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The Critical Appraisal of Information Retrieval Systems

by
Cyril W. Cleverdon

College of Aeronautics, Cranfield

There are three separate aspects in the critical appraisal o

an information retrieval system.

1, The design of a new system.
2. The evaluation of an existing operational system.
3. The continuous quality control of an operational system.

The basic aim of all such activities is to enable a system <
operate at a performance level which will meet the requirements oi
the users of the system, énd to do this at the lowest possible cost.

Before discussing these matters in detail, it is necessary to
define what is meant by a ''system'. The Cranfield projects have
generated many new terms; while most of ;.hese are now in general
use, others still tend toc be used in a special sense, and a gloss:ry
of such terms is included as Appendix 1. However, where we i
proposing new definitions as part of the argument in this paper, they
will be considered in the text, Such a term is 'information retrieval
system''; the main point to be emphasised is that the users must be
considered part of the system. We, as well as many others, have
been talking and writing of ''user-system interaction'’ which implies
that the user is outside the information retrieval system. One ¢i.
éf this has been that some people have argued that in an evaluation

test one should not ''penalise the system'' for errors which are basically

the fault of the user. This is an incorrect attitude, for the reaction



of the user will be influenced by the subsystems of indexing, of incex
language and the store, and therefore these subsystems cannot be
evaluated (in an operational system) without involving the users., In
this paper we shall take the term ''system' as including the users,
and the interface will be described as ''user-subsystem interaction'.

With this definition it becomes easier to differentiate between
experimental tests and evaluation tests. An evaluation test is one
where the whole system is involved, and this in turn implies that it
must be an operational system. Even though only a subsystem may be
the main objective of the evaluation test (e.g. comparative levels of
indexing exhaustivit;;) yet it would still be carried out in the real
environment of an ‘operational system, and must be related to the
end-—préduct of all systems, namely the reaction of the users to ine
documents which they receiyee On the other hand, experimentai ‘esis
would always deal with subsystems and hawe an artificial, created
environment. An attempt might be made to simulate reality in this
environment, but apart from any other reason, the lack of a user
group able tov give valid relevance judgements imposes a final
restriction.

DESIGN OF A NEW SYSTEM

The design of a new system involves a combination of user
surveys and experimental testing. The criteria by which the ‘users
judge a system can be listed as follows:-

1) Coverage, i.e. the proportion of th? rg/sgfulyliteraﬁure

which is input to a system.

Terms which are defined in Appendix 1 are indicated by an asterisk
the first time they appear.
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2) Recall, i.e. the ability of the system to retrieve documents

which the user will consider relevant to his enquiry.

3) Precision, i,e. the ability of the system to hold back

‘non-relevant documents.

4) Response time, i.e. the time between the question being

put and the output being received.

5) Presentation, i.e. the format in which search results are

made available,

6) Effort, i. e. the amount of effort which the user must

make himself in obtaining an answer to his enquiry.

The purpose of the user sﬁrvey must be towards finding the
necessary information which will enable management to decide the most
effective methods for designing the system, but before this can be done
it is first necessary to delineate the user group. In some cases this may
be comparatively ‘simple; such as in a research organisation where
there is a closed group of individuals for whom the system has to cater.
The problem becomes more difficult when an open system is planned
to operate on a national or international basis. Consider a system in
transportation technology. This quld_yeasonably be expected to cover
all types of transpc;rt engineering, SUCiEl as automobiles, trains, ships
and aircraft, with probably special emphasis on new forms of transport
such as hovercraft or hydrofoils. However, transportation cannot be
separated from the environment in Whi(?h it operates, and it might be
necessary to cover not only the interaction of the design of cities and
the means of transport, but also the living habits of the population.
One has to consider the possible long term effects of developments in

packaging, such as the use of containers, and in materials handling.



There are the ejconomic congequences to the local communities of
factors such as b'uilding new bridges or the construction of a tunnel
under the English Channel to link France and Britain, For this it is
necessary to know something concerningv construction techniques, and
by this time the system would be covering a subject field which would
involve engineers of all forms ofr’rc.:r'rané{portatﬂion, civil engineers,
geologists, economists, social psycholbgists, town planners, architects
and many other felated activities.

No information system exists in':a vacuum, for it will be
surrounded by other information systems, some of which will have
overlapping interests, and it is this that is 1ikely to be the main
factor in fixing the limits of a new system. Whatever way this ié
done, the first step is undoubtedly to define the purpose and scope of
the system and determine who will make up the user group.

When this has been agreed, a user survey can be carried out
to determine the requirements of the user group in relation © the
criteria given above. Assume that the system is intended to operate
on a national levei, one needs to know what kinds of questions will be
put to the system. - Will they be general or very specific? Will the
users require a high recall ratio* or will some users be sa’tisffied with
a relatively small number of relex}ant items? Will the questions
require an immediate answer, or will the users tolerate a deiay?
What sort of output will the users require; will titles be sufficient
or will abstracts be necessary? How much effort can be expected or
demanded of the users?

On another level, one must find what type of services should be
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provided. Allied to a retrospective search system, would there be a
demand for a selective dissemination of information service? Would a
weekly bulletin of titles satisfy some users? If the system is to be
financially self-supporting, it is also necessary to determine what
the users would be prepared to pay for the services. Supplied with
information on such matters, the system managers can begin to plan
the system,

Ideally a system might be expected to operate at 100%
for all user criteria, which is to say that it should have complete
coverage, give 100% recall and precisiorﬁ provide the output
immediately, in hard copy, with no effort to the user i In fact one
knows that certain of these aspects are impossible to attain, and it
is the task of managers to decide, in the light of data gathered
in the user survey, which aspects they will emphasise, and formulate
their decisiéns so that the system may be.suitably designed.

The user criteria are closely inter-related. Assume that
the management decision is that the system should be capable of
operating at anoverall recall ratio of 860%. This can be achieved
by having 100% coverage with a recall ratio of 60%. Alternatively
it could be obtai:nedwith 60% coverage and a recall ratio of 100%.
Equally a coverage of 80% and a recall ratio of 75% would give the
same end result, and it might well be that this latter
alternative proved to be best from the economic viewpoint.

The options which are open to the system designers are many
and varied and will have different emphasis in different situations.

It would be quite wrong to assume that the research done at Cranfield



or elsewhere has provided results which can be immediately applied
in any given situation. What this work has done is to show the
restrictions under which a system operates, to make clear the
alternatives which are available to the system designers and to suggest
which options are worth investigating. The most complete outline of
these variables was published in a report prepared by Human Sciences
Research Inc. (Ref. 1) and by kind permission of the Director,
'Dr. Dean Havron, a chart from this report has been reproduced as
Appendix 2,

The ultimate criterion which management must apply is that

of cost. For example, it is known from Cranfield II that there is

an optimum performance level of indexing exhaustivity. If the
average number of terms used in indexing a set of documents is

plotted against the normalised recall ratio, then the position is

as shown in Figure 1. -

Norm,
recall
65

64
63
62
61
60

7 14 22 33 60

Number of index terms per document

TABLE 1 Variation in Performance According to
Number of Index Terms



This indicates that 'in the pariicular environment in which these

tests were carried out, an average of 33 terms per document gave

the best resuli; the use of 7 terms (representing words in a title) was
too few, but the use of 60 terms (representing terms in an absiract)
was too many. However, the increased input and search cosis

involved in using 33 terms as against, say, 14 terms, might be
considered to more than offgset the relatively small gain in performance.
It can also be shown that there is improvement in employing professional
indexers rather than automatically extracting key terms from the title,
the abstract or the document, but again the economic factor may
outweigh the improved performance. Decisions on these and a large
number of similar matters can only be taken in relation to the costs
involved; a measure which enableg such cost/effec’civeness comparisons
to be made is discussed in a later section of this paper.

