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Abstract
Three indexes to a collection of 3204 documents in the field of

<hemistry were test searched. The infexes are a keyword from title index

- without added keywords, a keywoxrd from title index with added keywords,

'{ and a single access pu.nt per document alphabztic subject index. The
three indexcs were searched by 14 graduate chemistry students with 66
questions. Se.rch results are characterized in terms of recall, pre-
cision, search time, and three other single figuire measures. A measure
of index performance bazed on recall, precision and search time was
developed. Theve is no statistically significant difference between
search results with the muliiple access points per document keyword from
title index and the single access point per document alphabetic subject
index. Statistically significant differences in search results were
found between the keyword from title index with added i.:a2ywords and the

A keyword from title index without added keywords. The effect of the size
of the delete word list and of elements of vocabulary control in keywerd

from title indexes were also studied.

I. Introduction

Several hundred records of researchers' Aocument use have beer _ol-
lected as part of a study of information gathering habits. Thirteen
researchers in science and engineering at Florida State Uriversity par-
ticipated in this study of use of documents in the researchers' personal
document collections. Each record of use consists of a record of the

question and a record of the bibliographic citation ¢f documents that the

regsearcher considered relevant for the guestion., The case histories of




document use were collected to gain addit.»nal insight into information
gathering habits of researchers and also to determine whether information
specialists can be of assistance in the preparaii~n ¢f indexes to re-~
searchers’' personal document collections. For further background on
this aspect of the study, the reader is referred to a publication by
Jahoda, Hutchins, and Miller.1 3ix keyword from title indexes have been
prepared for the personal document collections of six researchers.
Three of these indexes, the indexes to the document collections of three
chemists, are used in the tests of indexes that are described in this
report. These tests were intended to answer the following questions for
indexes to about 3200 documents:

* What is the effect of index depth on index performance?

* wWhat is the effect of added keywords, size of delete list, and
slements of vocabulary control on the performance of keyword from title

indexes?

II. Description of work

a. The size of the document collection and the index variables tessted

The derivation of the five indexes used in the test and their

characteristics are outlined in Fig. 1. Each of the five indexes is to
the same collection of 3204 documents. These 3204 “ocuments represent the
merged document collections from the offices of three chemists for whom
keyword out of context (KWC) indexes have been prepared. Two of the
three chemists added keywords to tities in their XWOC indexes; the third
chemist did not. Each of the chemists selected his own list of delete
words. The three individual iists were merged into one list of 628 delete

words which was used in the preparation of the merged KWwOC index. The
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Chemist 1
2039 documents
KWOC titles

Chemist 2

467 documents

KWOC titles +

added keywords

Chemist 3

698 documents

KWOC titles +

added keywords

tferged index of
3204 dccuments

AN
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Indev & Irdex B Index C Index [ index E
320« docu- 3204 deccu- 2204 docu- 3204 docu- 3204 docu-
ments;: 628 ments; €28 ments; 16 ments; 628 ments;
delete delete delete declete single ac-
words ; words; words; words ; cess point/
words in words in words in words in docurent;
title cniy title + title title subject
added key- only cnly; ele- filing 1in
words from rents of suklect
chemists 2 vocakulary feclders
land 3 control
Fig. 1. Characterization of indexes used in tests
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mevyinyg of the three chemists' FWOC indexes (twe of which had additional
keywoe~ds) yielded Index B. Index A, the index that is uscd as the basis
of comparison against the other four indexes, was prepared by removing
the additional keywords from Index B. Index A is thus the same as
Index B except that it does not have the added keywords.

Index C was to have been the same as Index A but it was tc have a
minirum delete word list of 16 words instead of the list of 628 delete
words 1n Indexes A, B and D. The list of delete words in Index C are
the .o0ll~ving 16 words which have been used by H. P. Luhn in the prepara-
tion of one cf his keywnrd from title indexes:

a, an, and, as,at, by, for, frem, if, in, of, on, or, the, to,

with.?

The size of the delete word list is therefore the veriable to be tested
in Index C.

Index D differs from Index A in that it was t¢ contain the following
elements of vecabulary centrol, the variable to le tested in this Index:

* lumping of singular and plural forms of nouns

* lurping of words that differ from each other only 1n werd form,

* "See alsc” creoss-references for werd relationships cother than
zyecific~yeoneric relaticenshiys, e. ¢., 1en-excrange and cation

exchanae.

