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ABSTRACT

An evaluation test was made of an experimental data-base prepared

by the Space Documentation Service of the European Space Agency,
consisting of some 44,000 items from N ASA STAR for 1973 and
1974. With this data-base it was possible to search on natural
language terms in the titles and abstracts, in addition to the normal
searches on controlled language index terms. The on-line searches were
carried out at four centres, each centre being responsible for ten
questions, with two searches in the alternative search modes being ‘made
by different people for each question. Up to twenty-five documents
retrieved in the two searches for each question were sent to the
originator of the question for relevance assessment. /

The results are presented in a number of different ways, but in every
case the natural language searches showed a significantly higher recall
ratio than the controlled language, with little difference in the precision
ratios. It is suggested that the main reason for the superiority of
natural language searching is the greater exhaustivity of the abstracts

as compared to the indexing.
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INTRODUCTION

The Space Documentation Service of the European Space Agency has for many vyears
been responsible for providing a service in Europe with the NASA data bases. In the
main this operates as an on-line interactive information retrieval service through various
national centres with direct lines to the S.D.S. Computer Centre in Frascati, ltaly. Each
of these national centres can be accessed by authorised users in their cwn country.

The NASA data base comprises the contents of both Scientific and Technical Aerospace
Reports {STAR) and International Aerospace Abstracts (IAA). It contains the usual
bibliographic details plus the indexing entries of some 60,000 research reports, journal
articles, conference papers etc. annually, and can be searched on-line in the conventional
manner. The NASA system has a number of interesting features. Unlike most of the
data bases of comparable size, it is product-oriented rather than subject-oriented. The
result, as can be seen by the list of subject categories given in Fig. 1, is that the
collection consists of papers over a wide range of subjects, which has some interesting
implications for this test. For STAR, consisting as it does mainly of documents issued
as research reports, the average iengtk of each item wili be some five times that of the
journal articles which are found in most systems. While it does not necessarily follow
that the information content also varies by a factor of five, yet it must be significantly
greater than is normally found, and again this has some interesting implications.

The indexing is done using a controlled language thesaurus. Wall (Ref. 1) reports

that, from the commencement of operation in 1962, there was ‘an indexing philosophy
closely related to that of the Uniterm system’ and the indexing was virtually free of any
constraints. In 1966 it was decided that a vocabulary control authority was required,

and the NASA thesaurus, adopting terminological conventions developed by the Engineers’
Joint Council, was used from January 1968. The effect of this was that, from an average
of some 18 free terms, the number of index entries was reduced to nine. Wall reports
that the effect was to give a significant improvement in the output that was generated
for the SDI searches that were then being run.

The publication covering research reports, the bi-monthly STAR, consists of the abstracts
of the items arranged according to the subject categories given in Fig. 1, together with
author, subject and source indexes. These latter are accumulated half-yearly and annuaily.
In the same way as the National Advisory Committee of Aeronautics fifty years ago,

and subsequently NASA, set and maintained a standard, both in presentation and format,
for their own reporting which was never matched elsewhere, so with STAR, NASA has
for many years past been responsible for a secondary publication which in every way is,
with one possible exception, outstandingly good. :

The possible exception lies in the indexing. To say this is in no way to denigrate the
standard of indexing, but is merely to emphasise that, in the very nature of the process,
indexing cannot, in the absolute sense, be perfect. In indexing, one man’s meat is
another man’s poison. In one case not indexing a particular aspect may result in
failure to retrieve a relevant document, while in another search, the indexing of the
same aspect might result in the retrieval of non-relevant documents.  Certainly the
standard of NASA indexing compares favourably with that of any other major system,
but in some work reported by Cleverdon and Kidd (Ref. 2) examples were found of
unsatisfactory indexing in the NASA system which must inevitably degrade the

retrieval performance. '



Aeronautics (General)

Aerodynamics

Air transportation and safety

Aircraft communications and navigation
Aircraft design, testing and performance
Aircraft instrumentation

Aircraft propulsion and power

Aircraft stability and control

Research and support facilities (air)
Astronautics {General)

Astrodynamics

Ground support systems and facilities {(space)

Launch vehicles and space vehicles

Space transportation

Spacecraft communications, command and tracking

Spacecraft design, testing and performance
Spacecraft instrumentation
Spacecraft propulsion and power

Chemistry and materials (general)

Composite materials

Inorganic and physical chemistry
Metallic materials

Nonmetallic materials

Propellants and fuels

Engineering {General)
Communications

Electronics and Electrical engineering
Fiuid mechanics and heat transfer
Instrumentation and photography
Lasers and masers

Mechanical engineering

Quality assurance and reliability
Structural mechanics

Geosciences {general)

43
44
45
46

438
51
52
53
54
55
59

Earth Resources

Energy production and conversion
Environment pollution

Geophysics

Meteorology and climatology
Oceanography

Life sciences (General)

