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I. Test Environment 

E. M. Keen 

1. Introduction 

The SMART experiments described in this report are conducted in 

a controlled laboratory environment. Each experiment uses a fixed document 

collection together with a set of search requests and relevance decisions. 

Factors involved in the input, analysis and search procedures may then be 

varied, and results which are usually based on performance measures are 

obtained. This section describes and contrasts the several test environments 

in use, and introduces the test experiments that are described in subsequent 

sections of this report. 

2. Document Collections and Search Requests 

Three different document collections are currently in use, and a 

general description appears in [1] . For convenience, the main properties 

of the document collections and search requests are given in Fig. 1. The 

IRE-3 collection is an amalgamation of the 405 document IRE-1 and 

375 document IRE-2 collections previously used for the first experiments 

with SMART. Documents in this collection cover most of the subjects in the 

area of computer science that were current during 1958-1962, and the abstracts 

were commercially prepared in order to provide a quarterly current literature 

information service, published in the "IRE Transactions on Electronic Computers". 

The CRAN-1 collection is part of the collection used in the second 

Aslib Cranfield Project. The original documents are research reports and 
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journal articles of a technical rather than popular nature, centering on high 

speed aerodynamics, and including a small number of documents on internal 

aerodynamics (flow in compressors, for example) and atmospheric re

entry. Most of the abstracts used are those that were written by the 

authors of the papers; a small number of documents which had no author 

abstract use a commercially published abstract. No documents in the col

lection were published later than 1962, and most papers fall between 1954 

and 1963. 

The ADI collection comprises some of the "short papers" presented 

at the American Documentation Institute's Annual Meeting in 1963. Although 

most aspects of documentation are covered, the theme of the meeting was 

"Automation and Scientific Communication", and thus the collection emphasizes 

the research and mechanized rather than the operational and manual side 

of documentation. 

Fig. 1 gives counts of the average lengths of the documents, Cran-1 

being the longest, IRE-3 next, and ADI the shortest, except that in the 

case of ADI the full texts of the short papers are also available. The 

indexing that is available for the Cran-1 collection is about half the 

length of the abstracts. Fig. 1 also gives similar data"for the search 

requests, showing that the IPE-3 requests are largest, followed by Cran-1 

and then ADI. 

The methods used for obtaining requests are briefly summarized in 

Fig. 1. The Cranfield requests were obtained from authors of research 

papers in aerodynamics and the requests cover the stated problems that 

the authors were investigating, which finally led to their research paper. 

Authors often supplied more than one request; 29 authors in all were 
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responsible for the 42 requests in use with the Cran-1 collection. The 

document collection consists not of the authors' own research papers, but 

of a number of the earlier papers that the author cited in the bibliography 

to his paper. 

The first set of seventeen computer science requests were prepared for 

the IRE-1 collection by three project staff members. Two persons made up 

thirteen of the requests without any knowledge of how the system would per

form in practice, but having extensive knowledge of the technique of 

operation of the system. Requests were devised to cover a cross-section 

of the major topics in the collection but were not "source document" 

requests in the sense that they were based on particular documents, A 

third person made up four of the requests using sets of classification 

headings that had been manually assigned to the IRE-1 collection. A 

second set of seventeen requests was prepared by one person hired for the 

task. This person was one of two persons who also prepared the 35 docu

mentation requests. Requests were again not based on any one document in 

the collection. No guidance concerning the length of the requests was 

given — the hired persons tended to devise requests that were rarely 

longer than a sentence or two, whereas requests prepared by Staff members 

were often longer. 

Techniques used for obtaining relevance decisions are described 

in part 3. A much more detailed analysis of the characteristics of 

documents and requests is possible. Such an investigation is given in 

Section X, part 3, for the ADI documentation requests only. Direct 

performance comparisons between collections have not formed the purpose 



of any major SMART experiment so far, but an attempt to make such a comparison 

is contained in part 6 of this section. The degree to which the documents 

and requests used in this laboratory environment may be regarded as typical 

of larger sized real-life situations is not known. What is certain, however, 

is that all the document collections are almost certainly contained in part 

if not in whole within actual collections being used, and there is nothing in 

the stated requests that suggests that they could not be posed in real-life 

situations. 

Further collections and requests have been obtained for the purpose 

of making additional tests, as outlined in [2]. Fig. 2 supplied some tentative 

data on four new test environments that are currently under investigation. 

3. Relevance Decisions 

Data on the number of documents assessed as relevant is given in Fig. 3. 

The division into specific and general requests is made by dividing each request 

set into two equal or nearly equal sets according to the number of documents 

assessed as relevant. This method is therefore highly dependent on the 

characteristics of the test environment, but it permits a comparison of requests 

of differing generality, see part 6B. 

The data in Fig. 4 shows the extent to which the requests cover the 

topic areas of the•total collection. Between 55% and 88% of the documents in 

the collections are relevant to one or more of the requests; it may thus be 

assumed that most of the major collection topic areas are covered by one or 

more requests. 

The techniques used for obtaining the relevance decisions are given 



1-6 

CHARACTERISTICS 
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in Fig, 5. In virtually every case, the entire collections have been 

examined for relevance in relation to every search request. The only 

exceptions to this are four requests used in IRE-3 that were based on the 

classification headings. For these requests, those documents in the IRE-1 

part of the collection originally classified under the given headings were 

taken to be relevant, and no other documents in the collection were examined. 

