four, this figure has to be divided by 4%, giving a final weighted
figure of 3. When the matches for document 10687 had all been worked out, the weighting
becomes as in Fig. 7.6. In many cases, the result of this exercise showed significant
changes in coupling strength, and therefore the collection was re-tested in the manner
described earlier, only this time the scoring was based on these new coupling levels,
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CHAPTER 8

Comments

This report has attempted fo outline the reasoning and the procedures adopted
in the second Cranfield project. It could be argued that commenis on these matters
should await the publication of the test results, but it is felt more appropriate to
conclude this volume by briefly considering some of the short-comings of the design
and the techniques used, and showing how the resulis might possibly be affected.

In Chapter 2, some aspects of the test design were considered from the viewpoint
of the decisions which seemed correct in 1861, at the time when the project was
prepared. While the test results and the conclusions which can be derived from them
will show to what extent the test design is such as to allow the objectives to be achieved,
there are certain matters which can be discussed immediately.

The original proposal suggested a collection of 1,200 documents with some 300
questions to be used for searching. For no very good reason, the total of documents
in the collecticn was increased to 1,400; while there would have been no difficulty in
finding 300 usable search questions from the 641 that were submitted, only 279 questions
were used, and, for most of the tests, this number effectively was reduced to 221. The
amount of data which has been obtained from this question-document set is vast, and
is more than sufficient for validation of the test results. It can at present only be a
matter for discussion as to whether the question-document set was larger than necessary.
In many of the tests, sub-sets of the collection were used, sub-sets such as 200
documents and 42 questions. There is a double danger in the use of such comparatively
small sets; firstly that they will produce results which are unrepresentative, and
secondly that the performance measures will be seriously distorted. To consider the
latter point, investigating the effect of generality ratio was a part of the project and
although the matier is somewhat complex, it has been possible to work out the relation-
ship between the performance figures for varying generality ratios. This work is
reaching the siage where it can be applied in all situations, so this particular problem
need no longer create any difficulty in the use of a small collection.

Far more serious is the guestion of whether the collection size is large enough to
give valid resulis, It has to be remembered that this investigation has been concerned
with only one variable, namely index language devices, and this is quite unlike the
situation in Cranfield I, in which additional variables were such matters as indexing
time, indexers, and type of document. The result is that a much smaller set than the
18,000 documents and 1,200 questions of Cranfield I was required and there does not
seem to be any doubt but that the collection of 1,400 documents was large enough for
the test. The experience at Cranfield and Harvard of working with a sub-set of 200
documents and 42 questions has produced some useful evidence on the question as to
whether the total collection was larger than necessary. With the knowledge that the sub~
get produced results very similar to those obtained with the complete collection (when
due allowance is made for the generality ratio), it now seems possible that a smaller
collection would have served equally well. However, lacking this hind-sight knowledge,
it is very likely that the results obtained with a smaller collection would have been
subject to criticism which could not have been satisfactorily refuted.

The method of obtaining a document collection and a set of questions turned out to
be a perfectly satisfactory way of operating. The response from the authors of
research papers was remarkably good, and can be interpreted as showing that the
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scientific community - at any rate in the field of aeronautical engineering - is interested
in documentaiion problems, and is willing to co-operate in helping to find an answer

to these problems. The selection of the comments from the authors (given in Chapter
3! is only a sample, illustrating various points, of the many interesting and encouraging
letters which were received.

Tied in to this method of obtaining the set of documents and questions was also
the matter of obtaining relevance assessments, and here some reservations have to be
admitied concerning the method adopted. This is not to suggest that there is any
experimental evidence of there being any better or more satisfactory technique, but
rather o say that the matter of relevance assessment is, without any doubt, the most
difficult intellectual problem - in fact, one of the very few remaining problems - in
the evaluation of information retrieval systems.