Aerospace medicine

Behavioral Sciences

Man/system technology and life support
Planetary biclogy

Mathematical and computer scignces (general)
Computer operations and hardware
Computer programming and software
Computer systems

Cybernetics

Numerical analysis

Statistics and probability

Systems analysis

Theoretical mathematics

Physics {general)

Acoustics

Atomic and molecular physics

Nuclear and high-energy physics

Optics

Plasma physics

Solid-sfate physics

Thermodynamics and statistical physics
Social sciences (general)
Administration and management
Documentation and information science
Economics and cost analysis

Law and political science

Urban technology and fransportation



Fig 1. contld

88 Space sciences (general) 92 Solar physics
89 Astronomy 93 Space radiation
90 Astrophysics 99 General

91 Lunar and Planetary Exploration

Fig. 1 List of subject divisions of NASA STAR



A considerable amount of experimental data now exists which shows that, as stated
earlier, indexing can never be perfect, however strict the vocabulary control or
management control may be. Such experimental work has also shown that the use
of natural language with free text searching on the title and abstract can be as
effective, and sometimes more so, than searching on controlled language terms
assigned by an indexer. Such evidence has come mainly in experimental tests,

and there are many reasons why in an operational system it may neither be possible
to replicate the results, nor might it be practical to use such a method for real
searches. On the other hand the possibility of using natural language free text has
many advantages for the users. Not only can search terms be obtained more easily
but it is possible to switch from one data base to another without having to generate
a new set of search terms.

The background to this test is that the possible advantages of natural language free-
text searching in a multi-file on-line data base were sufficiently attractive to S.D.S.

that they decided to initiate an investigation which would show whether natural
language searching was ‘practical’ with the NASA data base when compared with the
controlied language searching as a yardstick. They also wished to test whether a
machine prepared listing of Associated Concepts | . ) would significantly
assist natural language searching. The term Associated Concepts’ is intended to describe
a search aid for use with natural language search formulation which would be analogous
with the familiar ‘related terms’ feature of a conventional thesaurus.



SUMMARY OF TEST DESIGN (see Appendix A)

A test collection of some 44,000 items covering the input to NASA STAR for 1973
and 1974 was prepared such that on-iine searching couid be done using either
controlled language indexing or natural language on titles and on abstracts, or on any
combination of these. In addition, to assist in the formulation of natural language
searches, an off-line aid was available in the form of a computer print-out. This was
the Associated Concepts (A.C.) file, which had been prepared from the title words of
the source data.

It was intended that the test searches should be carried out by the information staff
of six centre in direct contact with S.D.S. at Frascati, namely

Royal Institute of Technology, Stockholm, Sweden

Lund University, Lund, Sweden
ESTEC, Noordwijk, The Netherlands
Technical Library of Denmark
Z.L..D.1., Munchen, Germany
Technology Reports Centre, U.K.

At each centre the staff would be responsible for obtaining ten search questions  from
scientific or technical staff within the centre, with the exception of the Technology
Reports Centre in England, where the question would come from staff in user organisations.

It was required that for each question there should be two searches made by different
people. The pattern of searches would reflect the four modes in which they were to
be carried out, namely with Controlled Language moex terms, Natural Language searching
on words in the title and abstract, Controlled Language and Natural
Language combined and, finally, Natural Language also meking use of the Associated
Concepts File. The pattern of searches would be the same at each centre, being as
follows:

QUESTION SEARCHER A SEARCHER B

01 Controlled Language and Natural Language and Associated
Natural lLanguage Concepts File

02 Controlled Language Natural Language

03 Controlled Language and Natural Language and Associated
Natural Language Concepts File

04 Controlled Language Natural lLanguage

05 Controlied Language and Natural Language and Asscciated
Natural Language Concepts File

06 Natural language Controlled language

07 Natural Language and Controlled Language and
Associated Concepts File Natural Language

08 Natural Language Controlled Language

09 Natural Language and Controlled Language and
Associated Concepts File Natural Language

10 Natural Language Controlled Language

The odtput for each search would be sent to the Project Director, who would be
responsible for sending, to the originator of the question, the output or a selection



of 25 items if the total output exceeded this number. The questioner would be asked to
decide the relevance of the documents; from these decisions comparative perf ormance
figures would be obtained for the varicus search modes, with Failure analysis made to
determine the reasons for the comparative results and also whether any recommendations
could be made to improve performance.

The test design was influenced by three factors. First, the wish of S.D.S. that it should
be completed at an early date, secondly the locad which could be put on the co-operating
centres, and finally the view of S.D.S. that they did not require the most precise results.
This last point was because it was considered that the over-riding advantages of the use
of natural language as a common retrieval language to enable easier searching across all
the several files which comprise the RECON database were such as to predispose S.D.S. :
towards its use unless it was shown to be impractical. Thus a five per cent, or even possibly
a ten per cent difference in performance in favour of controlled language would not
necessarily influence S.D.S. against natural language since, in overall terms i.e. in
relation 1o the total database, the potential rewards appeared to be very promising.
There was, of course, no intention to discontinue the provision of controlled language
indexes but these would remain, as now, unigue to each specific file.