A number of tests might be necessary to determine the optimurm
procedures to be used in a new sys’cemgy ahd some people might argue
as to whether the cost and time involved in such testing could be
justified. Clearly the design effort must be related to the ultimate
size of a system, but we would argue that, with the technigues which
are available for experimental testing, there is no justification for

neglecting the design stage of a new system.



EVALUATION CF AN OPERATIONAL SYSTEM

The second aspect to be considered is the evaluation of an
operational system which it is assumed has been operating for a
number of years. The methodology that will be discussed was
developed from the investigations at Cranfield (Ref. 2, 3 and 4) and
will be illustrated by examples from the evaluation of the MEDLARS
system at the National Library of Medicine in Washington for which
the author was a consultant. The work was carried out by
Mr, ¥. Wilfrid Lancaster, a former member of the Cranfield project
group to whom I ém indebted for much of the data given in this section. '
For the full account of the evaluation of MEDILARS, the reader is
referred to the report by Mr. Lancaster (Ref. 5).

The term "evaluation' has tended to be used in a broad sense,
but as discussed earlier, we feel that it would be more satisfactory if
a term such as ”experimental test'' were applied to projectis such as
Cranfield II, and if, within the con’cext‘of information retrieval, the
term ''evaluation'' could be confined to those tests on complete systems
where a detailed analysis of failures is made. It is in this sense that
we use the term, and the discussion in this section relates to
evaluation of operational systems.

The basic pattern of an evaluation test can be stated as follows:-

1) Statement of purpoée

2) Preparation of test design
3) Test of system

4) Analysis

5) Interpretation.



Purpose of Test

Nothing can be done until it has been decided what questions
the evaluation is intended to answer, for the design of the test will
depend on the breadth and type of information that is required. There
is no necessity for an evaluation to cover all aspects of a system; one
might wish, for instance, to investigate nothing else except the effect
on performance of having the enquirer interact with the subsystem in
real-time instead of having search strategies prepé}rérdwby system staff.

It is, presumably, agreed that an operational information
service is established to serve a body of users, and that therefore
the purpose of an evaluation must be in some way related to the
requirements of the users.

On the other hand, as we have already discussed, managenient
is interested in a different set of criteria, for management must know

1 1

whether a procedure is meeting a required “performance level and

whether the activity is being carried out in an economic

manner. For instance, the particular index language being used or
the qualifications of the indexers are matters of no concern to the user
so long as his requirementé are being met. For the system managers,
nowever, these matters are important, but they must be evaluated from
the viewpoint of the effect which they have on user criteria.

t could bg argued that the user might also be concerned with
the cost factor, and this is to some extent true in those cases where
the user has to pay for the service. However, such cases are relatively

few, and even then, once a decision has been taken to pay for or



subscribe to a service, the techniques of operation are unlikely to
interest the average user.

There appears to be no limit to the questions which can be
asked of an evaluation test, but it mus{ be emphasised that it is of
paramount importance that these should be clearly stated before the
test design is prepared.

A reasonably comprehensive evaluation would be one on which
information was sought on most of the user criteria. The main

objectives might be presented as follows:-

i, To study the demand search requirements of the users of the systerm.
2. To determine how effectively and efficiently the present service is

meeting these requirements.

3. To recognize factors adversely affecting the performance of :he
system.
4, To disclose ways in which the requirements of users may be

satisfied more efficiently and/or more economically. In

particular, to suggest means whereby new generations of

e
o

equipment and programs may be used most effectively
satisfaction of demand search requirements.
More particularly the test could be designed to answer specific
questions as given below:-

Cverall Performance

a. What is the overall performance level in relation to
user requirements? Are there significant differences
for various types of request and in various broad

subject areas?
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a. How sound are present policles regarding indexing coverage?

b. Is the delay between the receipt of a journal and its
appearance in the indexing system significantly affecting
performance?

Indexing

a. Are there significant variations in inter-indexer performance?

b. How far is this related to experience in indexing and to
degree of ''revising''?

c. Do the indexers recognize the specific concepts that are
of interest to various user groups?

d. What is the effect of present policies relating <o

exhaustivity of indexing?

a. Are the terms sufficiently specific?
I

b. Are variations in specificity of terms in different areas

significantly affecting periormance?

C. Are pre-coordinate type terms and subheadings alnde:

e. Is the quality of term association in the index language

satisfactory?

T

1. Is the present ''entry vocabulary adequate?



searening

o

OCL

What are the requirements of the users regarding recall

and precision?

Can search stirategies be devised to meet requirements

N

for high recall or

How eifectively can searchers screen output?

high precision?

does screening have on recall and precision figures?

What are the most promising modes of user/subsysiem

(1) Having more liaison with information staff

local level?

-

(2) Having more liaison directly with t

What is the effect on response time of

i~

he search analy

Are there significant differences in performance between

350
11

]

er

[
[

nt operational centers?

Input and Computer Processing

a.

What effect

Do input procedures, including various aspectis of clerical

processing, result in a significant number of search

o
L

ailures?

Are computer programs flexible enough to obtain desired

periormance levels? Do they achieve

checks on clerical errors?

What part of the overall response lag is

data processing subsystem?

delays in this subsystem?

What are

attributable to

the causes of



Zconomics
a. What are the cost factors involved in the various possible
modes of satisfying user requirements?
b. What are the ''payoff' factors or cost/effectiveness ratios
for various policies relating to exhaustivity of indexing?
c. What are the payoff factors for various categories of

materials input to the system, e.g. certain foreign
languages or language groups?

Preparation of Test Design

It is on the basis of the objectives that the test design is
prepared. A limiting factor with a fully operational system is that
1t will probably be working near to capacity of its available resources,
and there must be the minimum of interference with its normal operation.
No action must ‘r?e taken that would delay or speed up the servicing of
an enquiry, or which might influence its performance. In other words,
no perturbations can be permitted which might affect the normal
performance,

It is possible to recognise four main types of test requirements.
Pirst there are those which involve what we will call the main test.
Examples from those given above would be “"what is the overall
performance le\;'él in relation to user requirements' or ''what is the
effect of present policies relating to exhaustivity of indexing'. All
the data obtained in the main test can be used to provide answers to
such questions as these, and such data must be obtained within the
framework of the main test. Secondl}%, there are those questions
which can more satisfactorily be answered by a sub-test, since they

are investigations which involve some change in the normal operational
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Rolling suggested (Ref, 7 ) an approx:i;mation method which depended
on the assumption, which might possibly be false, that a relatively
high recall ratio (e.g. 80 - 90%) could be feadily obtained. It is not,
of course, the recall ratio which is impbrtant but the identification of
relevant documents which the system does not retrieve, and, until
recently, there was no tested satisfactory method of obtaining this.

The solution is relatively simple, and is to ask the enquirer,
after his question has been put to the system, to name any relevant
documents of which he already knows. In the case of the MEDLARS
evalw tion, it was possible for more than 70% of the questioners to
do this; sometimes they only knew of one such relevant paper but
three out of ten could list five known relevant documents. From this
base, the recall ratio can be obtained by checking the output of each
search to determine whether the known relevant documents have been
‘retrieved. . -

However, to supplement this procedure it was found possible io
locate other documents which appeared to be relevant from other
sources such as the Science Citation Index or one of the many
specialised abstracting services in the field of medicine. These were
added to the collection of documents to be asseséed for relevgnce by the
questioner.