In every case the request preparer made the relevance decision, and 

in a few cases, a consensus of opinion was used for cases of doubt for one 

or another of the seventeen staff prepared IRE-3 requests. Doubt in relevance 

decisions was usually settled by accepting the document as relevant. Dichotomous 

decisions only were made for the IRE-3 and ADI requests: a document was re

garded either as relevant or non-relevant with no grades of relevance allowed. 

In the Cran-1 case, a scale of four degrees of relevance was used for the 

relevance judgments. In the experiments conducted so far with the SMART 

system, all four degrees of relevance were regarded as equally relevant. A 

small hand-calculated set of results taking into account these available rele

vance grades is presented in part 5 of this section. 

Relevance decisions in the IRE-3 collection were always made by 

examining the document abstracts and never the full texts. This may be re

garded as a weakness of this environment. A detailed examination of the 

relevance decisions for the ADI set is made in Section X, part 4. Whether the 

prepared requests and relevance decisions of the IRE-3 and ADI collections and 

even the author supplied data in the Cran-1 collection are typical of real-life 

situations is a disputed question. So far, no evidence has been produced to 

invalidate the methods used. Examination of relevance decisions on the three 

collections leaves the impression that the Cran-1 requests, which come closest 
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RELEVANCE DECISIONS 
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Techniques Used for Obtaining Relevance Decisions 
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to real user ones, contain more instances of relevance decisions that might 

be disputed than the other collections. It is suggested that real users tend 

to have less clearly defined requests in mind, and tend also to judge relevance 

by means of requirements that they fail explicitly to state in the request. 

The validity of prepared requests and relevance decisions for experimental 

testing is frequently challenged by opinion, but a controlled experiment that 

will show the differences (if any) for test purposes between prepared and real 

requests is still not at hand. Studies of agreement between different judges 

carrying out an identical relevance decision task have shown that poor agree

ment frequently results. But a more important question for experimental tests 

is whether differences in relevance decision actually alter comparative test 

results; that is, does option one perform better than option two both when 

person A does the relevance decision, and person B, and also when relevance 

decisions of both persons, or those common to both are used? . A new docu

mentation collection known as the ISPRA/Euratom collection is being used to 

test just this problem; test results will appear in a future report in this 

series. 

4. Text Experiments 

A) Experimental Procedures 
k 

The laboratory environments that have been described permit controlled 

tests by means of simulated searches. The operation of a retrieval system 

may be separated into three stages: input of the documents and requests to 

the system, procedures of content analysis applied to documents and requests, 

and the matching of the requests with the documents which is the output stage. 
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The test procedure that is followed requires that no more than one single 

describable change be made to these procedures at any one time, so that 

search results may be obtained each time one system component is altered. 

In this way a series of comparisons based on differences in document input 

may be made, and then perhaps a second series which compares different 

content analysis procedures. The primary use of the different test en

vironments is to find out whether a conclusion drawn from an experiment in 

one environment also holds for another. Thus, if a given content analysis 

procedure is found to be very effective for the computer science collection, 

a parallel test of content analysis procedures can then be made with the 

aerodynamics and documentation collections. 

Conclusions about the effectiveness of search results and system 

performance generally can be made from different viewpoints using several 

criteria [3]. For various reasons given in [3], the measurement of re

trieval performance oriented towards user satisfaction predominates in 

the current SMART text experiments, and a discussion of methods and 

measures used is to be found in Section II of this report. A step 

recently added to the evaluation procedures is that of making statis

tical significance tests of the results, as described in references [4] 

and [1] • A further step in the evaluation, which is not formally built 

into the system requires a hand analysis of the search results involving 

an examination of individual requests rather than the use only of the 

averages for a set of requests. A fast-search analysis of specific 

instances of poor retrieval, for example, is necessary in order to 

make improvements to the system and to identify areas in which further 
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work is needed. An analysis of every instance of failure for every request 

in each experiment would be an impossibly large task; a judicious selection 

must therefore be made. Most of the sections in this report set out first 

to present the average results for a series of experiments, and then to 

make a fast-search performance analysis to uncover details and explanations 

for the search results obtained. 

Since real user populations and currently growing collections are 

not available, it is correct to describe the experimental procedures used 

as "Simulated Search Methods: as does R. V. Katter in [5]. Katter criticizes 

such experimental techniques on several grounds: in particular, he says that 

mechanical type matching is unnecessary and cumbersome. Since the work 

reported by Katter does not tackle any problem other than human judgment 

reliability, his comments do not seem to apply to experimentation that deals 

with a total system, which are designed to evaluate performance from a user 

viewpoint. Search procedures used by SMART are not cumbersome, and simulated 

searches are believed to be necessary in order to provide useful relation

ships to reality. 

B) Variables Tested 

At the input stage, the use of natural language by SMART implies 

that there are not input variables to be tested, since full text processing 
tot 

of documents has not been attempted in many different subject areas. Different 

lengths of documents are therefore used, such as titles only, or abstracts. 

Some tests using variables of this type are covered in Section V. 

Content analysis procedures in SMART are performed by using a series 

of dictionaries which differ in construction and effectiveness. The 
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following types of dictionaries have been tested in retrieval runs: 

1. Suffix 's' only, in which request and document words 

are matched as they stand, with only the terminal 's1 

denoting plurals being removed. See Section VI. 