Yach of the 104 deocurents irnciuded 1n the FWOC index is filed 1n

these sultect folder headinos ray Le consicdered as the index lheadings cof

an alrhabetic subiect index. Irndex ¥ s - sincle access point per document




alphabetic subject index. It consists »f an alphabet liscing of the
subject headings under which the documents are filed along with the
bibliographic citation (including title) of eac.. wocunent so filed.

b. The questions searched and the search procedure

The indexes were searched with &6 questions. The guestions
were selected from the case histories of use of the documents in the three
chemists' offices. Not all of the three chemists’' recorded case histories
were used in the test. Questions that were for the recall of a specific
document, questions that were almost identical to questions used, and
questions that were primarily for general background rather than for
everything in the files on a subject wire all omitted from the test. The
case histories (the question and the document or documents considered
relevant by the chenmist searching his own collection) were collected
befc.e the individual XWCOC indexes had been vrepared. The list of rele-
vart documents for each question was reviewed by the cherists before the
tests were started, During this review the chemists selected additional
relevant documents that were either not in the collection or were missed
when the original searches were made. The 66 questions used in the test
are listed in Aprendix A. Fia. I gives a tabulation of the number of
relevant documents per guestion.

Three of the indexes, Irdexes A&, B and E. were searched by 14 g.aduate
cheristry students. The searchers were given both written and oral in-
structions con the use ©f the indexes tefcre they started the test seaiches.
The written instructions are reproducea as Apyrpendix B. Fach searcher
also conducted a trial scarch under the supervisicn cf a mexmler of the

prciect staff. Cearch results in the trial search w.ere ncot ccunted in
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the overall test results. The searchers were instructed tc search each
of the 66 questions in either Index A, iIndex B, or Index E and to attempt
to locate all of the relevant documents for each cuesticon. One of the

searchers did not complete all cof the cuestions. One other searcher was

substantially hetter than the cther searchers in his group as can be

seen from Table 1. This searcher’s results were therefore excluded from

the overall tabulation.

Eanl 3 hl
Table 1

Comparison of search results of Grouap I

searchers ana excluded searcher

Grovp I Excluded searcher
mean meall

Recall 4¢.0%

Precision 26.4%

Search time 15

All of the 66 gquestions were searched in Index A, the control index.
Eleven out of €66 questions wers also searched in Index B. These 11
questions represented 11 out of 48 questions that could have been searched
in Index B since 48 out of the 6C questions were searched by the two
chemists who added keywords to their document titles. These 1l guestions
were selected because they had relevant documents that could be retrieved
only or more easily with the .eywords added by the chemists. The re-

maining "% gquestions were also searched in Index E.




A different search pattern was assicned to each of the two groups. Half

guesticns in Index 4. The cother half of the searchers, Group I, searched
the cther half of the guesticns in Index R. Greup I searched the gues-
ndex 2 in either Index B or Index E.
Group II searched the 23 guesticns that it did not search in Index A in
Thus the sare guesticns that were searched by Group I
in Index B or Index E and vice versa.
Tach group secarched halt of the Index B guesticns in Index B and hLalf of

the Incdex E cuestions ‘n Index £. Each searcher therefore searched 33
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uestion ive ¢r six guestions in Index B and 27 or 28
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cuestions in Index &, The sear.:h rpattern for Group I and Group IX is
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cattern was lntended to yield seven com-
rlete sets cf que.!ions searched in Irndex A and seven complet2 guestiong
searched in Indexes B and E. ILess than seven complete sets were actually
obtained since not all anticipated search results were obtained, for

reasons that have alreacdy keen indicated.

c. Measures of search results
The commonly used recall (number of relevant documents retrieved
over the number of relevant documents in collection) and precision (num-
ber of relevant documents ratrieved over total number of documents
retrieved) index measures were used in the test. Relevance judgment by
the coriginal searchers. the chemists who conducted the searches in their
cwn document collections and for their own use, were used in the calcula-

tion of recall and precision. Each of the searchers in the test was also
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asked to k:ep a record of search time for each guestiocon.

Table 2

Search Pattern for Grougp I and Group II

Indexes searched

A B A E
Group I questicns questions questions questions
searchers 1-6 7-11 12-17, 18-23,
2442 43-66
Group 1II guentions guestions questions questions
gsearchers 7-11 1-¢ 18-23, 12-17,
43-66 24-42

The commonly used recall and precision measures are less than
satisfactory for the comparison of indexes. For example, Fairthorne
points out that neither the recall nor the precision ratio tell how many
relevant documents were retrieved.3 Yet a 20% precision may be pe-fectly
acceptable when two relevant documents are retrieved and unacceptable
when 20 relevant documents are retrieved. The comparison of indexes by
means of curves of recall versus precision is not as useful as might be
desired. Is an index with 50% recall and BO% precision better than an
index with 40% recall and 90% precision? We do not really know. Search

resml.s were therefore also characterized in terms of three single figure

measurements to determine whether or nou they are more satisfactory than
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the recall arnd precision measures.