In the artificial environment of an experimental test, tfle
evidence appears to suggest that the relevance decisions are, within
reason, relatively unimportant, but in an operational test such as the
MEDLARS evaluation, the relevance decisions are absolutely vital and
it is essential that they should be as reliable as is possible, Obviously

they must be made by the person asking the question, for he is the only
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person who can be certain of what ddéuments are relevant to his
real information need. To obtain reliable relevance assessments,
it appears that four requirements‘ must be satisfied. First, there
is a limit to the amount of effort that éah be demanded of a user;
if there are 200 documents retrieved in answer to a question, it is
quite unrealistic fo expect the average user to be willing to spend the
time required to make reliable relevance judgements on this number
of documents. Secondly, the decision can only be taken on the basis
‘of the complete document; to ask for these judgements to be made on
the basis of titles or abstracts is to introduce error, for some papers
which appear to be relevant from the abstract will be found to be
non-relevant with the complete document, and vice versa. Thirdly,
to ensure that the task is done thoroughly, the reason for the decision
in regard to each document must be recorded. Finally, it is essential
‘tha‘.t the instructions sent out to the questioner must be clearly stated, not
subject to misinterprétation and capable of being applied consistently
by a large number of different people,

The suggested procedure would therefore be as follows.
Following the submission of a guestion to the system, the questioner is
asked to name any relevant papers already known to him. Tﬁ\hese papers
are then checked to ensure that they are in the data base of the system;
assume that there are two such known relevant papers, whicﬁd we will
designate as R1 and R2. Searches are then carried out in the various
published indexes, and we will assume that six others papers designated
R11, R12, R13, ’R14, R15 and R16 are located which appear to be

relevant,



- 18 -

Assume that when the search is carried out, a total of 200
citations are retrieved in answer to the question. It is suggested
that the average user would be - willing to assess some 25
papers for rele\{ance, so random sampling is made of the 200
citations to bbte;in the 25 citations required. The originals of these
25 citations are then obtained and copied, and it is this set of
documents that‘will be used for determining the precision ratio for
the question. We will designate this set of documents as P1 - P25,
It is now necessary to check whether any of the set R11 - R16 are
included in the set P1 - P25. Assume that R13 is the same docume:
as P20, In this case, copies would be obtained of the remaining
five possibly relevant documents, R11, 12 Ri4, R15 and R16, anc
these will be sent to the questioner, togc.... . documents
Pl - P25 for him to determine relevance. Nu .udication will be
given to the questioner as to the manner in whish these two sets
of documents were obtained, Attached to each . . aent will be a
relevance assessment form. This might include s number of
matters, but vital to the relevance a:s:cssment is the: “ne questioner
should be asked to state whether the document is relevant or not

relevant to his information requirements and, most important, that

he should be asked to give the reasons for his decision,

These forms are returned, and we will hypothesise that decigize:

save be- - taken as follows in regard to the relevance 7 ‘he docume: s

in the o -:cision set.



P1

P2

P3

P4

P5
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R Relevant N-R Not-relevant

R P6 R P11 N-R P16  N-R P21 R
N-R P7 N-R P12 N-R P17 R ‘ P22 N-i
N-R P8§ . R Pis N-R | P18 R P23 N-R
N-R P9 R P14 R | P18 N-R P24 R

R P10 N-R P15 R P20 R P25 N-R

This would indiate that 12 of the 25 documents were considered to be

relevant, so the precision ratio would be —1—2 X 100 = 48%. In regard

‘ ‘the 25
to the documents to be used in / recall base, we will hypothesise that

the following decisions were made:

R11 R

R12 N-R

R13 R (same as document P20)
R14 R

R15 N-R

R16 R

This means that there is now a total of six documents available
for determining recall, namely the original two relevant documents
(R1 and R2) which were known to the questioner, plus the iour
documents found by consulting another system and judgec relevanti
by the questioner. It is now necessary to ascertain whica of these
six documents are included in the total set of 200 documercs re;
by the test system. If, in fact, four of these documents were lodiwh:
in the total set, we can say that the recall ratio was % X 100 = €5.0%

While the above procedure may appear, in print, to be rather

complex, it is in practice perfectly straightforward and worked quite-
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satisfaétorily in the MEDLARS test. An apparent weakness is that it -
is possible to obtain a positive precision ratio with a zero recall ratio,
which is, of course, a logical absurdity. This is due to the fact

that two different sets of documents are used for the recall base and
the precision base. However, it must be emphasised that the
performance figures for individual questions are relatively unimportant
in an evaluation of an operational test (213 will be discussed in detail
later) so any aberrations of this nature do not seriously afiect the
overall value of the test.

The other difficulty arises when a question is asked Ior which
there is no relevant literature. This situation is to be expected;
the percentage of times that this will happen is likely to vary wiiz
different systems. With MEDLARS, such questions formed approx-
imately 1% of the total. The problem lies in determining ©.Ww ..
measure the performance of the system when it provides u peroa
response of not retrieving a single document in answer ic .ach o
question. In these circumstances, it appears that it is possibl
consider % as equal to 1, so one can mark the perfect search v
a perfect score of 100% recall and 100% precision.

Although éio,t essential, experience shows that it is useful to
carry out a small preliminary test before the main test design is
finalised. This will give some idea of the general performahce
of the system; it should ensure that the forms are satisfactory,
will also provide an indication of the amount of effort that will t-

necessary.



The Test

When the design has been completed, the actual carrying out
of the test can proceed as a routine operation. . The oniy commer:
necessary‘is to emphésise the importance at this stage oI maintaining
complete and accurate clerical records.

Analysis

This will be considered from iwo aspects, namely the
statistical analysis which produces the test figures and the Zlailu ®
analysis which provides the basis for system improvement.

The main sets of figures will relate to the performance of
the system in rega.rd to recall and precision. These measures,
although now widely used, still meet with opposition in certain
quarters. A discussion is presented in the study on evaluation
methodology, commiséibned by the National Science Foundation = ..
undertaken by Human Sciences Research Inc, (Ref, 1 ). uis stwucy
accepts that 'as types of ultimate criteria of sys'tem operation, these
two measures [recall and precision ratios] are valid and necessary’
 but suggests that they are 'relatively insensitive to the men puiatic’
of independent variables' and 'often not very appropriate tc measui.
the specific treatments being tested'. Their proposed solution is
develop a set of intermediate performance criteria which it is
claimed would:

1. . 'Be used to measure the effect of manipulated variables arn o+
first point where such manipulation affects the output'.
2. 'Enable the researcher to determine which part of the system

is behaving improperly'.



These requirements are reasonable and desirable; the abilily of
the Cranfield measures, combined with the technique of failure uialysis,

to meet these requirements is considered in the following paragizahs.
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To illustrate these points, we shall present the fes

obtained in the recent evaluation of MEDLARS, but will not be

commenting on these from the viewpoint of the performance of MED .ol

but only in relation to the aspects of methodology with which this
paper is concerned. For this reason, only certain sets of figures are
being used, and these are presented without the comment and
explanation Which will be found in the main report by Lancasier

(Ref. 5 ).

The average recall ratio for the complete set of 302 test
searches was 57.7%, while the average precision ratio was 50.4%.
These figures are based on the average of the ratio*s obtained in ne
individual searches, as are the remaining figures presented in
this paper.

There were various situations where different sets of figures
could be obtained by ménipula’cing one variable at a time. It was
instance, possible to calculate fhe effect on precision and recall 5y
searching on Index Medicus terms only; as against the average ot
9 terms used for input to MEDLARS, only 2.6 terms on average are
used per document in the printed Index Medicus, so this représents
a significant variation in the level of exhaustivity of indexing. Basen

on a sample of 88 searches the results are as in Table 1.

Recall Ratio Precision ;A
Complete Indexing 60% 52%
Index Medicus terms 449, 60%

TABLE 1 Effect of Exhaustivity



The users judged documents as being of major or minor

importance; considering the performance figures from this aspect of

)

level of relevance, the results are as in Table 2. It will se noted

that although with the documents of major value there is the srmail
expected increase in the recall ratio, there is a large and very

U‘W
significant drop in th%ratio. The figures represent an interesting

st
Y

example of the effect of the generality number, which is considered in

the report by Cleverdon and Keen (Ref. 4, Vol., 2 chapter 3).