2. Stems (Null dictionary), in which matching is based on 

word stems as identified by an automatic suffix removal 

procedure. See Section VI• 

3. Thesaurus, where words (mainly stems) are grouped to

gether on the basis of synonymy, or partial synonymy, 

using human judgment normally• See Section VII, 

4. Statistical association (Concon), where synonyms or 

related words are identified automatically by using 

cooccurrence frequency of words in the collection. 

Apart from the control parameters which may be varied, 

no human judgment is used. See Section IX. 

5. Hierarchies, where subject notions are arranged in a 

series of subordinate relations, such as genera and 

species, whole and part. Hierarchies tested so far use 

thesaurus groups, and texts include some of the many 

possible strategies of using hierarchies such as going 

"up" in the hierarchy to parents, or going "down" to sons. 

See Section VII. *•'*;* -

6. Phrases, in which recognition of pairs and larger sets 

of words is achieved. Phrases are used in conjunction 

with thesaurus groups, and phrase recognition takes 

place when words from the required thesaurus groups 

occur within one sentence of the document or request. 

See Section VII. 
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7. Syntax, in which a syntactic analyzer is used to 

ensure acceptable grammatical relations between 

the component words of the phrases. The only 

retrieval results available have appeared in [6] . 

Although many versions of dictionaries of these types have been 

tested on the different collections with their differing subject areas, 

these seven general types describe all the kinds of content analysis pro

cedures that have been tried at the time of this writing. Some of the 

descriptions applied to content analysis procedures by the Cranfield 

Project are introduced in part 4C for purposes of comparison. One further 

optional part of content analysis is the use of weighted rather than 

binary concept identifiers for the documents and requests; a description 

of this process appears in Section III. 

The search stage requires some procedures for establishing a 

coefficient to reflect the match between requests and documents. This is 

then used in SMART to order the search output thus producing a ranked list 

arranged in decreasing correlation order. Such matching functions are dis

cussed in Sections III and IV. 

The main input, analysis and search variables are repeated, for con

venience in Fig. 6. It can be seen that each experimental run must be des

cribed in terms of four variables: indications of document length and dic

tionary type are giVen with each search result, but use of the numeric 

vectors weighting scheme and the cosine matching function is always made 

unless otherwise indicated. Since, several versions of some dictionaries 

are available and some additional variables not listed in Fig. 6 have also 

been investigated, many hundreds of runs can be made before all possible 
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combinations of the variables are included. A selection from the total 

number of possible combinations has, in fact, been made, and over 70 sets 

of results have been obtained so far. In addition to the presentation of 

the results made in the various sections listed in Fig. 6, tables giving 

all the performance results appear in Appendix A. 

C) Vocabularies and Index Language Devices 

Because of the similarity of experimental procedures and continuing 

cooperation with the Cranfield Project, the relationship between the 

dictionaries used by SMART and the distinctions about vocabularies and 

index language devices drawn at Cranfield is briefly discussed. 

The dictionaries which have been described include the allowable 

content identifiers, and they become the language of the system, that is, 

the language used to represent stored documents and search requests. At 

Cranfield each dictionary constitutes a different index language, and further 

distinctions are made between, on the one hand, the different vocabularies 

of terms in which an index language may be operationally used (the index, 

lead-in, and code terms) , and on the other hand, the fact that every index 

language is made up of one or more recall and precision devices-which control 

the specificity of the index language, [7,8], In SMART there is no dis

tinction made or necessary between the possible different vocabularies, since 

code and index terms are always identical, and lead-in type terms are auto

matically a part of the dictionaries used. 

The devices used in the construction of the SMART dictionaries can 

be identified according to their recall or precision effects, with the re

call devices broadening class definition, and the precision devices narrowing 
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class definition. With the suffix 's1 dictionary used as a starting point, 

the stems, thesaurus, hierarchy, or concon (statistical association) all 

constitute the recall devices, because in each case the suffix ' s' content 

identifiers are replaced by concepts representing a whole grouping of 

words according to the principle used by the dictionary concerned. The 

use of phrases, syntax and the weighted concept identifiers (numeric vectors) 

are all examples of the use of precision devices, as well as the major 

device of coordination which is used in every SMART search, since all 

the matching functions make use in some way of the number of request terms 

that match with those in the documents. 

Although the recall and precision devices are clearly used in 

the construction of the dictionaries as described, the use of the dic

tionaries in SMART does not always produce the expected effect. This 

is because the processing techniques possible with automatic systems 

can modify or even change the effect of these devices, and it is pos

sible to use a dictionary which has been constructed on the principle 

of a recall device, in such a way that the result in the search becomes 

an increase in precision. 

An example of this is provided by the work on statistical asso

ciation at the Cambridge Language Research Unit (England), where in one 

test of their clumping procedure the clumps were seen to be acting 

purely as precision devices and not as recall devices at all [9,10]. 

This occurred simply because the clumps were used as a weighting device 

to reinforce certain of the concept matches that already existed with

out the clumps. Since in SMART concon, hierarchy and phrases are 

normally used to add concept numbers to the documents and requests, 



these additional concept numbers sometimes have the effect of a recall device, 

and sometimes that of a precision device. Fig. 7 gives an example of the 

use of concon, where the first order matches of type A, and all second order 

matches, are recall devices because four additional matches between request 

and document are made possible by the use of concon. The one first order 

match of type B acts as a precision device because "cylinder" was already 

matched in request and document, but the concon pair "Unit •+ cylinder" gives 

added weight to "cylinder" in the document, and this in turn gives greater 

prominence to the match on "cylinder" in the final request/document matching 

correlation. 