For these reasons, it was agreed that the test which, in other circumstances, might have
been designed to have at least 200 searches, could be carried out satisfactorily with the
smaller number planned.



TEST OPERATION

Following the acceptance of the final proposal a meeting was held at ESTEC with
representation from each of the co-operating centres and agreement was reached

on the methods to be used in carrying out the test. Following this, the Project
Director sent a letter to the centres indicating the detailed procedures to be followed,
together with a supply of forms to be used locally. The set of instructions is shown
in Fig. 2. Form A, (a completed copy of which is shown in Fig 3}, was to indicate
the search question and the name of the questioner.

A separate copy of Form B (Fig. 4) was provided for each search of each question
and indicated who had carried out the search and the language used. For the later
detailed analysis, it was necessary for a full record to be kept of the actions carried
out in each search, showing for example what terms had been used and which
documents had been consulted etc. Therefore, on Form B the searchers were asked
to add comments of their own regarding the reasons for the actions which they had
taken in the course of the search.

The questions(see Fig. B) were duly . btained at the centres and the searches carried
out by two persons according to the instructions. Each search finished with a request
that the preferred search set should be printed in modes 1 and 4, namely document
reference numbers and the complete printout of title, abstract, bibliographic data and
index terms. It was arranged that the computer printout should be sent direct to the
Project Director.

When the completed copies of Form A were received at Cranfield, a letter was sent to
the questioner explaining what would later be required in regard to assessing the search
output, and also asking him to list on the form provided any papers of which he was
already aware as being relevant to his question. An example of a completed form is
shown in Fig. 6.

Additionally a manual search was made by the Project Director at Cranfield. This was
normally done using STAR for 1973 and 1974, either by consulting the index or
sometimes by looking in the appropriate section of the abstracts. It was accepted that,
in doing the former, there was the danger that the results might show a bias in favour
of the controlled term searching since the manual search would of necessity, be using
index terms which would also, presumably, be used in the Controlled Language search.

On receipt of the computer printout, the abstracts of the documents to be assessed
were sent to the questioner. This set of abstracts consisted of three groups, these

being documents (up to a maximum of b} retrieved by a manual search, documents
retrieved by the Controlled Language search and docurnents retrieved by the Natural
Language search, but if in total these did not exceed 25 in number, all would be sent.
if they exceeded 25, then a random sample would be selected of the documents
retrieved by the two computer searches. Normally this would be pro-rata for the
number of documents retrieved by each system, but if there were a large discrepancy
(for example 10 by Natural Language and 100 by Controlled Language) then a minimum
of six were selected from the minor set.

It is important to appreciate that, where a selection of documents was required, it was
made on a random rather than a selected basis. This was so that it would be possible
to calculate the retrieval performance of the whole set of retrieved documents on the

basis of the assessed sample.  The ability to do this was necessary for the preparation
of the final figures. in doing this it was accepted that in an individual search, where
say, 60 items were retrieved and of the 12 documents assessed, 76% were found to be
relevant, there would be a relatively wide margin of error in asserting that 75% of the



EVALUATION TEST OF ALTERNATIVE Sé%RCH TECHNIQUES IN NASA DATA BASE

TEST PROCEDURES

1. The first stage is to obtain the co-vperation of ten persons who have or will
submit scarch questions and who agree to carry out the subsequent relevance
analysis, JLor this purpose, Form A should be used. The completed copies of
these forms should be sent to the Project Director as soon as possible, after
having entered the question number (see 2A below).

2. The question having been received, the search can be carried out as soon as
ESRIN advise that the test file is ready. The following is a procedure to be
followed for each question, based on the expectation that there will be ‘ten
questions and two persons to do the searching at each centre.

a) Twenty copies of Form B are enclosed, two to be used for each question,
The forms indicate the particular search strategy to be adopted and are
serially coded for each question, the code representing the centre and
the individual search. Enter this search code on Form A, so that the
question and search can be matched.

b) Enter on Form B the name of the search cperator carrying out each
particular search.