Recall Ratio Precision Ratio
Major value - 65.2% 25, 7%
Major and Minor 57. 7% 50. 4%

value
TABLE 2 Performance by Relevance Levels

Five different MEDLARS Centres took part in the evaluation,
with each Cenire being responsible for preparing the search stirategies
for the test questions which it received. There were, of course.
differences in the questions serviced by each Centre, but in whaiaver
way the figures as given below are broken down, the general effect
is the same (see Réf, 5), so that the 'manipulat'ed variable in Table
can be considered to be thg general policy at each Centre with regard
to the preparation of search strategies. While one would forecast
that there would be an inverse relationship between recall and precision,

it is surprising to find that this is so consistently the case, particularly

in view of the relatively small number of searches on which some of the

figures are based.
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Number of Searches ‘Recall Ratio Precision Ratio
Centre A 11 | 69. 2% 40, 7%
Centre B 41 _ 64, ‘6% 43.2%
Centre C 198 57. 9% 50.9%
Centre D ‘ 21 55. 5% 55.6%
Centre E 28 43, 3% 57.2%

TABLE 3 Results According to MEDLARS Centre

ki

The next set of figures relates to 118 questions for each ¢
which 'they Weré in essence three separate levels of search strailegies,
ranging from a specific search to a general search. The expeciation
that recall and precision would vary in these conditions is confirmec

by the test figures of Table 4.

Recall Ratio Precision Ratio
General search 62. 7% 51.3%
Medium search 48, 3% 59, 7%
Specific search 32, 3% 65. 7%

TABLE 4  Effect of Variations in Search Strategies

If the performance figures as given in Tables 1 - 4 afe plotted,
the result is as Figure 2., While no data exists above 70% recall or
below 32% recall, the curve has been continued at both ends so tnar
it may be used in later discussion.

It will be noted that the majority of points fall close to the curve;
the exception is the figure for the retrieval of major relevance documenis

(all other figures are based on major and minor relevance documents?
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and shows the poweriul effect which generality has on pericrmance,
as has already been illustrated in the results of Cranfield II
(Ref. 4, Vol. 2).

We can now coﬁsider two sets of results where a different
situation prevails, It has previously been hypothesised (Ref. 4, Vol, 1)
that different subject areas would have different performance levelg,

this being influenced by the subject languages which may vary from

"hard" to 'mushy'. The questions were grouped into broad subject

¢}

areas, and the results of searches for four such subjects where tner

were at least 25 questions are given in Table 5. There is =
difference in performance between the best and the worst subject arcz.,

with Drugs/Biology showing a drop of 10% in both recall and precision

as compared to Technics, and this result would appear to ve a

confirmation of the original hypothesis.

Recall Ratio Precisgion Raiio
Technics _ 63.4% 53. 7%
Disease 59. 7% 8. 1%
Preclinical Sciences 55.0% - 53.7%
Drugs/Biology 52, 1% 43.1%

TABLE 5 Results According to Subject

A final set of results, however, presents a quite unexpected
situation. One matter to be investigated was the various methods of
user-subsystem interaction, three of which could be recognised in the

MEDLARS situation. First there were the occasions when an encuircy



prepared on the basis of his stated need without any further cormmunication.

Next there were the cases where the enquirer interacted with a member

of the information staff in his own organisation, and the guery was

then passed to a MEDLARS Centre. Finally there were ihe occaslions
when the enquirer visited the MEDLARS Centre and discussed als

problem with the person preparing the search strategy. The original
hypothesis was that moving from the first to the third method would
regult in a positive gain in performance, that is to say that both the
recall ratio and precision ratio would be increased., Such a change

5,

did, in fact, take place, but in the reverse way <o which ha

jON
@)
]
D
@]

expected, as is shown in Table 6. =

Recall Ratio Precision Ratio
No interaction 60. 8% 53. 9%
ILocal interaction 55, 0% 48, 9%
Personal interaction 56. 49, 49, 3%

TABLE € Results According to Mode of Interaction

While asserting a belief that these measures of recall and
precision are in themselves completely adequate for presenting the
performance of operational information retrieval systems, it.is
necessary to repeat what we have often said before, namely that any
given set of such performance figures has no direct relation to a
set of figures obtained with any other information retrieval system.

They are unique to the particular environment in which they were

obtained, and different subject fields, different document collections



or different user groups will all make direct comparison impossible.
This is, of course, as of now; as more experience is gained with

the evaluation of different systiems, as research showing more clearly
the effect of the variables mentioned above is carried out, then it may
be possible to make direct comparison, but even so it is unlikely to
be on the basis of recall and precision ratios. It will be necessary
to develop new measures for this purpos;e; one such possible measure
is considered later,

An interesting result is presented in Figure 3. This is a scatter
diagram of the individual performance figures for the 302 searches.
The wide scatter might be put down to the relatively small numbier of
documents in the recall base, but even with those searches with at
least ten known relevant documents, the scatter is very similar, so it
appears that these results (based, of course, only on a sample of the
total outputs) are representative of the true "position. This diagram
emphasises the necessity for considerable caution in interpreting
performance figures; when, for instance, we give the performance as
57.7% recall and 50. 4% precision, these figures represent the averages
for a large number of searches. The figures do not represent an
average search, for, as can be seen from Figure 3, very lew. searches
come anywhere near this precise point.

The measures of recall and precision have been criticised, mainly
by vindividuals who have never carried out tests of either experimental

or operational systems. Certain other measures have been investigated

e
3K

at Cranfield, and for éxperimental testing the fallout ratio, which is

the number of non-relevant documents retrieved over the toizl number
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nne T

of 'documents in the collection, has proved to be of value, but in
operational tests, recall and precision ratios have been shown to be
entirely satisfactory and far more sensitive than Vexpected.
However, the statistical analysis is 6f minor importance as

compared to the failure analysis. The figures already presented -

and many others that could be so derived - have a limited value for
managément It is of interest to know the general performance figures;
the differences invpex"formance between different centres might be
considered worthy of special investigation, and the results with different
modes of interaction give a lead as to the possible methods of optimising
this activity. Even so, there is nothing in the figures which shows
management how the performance can be improved. This is the area
of failure analysis, a time consuming but rewarding operation. This
activity was pioneered in the Cranfield I project (Ref. 2) and the
WRU-Cranfield test (Ref. 3 ). In ﬂle evaluation of MEDLARS

Mr. Lancaster dealt with 3835 failures, made up of 797 known-relevant
documents which were not retrieved, and 3038 documents which were
retrieved but which were judged to be non-relevant,

The technique pf failure analysis is in itself relatively simple.

,For each failure, whether a failure to retrieve a relevant docul?aent
(i.e. a recall failure) or failure of retrieving a non-relevant document
(i.e. a precision failure) an examination is required of the follo’wing:

1.,  The complete text of the document concerned.

2. The indexing record for this document,
3. The request statement as made by the user of the system,
4, The search programme prepared from the statement and

used in conducting the search.
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and, for precision failures only,

5. The assessment form completed by the user giving his

reason for articles that he has decided are non-relevant.

It is on the basis of all these records tha’ﬁ a decision is made as
to the main reason or reasons for the particular failure under review.

Examples of various kinds of failure analysis will now be given.~
In one search related to the tubular secretion of creatine, abou’a‘
80% of the items retrieved were assessed as non-relevant. Analysis
showed that the reason fOf most of the failures could be put down to
over-exhaustive indexing, where the term ''creatine' had been used in
indexing although the articles contained little directly about it; for
exampleg. the article might réfer to a creatine value obtained in a
routine kidney function test. On the other hand, a low level of
exhaustivity can cause recall failures, as in a search rélating to the
transmission of viral hepatitis by parenteral.inoculations of materials
other than blood or blood products or during venipuncture. One major
value article that was not retrieved deals with hepatic inflammation in
narcotic addicts. The fact that wviral heg)aatitis is transmitied by
contaminated injection equipment was mentioned in the text but was not
covered by the indexing.

Other failures were due to inadequate search formulation; in a
search on potassium shifts in isolated cell preparations, no use was
made of the term CELL MEMBRANE PERMEABILITY. Used in
conjunction with POTASSIUM or POTASSIUM CHLORIDE, it would have

brought out several major value articles.