The case of the phrase dictionary is also complex. Phrases normally 

act as a precision device of coordination, when the phrases recognized are 

used to completely replace all occurrences of the component concepts which 

do not meet the phrase criteria individually. When phrase identifiers are 

merely added to existing identifiers, phrases may act as a precision device 

by virtue of the weighting effect already discussed. In a few circumstances, 

phrases also act as a recall device. The weighting effect acts as a precision 

device only When the concepts being added to the document increase the weight 

of some, and not all, of the identifiers already in the document; this is, 

in general, the case with SMART. 

This discussion of devices shows that the clear-cut distinction 

between recall and precision devices is not easy to preserve, and its usefulness 

is probably now somewhat limited. This is particularly true because the effect 

of the various dictionaries is only detected in the performance measures if a 

certain type of cut-off is applied, namely, a cut-off that directly uses the 
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number of matching terms or some constant threshold correlation coefficient. 

In an output graph, the effect of stem and thesaurus as a recall device can 

be seen when a threshold correlation coefficient of, say, 0.35 is applied 

to the search output. But such an effect cannot be detected in the complete 

precision versus recall curves that are normally used for evaluation. In 

particular, it is not correct to say that recall devices will cause the high 

recall end of the curve to be good, and precision devices will improve the 

high precision end. The only importance of the devices is that they become 

the means by which the specificity of the index language is altered; a 

dictionary that provides optimum specificity for a given test environment 

will exhibit a precision versus recall curve that is superior to all others 

probably over the whole performance range. 

The optimum specificity of index language in the Cranfield project 

was found to be a stem type language. Such a result is given in a table of 

normalized recall ratios versus number of terms in language, (see Fig. 15, [11]). 

A plot of this type is included in Fig. 9, giving SMART results for three 

collections in addition to the Cranfield Project result. The Cranfield Project 

normalized recall curve is calculated differently from the SMART measure, 

so that no significance should be attached to the positions on the plot. The 

peak point of each curve shows the optimum dictionary; and whereas between 

500 and 700 dictionary concepts produce optimum results for all three SMART 

collections, the Cranfield Project found that 2,500 was the optimum number. 

The interpretation of such plots needs further experimentation, since a count 

of the total concepts in a dictionary does not reflect the presence of a word 

in more than one concept, and the method employed is biased by collection size. 
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Dictionary 

Suffix !sf 
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Thesaurus-3 
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f Cut-off determined by Cosine Numeric Correlation _>_ 0.35 

* Micro-evaluation with total relevant = 198 

Cran-1 collection, abstracts, averages over 42 requests 

Evaluation using Correlation Cut-off Showing Recall 

Device Effect of the Dictionaries 

Fig- 8 



I 

• Suffix V Dictionary 

A Stem Dictionary 
• Thesaurus Dictionaries 

O Other Dictionaries used in Cranfield Project 

I.Or 

0.9 h 

0.8 
a 
o 

U 0.7 

E 

0.6 

0.5 

0.4 

IRE-3, Abstracts 

A 

Cran-I, Abstracts 

,# — - - o - q o i 
\ 

\ Cranfield Project, 
N Indexing, 1400 

^^Documents. 

^ N 
N 

\ 
\ 

I I 1 I I I I I I I _L 

\ 

J I I I I I 
1000 2000 3000 4 
Total Concepts in Dictionary 

5 6 7 8 9J0P00 

*The "Normalized Recall" is here computed by a method different from 
that used with SMART, and the difference in position on the plot is 
of no significance. 

Plot of Normalized Recall versus Number of Concept in the Dictionary, 

Comparing three SMART Results with that from the Cranfield Project. 

Fig. 9-



1-24 

For example, the Cranfield Project results are based on the 1,400 collec

tion; with the 200 collection in use, the optimum dictionary contains ap

proximately 1,300 concepts. 

5. Relevance Grade Test Results 

It was noted in part 3 that in the case of the Cran-1 collection, 

relevance decisions are available that reflect degrees of relevance as 

judged by the persons supplying the requests. Since all SMART tests made 

so far have not used these different relevance grades, a brief examination 

of the relevance grade is made here. 

It seems reasonable to postulate that the four grades of relevance 

produce different types of difficulties in achieving a good retrieval 

performance. Specifically, the documents graded most highly relevant 

probably achieve high rank positions on the output list,and those documents 

graded as of very minor relevance may have low rank positions in the search 

output. One method of analysis that may show whether this does occur is 

illustrated for a single request in Fig. 10. The ranks of the seven rele

vant documents are given for the actual search result, using-the Cran-1 

collection and the suffix fs' dictionary. For each relevant document, a 

relevance grade score is given, with the most highly relevant documents 

scoring 4, the next most relevant 3, then 2 and finally 1. If the expected 

result is achieved, the relevant documents with a grade score of 4 will be 

marked higher than those of 3, and so on. To test this, two other theo

retical results are recorded in Fig. 10, including one for which the 

relevance grade scores follow the postulated pattern (described as 
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"theoretical best"), and another where they are completely the opposite 

of the expected pattern (described as "theoretical worst"). It is impor

tant to notice that the rank positions occupied by the seven relevant 

documents are not altered, but that some of the relevant documents exchange 

their position so as to obtain the desired relevance grade orders. 