The first single figure measure used is called E (efficiency) by
Swets, who bases his measure on stetistical-decisicn theory. The con-
ditional probability of a hit is plccted against the conditional
probabkility of a false dror und measured by means of an operating

characteristic, the normal deviate to obtain 2.4

The second single figure measure is called ERF (expected search
length reduction facter). The measure, which was developed by
Cooper, 1s based on the calculatien of the expected number of non-
relevant decuments whick would have to be looked at before the
relevant docurments could be found. Retrieval performance of an index
is evaluated against random searching through a document file.~ For

beth E ond ERF meas res, the hicher the measure the better the index.

The actual time required for ~onducting searches in an index
appears to be an impertant index variable and one that has not as yet
been studied to any extent. 71{, for examplie, cne index is better in
terms of precision but worse in terms of search time than another
index, the advantage of ketter precision may be cancelled by the dis-
advantage of slower search time. A single figure index measure and
one that is b:sed on recall, precision as well as actual search time
was therefore sought. In the course of leooking for such an index
measure, a literature search was made and a potentially relevant docu-
ment was located. The document is by Lazorick and Minder and it is

on the least cost searching scqueno for rerifying orders of books in

a library6 The porson verifying orders has the choice of several tools or
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bibliographies to do this task. Ke decides on one tool first, and if
this tool does not have the bibliographic citation of the requested item,
he must goc to a secnnd, third, and subsequent tool until he finds the
wanted in.ormation. ILazorick and Minder suggest that the choice of the
first tool and of the :Jbsequent tools (the search seguence} should ke
based on the time that it takes to search a tool as well as on the likeli-
hood of locatina the sought bibliographic citation in that tool. This
is expressed as the follcwing ratio:

Time for searching a tool

Searching sequence ratic = —— -
e 9 sed Probability of success

The tool with the lowest searching sequence ratio is the one to search
first, the tool with the next lowest ratio is *to be searched second, etc.
There secm to be some smilarities between the best hibliography for
locating and verifving a bibliographic citation and the best index for
locating a set of documents. In bnth cases we are interested in a high

prcbability of success (high recall) to be obtained in as ghort a search

time as possible. There are also differences between these two types o©f
searches, the most important one being  hat in the case of the biblio-
graphy one and only one document i: sought and 't is either found or not
found. In index searches, one or more documents are sought and in
addition to retrieving the wanted documents, r-n-wanted documents (false
drops) may be retrieved also. The sec h time and the probability of
success (recall) in the searching sequence ratio can therefore be used
for characterizing part of the search results but an additional factor

must be added for the retrieval of non-wanted documents, the false drops.

We can do this by assicning a demerit tor each tfalse drop if we argue




that false drops add to the searching time of an index. The modified
searching seguence rativn, called time-recall factor (TRF) is given below:
Time for searching a tool + (number of false

drops x time to remove false drop)
Prchability of success (recall probability)

Time recall factor =

The time for removing a false drop is a variable since it will differ in
different indexing systems. The time is dependent, among other things,

or the time it takes to iocate the document and the time it takes to
determine that it is a faisze drop. We have used a figure of two minutes
in our tests of the indexes since it is our estimate that it takes about

a minute to locate and refile the document and abcut a minute to determine
that it is a false drop. It should be pointed out that the lower the TRF,

the better the index.

III. Search results

a. Group 1 and Group 1I; Index A and Index B; Index A and Index E

In this part cf the report, comparative search results are given

for the two groups of searchers, Group I and Group 11, and the index
variables tested - the added keywords (Index B} and the sincle access
point per document alphabetic subject index (Index E), both tested against
Index A. The results are characterized in terms of recall, pnrecision,
search time, TRF, ERF, and E in Figs. 3-20. 1In each figure the mean
search results per gquestion for the groups of searchers ac well as the
overall mean for the aroups of searchers are aiven. The data in Figs. 3-
20 are summarized in Table 3. The search results are analyzed for

statistically sianificant differences with the aid ~f twe tests: the

T o oA R S
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analysis of variance and the signed pair tests. The signed pair test
was also used by Salton in his analysis of search results obtained in
his machine prepared and searched indexes.’ The analysis of variance
tests were run with the aid of a computer program.8 Results of these
tests of statistically significant difference are given in Table 4.

b. Index C and Index D

Neither Index C, the index with only 16 delete words, nor
Index D, the index with elements of vocabulary control, were actually
prepared in their final form. These indexes were therefore not searched
by the graduate chemistry students. The anticipated size of Index C and
computer program problems in the preparation of Index D discouraged us
from preparing these two indexes. Instead, simulated rather than actual
searches were made with these indexes.