- 39 .

Alternatively relevant documents might not be retrieved because
the search formulation was too exhaustive; consider a request for
"influence of the styloid process on facial and head pains'. The searcher
required that some term, indicating ''face' or ''head'' be present, as well
as a term indicating 'pain'' and the term for site of the ''styloid process'
(TEMPORAL BONE). This was unnecessarily exhaustive because it is
reasonable to assume that pain relating to the temporal bone would involve
face or head. The simple, less exhaustive formulation TEMPORAL BONE
and PAIN would have resulted in the retrieval of several more relevant
documents.

On the other hand, precision failures could result by using terms
that were too general. In a search on electrical brain stimulation, the
searcher generalized to BRAIN ELECTROPHYSIOCLOGY. This led to the
retrieval of 533 citations, of which only 17% were relevant.

In other cases the index language was judged to be inadequate.

To express perceptual completion phenomena, the searcher was forced

into very general combinations (e.g., VISION and ILLUSIONS) which,
although they retrieved 173 citations, achieved only 17% recall at 10%
precision.

Inadequate interaction between the user and the subgystem can
produce many failures. There are three possible situations as shown

in Figure 4.
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eal . Stated
/ need need

Stated need Real "ﬁneed
A B C

FIGURE 4 Stated and Real Needs of Users

In Figure 4A, the statement has been too specific, and therefore
there will be a failure to retrieve relevant documents, whereas in
Figure 4B, the statement has been too general and this will result in
the retrieval of many non-relevant documents. Finally in Figure 4C
there is overlap between the real and stated need; this is likely fo
result in both recall and precision failures. An example of the first
is where the request is for ''crossing of fatty§ acids through the
placental barrier; normal fatty acid levels in placenta and fetus'.
Analysis showed that the requester was interested in the broader area

of lipid transfer and also in lipid levels in the newborn infant.

A too general request was for structure and function of the
lymphatic system of the lung of any animal., The fact that pathological
conditions were not of interest was not made explicit,

The complete analysis for recall and precision failures in the
MEDLARS test is set out in Tables 7 and 8. The figures presented
in these Tables show some in‘céresting points. Consider, for instance,
the fact that MEDLARS, at the time of the evaluation, consisted of

entries for more than 600,000 documents. Accepting the impossibility
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Source of Failure Number of Missed Percentage of Total
Articles Involved Recall Failures
Involved

Index Language
Lack of appropriate specific

terms 81 10. 2%
Searching
Searcher did not cover all reas-
onable approaches to retrieval 171 21.5%
Search formulation too
exhaustive 87 8. 4%
Search formulation too
specific 20 2.5%
""'Selective printout" 13 1.8%
Use of ''weighted' terms 2 0.2%
Other searching failures due to
sorting, screening, clerical error 6 0.8%
TOTAL FAILURES ATTRIBUTED
TO SEARCHING 279 35. 0%
Indexing
Insufficiently specific 46 5.8%
Insufficiently exhaustive 162 20.3%
Exhaustive indexing (searches '
involving negations) 5 0.6%
Indexer omitted important concept 78 9.8%
Indexer used inappropriate term 7 R 0.9%
TOTAL FAILURES ATTRIBUTED 7
TO INDEXING 298 37. 4%
Computer Processing 1 - 1.4%
Inadequate User-Subsystem Interaction 199 25, 0%

868*

* 868 factors contributing-to
797 recall failures.

TABLE 7 Reasons for 797 Recall Failures
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* 3051 factors contributing tfo
3038 precision failures

TABLE 8 Reasons

Source of Failure Number of Unwanted Percentage of Total
Articles Involved Precision Fallures
Index Language
Lack of appropriate specific terms 534 17.6%
fralse coordinations 344 11.3%
Incorrect term relationships 207 6.8%
Defect in hierarchical structure 9 0.3%
TOTAL FAILURES ATTRIBUTED .
TO INDEX LANGUAGE 1094 36. 0%
Searching
Search formulation not specific 462 15.2%
Search formulation not exhaustive 356 11. 7%
Searcher used inappropriate :
terms or term combination 132 4, 3%
Defect in search logic 33 1.1%
TOTAL FAILURES ATTRIBUTED
TO SEARCHING 983 32. 4%
Indexing
- Exhaustive indexing 350 11.5%
Insufficiently exhaustive
(searches involving negations) 5 0. 2%
Indexer omitted important concept
(search involving negations) 1 0.03%
Insufficiently specific 1 3. 03%
Indexer used inappropriate term 36 1. 2%
TOTAL FAILURES ATTRIBUTED
*TO INDEXING 393 12. 9%
Inadequate User-Subsystem Interaction
Explicable 464 15. 3%
Inexplicable 39 1.3%
TOTAL FAILURES ATTRIBUTED
TO INADEQUATE INTERACTION 503 16.6%
Computer Processing ‘ 3 0.1%
Value Judgement 71 2.3%
"Inevitable' retrieval 4 0. 1%
3051"

for 3038 Precision Failures



of re-indexing this collection (which represents some four years input),

it means that an equal amount of documents must be input to the sysiem

before any improvements in the index language or the indexing can give

50% of their potential benefit. On the other hand, a new policy in regard
to user-subsystem interaction can have an immediate beneficial eifect on

performance,

Another point to be considered relates to the area of inevitable
failure. This is illustrated by the failure analysis of 10 non-relevant
documents retrieved in a search relating to ''Slipped upper femoral
epiphysis', in which the questionerliwas particularly interested in articles
dealing with epiphysiolysis in humans when racial factors were discussed.
Analysis showed that the only satisfactory way to have prevented the
retrieval of the 10 non-relevant documents would have been if an
additional requirement of the search programme was that ethnic terms,
such as 'Caucasian race', 'Negroes' etc, should have been present. On
the other hand, if this action had been taken, of the four known relevant
documents, three would also have been eliminated. This problem of the
effect of exhaustivity - whether it be in the indexing or the search
programme - is shown by the failure analysis of Tables 7 and 8,

20. 3% of the recall failures were considered to be due to the
indexing being not sufficiently exhaustive, On the other hand, 11.5% of
the precision failur@s were because the indexing was too exhaustive.

With searching 8.4% of recall failures were because the search
formulation was too exhaustive and 11, 7% of precision failures because
the search was not exhaustive. Very exhaustive indexing could

presumably have eliminated the recall failures attributed to the low



level of exhaustivity; what this level would have had to be

cannot be stated exactly, but there was some evidence from the analysis
to indicate that it might have been as high as 25 terms per document,
which is nearly three times the present level, Were indexing to be at
this level, the number of non-relevant citations retrieved must have been
very much higher.

Although statistical analysis of results is necessary, it is the failure
analysis which is really important in an evaluation test, for it enables
management to determine which parts of the system are inefficient and
suggests methods by which the overall performance can be improved.

Interpretation

In the preceding section the matters discussed have been reasonably
straightforward in regard to the necessary action and the methods of
carrying them out. It might seem that the failure analysis would be
prone to variation‘A of decisions; to some extent this is true, but experience
has shown that in the very large majority‘of céses, the decision was clear

and unambiguous and there was a higher correlation than might be expecied

ot

between different people doing the task. This, however, is less likely fo
be true in the final stage of interpretation of the test results. hat, for
instance, is the meaning of the reversal of the expected result in regard
to the mode of interaction? How does it come about that such differeﬁt
search policies should develop amongst groups that have all hadja
common training in the method of using the system? Why do the
individual search reéults show such a completely random scatter?

In such circumstances, it may be shown that there is a necessity

for more detailed analysis or even for additional testing to be done. One

might, for instance, suspect that the relativély bad result produced by
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direct interaction between the user and the search compiler was due to a
small percentage of particularly inefficient searches. This could probably
be ascertained, ei‘cher‘ by checking the scatter diagram to see whether

a higher proportion of the bad results Wefe with this interaction mode,

or by a more detailed breakdown of the search failures. In order to
obtain more information concerning the search policies of different
centres, it might be desirable to have search strategies for, say,

10 questions prepared at each centre, and then for the output to be
ochecked.

