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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 enquiries regarding the possibility of the project test collection being used as
a 'common sample', All such groups 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 6.1,

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 to 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 as 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
programme 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 abstracts. Subsequently
the decision was taken to extend this work so as to cover the whole of the Cranfield
collection. .

Citation indexing

It was in 1961 that the first major grant was given for a citation index (ref. 32),
and the following year we were asked for our 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 two or more documents,
then citation indexing can be considered equivalent to bibliographic coupling at a
strength of one. Bibliographic Coupling has been developed by Dr. M. Kessler at
the Massachusetts 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 was 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 separate 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 headings 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 O24. In the first column of the master card are entered the document numbers
of all other citing papers, this information being again obtained from the reference
cards. A tick is put against each number in the column under the appropriate heading
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FIGURE 7.1 CITATION INDEX SHEET
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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 column. 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

the 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 so 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 a matter 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
~ as 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 other 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 documents 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 obviously 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
these will be considered in the volume of test results. 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 fifty references, as against two other papers
which have only three references. If the former pair of papers have five references
in common, this would be considered a stronger coupling strength than the latter pair



- 111 -

/067

2

163
1oy
1b39
1716

2379\ 1715

FIGURE 7.4 BIBLIOGRAPHIC COUPLING CARD

RELEVANT DOCUMENTS

1067 1164 1839 1715 1716 1717

COUPLING
STRENGTH R N-R R N-R R N-R R .N-R R N-R R N-R
6+
5+
4+ 1 0 0 1 1
3+ 1 1 0 1 0o 1 1 0
2+ 4 2 1 6 3 1 2 0 3
1+ 4 32 1 49 2 63 1 47 2 33 0 18
SCORE
' RECALL PRECISION
RELEVANT . NON-RELEVANT RATIO RATIO
6+ - - - =
5+ = - - -
44 2 1 33% 66%
3+ 4 3 66% 57%
2+ 5 19 83% 21%
i+ 5 201 83% 2%
FIGURE 7.5 SCORE SHEET FOR BIBLIOGRAPHIC COUPLING
FOR QUESTION 34.
1067 (&) e
3. | m5(Q)
7 176 (7)
0. | 2379 (D
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FIGURE 7.6 RECALCULATED BIBLIOGRAPHIC COUPLING CARD

Figures in brackets represent number of references
in documents. Figures in first column give the
calculated weighting.
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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 document 1067, gives a multipland of 54. In this case, since
there is a match of four, this figure has to be divided by 42, giving a final weighted
figure of 3. When the matches for document 1067 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.