For Index C, titles of relevant documents were checked against the
corresponding questions to determine whether any of the words deleted 1n'
Index A but not deleted in Index C would have retrieved the relevant docu-
ments. Five such delete words from Index A were located. Table 5 lists
these five delete words along with the number of relevant documents that
might have been retrieved with each woxd. The total number of relevant
documents for each of the questions for which the delete word might
have been useful is given in parentheses.

For Index D, titles of relevant documents were checked against the
corresponding questions to determine how many additional relevant docu-
ments might have been retrieved with the aid of the cross-references that
were to be provided in this index. The 12 cross-references in Index D

that might have been of assistance in selecting additional relevant



Results of Tests of Statistical Difference

Aralvsis of Variancs Signed~Palr Test
D.C5 level 0.05 level
Group I vs. Group 11
3 Recall NS NS
i Precision NE NS
¥ P - -
t Time NS NS
H ERF NS NS
TTE NS N3
E NG hYS
Index A vs. Index B
Recall NS S [B)
Precision NS S (B}
Time NS N3
ERF NS NS
TRF Not run NS
E NS NS
Index A vs., Index F
Recall NS NS
Precision NS NS
Time s (®) NG
ERF NS NS
TREF NS NS ’
E N& N3
NS = not sl nificant

S -« significant
Symbol in parentheses indicates which index or group is better.

documents are listed in Table 6. This table 1ists the cross-references

and the number of addiilional relevant documents that might have been




Table 5
Index A - delete words that might have been used

to retrieve relevant docurents

Delate word Numher of documents that might have been retrieved
theory 1 {of 16 relevant)
forming 1 {of 2 relevant)
studies 1 (of 12 relevant}
element 2 {of 11 relevant)

elements 1 (of 20 relevant)

retrieved with the aid of these cross-~raferences for 12 out of the 66
questions. It should, however, be pointed out that the searchers did
retrieve some of these documents with Index A, an index without cross-
veferences. From this we ~an conclude that in at least some of the cases,
the searchers directed themsalves to tha appropria ~ords without the

benefit of cross—references.

IV. Discussion of results

2. Tndex A and Index B, and Indix A and .ndex E

No statistically significert M fference was found with eith-r

the analysis of variance or sijyned pair =zest for the -ix sets of seawch
resulits obtained by the Group 1 and Group I searchers. We can therefore
conclude that any difference between indexes i{s not attribuvtable to the
difference between the groups of searchers.

Wo sigynificant difference was found with the analysis of variance

test {or the five sets of search results for Index . and Index B that




Crosz-references for Index © that might have heen used to

Table &

recrieve ralsvant docunents

Kevword

Cross-raferencs

Rdditional relevant documents

lanthanides rare~earths 2
lanthanide~sulfate Yaso~earth-sulfates 1
heat-data thermodynamics 1
ianthanides rare-earths 1
lanthanide rare-~earth 2
lanthanides rore-eayrths 7
Spectroscopy spectra 2
rare~earths lanthanides 1
lanthanide rare-earth 1
ianthanides lanthanons 1

ion-~ax hange
jon~exchange

resin
structure-of--water

structure-of-watey

cation-exchangs
anion-exchange
pelymer
water-gtructure

water-structure

(923

[

were compared. No analysis of variance was run on the TRF results since

only seven out of 11 palrs of search results could be compared. Reasons
for this will be explainsd in the discussion of tha TRF measure. There

is a statistically significant diffearence at the 0.0% level in the signed




N

pair .est for both recal’ a I precision. Eight and nine ocut of 11 pairs,
respectively  search resulis for rerall and pre. ‘sion show index B to

be be*tar than Index 2. There 13 no statistically significant difference
at the 0.01 level “or elther recall or precision between Index A and
Index B.

In the compariscn of Indexes » and E, only the search time for Index
£ is significantly better at ti.e 4.05 level with the analysis of variance
test. This difference does not hold at the 0.01 level. AlL the cther
svarch resulte for Index A and E for both analysis of variance and signed
pair rests show no statisticallr significant difrercnce Letween these two
indaxes.

Even though the statistical tests of geerch results are in agreement
in 14 out of 17 cases, some caution in Loawing cenclusions from these
results 1s in order. The analysis of variance test assumes normal aistri-
bu'ion of search resultz, something that wss not obtained as can be seen
from Figs. 3~20. The non-normal dis*ribution of search results is par-
ticularl pparent in the cecall results. This is due at least .n part
to the large number of searches that had only one relevant dociment.