¢) The two search operators should agree on the exact requirements of the
question (discussing this with the originator of the question if this
is necessary and practical). They should also agree on the minimum require-=
ments of the question. As an example of this, assume a question asks for
information on "a method of calculating the aerodynamic load distribution
on swept-back wings with fuselage'". To obtain 100%Z recall on such a
question might involve searching on all types of wings or on "load distribution",
but this would probably retrieve ‘an unacceptably large mass of non-relevant
documents and a more restrictive search would be "calculation" and "load
distribution", or alternatively "load distribution" and "wings''. I am not
concerned with suggesting exactly what the minimum should be for such a
hypothetical question, but it is essential that there should be reasonable
agreement between the two search operators as to the acceptable level for
each question,

d) While the main purpose of the test is to evaluate any differences in
performance between controlled languag and natural language, there are
two additional requirements. The first of these is that we should test
the possible effect, when searching by natural language, of using the list
of associated concepts, which it is intended will be supplied to each
centre by ESRIN, The second point relates to the effect using both controlled
and natural language in a single search. Therefore, the pattern of searches
should be as follows:

Question Scarcher A Scarcher B
1 C.L. and N.L. N.L. with A.C. TFile
2 C.L. only N.L. only
3 C.L. and N.L, N.L, with 4.,C. File
4 C.L. only N.L. only
5 C.L. and N.L. N.L. with A.C. File
6 N.L. only C.L. only
7 N.L. with a.C. File C.L. and N.L.
8 N.L. only C.L. only
9 N.L. with A.C. File €., and N.L.
10 N.L. only ‘ C.L. only

Fig. 2 Test Instruction Sheet for operations at Centres
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The obvious problem in relation to the two additional requirements is whether
they have to be treated as obligatory or optional. Clearly, where the '
instruction is to use only natural language or controlled language (as with
questions 2, 4, 6, 8 and 10) then the instruction should be rigidly adﬁcrod.
to. llowever, this would not always be satisfactory in the other Lwo situations,
An operator may find, for example, that a perfectly satisfactory search o

be done using only centrolled language terms, and has no nced to use natural
language terms. In this case, I would suggest that the instruction be treated
as optional; that is to say the search would be conceived in terms of a
controlled language search, but the freedom also to use natural language
should be taken whenever it appears that it would improve the search. In

the case of the natural language searches using the concept file, again I
would suggest that it must be considered as an optional accessory, and thar
the associated concept file should be consulted in all reasonable cases.

e) Carry out the search in the usual way except that if a visual display unit
is being used, record on the printed search record information regarding
any documents which are displayed but which will not be included in the
final printout. Also remember to ask that the printout by ESRIN should be
in both format 1 and format 4. :

f) Enter on Form B the time taken by the searcher in any pre-terminal activities
associated with the search but not including the joint discussion on the
definition and scope of the question. Enter also on Form B the time spent -
at the terminal for the search.

g) Enter con Form B any notes which might be helpful for changes in the search
strategy, cross referencing these with the appropriate part of the printout.
Finally any general comments on matters relating to the secarch lTanguage that
might be of interest. :

h) Send Forms B and the appropriate printed search record to Project Director.

Copies of the printout for each search will be sent by ESRIN direct to the Project

Director.

As soon as the copies of Form A have been received by the Project Director, he
will write to the individual concerned and ask him to list any known relevant
documents. Additionatly a manual search will be made at Cranfield to try to
locate a few of the documents which appear to be relevant, and which can be
used for determination of the recall ratio.

If the printout for a given question contains more than 30 citations, a random

" subset of 30 will be obtained and the abstracts of these will be sent to the

questioner for relevance assessment. If there are less than 30 references, all
will be sent to the originator of the question. 1Information on this point will
also be sent to the appropriate Centre Dircctor,

The relevance asscssments having been returned, the performance figures will be
calculated for each search and failure analysis for a selection of the failure
documents (that is the relevant documents that were not retrieved, or the non-
relevant documents which were retrieved). This will be related to the search
strategy and a final analysis made for each question.

In so far as time permits, copies of the analysis in (6) will be sent to the
appropriate Centre Director for comment before the final report is written.

Copies of the final report will be made available to Centre Directors prior to
proposed meeting at Frascati in April.
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FORM A

EVALUATION TEST OF ALTERNATIVE SEARCH TECHNLOUES TN NASA DATA BASE
TEST PROCEDURES

QUESTION ORIGINATOR

N Y 1 R

Adress ESTEC, Dome1nwpg,

8 4 89 200 3820602 L L R R I I O L I R T O S N N I TR I Yr N SO U Y

NOORDWIJK, Holl and.

3 5 6 s 22 04 s e 03 2222 a0 s A L T R I T T S

© %2925 2083920080300 0804053350009 6350068835 eSS P0IBT S0 L6 6 o0 s e e

SEARCH QUESTION

ethods and apparatus for testing rocket fairing separation

B L I I I R ° ¢ 2% 3 5389200 2.4% 0 0 202806 0 a8 s s 2 s 0 alse s s e e

under low pressure in vacuum.

A A A T R I R T I O R O T T TR T T N T T T T SN

e A A A T T S

SEARCH NUMBER
(taken from Form B)

Qu. 7.