With these three stipulated rank orders for each request in the set, 

three average precision versus recall curves can be drawn, using methods 

described in Section II, part 5 in particular. Results for the set used 

as an example are given in Fig. 11. The plot shows that in this instance 

the ordering by relevance grade seems to be almost random, since the 

curve of "actual search result" falls mid-way between the theoretically 

best and worst. Further retrieval runs could be tried, but it is not 

believed that great differences will be seen when compared with these 

simulated situations. Calculation of the curves based on relevance grades 

for a thesaurus run has shown that the difference in merit between that 

thesaurus dictionary and suffix ' sf using the relevance grade scores to 

obtain recall is virtually identical to the merit between the two runs 

when no relevance grades are allowed. This means that, worth" these two 

dictionaries at any rate, it is apparent that one dictionary is not 

more effective than another in retrieving relevant documents of particular 

relevance grades. 

These results are in accord with similar tests made on the same data 

in the Cranfield Project [12, page 215]. The conclusion that there is no 

strong correlation between degree of relevance and ease in retrieval is 

probably due to the difficulty of making the relevance grade judgments in 

the first place. 
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6. Request and Collection Comparisons 

Some of the test environment characteristics presented in parts 2 

and 3 and Figs. 1, 3, and 5, may be evaluated using search performance re

sults. Three types of comparisons are made ̂in the next few paragraphs. 

A) Request Preparation 

The set of 34 requests available for the IRE-3 computer science 

collection is made up from two sets of 17, each set being distinguished 

mainly be the persons preparing the requests and making the relevance 

decisions. A comparison of retrieval performance of the request set 

prepared by staff members with the set prepared by a non-staff person is 

made in Fig. 12. Fallout is used because average generality on the staff 

set is 27.5/ with a mean of 21.6 relevant per request, and on the non-staff 

set, generality is 16.8, with a mean of 13.2 relevant per request. This 

suggests that the non-staff requests are more specific than the staff 

requests, and re-examination does show that the staff requests are a little 

longer (see footnote in Fig. 1) • Three of the staff requests are found to 

be very similar to three of the non-staff ones. A comparison of these 

three pairs is therefore given in Fig. 13. Relevance decision agreement 

is quite strong for two of the pairs, but in every case the staff request 

is the longer and exhibits a quite superior retrieval performance. The 

variables to be considered in examining this type of request preparation 

and relevance decisions are known to be numerous, and it is not surprising 

that these subjective tasks have a large effect on the performance outcome. 

A paper by John O'Connor [13] and work done at System Development Corporation 

[14] provide further knowledge of these variables which can be used in future 



17 Requests prepared by staff members. 

17 Requests prepared by a non-staff person. 
34 Requests, both sets combined. 
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experimental tests. An examination in more detail of the documentation 

requests appears in Section X, parts 3 and 4. 

One further performance comparison appears in Fig. 14. Here the 

17 staff-prepared requests are searched on the two different collections, 

the only variation being that the relevance decisions for the IRE-2 

collection were made much later in time than those on the IRE-1 collection. 

The mean relevant per request in the IRE-1 collection is 10.9, and in the 

IRE-2 collection 10,6, implying only a small change in generality (27.0 on 

IRE-1, and 28.3 on IRE-2). The small difference in performance observed 

must be due in part to the fact that relevance decisions by the same in

dividual are not entirely consistent over periods of time, and also be

cause the IRE-2 collection may be more hostile to good retrieval (there may 

be more marginally relevant or falsely matched documents). 

B) Specific and General Requests 

Data given in Fig. 3 divides up the request sets into specific and 

general according to the numbers of relevant documents in the collection. 

A performance comparison of specific with general requests raises some quite 

complex evaluation problems which are discussed in Section II. -Because 

no complete solution to these problems has yet been found, a reasonably simple 

presentation will be given. 

Fig. 15 is a simplified representation of nine comparisons made 

between four sets of specific and general requests. The first request set is 

from the IRE-1 collection using the 17 staff-prepared requests, since 

this result has appeared previously [15]; the three other request sets are 

the IRE-3, Cran-1 and ADI sets which are now used for test purposes. 
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The comparisons in columns 4 and 5 use the normalized evaluation measures, 

and in columns 3 and 9 the usual curves of fallout versus recall, and 

precision versus recall are used. The entries in the table show, for ex

ample, that for the ADI comparison the fallout versus recall curve produces 

a superior performance for the specific requests, while the precision 

versus recall curve shows the superiority to be with the general requests. 

Any slight crossing of the curves is ignored in this table. 

The entries in columns 2, 7 and 8, are explained by the example 

given in Fig. 16. Using the IRE-3 results, the detailed performance re

sults of the specific and general requests are compared at five document 

cut-off levels. It can be seen that although the general requests re

trieve a greater number of relevant at each cut-off point compared with 

the specific requests, a lower recall ratio is achieved each time since 

with the general requests there are many more relevant to find. Also, 

the general requests are seen to achieve better fallout and precision 

ratios at each cut-off. Returning to columns 3 and 7 in Fig. 15, with 

only one exception the precision versus recall curve shows the general 

requests to be best, and the fallout versus recall curves all favor the 

specific requests. The exception to this, noted in the case of IRE-1, 

may be explained by the fact that these 17 staff-prepared requests per

form very much better than any other set for any of the collections, and 

the useful length of these requests seems to offset the generality effect 

which favors the general requests in the set. 