When this was the case, either 100% recall was achisved when the relevant
document was retrieved or % recall was achis red when the relevant docu-
ment woe not retrieved.

The signed pair test 15 baged on any difference between pairs of
search results whether this difference is a fraction of a percentaqge
point cor 20 or more percentage points. There is a guestion whether a
fraction of a percentage point difference is meaningful. VYet we cannot
set the minimum meaningful difference at a specified guantity, partily

Legaus. e do not know at this time what this quanticy should ke and




partly because if we did 4o this we would run the risk of introducing a
bias 1in the test.

We anticipated Index M to perfor better than Index E since Index A
had mcre access peants per docurent thar Index E.  The following reasons
might expiain why Index A did not perform significantly ketter than Index E.

* The additicnal intormation per alphaietic subject index entry as
compared witnh the FWOU index entry, the subliect heading, may have offset
the disadvantace of only a single access point per document. This might
have been the case for both the selection of relevant document. and the
rejecticn of nen-relevant documents.

* There are relativelv few sublect headings in the index, only 194,
and relatively few documents under each sublect heading as can be seen
from Fig. 21. This may account for Index F's advantage 1n search time
since lesz time is reguired teo locate the access point in this index than

with Index A. Another reasen tor the better search time for Index ¥ 1s

that fower access proints were searched per guestion in Inuwex E than in

Index A.
Index B had statistically sianificant better rocall and precision

thar “ndex A with the sianed pair test though not with the analysis of

varianc: test. Index B was expected tc show betrer recall and precision

t

since 1t included the added keywords chesen by the twe cherists tor ithe
indexes to their documents. The botter recall can he explained by the
additional access peints rer docurent {(a tacteor that was, however, of
questicnahle value in the Index A versus Index E compariscn). The added
keywords *agged along with every index entry, wi ther or not they were
the access peints. Thin added intorration per entry mav have been of

use in eliminating non-relevant documents and may toevefore explain the
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better precision of Index B than Index A. No hetter (faster) search time
was either expected or obtained with Index B since the added keywords
would have a tendency to lengthen the search time if they affect search
time at all. Forty-eight questions out of the 66 questions came from the
two chemists who added keywords to their indexes. Forty-eight gquestions
could, therefcre, have been searched in Index E instead of the 11
questions that were actually searched in it. Only 11 questicns were
searched in Index B since conly those jv ~tions were searched that were
considered toc b~ easier to search wich this index. These are the ques-
tions for which useful access points could be supplied better or only
by means of the added keywords. Had all «8 questions been searched in
Index E, chances are that the difference in performance between the index
without added keywords and the index with added keywcrds would have been
even smaller.
b. Single figure index measures

Since none of the comparat:ve search results with measures E,
ERF, and TRF on the groups of searchers ond the three indexes showed any
statistically sianificant differe:ce, no corments can be made on the
discriminating power of the three 1ndex measures. In looking at Table 3
we can see that the E and ERF measures are conitistentiy hicher (better)
tor the two groups of searchers and the two rairs of :ndexes tested,
The TR}\measure was also consistently lower (hetter} for the two aroups
of gearchers and for Index A versus Index 8. The TEF was Loetter for
Index E rather than Index A as wa- the case for both the £ and EFRY
measures. This result is probably attritutakble to the hetter search

time cobtained with Index E.
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There were some problems in using the single figure index measures
and these problems will now be discussed. An adjusted value of 99.99%
recall instead of 1008 had to be used for calculating E values for search
results with 1008 recall. Since the percentage of false drops was quite
low in most cases, a graph paper other than the one originally suggested
by Swets had to be used. Dr. Swets kindly supplied a different graph
paper, K-E 47-8062, that could be used. It was not possible to determine
the slope for each search both because a large number of questions yielded
only one »clevant document and because of the small number of searches
per question. Instead, average figures were used for number of relevant
documents retrieved, number of relevant documents not retrieved, number
of non-relevant documents retrieved, and number of non-relevant documents
not retrieved. The measure F was der}ved by the use of the operating
characteristic curve published in the Swets paper.g

For questions that yielded only one relevant document and one that
was not retrieved, a negative value was obtained with the ERF measure.
This means that for this particular type of search, the search time with
an index takes lunger than purely random retrieval. This may or may not
be so.

The TRF measure could not be used with 0% recall search results.
Such search results yielded an unrealistic TRF value of infinity. Search
results with 08 recall were therefore omitted from the statistical analysis,
hence the smaller number of paired search results that were compared for
the TPF measure than for other search measures. To get around this problem,
the/recall at both extremes, 0% and 1008, might be adjusted upward and
downward, respectively. The two minute time for identifying and xojegtinq

a false drop may or may not be realistic. This figﬁre can be adjusted to
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represent the time ror any particular indexing system.