Fig. 3 Completed copy of question form



1 FORM B

EVALUATION TEST OF ALTERNATIVE SEARCII TECHNIQUES IN NASA DATA BASE
TEST PROCEDURES '

Search number: 1-07 Search cperator: B
C.L. and N.L. '

Date of search: 53/4//?57

Pre—terminal search time: a/-/ Search time at terminal: ;;Q*‘&_“,
h 4 et FeR T

Notes on search strategy (Relate the numbers to the appropriate section of the
" print record. Use extra sheet if necessary)

1 . . K K (/' (paged s j 57 z/‘»(, Vi o é’ A b o { :»’3':*1 6o iy /;\;/ il Lf‘—,{?“;{:‘ /{,, . /g,..,,\‘ I
o Vs -
2. /(';’“""”"“”? e 4! L b g 7:“1 fr)
;Vj / J ,\/ . )
(ﬁ: N ] s . - i~ g h v
v : \

7 v o~

4
ITY 4 7 ey 7S o PL' ’
4 . Z)/uf /&AQ éfzj tﬁ.y’{ S‘Af f,/ A f‘} \{‘ o SRl Lo é{,{;} Ly ‘(‘ AT ety

J 7 ‘

e A
2 A /,;-.3 A, L-*‘i;-\f,,;ré Jhd
J

6. Nzt c{{,z[ - def 33

7. s /j ff’? Ry e 5 (/ Ny f' z:ff/i.xj'z 21 = } N feiner
- g f N A 7 /‘ 4
; (i bic

a2y e / CF g Sy Lents
1

General Comments:

Fig. 4 Completed search strategy form



1-01

1-02

1-03

1-04

1-65

1-06

1-07

1-08

1-09

1-10

12

Centre: ESTEC, Holland

Types of corrosion (including galvanic coupling) normally to be
encountered in a gold-nickel alloy joint brazed on 18/8 chromium
nickel steel (stainless) tubing carrying water or freon for cooling,

The use of fibre optics in all forms of communication including
telecommunications. Coherent laser optics in general can be excluded,

Software for fault~tolerant computing, The writing of programs to
detect and correct computer errors during operation and to minimise
fault-propogation and avoid breakdown.,

Communications between satellites and mobile stations: ships aircraft
and all mobile stations including other spacecraft,

Thermal control coatings of low electrical conductivity for use on
spacecraft. All types of coating can be of interest and this aspect
must be explored fully, Requestor wishes to have information on the
electrical properties of all types of coating in order to evaluate
those which would be most suitable to avoid the build-up of electrical
charge on the satellite, Reader would prefer a largish noisy print in
order to have a large choice to evaluate himself,

Spacecraft contamination caused by use of electric propulsion and
how to measure it, This includes electrostatic, ion and solar-
electric propulsion, caesium engines, mercury and ion thrusters,
Contamination can be thermal or optical, can cause degradation

of the solar array, short circuits, chemical reaction between
mercury and caesium, or environmental contamination of the earth,

Methods and apparatus for testing rocket fairing separation under
low pressure in vacuum,

Study of low frequency or decametric radiation from Jupiter and
especially the modulation lanes resulting from it. Decimetric
radiation is not relevant,

Scientific objectives of the Large Space Telescope (now called the
Space Telescope), The missions and experiments and also a description
of the instruments to be used are both required, as the limitations of
the instrumentation available can dictate the experiments proposed.
Suggestions include cosmological studies faint objects spectrograph,
infrared photometer, planetary camera, astrometry experiments, Reader
is not interested in other proposals for astronomical research where
the work would be done via other projects.

Vibration testing techniques for space structures using modal analysis

methods, This is a method to determine the vibration modes of complex
structural systems,

Fig. b List of search questions by Centres
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Centre: Technology Reports Centre -

2-01  Friction drive transmission systems

2=02 Aluminium chlorides (Tri—chlorides and mono chlorides)
= Thermodynamic properties and kinetics including entropy,
free energy, specific heat etc.

2=03 002 in the atmosphere

2-04  Control of hydrofoil craft in a random seaway to improve
passenger side comfort

2=05 Test data on low reynolds number wing aerodynamics

2~06 Errors in gyroscopic flight instruments.

2<07 Use of microprocessors o. programmable calculators in
practical applications (e.g, process control)

2<08 Cometary dust and comet structure particularly comet tails

2<09.  Automatic control of satellites by computer

2<10  Aerodynamic noise produced by subsonic flow of air or gas

through a jet or nozzle (not environmental noise)

Centre: University of Lund

4-01

4=02

4-03

4-04

4-p5
4-06
4~07

4-08

409

4-10

Methods of range determination to a moving target,

Aerosol induced changes in photobiologically essential spectral
components of visible light,

Studies of micro~ and local- (meso~) climatic effects by remote
sensing.

Rock density measurements and prospecting by means of underground
‘and sea level measurements of cosmic ray intensity.

All aspects of positive pumps; lobular and gear pumps in particular,
Routing and flowcontrol in computer communication networks.
Isotopic composition of cosmic ray nuclei. Measurements and theories,

Atomic Ba, Ca, Sr, Mg. Energy levels (Stark effects, Seman effects)
and photoionization, '

Studies of cultivated crops in United States by use of remote sensing.