Whatever may be required, the initial process of the evaluation can
be considered to be completed when satisfactory answers can be given to
the questions originally proposed. The answers may, in fact probably
will, generate fresh questions, but whether or not it would be posgible,
within the framework of the original test, to provide answers for all
such further Questions cannot be foretold. Te take the situation regarding
the questions posed by the management in the MEDLARS evaluation, some
of the questions have been answered by the results included in this
paper; the others are dealt with in the additional figures and analyses
included in Mr. Lancaster's main report. The exception to this statement
relates to the final set of questions which deal with economics; fin
many ways these questions presented the real challenge of the evaluation
of MEDLARS, for nothing of this kind had been previously atterr;pted@

One could ascertain the exact effect of variations of indexing exhaustivity,
knowing in advance that it would result in an inverse relationship between

recall and precision ratios. Alternatively, one could calculate the cost

of input depending on different levels of indexing exhaustivity. What was
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not known was the way by which these matters could be brought into
relation with each other and provide the answer to such a question as
"what are the cost-effectiveness ratios for various policies relating to
exhaustivity of indexing?" 1In the following section is put forward a
measure which rela;tes operational performance to the economic aspects
of the system.,

Cost-Effectiveness Measure

The Director of the National Libfary of Medicine, Dr. M.M. Cummings,
presented a paper (Ref.8 ) givingﬂdetaﬂs of the cost of the information
service for the Fiscal Yéar 1966, This showed that the total cost for
some 3,000 demand search bibliographies amounted to $455,614., In the
course of these 3,000 searches, 615,700 documents were reirieved, an
average of 203 for each search. Although the test results presented
earlier in this paper did not relate io exactly the same period of time,
we are, for the purpose of demonstirating the. use of this measure,
assuming that the performancé and cost figures are compatible,
The measure proposed (CR) is one which determines the cost of
retrieving a relevant citation. It is reasonable to argue that this is the
| basic purpose of an I.R. systefn, and that therefore the lower the cost
- of providing a relevén‘t citation, the more efficiently the system is
operating. |
The basic figures on which the calculations are being madeé can be
summarised as follows.
- Annual cost  $455, 000
Number of citations retrieved 615, 700
Recall ratio - 60% |

Precision ratio 50%
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615,700 X 50

Number of relevant citations retrieved 700 - = 307, 850
Total number of relevant citations in data base
307,850 X 100 _ 513, 090
60
Cost per relevant citation retrieved § %5{%‘2% = $1.48

From this starting point, it is possible to calculate the effect of

performance changes on C and hypothetical situations are considered

R’
and comparison made with the present position as given below.

(a) Present position of 60% recall and 50% precision.

(b) Improved recall. 70% recall and 50% precision.

(c) Improved precision. 60% recall and 60% preciéion,

(d) Improved recall and precision. 70% recgll and 60% precision.

(e) Greatly improved recall and lower precision. 80% recall and

40% precision,

It is assumed in the first place ‘thatAthe:se changes are made
without any changes in the operational costs of the sys'i;em apart from
othe cost of printing citations, which is taken to be 5 cents per citation.
To consider (b), the effect of improving recall to 70% would result in
the retrieval of 513,090 X -i%g = 359, 159 relevant citations, and
therefofe with precision remaining at 50%, the total number of -citations
retrieved would be 718,318, Allowing for the printing cost of the
citations that are additional to those retrieved with (a), the cost figure
is shown to be $455,614 + $(10218 X 0.05) = $460,745. In the situation
CR will now be $1.28.

With (¢) precision has been improved, so the total number of

_ 100
citations retrieved is redu»ced to ,307,_850 X 80 - 513, 090; this results
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in a decrease in printing costs, so the total cost is now $450, 484, making
CR = $1., 46, |

The figure for CR in the five different cases is shown in the
first line of Table 9, and reveals some interesting features. An

improvement in recall of 10% reduces C_ by 21 cents, whereas an

R
improvement in precision of 10% only resulis in a reduction of 2 cents.

A major increase in recall of 20% combined with a drop in precision

of 10% gives a reduction of 35 cents.

60% R 70% R 60% R 70% R 80% R
50% P 50% P 60% P  60% P . 40% P
1.Cp $1,48 $1. 28 $1.46  $1.27 $1.13
2 Cp $1.58 $1.38 - $1.55  $1.33 $1.31

TABLE 9 CR for Various Performance Levels

These figures appear to indicate that an improvement in recall
is more effective in reducing CR than an ‘improvemen‘t in precision.
The reason for this is that, apart from the relatively low cost of
printing additional citations, the reirieval of non-relevant documents
is not directly a charge against the system, but it is a charge againsi
the user, since he is involved in additional effort in rejecting non-relevant
citations. The more non-relevant citations, the more time must be spent
by the users in discarding them, and it appears reasonable to a:rgue
that these user costé, which result from system performance, should
be taken into consideration in assessing the cost-effectiveness of the
system., Such user costs afe likely to vary in different situations.

While many citations can be rejected on the basis of the title, in
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other cases it might be necessary to consult the complete document
before deciding that it was non-relevant, and in such cases the cost
would vary according to the ease or difficulty of obtaining complete
documents. The second line of Table 9 shows thé effect of adding a
charge of 10 cents for every non-relevant citation retrieved. It will be
seen that even in this case it is more effective to improve recall and
precision, and it would be necessary to penalise the system with a
charge of at least 50 cents for every non-relevant citation before an
improvement in precigion ﬁas shown to be more effective.

Ii: is now possible to translate some of the test results to CR'
Consider Table 1, dealing with variation in indexing exhaustivity, For
Index ‘Medicus terms, with a fecall ratio of 44% and precision ratio ovf
60%, 225,720 relevant documents are retrieved, the total cosis come

to $457,304, and C_ = $2.02 as against $1.58 for the complete indexing

R
of MEDI.ARS. However, there would be an cbvious saving in cosis by
reducing the average number of terms from 9 to 2,6; for this saving io
reduce CR to a comparable level, the total costs of the system would
not have to exceed 225,720 X $1.48 = $334,006, which would require
a reduction of some $123, OOO on the present costis.

Another example relates to the figures in Table 3 showing‘ the
performance according to MEDLARS Centres, where the performance
ranged from 69.2% recall and 46.7% precision to 43. 3% recall and -

57.7% precision. Converting this set of results into CR is shown

in the following figures.
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C

R
Centre A $1. 44
Centre B $1.49
Centre C $1.59 i
Centre D $1.67
Centre E $2.09 |

As has often been said before, an information system is a
matter of compromise, Everyone with experience knows that it is impossible
to operate an information retrieval system and give 100% performancé
in respect of each of the user criteria, and it has been argued by
Bourne (Ref. 9’ ) that above a certain level, which he puts ai 90%,
costs will rise out of proportion to the‘ extra benefits gained. So the
first compromisevis between performance and costs. However, further
options exist; the input efficiency can be maximised (and the proportion
of the total cost' for this operation thereby inz:reased) in the hope that
the search strategy can be relatively straightforward and simple but
still give effective performance. This, in general, can be said to be
the policy for most present-day operational systems, where highly trained
staff apply their intellect to the process of indexing and full-time staff
are engaged on the control of the index language, On the other hand, the
input costs can be reduced (thereby accepting a lower input efficiency) ‘and
a more complex (and expensive) matching programme used so that the
output can be rani(éd and the overall performance maintained. Such a
procedure is that advocated by Professor Salton with the SMART system

{(Ref.10 ) where no intellect is applied at input, but where the far more

invaved matching results in an output of documents ranked according to
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presumed relevance.