-

¢. Index C and Index T

The XWGCC index that was to have only 1o delete words instead
delete werds w~o iid have been a very large index indeed,
sevoral times larcer than the index with 628 delet. words. In this
instance at least, crne does not cet rmuch from the extra kulk. Only
six relevant documents that were nct retrieved with Index A might have
retrieved with ¢he rinimun delete word index. Furthermore, 1t is
questionable whether a sesrcher would lock under two of the words that
might have retrieved the additicra) relevant dosuments, the words
"forminag' and "studies’.

stained vith Index A, the
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An examination
index without elements c¢f vocoorulary contrel, indicated that the searchers
of this index thoucht o7 ané used sore of the cross-references that were
to ke provided in Index . The extert ¢! this generaticn of cress-refer-

ences hy the searchers will Lo deterrired from 4 further an.iysis of *he

sear:h results.
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d. Some general conclusions and sugcestions for future work

Tc anyone acgqguainted with index testing, our general cnnclusion
will not come as a surprise: there are prebloms ir index testing with
which we have nct as yet learned to ccpe. Some of these croklems alon- !th
comments on what, if arvthing, was done about them in our tests of the
indexes, will now ke surmarized.

1. The subjectivity ané inconsistency of relevance judgments
have bee:n: problems in previc : tests o! indexes, and these proilers have
rot teen resolved in our tests. Two steps have Leen taken to redure the
problem of relevance judgrent. FRelevance Sudgments by the original
searchers, the three chemists whe searched theivr cwr docurermt o~nllecticns,

were used for the characterization of relevant docurents. & archers with

similar eduraticnal batkground, graduate chemistry students, were employed

to conduct the *est sear Alsc, search results v aroups of searchers

T
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ment give extreme xecall values of 0% when the document is .ot re.rieved
and 10C% when the document is retrieved. These single relevant documant
gaarch results may carry an unduly large weight in averaging search re-
sults. Search resulis for searches with one relevant docurent alsc

caused difficulties in calculating each of the three single figure measures
of index prcrformance. The number of relevanz documents per guestion

shculd perhaps be one of the index variables %o ke tested. We plan tc
analyre separately the search results for the %1 guestions that had only
one relevant Cacument.

4. All other things keing egual, the cest of rreparation of an

[$e}

index with elements ¢ vocabulary contrel is greater than the cost of
preparation of an index without elements of vocebulavy control. Again,
with all other things being equal, an index with elements of voce ulary
control is likely to give highe «call than an index without elements
of vocabulary control. However, some evidence hLas been collected in the
course of this study that the searchers will thirnk of and supply their
own cross-references in an index without elements of vocabulary control.
Further work is therefore suggested to determine bhoth the cost and the
be-«fit of elements of vocabulary control in an indexing system,

Tihere is an indication that for & colicction of about 320C¢ docu-
ments a single access point per document alphabetic subject index is as
good as a multiple access point per document keyword from title index.

We weuld like to see these findings tested on indexes that are larger by
&n oxder of magnitude. This vould be done with the 66 questions that
were used in this study by modifying an existing index, Chemical Abstracts

Service' Chemical Titles. The magneuic tapes for several 1ssues of this




irdex to the same croup ©f deocuments. The sirale access point per

docurent index would ke the listing of the dozurent citations under

*he secticns headings used in Chemical Abs..acts for grouping the

abstracts cf the documents,
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Appendix A

QUESTIONS FOR KWOC INDEX TEST
A chromatographic method for purifying lipids.
Want an experimental method for preparing methyl esters of fatty
acids.
Experimental details concerning an extract of penicillium which
converts methyisalicylic avid to patulin.
Identification of methyl derivative of triacetic aciu iactcne in
penicillium stipitatum.
Heterocaryon formation and genetic analysis.
What is the content of fatty acids in brain .ipids?
&é-methyl salicylic acid preductien in penicillium,
Calculate quantity of methylsalicylic acid produced in a cell-free
system.
Concentration of triacetic acid le~tone used tc stimulate aromatic
biosynthesis.
Method of separation of various unsaturated fatty acids.
Growth properties of penicilliur patulin in relation to methyl-
salicylic acid biosynthesis.
Information on the sulphate complexes of lanthanide clements.
Information on the stability constants of lanthanide sulfate com-
plexing.
Heat data for rare-earth acetates.
Method of preparation of anhydrous salts in connectinn with spectro-

photowetric studies of lanthanides.

Informa’ i on the theory for intensity of lanthanide spectral lines.