Decompression sickness., Factors influencing and individual variations.

Fig. 5  List of scarch questions by Centres (cont)



Centre

5~01

5-02

5=03

5-08

5«09

5-10

14

: Royal Institute of Technology

STOCKIIOLM

Diffusion of free carriers with quadratic and/or cubic
recombination in semiconductor devices; diffusion of
free carriers at high carrier concentration,

Inertial navigation

Electromagnetic and acoustic detection of buried objects
(with special application to avalanche victims)

Methanol~aix fuel cells

Performance of solar cells in a terrestrial environment
Application and analysis of periodically switched linear circuits.
Adaptive antenna systems for suppression or cancellation of
antenna sidelobe jamming and interference. Properties of
criterial and algorithms for adaptive antenna systems

Synchronization of digital networks,

Eigenvalues of matrices (especially sparse matrices),
least-square algorithms

Wake vortex, vortex trail, vortex turbulence,

Fig. 5 List of search questions by Centres {cont)



MR J Walker

ESTEC

n o e U T e e A S SRS . 2 sl o P e WD A e S S 0 o oy e S % e

Search question:

Methods and apparatus for testing rocket fairing separation

under low pressure in vacuum.

The following references are known to be relevant to the above question.

1. f;'iE;J’\’A\)@ /—\C— 4} Nose T ARG, ﬁi/ﬁ"\s‘or\i

A e
NA(}A /\V\’\ X"S'ZU‘}( \esT s
2.
33
A.
Please return this form to: Mrs B Oldroyd
Library
ESTEC

Fig. 6 Completed known-relevant documents form



total output oer 60 were relevant. In fact,in such a case, the standard error wouid be
approximately — 16% but when such figures are caicgﬁlated over the whole range of
searches in this test, the standard eiror will only be — 3%.

Copies were made of the abstracts to be assessed; each was given a document

nurber and, together with a letter and an assessment form were sent to the questioner.
The request was that the documents should be assessed for their relevance to the
question as submitted. The questioner was asked to indicate on the form whether

he considerad the document to be of relevance 1, relevance 2 or non-relevant, these
being intended to show:

1. a highly relevant document which the user would definitaly wish to see;

2. an itern which is related to the search query but is not likely to be so
useful as the items in category 1.

When it was decided that an item was not relevant, it was requested that the questioner
should, in the space provided, add a brief comment on wny he made this dacision. A
completed copy of an assessment form is shown in Fig. 7.

It was requested that this form should be returned either direct to the Project Director
or through the logal oryaniser. :



" QUESTION

. 1-07

17

Mr J Walker

Methods and apparatus for testing rocket-fairing separation-under -low
pressure in vacuum

Fig. 7

Completed relevance assessment form

Document Relevance 1] Relevance 2} Non-relevant Comments
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METHODS OF PRESENTATION OF RESULTS

For each question, a listing was rmade of all the documents reirieved in the two search
modes, as well as the references found in a manual search (see example in Fig. 8). The
complete set of such sheets is included as Appendix B.

An example of a complete Master Record Sheet is shown in Fig. 9, relating to

search 1-07. In the first column of ihis sheet are the file numbers of the documents
sent to the questioner for relevance assessment. The letters in the second column

relate to the search mode for which the particular document was being assessed. In
Fig. 9, for example, most documents were included either for Controlled lLanguage alone
or for Matural Language alone, but it will be noted that decuments 420544, 410242
and 328962 were assessad both in regard to Conirolled Languags and Na tural Language,
and that documents 4156978, 422510 and 314353 were assessed against the manual
search in addition to Controlied language or Matural Lamguage.

When the compie'ted user assessment shest {see Fig. 7) had been returned, the relevance
d cisions waere transferred to the master record. ext a check was made against the
list of retrieved documents (Fig. 8) to ascertain which documents that had been assessed
relevant had been retrieved by another system than that for which they were
assessad.  With search 1-07 it can be seen, by the eniry in the final column, that
(3) 416978 was also retrieved by Natural Language and that (13) 422510, {18) 410242,
{(19) 333850 and {24) 314853 had also been retrieved by Controlled Languaga. A
chack of the printout of the abstracts was then made to ascertain whether the decuments
retrieved by Matural Language searches would have been retrieved if the search had
been restricted to titles, instead of both titles and abstracts. This required consulting
ihe computer search records; in this particular case it was decided {very unusuaily)
that saven of the eight relevant MNatural Language documents would have been retrieved
on titles, This is indicated by the letter T in the final column.

The data shown in the Analysis section of glJ, 9 were obtained from the computer
printout and from the completed records of the various se‘.ruhe.‘

The performance figures were obtained from the rasults recorded elsewhere in the
record sheet. These were calculated for relevance 1 and for relavance 1 and 2 documents
and are presented in the usual measures of 1.call and precision ratios.