In the evaluation of operational systems, there will be many occasions when the
only satisfactory technique will be that of using actual questions for test searches,
with the questioners assessing the relevance of the documents retrieved at the time
when the information is required. Such would be the case if it was desired, for instance,
to investipgate the effect of different levels of giiestioner participation in the search
programme. As soon as any deviation is made from this technique of operating in a
real-life and real-time situation, a less realistic method is being used, although there
will frequently be situations where this could be justified for economic or other practical
reasons. This latter point is certainly true of an evaluation of an operational system,
and 1t is equally true of the test of an experimental system, where no real user group
can be said to exist. A possible weakness of the method adopted in this test lies in
the fact that the subjectivity of the relevance assessments might have been such that
it will mask the variation in performance of the various devices which were being tested.
There is no experimental evidence of any kind at present available that makes it possible
to affirm that this is so, but the possibility is such that it requires investigation.

Asg stated earlier, the problem of relevance decisions is presently the most
serious in the field of evaluation, and is atiracting the attention of many groups. There
is the very interesting work of Katter (ref. 33) in which a large number of people will
be asked to make 'distance! judgements between small sets of documents., In this work
the Important aspect of the test design is to find which type of document surrogates
result in distance judgements which match most closely those judgements made by
aessessing the complete documents. Then there is the work of Cuadra {(ref. 34) where
up to one hundred individuals will be asked to assess a set of documents in the field of
information disemination, siorage and retrieval. Here the attempt will be to identify
and invegtigate the variables which influence an individual's response, and a somewhat
similar investigation is being directed by Rees at Weston Reserve University (ref. 35).
More empirical is an investigation proposed by Cleverdon which is to be undertaken by
ASLIB. This is intended to identify the reasons why individuals reject documents which
apparently meet their requirements and alternatively why they accept, as relevant,
documents, which to a third person seem no more acceptable than those rejected. This
investigation will be carried out on some 600 individuals in twelve different organisations
and, unlike the other three projects, the relevance assessments will be made in actual
operational conditions.

However, none of these investigations into relevance apply to the problem raised
in this test. Here the situation is that a series of tests on variocus index languages
have been carried out, where the scoring for each test is based on the relevance decisions
of individuals simulating, as far as possible, a real life situation, with individual
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variations hopefully evened out by having nearly two hundred different questioners

In an investigation that had very similar objectives, Salton went to the other extreme
in his original tests. Using only sevenieen questions in the general field of the

test collection, these questions were specially prepared for the test and did not
represent any actual requirements. The set of 400 documents in the collection were
then assessed against these prepared questions by a number of students, this
assessment being based only on short abstracts. Since the searching was also

done on the abstracts, there was cbvicusly the probability of even more distortion
than was the case with the source document questions of Cranfield I. The interesting
point, however, is that this seemingly crude technique of question preparation and
relevance assessment did, in fact, allow a considerable amount of useful data to be
obtained concerning the performance characteristics of the various index language
options, and this data appears to be sufficiently valid for certain conclusions to be
reached, When this evidence is added to that obtained from Cranfield I, there are
some grounds for suggesting the possibility that everyone is over-emphasising the
importance of relevance assessments in experimental testing, and that, however
relatively unscientific the method used, reliable information can be obtained.

t is intended to investigate this point in future work at Cranfield by having various
people make new relevance assessments of the document-question sets used in the
present project. The search resulis can then be re-scored on the basis of these
new - and presumably somewhat different - relevance assessments, and analysis will
show whether the comparative performance of various index languages is thereby
affected.

In experimental testing, the common practice, not unnaturally, is for the groups
to work with document collections with which they have some familiarity, and this
project was no exception. The language of aerodynamics might be said to fall some-
what to the left of centre in regard to its precision, it is, in fact, mushy rather than
firm, Ag such it presented a number of difficulties; not only could one find the same
notion being expressed in different ways by different authors, one often had the
gituation where the same notion was expressed in different ways in the same paper.
Discussing this point with one of the authors, he said that certain people considered it
good style if, after expressing a notion in the title in one way, a new phrase could be
used for the abstract and another phrase be found for the actual text. Even without
this particular complication, the subject matter was full of semantic problems. An
{llustration of this is provided by a question (not in any way a-typical) which, as
originally received, read

‘Has anyone investigated relaxation effects on gaseous heat transfer to a suddenly
heated wallf

When asked to suggest alternative search terms, the questioner sent back the following
comments.