21.

25.

26.

28,

29.

30.

-y
- .

33.

34.

Spectroscopy of lanthanides.

ftability data on chelate complexes cf rare-earths.

llow are the hydrates involved in the method of preparation of
volatile complexes of lanthanide elements?

Information on stability of volatile complexes of the lanthanide
elements.

Information on the thermodynamics of water absorption in order to
start writing a paper on nuclear magnetic resonance studies of
watrr in ion exchance resins.

Yhet is the structure cf water?

Does the resin mutrix .ause the ~ftructure of water to increase?
Method for preparation of diazoethane,

Chemical synthesis of phospholipid derivatives.

Methods of preparing carbonyls in aqueous solutions in order to get
references.

The use of borontrifluoromethonyl solutions for transesterifying
lipids.

Use of f{ructose di-phosphate in stabilizing the fatty acid synthetase.
What arec the experimental details in the use of dithiothvreitol in
the protect.ion of enzyres?

References to article that uses dithicthreitol in stabilizing the
pigeon liver fattv acid synthetase.

Conditions for forming acetyl derivatives of acetyl caririer rotein.
Reference to a paper whici. would have a synthesis of acetoacetyl
coenzyme-A.

Motal-metal bend energy of dirancanese-carbonyl.

Ctability properties of ‘riacetic acid and its lactones.
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35. Method of preparation of 4-hydroxy-6-methyl pyridone and properties.

36. Degradation scheme for the compound patulin in order to test the
feasibility of an isoctope experiment.

37. Occurrence of hydrocarbons in Sarcine lutea.

38. Absorption spectra of dithiothreitel.

39. Method for making trimethylsilyl derivatives of sugars.

40. Quentity of patulin produced in ¢ell free system.

41. Analysis of fatty acids of marine crganisms.

42. Want information on the substitution of phosphorus-trifluoride into

cobalt-tricarbonyl-nitrosyl.

43, Quantity of alternariol produced in a cell-free system.

44. Medium for growing Alterna:ria tenuis.

; 45. Experimental procedure used in purifying an enzyme from alternaricl.
46. Wanted paper chrcmatography system to apalyze triacetic acid.

3 47. Retention time of hydroxy fatty acids on gas-liquid chromatocgraphy.

48. Concentration of methylsalicylic acid which shows inhibitory effects

on methylsalicylic acid synthesis.

49. Method of isclation of penicillium patulin metabolites.

50. Conditions used in studying inhibition of enzymes by sulfyhydryl

reagents.

51, The  tate of water in ion exchange resins.
e ’ 52. The cumulation of side-products 'n fatty acid s-nthesis. k3
53. Identification of a side-product in fatty acid synthesis.
54. 1Information on the fission cross-section as a function of mass-numbey.
55, Conditions for CO2 malonyl coenzyme-A exchange reaction.

56. Experimental procedure for enzymatic assay.
F




g
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. Impirival Zp functions in ronnection with charor distribution

i

tudies on fissien.

£8. DNuclear magnetic rescnance studies on ores, minerals and clays. R

59. Information for preparation of a computer program on stability

constants.

60. Need infeirm: .ior rfor a talk on new element research.

61. Experimental procedures for the ~ :hn-Foth oxidation wanted.

¢ .. Conditions for coktaining the crude fattvy acid synthesis frem E.

coil.
, ¢”, IMe+h ter .nal ethyl grour determinatics by chromic acid ‘*f e
: .
| idat. cn. ’

64, 1ffe v oof < lhion ge on synthesis of orselilnic acid.
&b, Need notned for synthnesis of crsellinic acid.
66, Ftim. ation o metavolits producticon in peniciliium urticae barnier

e by triacetic acvid lactone.
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Appendix L
. KWOC INDEX TEST INSTRUCTION:
Al
A. Indexes 2 and B
1. Introduction
The objective of this test is tr determine how useful a XWOC
(Keyword-out-0Of-Context) index is in the lcc ting of al. documents ‘n a
collection which are relevar*t to @ part'cul r question through the usc
of Teywords in the document .itles. A KW 1ndex 1s .. computer print-c *
! in which significant words freom ti 1¢ ,  umes o1 author., and 1n sowme
| cases additional keywords, are arrar_ 1 habetically -t tro le. t-hand
;
i
margin. In the index you will ke utinag, * 2 complete ¢itatior ard decu-
. nent serial numbars are listed with the airhabotized titl- we:de. At

the front of the index is a listing of "stopwords” which are werds not
considered significant and not indexed as xeywords.
The keywords in this index are neci always In a strict aljhabetic

order becauvse of a machine 1d:osyncracy in the processing,  bPor 1% ance.

the hyphen acts as if it were a letter ot the alphabet which wousd £1°-

low the letter A. Therefore, vapor-presgire appears atter vapors, and

F-~orbitals appear atter all the other wor beginning with the letter F.