In an operational evaluation, there is no practical way in which a correct recall ratio
can be obiained, for it is clearly impossible for questioners to look through 44,000
documents and make a decision as to whether each item is or is not relevant to his
request. Since the true recall cannot be obtained, some alternative procedure has to
be used, and the two qualified recall measures used in this test are known as 'base
recall’ and ‘matched recall’. The former measure was devised for the test of the
MEDLARS system {Ref. 3) and proved entirely satisfactory. It requires that relevant
papers should be found outside of the system being tested. The base recall ratio

is the percentage of such documents retrieved by the test system. in guestion |-O7
it can be seen that there were two relevance 1 documents and one relevance 2 document
retrieved by the manual search, All three of these documents were reirieved both by
Controlled Languags and Natural Language searches so in all cases for this question
the base recall ratio was 100%

The matched recall ratic is a variation of the base recall ratio and can be used when,
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Question 1.07

Controlled language

434458 4225107 420544V 416978 410242+" 3338501332782 331785V
329962/ 324943 324676 320937 318043 314853 311897

Natural Language

434337 433307 422639 422510‘/ 422508 422503 421898 421522
42:Q§f4\/ 416978 410825 41024? 4 333850\/ 331785+ 331703 330250
@%/326992 318846 318043 3i3288 313021 312492 314853\/
311383 e

T e

Manual Search

416978 422510 314853

Question 1.08

Controlled Language

435263 413546 431288 314440

Natiral Language

435263 431288 430275 427350 426275 422488 421421 415487

413546 411628 411626 411624 332659 327746 32084
314440 310816 0847 314833

Manual Search

411626 413546 421421 435263 314440 430275 314833 332659

Fig. 8  Output for Questions 1.07 and 1.08
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Document Mode Relevance |

1 2] 3
1 la3pass|e v
2\ 420554 (N i
3| 4G 75 M N
4 |4/024 72 |CN g T
51232752 |C v
6 | 324462 |CN v T
73200796 | 4
8315403 |C v
9| 311897 | v
10330755 |¢
1434337 IN Y
120422037 |y v
1314 225/02 1IN} v Y
14l 422508 |
15142596 N
16|42/522 |y v
171410875 N v
18
19| 433850 |N d C v
20) 32075 [N v/
211320250 N v
221 2i5540 N v
23| 212255 N v
24|13 74553 INM / ¢ 7
25

RELEVANT BASE DOCUMENTS

1

Relevance

4 jbG7%
L2 5 i

Relevance 2

314653

Fig.

9

ANALYSIS

c'L N.L
Items Retrieved ,_)__5 25
Overlap L
Search time oL SO S A
Pre-search time |__ 1 45
Total sets 3l 30
Search sets 2 5- 25
Combine sets (,;/ /]
PERFORMANCE

i

C.L. NLLLiTitld
Totals
Relevance 1 & 5 5/
Relevance 2 2. 3 /
Non-relevant L & 10
Ratios

Relevance 1 & 2
Precision . to 53
Base Recall o (oD
Matched Recall %2 A
Relevance 1
Precision po |21
Base Recall JUTD usr
Matched Recall ico oD
SEARCHER MODE

A NL o+ Cawnnr

B (L N

Completed Master Record Sheet for Question 1-07
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as in this test, a comparison is being made between two systems. It assumes that the
sum of relevant documents retrieved by either of the two test systems represents all
relevance documents in the collection. The matched recall ratio is the proportion of
relevant documents retrieved by one system as against the total retrieved by both
systems. The use of this measure in the present test was complicated by the fact
that relevance decisions were only available for a sample of the retrieved documents
since, as discussed earlier, no more than 25 references were ever sent to a questioner.

There are three possible ways of determining the matched recall ratio. To understand
these, it is necessary to consider the limitations of the relevance decisions in regard

to those searches where the total combined output was more than 25 different references.
As considered earlier, in such a case the output sent to the questioner was selected

at random from each output, maintaining a proportion for the individual outputs, as

for example, in Fig. 8, where the references selected for relevance judgements for a

given question are underlined. This indicates, for example, that, amongst others, 4205644
was selected for both Controlled Language and Natural Language, but that 333850 was
only selected for Natural Language, although it was also retrieved by Controlled Language.
The documents judged relevant (see Fig. 9) and the system in respect of which the
relevance judgement was made were as follows:

420544 CL and NL
416978 CL

410242 CL and NL
320962 CL and NL

324676 CL
311887 CL
422510 NL
333850 NL
331705 NL
318846 NL
314853 NL

This shows that 11 documents were judged relevant, of which 3 were assessed as
being Controlled Language alone, 5 as being Natural Language alone, and 3 as being
both Natural Language and Controlled Language; the remaining 12 were, of course,
not relevant.