Relaxation effects, Could be replaced by 'excitation of internal molecular energy
modes {or states)’. The excitation could result from collisions between gas
molecules alone, or gas molecules and molecules in the solid. ‘

Gaseous heat transfer. 'Gaseocus' could be omitted, but does help to limit the field.
"Heat'could be replaced by 'energy!, 'transfer’ by 'conduction® or 'transmission’'.
Suddenly heat ed wall. 'Suddenly' could be replaced by 'rapidly’, 'heated' by 'cooled’
and 'wall’ by 'solidf
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Finally, if any of the above permutations are unsuccessful, the question could he
rephrased {0 read ‘Has anyone investigated the conditions at the wall behind a
plane reflected shock front in a real gas by theoretical analysis',

The semantic difficulties of papers in aerodynamics provided a very stiff
test of the recall devices, and as such it could be considered a suitable subject
area for the test. However, the lack of syntactic difficulties caused a change of
plan, as considered on pages 56 and 57, in that it was not a practical proposition
to use roles. It is an interesting point to consider as {o whether ancther inverse
relationship exists, this time between the semantic and syntactic problems involved
in the indexing of any particular subject field. Alternatively, and possibly more
likely, the position may be that with a mushy subject language, the over-riding
necessity of obiaining a reasonable recall ratio inhibits the use of precision devices;
in other words, the semantic problems are so difficult to sclve that they completely
overshadow the syntactic problems. However, in a firm subject language area
the semantic problems are more easily solved, so the syntactic problems loom
larger, and one can afford to use precision devices, such as roleg, If either of
these sitvations exists, it will obviously have consequences in the endeavours to
obtain a common sample of documenis that can be used to illustrate and evaluate
different types of systems, such as the work at Chicago. Here the intention is to
have 'an open-ended collection of exemplars of indexing systems applied to a common
sample of documents' (ref. 36}, The indications are that any given saraple of
docurnents would favour certain types of index languages, but handicap other indéx
languages, this being dependent on their strong and weak points in relation to devices
intended to overcome the semantic or syntactic problems.

It would seem, that next to the question of relevance assessments, the deter-
mination of the effect of subject language precision is the most important problem
to be tackled. This is certainly true of experimental situations where if is necessary
to compare the performance of iests based on different document collections, For
instance, in the compariscn of the results obtained by the SMART tests and in Cranfield
II, it is now possible {by the methods discussed in a later volume of this report) {o
normalize the different méasures used and the effect of generality ratio. Since if is
also theoretically possible to match similar types of index languages and the method
of relevance assessment, any remaining difference in performance figures must be
due to the firmness level of the language of the two subject areas, namely computers
and aerodynamics,

In addition o experimental situations, knowledge of this factor is alsc important
for the design of an operational system which covers a broad subject field, and
where there is thereby a wide range in the firmness level. An investigation of this
problem could be attempted by a linguistic analysis of the variation of terms in
different subject fields - how many different terms or phrases can be used to express
the same notion and conversely how many meanings a siugle term has. The
experimental method of investigating the problem to be used at Cranfield will be a
procedure that reverses the present project. Insiead of testing a large number of
Index languages against a single document set, it will be necessary to find the different
perfermances achieved when a large number of document sets in different subject
fielde are tested against a single index language.

No particular fault is dt present apparent in regard to the indexing which proceeded
according to schedule and was completed during the first year of the project. In the
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next stage of the work, there was probably an error of judgement in putting so much
effort inte the preparation of the single-term hierarchies. It is doubtful if auyone
has previously attempted to compile classification schedules consisting entirely of
single words, and it proved to be a very difficult, but therefore very interesting task.
It was right that, in thig project, the attempt should have been made, but an earlier
realisation of the limited affect which the schedules would have on the performance
of the system would have led to a decision that less time should be expended in their
preparation.

The main objective of the test is to ascertain the effort of various index language
devices on the performance of information retrieval systems. To conclude this
volume, it is reasonable to claim that, although there are some operations which might
have been done betier another way, nothing has happened seriously to militate against
the possibility of achieving this test objective,
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