2. _General Instructions
You will ke uviven a list ¢ search questions e h of these

questions will have one or more documents that were cons: ‘ered pertinent

to the guestion by the researcher who oriainally oked the “uestion.

You are asked to select keywords under which to look [or jote tially

pertinent titles and then decide whether the tatle iy portroent.  Your

decision mist be btased on the words i the title.  You are to atvery:
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to lozate all titles in the index that are pertinent to the question.

Tha prvocedure that you are to follow is illustrated by the sample

quastinn on the form attached to these directions.
a. Record the time at the start of the search.
b. Read the sample question.
¢. "Fluorcscence" is chosen as a keyword.

d. Write this keyword in the space provided in the section

4

titlet "Vowrord Sclected.®

¢. Scan the alphabetically arranged keywords in the KWOC
indnu tn see if "fluorescence" appears as a keyword. You will see that
there ave 11 titles which contain the word "fluorescence."

f. Read each title and determine if it might answer the ques-
tion. i

g. Several titles under this keyword are considered to be
nortinent. Write the serial number of the titles you consider to be
portinent in the space provided. If there had not been any titles con-
sidered pertinent, you would have written "none" in the serial number
space.

h. Choose the next keyword that you will use to search. Any
keyword may be used in the search. It does not need to be in the ques-
tion, but can be a synonym or a more generic or specific form of a word.
It may be necessary to look under various forms of the same word when
locating information. For example, "fluorescence-spectra,”" a specifi-
cally related form of "fluorescence," is chosen as a keyword. Write
this in the section provided for keywords. Turn in the index to the
appropriate kevword section. A total of six titles which contain the

word "fluorescence-spectra” are listed. Read each title. The title
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with the serial number Fv-028 is ae;ocﬁed as being pertinent. Further
titles which are pertinent to this question can be found under the key-
words "fluorescence-spactrum,"” “Europium-hexafluoroactylacetonate,"
“fluorescent," and "Europium-chelate." Many of the same titles found
undexr "“fluorescence," etc., are also found undeg the keyword "Europium,"
Do NOT record a document serial number more than once for any one question.

i. Continue your search for each question until you feel you
have selected ALL pertinent documents to the question or have determined
that no pertinent document can be found.

J. Record the time when you finish searching on this question.

As has been stated above, it may be necessary to look under various
forms of the same word when locating information. For example, if one
wants information on solubility, he can 130k under "solubility,"
"golubilities,” "solubilization," and "soluble."

Following is a test question to be searched in order for you to
familiarize yourself with the index. Please feel free to ask any
question you might have.

Thank you for your cooperation in this test.

3. Sample Question for XWOC Index Test

Search in Index A:
Information on ion exchange in connection with research on water.

B. Index E

This index is a subject index, with citations listed under a subject
heading assigned by thae researcher.

‘At the front of the index, you will find a typewritten list of

subject headings. The computer print-out is a list of subject heading
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codes arranged in alphabetical ordor.‘ All citations dealing with a
particular subject are listed after each subject heading code.

In your search of this index you will:

1. Record the time starting search.

2. Read the question.

3. Lookkover thellist of subject headings to determine under which
ones you will search.

4. Record in the "keyword" column the subject heading code that
you will search first.

5. Turn to that code in the index and read the citations listed.

6. Record the document serial numbers of citations that appear to
be relevant to the question.

7. Repeat steps 4, 5, and 6 for any additional subject headings
that might contain relevant documents.

8. Search until you feel ALL relevant documents have been located.

9. Record time of end of search.

If we use the sample search that was done for the instructions for
Indexes A and B, "Need information on fluorescence of Europium;" w; can
illustrate the search procedure. After reading the question, read over
the 1ist of subject headings. Heading "FV" (Lanthanides - Spectra) would
probably contain some relevant material. Enter "FV" in the keyword
column. Turn to "FV" in the index and read the citations of the documents
listed. In the document serial number column, enter the 14 serial numbers
of the relevant documents. On further reading of the list of subject
headings, you decide that heading "BZ" (Complexes - Spectra) might also
contain some relevant material. Enter "BZ" in the keyword column, turn

to "BZ" in the index, read the document citations listed, and enter ;ny
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document serial numbers you feel are relevan:. In this case, only one,
“BZ~019," would be listed.
Please try this search for the sample question given in the in-

structions for Indexes A and B. If you have any questions, please ask.
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