This description reveals the difficulties involved in making this 

type of test comparison. As is suggested in Section II, part 7 or 8, 

user-oriented evaluation seems to be performed best by recognizing two 
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extreme types of user needf those of high precision and those of high 

recall. The high recall comparison may be carried out by comparing the 

average rank position taken up by the last relevant document, and Fig. 17 

shows that in all tests the specific requests are very clearly superior. 

The high precision comparison may be carried out by computing an average 

rank position for the first two relevant documents, and Fig. 18 shows that 

here the general requests give a superior performance. These results use 

the stem dictionary. Since the thesaurus dictionaries normally produce 

a superior performance, some change in merit between the specific and 

general requests might result for the thesaurus runs. The same data is 

therefore repeated for the thesaurus runs in Figs. 19 and 20, where it 

is again seen that for a high recall need the specific requests are best, 

and for a high precision need the general requests are best. 

It is quite likely that in an operational situation, users wanting 

high recall would tend to pose specific requests, and users wanting high 

precision would tend to pose general requests. But there could certainly 

be exceptions to this, and the suggested correlation might not exist at 

all. The most disturbing part of this finding is that the specific requests, 

which were thought to be the better ones for retrieval purposes, do not 

perform very well for high precision users, although with the -thesaurus 

dictionaries in use the gap between specific and general requests on ADI 

and Cran-1 (Fig. 20) is narrower than with the stem dictionaries (Fig. 18). 

Further work in this area requires better procedures for distinguishing 

specific and general requests, since the use of request generality in a small 

test collection is not intended to produce any fundamental division that 
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COLLECTION AND 
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IRE-1, Abstract, Stem 

IRE-3, Abstract, Stem 
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— »_ 
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Fig. 17 
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that is valid outside the particular test. Other parameters such as request 

length and request concept frequency are used in the study in Section X. 

C) Collection Comparisons 

The data which describe the test environments in Figs, 1, 3, 4, and 5 

reveals many points at which the environments differ, such as collection and 

request sizes, collection and request average lengths, request generality, 

request preparation and relevance decisions, and so on. It is recognized that 

at present, it is not possible to sufficiently control these variables so 

that comparisons between collections can be made under the assumption that 

the effects of these variables have been adequately controlled. Suitable 

control of these and other so far unrecognized variables would permit com

parisons between collections of documents in different subject areas. This 

might be of interest since the terminology of different subject areas might be 

regarded as lying on a continuum ranging from "hard" or "firm" subject areas 

to "soft" or "mushy" as suggested by Cleverdon [16] . This may be a valid 

hypothesis, since in data retrieval situations in some areas of chemistry, the 

firm language permits simultaneous high recall with high precision performances, 

whereas in other areas such as parts of the social sciences the imprecise 

language often produces very much poorer precision recall curves. Alternatively, 

it may be the case that subject fields contain sub-areas of soft and firm ter

minology: in aerodynamics, for example, descriptions of wing shapes and aspect 

ratios seem to be fairly unambiguous, whereas treatment of gas and fluid flow 

phenomena seems to abound with ambiguities. 
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Information is given in Fig. 21 comparing nine collections on the 

basis of word occurrences. A standard list of 204 common words is used 

in each case to isolate the total non-common words and total unique non-

common words. It may be noted that in seven of the collections, the pro

portion of non-common to total word occurrences is between 55.3% and 56.5%; 

even the two ADI collections are not far outside this range. The proportion 

of unique (or distinct) non-common words to total non-common word occurrences 

varies both with document length and collection size. For example, if the 

collections are divided into the six having 82-405 documents, and the 

three having 780-1400 documents, the unique-to-total proportion (c/b) varies 

directly with average document length within the two groups. The one small 

exception is the Medlars collection/ but the abundance of technical names 

in medicine may be the cause. Although further analysis could be done, the 

data in Fig. 21 suggests that the common factor of English text provides 

strong uniformity in the statistics given irrespective of subject area. 

This does not directly confirm or reject the subject language precision 

ideas, since ambiguity is not reflected in any of the statistics given. 

A retrieval performance plot comparing results"from three col

lections is given in Fig. 22. The type of dictionary used is the automatic 

stem procedure, sinCe use of thesaurus dictionaries would introduce the 

additional element of varying human skills in thesaurus construction. 

Furthermore, many variables exist due to request preparation and relevance 

decisions between the collections; the extent to which these variables af

fect the result is not known. It can be suggested however, that the super

iority of the computer science collection and the inferiority of the 
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I R E - 3 , Computer Science, 34 Requests 

CRAN-I, Aerodynamics, 42 Requests 

ADI, Documentation, 35 Requests 
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Recall 

Results based on Abstracts, Stem Dictionary, Micro Averages 

over Request Sets, Pseudo-Cranfield Cut-off. 

Performance Comparison of Three Collections in Different Subject Areas 

Fig. 22 
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documentation collection does follow the expected pattern if precision in 

subject terminology is of importance. Comparison with Fig. 12 reveals that 

request preparation is a large variable, and use of the 17 non-staff prepared 

requests would be expected to result in a curve lower than that for the 

Cran-1 aerodynamics results. 

Another technique of collection comparison uses the average rank 

technique as used in part 6B for comparing the specific and general requests. 