The above (iiécussion has given just a few examples of the
methods and the situations in which CR can be used. It is a measure
for management, and is thereby quite different from recall and
precision ratios, or any other performance measure which has been

used, for management must con’cérnﬁitsel’f?with cost as well as
performance. This cost-effectiveness measure which pre-supposes, of
course, that an evaluation of system performance and a calculation of
system costs have been made, permits management to take decisions
based AOn full knowledge of the implications, and as such would appear
to be of importance and value. A more complete analysis together with

a mathematical treatment of the measure, will be published in Ref. 11.
Comparative Evaluation

In the preceding discussion, where we have been considering
the evaluation of an operational system, it has been stressed that,
since every system operates in its own unique environment, direct
comparison of results obtained with different systems is not possible.
However, a new situation is now developing,with computierised information
services which covef the same field being offered on a subscription
basis, For example, in the field of chemistry, the Chemical
Documentation Reseag‘ch Unit at the University of Nottingham is_
offering a Selective Dissemination of Information service based on
Chemical Titles. It is also possible to obtain in this subject field
an S.D.I. service {(ACSA) from the Institute of Scientific Information.
The result is that there is now a situation where two systems can
be evaluated not for their intrinsic merits but for their effectiveness
in a single environment., It mus’t be emphasised that in such a case

the results can only be taken to apply to the particular organisation
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in which the evaluation is made. However, if a number of different
organisations made such a test and consistently agreed that system
A was more efficient than system B, this might be taken to be a
reasonable indication of comparative merit,

An interesting example of such a comparison evaluation is
presented by Abbot, Hunter and Simkins in Ref. 12, The task is
feasonably straighfforward, involving an analysis of the output received
from each system for the same search request or, as in this particular
case, user profilé, Different organisations will place a varying
emphasis on coverage, on recall, on precision, on tirheliness, on
cost, on presentation or on other aspects that may concern them, but
if the work is carried out and reported with the same care as has
been shown by Abbot and his colleagues, it is fo be expected that
our knowledge of system performance will rapidly increase.

CONTINUOUS QUALITY CONTROL .

The final type of appraisal we have suggested relates to the
continuous quality control of én opefational system. DBecause of the
existing store of an operational system, improvement in performance
must of necessity be slow; it should, however, be continuous, and
this can only be the case if there exist techniques for continually
assessing performance,

Consider the failure analysis shown in Tables 7 and 8. ‘ﬂ81 recall
failures and 534 precision failures were attributed to the lack of an
appropriate speciﬁc term in the index language., In the course of
the  test, certain weaknesses in the index language have been

high-lighted by fhe evaluation and can be corrected, but the cases
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that have been found are only those which happened toc be revealed

by 302 test quest’ions. There is a strong probability that there are
other terms in the index language which could be improved, but these
will only be shown by fﬁrther failure analysis.

Lancaster (Ref, 5) has suggested that continuous quality
control would cover at least the following functions:

1. Recognise requests that cannot be adequately covered because
of present indexing policies or vocabulary inadequacies.
2. Recognise, post facto, searches that have, relatively speaking,

a poor performance. )

3. Recognise, in the indexing operation, items of subject matter

that cannot be specifically expressed in the present index language.

It is the second of these requirements that raises the main
problem, and that also relates to the other matter we wish to consider.
Ags of now, a user of the large majority of.systems is not normally
aware - nor éan he be aware- of either the performance he can
reasonably expect, the implications of his performance requirements,
or the actual performance he obtains. Unless and until such knowledge
is available, thén we can hardly consider that information retrieval
systems have come of age.

The aséumption is frequently made that a recall ratio of 100%,
though it may be impossible to achieve, is the ideal, but any ’
practising librarian in an industrial or research organisation will
know that in the majority of cases, the user has no wish for
comprehensiveness on this scale, but only requires a few relevant

documents on the subject of his enquiry. In fact, to give such an
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enquirer 100 documents might result in his rejecting 95 of them, not

on the grounds that they were not relevant, but because they were of

no value to him., His requirements would be satisfied by the information
contained in the first five documents he had read, and probably any
other sub-set of five documents would have been equally relevant and
useful.

Keen (Ref.13 ) has already proposed a measure for recall based
not on the total number of relevant documents which are in the collection,
but on the number of relevant documents which the user requests. He
calls this measure ''relative recall and defines it as

total number of relevant documents seen by user
total number of relevant documents user would like to see :

Ag Keen implies,e this is meant for a test of an operational system,
and appears to be a perfectly reasonable measure.

In one particular case in the MEDLARS evaluation, it was found
that the enquirer was satisfied with a searc;. output which provided
him with 17 relevant documents. It-was estiinated that there was
possibly a total of 50 documents which would have been relevant, and
the recall ratio was therefore given as 34% which is well below the
average recall performance. However, relative recall (as expressed
above>)> would be 100%, so this search could be considered entirely
satisfactory.

In order to meet the second requirement for quality control,
it is necessary to obtain detailed information from the questioner
concerning his needs, not only in relation to the true subject of his

enquiry, but also in relation to the type of output he might expect

or require, To do this he must be provided with reliable data
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concerning the probable performance of the system, and this must be
translated into meaningful figures, for recall and precision ratios
can mean little to the ordinary user. The first requirement is that
he should give an indication of the probable number of documents
relevant to his question; this information being given, he can then
be shown a chart, such as that in Table 10. This now presents
him with a somewhat cruder version of the information a user receives
with a conventional classified card catalogue. Assume that a user
approaches a card catalogue for information on fatigue of materials.
Knowing that, for instance, the appropriate Universal Decimal
Classification nﬁmber is 539,388 he finds that there are three drawers
of cards, representing 2,000 or more references at this particular
number, so he probably makes a mental re-adjustment and decides
(in effect though perhaps not consciously) that he will forego maximum
recall for the sake of improved precision by limiting his search to
that section which deals with the fatigue of light alloys. +Again this
section might present him with several hundred cards and be too
forbidding, so he places a new restriction on his search by selecting
that subsection dealing with the fatigue of light alloys at high
temperatures. By this time he will probably ‘have lost considgrably
in recall, but as regards ‘precision (which is, in effect, the number
of citations he is willing to scan) a tolerable level has been reached.
Similarly, al’cfxough in different conditions, with the situation
hypothesised in Table 10. Given that the user expects that about
100 papers have been written that are in the system and relevant to
his request, then if he insists on 100% recall he may be faced with

the same situation as the user of a card catalogue and have to scan



some 2,000 citations.
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If this is more than he is prepared toc accept,

he reduces his requirements so that he may expect to come closer to

what he considers to be a tolerable level,

Clearly this tolerance level

will be different for users with different requirements; the person who

is writing a book or perhaps a person commencing a major research

project would possibly be prepared to accept a very low precision ratio

in order to ensure having complete coverage of the relevant literature.

The fact that individual users will have varying requirements is to be

expected; the important point is that they should be aware of the

probable outcome of their requests.

No. of Relevant Documents

Recall Ratio 5 10 15 30 50 100 200 400
100% 50-100 | 100-200{150-300{300-600/500- 1000~ 2000- 4000~
1000 2000 4000 8000
80% 20-40 40-80 | 60-120/120-240{200-400|400-800G} 800~ 1650~
1600 3200

60% 5- 9 9-18 | 14- 27| 27- 54| 45- 90| 90-180 180-360{360-720

40% 3- 5 6-10 9- 15 18- 30/ 30- 50| 60-100; 120-200|240-400

20% 1- 3 3- 5 4- 8 9- 15 15- 25| 30~ 50/ 60-10C 120-200

TABLE 10 ?robable Total Retrieval Related to Total

of Relevant Documents and Required Recall -

Ratio

For any given system a performance estimate such as that in

Table 10 can onlsr'be prepared when a systematic evaluation test has been

made,

As more information is known concerning the system, the table

can be refined; for instance, to consider the results from Table 5, if

the subject of the question were Technics, the performance estimates

would differ from those of a question in the field of drugs/biology.
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The requirements of the user must be known (insofar as he can
give them) before planning the search strategy. Clearly there is no
point in writing a specific search programme for an individual who
insists on 100% recall, nor in reverse to write a general search
programme for an individual who is going to be satisfied With
20 relevant documents out of an estimated total of 100 relevant
documents.