Fig, 23 gives results based on the stem dictionaries, and Fig. 24 gives 

results based on the thesaurus dictionaries. The average rank positions 

of the first and second relevant documents reflect the viewpoint of a user 

needing high precision. Ignoring differences in collection size, the Cran-1 

aeordynamics collection gives a good result using the thesaurus and on ADI 

the first relevant receives the best average rank. Use of the percentage 

figure to take into account changes in collection size restores the ex

pected merit. Figs. 23 and 24 also record the average rank positions of 

the last relevant document to reflect the viewpoint of the high recall user. 

The average" rank is directly affected and ordered by collection sizef but 

the percentage figure shows that IRE-3 and Cran-1 perform a little better 

than ADI. 

V 

v 



1-46 

H 
1 -^ 

< 
> LJ 
J 

3 

H co 
< >J 

H 

^ 
< 
> W 
J 

S 

Q 
^ o 
<-> 
w 
CO 

1 

H 
^ 
< 
> W 

^ 

H f 
CO 
CM" 
VH 
CM 

G 

• H 
UH 4-J 
O U 

<D 
o\° *H 

r-\ 

o 
o 

(D 
bfl 
«TJ ^ 
^. G 
CD 03 
> CM 

< 

C 

o 
U H -M 

o o 
0) 

o\° H 
H 
O 

CJ 

0) 
bO 
<TJ M 
U G 
03 <T) 
> CM" < 

C 
O 

^ 4-» 
O O 

CD 
<*P H 

•H 
O 

CJ 

CD 
bO 

m >: ' 
u c \ 
CD (T3 
> C M < 

cn 
4~> 
cn 
<D 
3 
CT" 

<4H 0) 
O CM" 

u 
CD 

£) V) 

e -M 3 G 
tz; CD 

E 
3 
O 
o 

Q 

Q 
^ 
< >̂  ^ ^ < 
o ^ H O 
t~< M 

i O t -
w o vJ M 
^ Q 

o 
o 

1 

CN° 
CO 

• CN 

1 ^ 

O 

• :t 

co 

o\° 
LO 

• r H 

CO 

• . H 
r H 

cN° 
CD 

• O 

z t 

• Zf 

3-
co 

o 
CO 
t > 

B 
CD 
4-J 
L0 

« en 
4 » 

O 
nfl 
U 
4 J 

en 
r Q 

< 

CO 
1 

V 

oN° 
o 

• CO 
co 

O 

• CN 
t > 

dP 
LO 

• t o 

o 
• CO 

H 

<*P 
CD 

• CO 

CO 
• 

o 

CN 
zt 

o 
o 
CM 

E 
a) 
4J 
CO 

•» 
w 

4 J 

o 
rd 
U 
4 ' 

w 
X) 

< 
^ r | 

>̂  
S 

o\° 
0 0 

• r-
=t 

CN 

• cr> 
CO 

o\° 
CN 

• cx> 
-H 

r-
• 1 

LO 
r-\ 

o\° 
cn 

• 1 
cn 

• H 

1 
oo 

LO 
CO 

CN 
CO 

£ 
0) 
• p 
CO 

«* 1 
cn 
4-J 
o 
rd 

^ 
+-1 

w X) 

< 

«•» 

V-4 

<r" 

4 J 

<n 
03 

• J 

XJ 
G 
03 

TJ 
G 
0 
o 
a) 

CO 

„ 
4J 
W 

u •H 
I M 

(1) 
J G 

+-» 
MH 
O 

cn 
G 

o • H 
p 

• H 

cn 
o 

CM 

M 
G 
a3 
(X 

03 
DO 
[T3 

^ a) 
> 
< 
bO 
G 

•H 

w 
n 
(/] 
G 
C) 

• H 
4 J 

a 
a) 

H 
r H 
O 
o 
(1) 
a) 
^ ,G 

H 

0) 
. G 
+J 

UH 

0 

cn 
G 
O 

(/) •H 
U 
aj 

a, 
P 
0 

CJ 

> 1 

c n5 
G 
O 

• H 
4 ^ 
O 

•H 
Q 

e a) 
4^ 
CO 

^ cn 
4 ' 
G 
03 

o 
o 

Q 

4 ' 

G 
03 

> 03 
r H 

a) 
Px-< 

•/ 

CO 
CN 

• bO 
•H 
lu 



L
A
S
T
 
R
E
L
E
V
A
N
T
 

SE
CO
ND
 
R
E
L
E
V
A
N
T
 

FI
RS
T
 
R
E
L
E
V
A
N
T
 

1 

%
 
of
 

Co
ll
ec
ti
on
 

A
v
e
r
a
g
e
 

Ra
nk
 

%
 
of
 

C
o
l
l
e
c
t
i
o
n
 

A
v
e
r
a
g
e
 

Ra
nk
 

%
 
of
 

C
o
l
l
e
c
t
i
o
n
 

A
v
e
r
a
g
e
 

R
a
n
k
 

Nu
mb
er
 
of
 

Do
cu
me
nt
s
 
.
 
Re
qu
es
ts
 

CO
LL
EC
TI
ON
 
A
N
D
 

D
I
C
T
I
O
N
A
R
Y
 

I 

o\° o\° o\° 
CO CO ^H 

CM CM CM 
CO CO r f 

25
1.
3
 

5
5
.
5
 

34
.5
 

o \ ° o \ ° CD 
J± CT> 

- < r f H 

11
.2
 

9.
7
 

12
.2
 

0.
7%
 

2.
3%
 

5.
2%
 

CM i n co 

i n 3r zt 

Zt CM LO 
CO zt CO 

O O CM 
0 0 O CO 
r - CM 

IR
E-
3,
 

A
b
s
t
r
a
c
t
s
,
 
T
h
e
s
a
u
r
u
s
-
3
 

CR
AN
-1
,
 
A
b
s
t
r
a
c
t
s
,
 
Th
es
au
ru
s-
3
 

A
D
I
,
 

A
b
s
t
r
a
c
t
s
,
 
T
h
e
s
a
u
r
u
s
-
1
 

+ j 

00 
U 

- H 
IJL, 

a) 
.a 
V 

MM 
O 

U) 

a 
o 

• H 
4-» 

• H 
00 

o 
CL, 

M 
C 
fd 

a: 

a) 

>, 
5-. 
rd 
c 
o 

• H 
-P 
O 

•rH 

a 
00 
3 
fc 
3 
fd 
00 
a) 

x 
b O H 
fd 

u 
d) 

> 
< 
bfl 
C 

• H 
00 
3 

00 

c 
o 

• H 
4J 
0 
0) 

r H 
r H 
O 

o 
o) 
0) 

^ x 
H 

(!) 
.a 
4 J 

HH 

o 
c 
C) 
00 

• H 
U 
rd 
CI, 
6 
o 

CJ 

r. 
00 

*-> c: 
a) 
R 
2 
o 
o 

Q 

p 
c 
fd 

> (D 
r H 
a) 

& 
M 
00 
fd 

^ 



1-48 

References 

[1] G. Salton and M. E. Lesk, Computer Evaluation of Indexing 
and Text Processing, Information Storage and Retrieval, 
Report ISR-12, to the National Science Foundation, Section 
III, Department of Computer Science, Cornell University, 
August 1967. 

[2] G. Salton, The SMART Project - Status Report and Plans, 
Information Storage and Retrieval, Report ISR-12, to the 
National Science Foundation, Section I, Department of 
Computer Science, Cornell University, August 1967, 

[3] G. Salton, The Evaluation of Computer-based Information 
Retrieval Systems, Proceedings 1965 International FID 
Congress, Spartan Books, Washington, 1966, 

[4] M. E. Lesk, The Significance Programs for Testing the 
Evaluation Output, Information Storage and Retrieval, 
Report ISR-12, to the National Science Foundation, 
Section II, Department of Computer Science, Cornell 
University, August 1967. 

[5] R. V. Katter, Experimental Investigations of a Method 
for Analyzing Document Representation, Progress Report, 
TM 3090, System Development Corporation, August 1966. 

[6] J. J. Rocchio and G. Salton, Information Search Optimizatizatioi 
and Interactive Retrieval Techniques, Proceedings 1965 Fall 
Joint Computer Conference, Washington, 1965. 

[7] C. W. Cleverdon and J. Mills, The Testipg-of Index Language 
Devices, Aslib Proceedings, Vol. 15, No. 4, April 1963. 

[8] C. Cleverdon, J. Mills and M. Keen, Factors Determining 
the Performance of Indexing Systems, Volume 1, Design, 
Aslib Cranfield Research Project, Cranfield, 1966. 

[9] K. S. Jones and D. Jackson, Some Experiments in the use of 
Automatically Obtained Term Clusters for Retrieval, 1967 
F. I.D.-I.F.I.P Conference, Rome, June 1967. 

[10] K. S. Jones and D. Jackson, The Use of the Theory of Clumps 
for Information Retrieval, Report on the OSTI Supported 
Project at the Cambridge Language Research Unit, Cambridge, 
England, June 1967. 



I 

References (contd.) 

[11] C. Cleverdon, The Cranfie ld Tests on Index Language 
Devices , As l ib Proceedings, Vol. 19, No. 6, June 1967. 

[12] C. Cleverdon and M. Keen, Fac tors Determining the 
Performance of Indexing Systems, Vol. 2, Tes t R e s u l t s , 
As l i b Cran f i e ld Research P ro j ec t , Cran f i e ld , 19^6. 

[13] J . O'Connor, Relevance Disagreements and Unclear Request 
Forms, American Documentation, Vol. 18, No. 3 , Ju ly 1967. 

[14] C. A. Cuadra, e t a l . , Experimental Studies of Relevance 
Judgments: F ina l Report, Vol. 1, P ro jec t Summary, TM -
3520 |001 |00 , Vol. 2, Descr ip t ion of I n d i v i d u a l S t u d i e s , 
TM - 3520 |002 |00 , System Development Corpora t ion , June 1967. 

[15] G. S a l t o n , The Evaluat ion of Automatic R e t r i e v a l Procedures -
S e l e c t e d Tes t Resul ts Using the SMART System, American 
Documentation, Vol. 16, No. 3 , July 1965 (Also ISR-8, 
Sec t ion IV) . 

[16] C. W. Cleverdon, The Tes t ing and Evaluat ion of the 
Opera t ing Eff ic iency of the I n t e l l e c t u a l Stages of I n f o r 
mation R e t r i e v a l Systems, Proceedings of the I n t e r n a t i o n a l 
Study Conference on C l a s s i f i c a t i o n Research, E l s i n o r e , 1964. 

V 