However, it is certain that many of the search results will
not match the requirements of the users, and it is a main task of
the quali’cy'control unit to recognise this immediately, There is no
point in this paper in speculating how this might best be done, for
the techniques must be developed in an operational situation. Clearly
it will demand more effort from the users, but more particularly
it seems that it will require a completely professional approach by
the system operators. They must know everything possible about
the system, how it will operate in different circumstances, be able
to recognise the strength'and weaknesses of the system, know that
one question is straightforward while another will present serious
difficulties. The by-product of such an activity will be the gradual
elimination of the weaknessés of the system with the result thgt
system performance should continually improve. |

CONCLUSIONS

During the past five years many papers have been published
concerning the methodology of testing information retrieval systems,
and the writers fall into three main groups. There are those who
report experimental work, those who comment on the work of the

experimenters and those who advance theoretical viewpoints. The
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first group is relafﬁively small for only about 20 experimental or
evaluation tests have so far been reported, while it would be easy
to list several hundred papers in the latter two categories. In this
text it is worth quoting at length from the chapter on evaluation by
Rees in the "Annual Review of Information Science and Technology
Vol. 2" (Ref. 14).
"Much of the discussion in 1966 has continued o revolve around
methodological issues and has consisted largely of a repetitious
dissection of a very limited amount of experimental activity with
little theoretical basis. Refutations of rebuttals are often interesting
but they typically generate little additional kndwledgeo Thus, the
dialogue between those who accept the Cranfield methodology and
those who, for a variety of reasons, are critical of it, has not been
particularly productive from the point of view of advancing the state
of the art. There is, and can be, no one way to test and evaluate
retrieval systems, and it is absurd to imagine that any particular
testing technique, or set of measures, will solve the problem of
evaluation. Rather than engage only in carping criticism of the
deficiencies of any one research project (thus giving rise to a new
round of justifications of the procedures employed), it Would be
more desirable to devise and test alternate methodologies.
Unfortunately, only scattered instances of this more posiﬁived
approach can be found."
With most of this paragraph I am in entire agreement, the
exception being the sentence concerning failure of dialogue in
advancing the state of the art. It is true that dialogue as such does

not directly bring about improvement, but the informed.criticism of



colleagues has played a vital part in the continued development of

the Cranfield methodology. The only critics with whom we completely
disagree are those who argue that no experimental or evaluation tesis
should be done until a perfect methodology is available,for it has been
shown that every test that is carried out will, if it uses the best
methodology currently available, increase our knowledge both of
testing and of information retrieval systems. On the other hand,

of course, some naive attempts to use different techniques or to
devise new names for existing measures have done little except to
create confusion.

This paper has reviewed one set of methods which can be used
in the critical .appraisal of various stages of an information retrieval
system. As Rees implies, it would be absurd to claim that there
is only a single test technique or a single set of measures, and we
certainly do not wish to give the impression that the techniques
discussed in this paper represent the ultimate in experimental oxr
evaluation testing. The methodology has changed considerably since
the days of Cranfield I, and there is no reason to suppose that it will
not continue to develop in the future. A number of different groups
are now actively engaged in experimental or evaluation tests u)sing
procedures similar to those presented here, and it is certain that in
time ways will be found of refining many of the crudities of the present
methodology.

Many tasks still remain to be done; not only has the work been
so far limited to a few subject areas, but no attempts have yet been
made to consider the language problems at an international level. It

is in this particular area that the International Federation of Documentation



could well concentrate their activities of experimental and evaluation
testing., While superficially the results recently presented by
Treeman (Ref. 15) do not give much encouragement to those who
advocate the use of the Universal Decimal Classification, there is
evidence to suggest that the U.D.C. could be made to operate as
well as any other index language. Yet if there is one lesson which
we should have learned from the work of the past teh years, it is
that no subsystem can be considered in isolation. We cannot take

an index language, such as the U.D.C., and expect that every system
in which it is used will operate at the same performance level,

An index language is only one of the links in the chain of producing

a given document in response to a user need, and it will be directly
affected by such matters as indexing decisions, the level of exhaustivity
and search strategies, Even though one may evaluate a system which
uses U.D.C. as the index language, this would reveal very little
concerning the practical difficulties that would be involved in using
the U.D.C. in an international information retrieval system, with
different countries responsible for input. Expressing a personal
opinion, I feel that the many groups of enthusiasts who give so
generously of their fime and effort in preparing revisions of vgrious
sections of the U;, D. C. deserve to have more information on the
probable effect of their decisions. At present, experienced th{)ugh
they will be in the subject area and in the theory and practice of
classification, they have no real means of knowing whether or not
their efforts significantly improve performance. My view is that for
T.1.D. an evaluation programme should go hand in hand and have at

least equal importance with the activities of the Federation in regard



to the revision of the U.D.C., and I am encouraged in this
opinion by the préminence given to the matter by the organisers
of the International Congress in Mogcow,

Finally, I must acknowledge the debt which this paper owes
to the National Library of Medicine in Washington, and in particular
to the Director, Dr. M.M. Cummings, andrto the evaluator,
Mr, F. Wilfrid Lancaster. Anyone who reads the report of the
MEDLARS Evaluation will realise that Mr., Lancaster was responsible
for an excellent piece of work, and his final report contains a vast
amount of information, not only on MEDLARS bui on the operation
of large information retrieval systems in general. Throughout the
test the encouragement and support of fhe Director was invaluable,
and both in his agreement that the test should be done and in his
intention that it should be fully and publicly reported, he has set

an example which it is to be hoped others will follow.
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APPENDIX 1

DEFINITIONS

Index Language

Basically the index language is the set of index terms which are
used in indexing a collection of documents. While in its simplest form
an index language would consist only of such a set of terms e.g.
uniterms, a more complex index language will indicate the relationships
between terms, will incorporate various devices; will have a lead-in

° vocabulary and a set of roles governing its use, as, for example,
the Universal Decimal Classification.

A store is that part of a system where the indexing decisions are
recorded for subsequent retrieval, and would include, for instance,
either a card catalogue or computer tapes.

Exhaustivity and Specificity

One frequently reads of 'indexing in depth", but it is often not
clear as to which of two meanings is intended, and therefore the
terms "exhaustivity' and ''specificity'’ are used.

Exhaustivity in relation to indexing is a comparative term which
referé to the number of index terms which are assigned to a given
document. A very high level of exhaustivity of indexing would  be
indicated if 50 terms were assigned to a document; in comparison
the lowest possible level would be if only a single term were assigned.

On the other hand, _specificity, which is alsc a comparative term,
relates to the .‘generic level of a selected index term. A concept in a

document can be translated in such a way that the index term is
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R and also are a division into those documents which are or are not

retrieved. This is usually represented as shown below.

Retrieved Not Retrieved
Relevant a b a+b
Not Relevant c d | c+d
a+ec | b+d | a+btetd = N

From this table, the measures used in the Cranfield work are

as follows.

Recall Ratio 100 (Erc_)
. . a
Precision Ratio 100(5_-‘55)
Fallout Ratio 100 (—J?—)
. b+d
+
Generality Number 1000 (iﬁg)

Recall ratio can also be plotted against either precision ratio or fallout

ratio. Generality number ig mainly of uise in experimental situations |

where documeht collectiong of different sizes are being compared.
There are fwo methods of obtaining the average performance of

a set of questions. - The total number of documents retrieved for

each question in the test set can be totalled, and the recall and

precision ratios calculated from these figures. Al‘ternaﬁvely the

recall and precision ratios can first be calculated for each question

and the average of these ratios can then be calculated. The former

method is known -as the average of numbers; the latter method as

the average of ratios.

o

For a full discussion on performance measures, see Vol, 2,

Chapter 3 of Ref. 4.
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