The three possible methods of determining matched recall are as foliows:
Method 1

This considers the results solely from the relevance judgements as determined for each
method, thus for Controlled Language, the matched recall ratio would be 6/11 = 54%,
and for Natural Language it would be 8/11 = 72%.

Method 2

This takes account of all retrieved documents known to be relevant. By reference to
Fig. 8, it can be seen that reference 416978 was also retrieved by Natural Language,
and 422510, 333850 and 314853 were retrieved by Controlled Language. Thus each
system retrieved 9 of the 11 known relevant documents, so the matched recall ratio

would be 82% for each system.
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Method 3

As previously argued, the estimated total number of relevant documents retrieved by
each system can be obtained by extrapolating from the proportion assessed and judged
relevant. This third method determines the matched recall ratio on the basis of such
figures. In our example for search 1-07, 15 documents in all were retrieved by
Controlled Language and 25 by Natural Language, so it is assumed that the total
relevant retrieved by CL is (6/10) x 15 = 9, and for Natural Language it would be
{8/16) x 25 = 12.5, giving a combined total of 21.5.

However, since it. is known that seven relevant references were retrieved by both
systems, these should be deducted from the above figure which now becomes 14.5,
On this basis, the comparative matched recall ratios would become 62% for Controlled
language and 86% for Natural Language.

Compared to Method 2, this final methed lowers the recall for the system

retrieving fewer documents and increases it for the system retrieving more documents.
Even in this case the two methods show a significant difference; depending on variations
in the number of documents retrieved, the difference could be guite large. In one
search Natural language retrieved 2 items, and Controlled Language retrieved 150.

Both Natural Language documents were judged rolevant; of the 23 assessed for
Controlled Language, 3 were judgad relevant. Controlled Language also retrieved

the two Matural Language assessed documents. The matched recall ratios would be

C.L. N.L.
Method 1 45% 60%
Method 2 40% 160%
Method 3 10% 100%

it is ohvious that matched recall ratio is not an entirely satisfactory measure to

use in these circumstances. Of the three methods outlined, the first is rejected on

the grounds that it both gives undue advantage to the system retrieving relatively

few references and penalises the system retrieving more references. Method 3 is
undeubtedly the fairest, for, correctly calculated, it would represent the situation

if all the output had been assessed for relevance. The problem lies in its correct
calculation, particularly when there is a combination of a large retrieval of documents,
with a high overlap between the two search ouiputs.

Method 2 has the weakness that it is advantageous to the system retrieving fewer
iterns, but, as can be seen from the examples yiven above, it does not handicap

the system retrieving more references. It was known that, on average, the
Controlled Language searches were retrieving fewer items than the Natural Language
searches. In view of the obijectives of the test, it was felt that any measure used
should e one which would show a bias towards, rather than against, Controlled
Language. Method 2 has such a bias and for this reason, and also because of

the arguments that could develop in regard to the application of Methed 3,

Method 2 was selected for the Matched Recall Ratio.

»

In regard to question 1-07, six documents in all were assessed as relevance 1,

and Tive documents assessed as relevance 2. Both Controlled Language and Natural
Language retrieved all relevance 1 documents, so the matched recall ratio was 100%

in each case. However, Controlled Language did not retrieve two of the relevance 2
documents, and Natural Language failed to retrieve two relevance 2 documents. This
results in a matched recall ratio for 1 and 2 relevance documents of 82% for Controlled
Language and 82%for Natural Language.

Recall ratios on their own have little meaning and have to be considered in relation

to the precision ratio. There are two methods of calculating precision ratios in an
evaluation test, these usually being known as ‘average of ratios’ or ‘average of numbers’,
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for a fuller consideration of this matter see Ref.4).* The average of ratios method involves
first calculating the precision ratio for each question and then taking an average of the sum
of the ratios. The average of numbers involves summing the relevant and non-relevant
documents retrieved in all the searches and deriving the precision ratio from these totals.

In theory these two methods can present significantly different results, as can be seen from
a hypothetical example of a set of five searches.

Relevant Non-Relevant Precision ratio
(1 4 1 80%
(2) 3 3 50%
(3) 4 2 67%
(4) 8 2 80%
(5) 2 30 6%

With a total of 21 relevant and 33 non-relevant items, the average of numbers for these five

searches gives a precision ratio of 35%, whereas the average of ratios would give a figure of

57%. Experience of a number of tests has shown that the average of ratios usually gives

¢ aslightly higher figure, but to my knowledge there has been no case where if System A has

iy @ superior precision ratio te System B by one method of calculation, the situation is
icversed by the other method of calculation.

On the Master Record Sheets {all of which are included in Appendix C) the precision ratio
refers to the individual search. In the presentation of the test results, the precision ratio
is given by both methods.

All the percentage figures given in this report are only accurate within the standard error,
which is mainly dependent on the number of relevance decisions on which the calculations
are based. The standard error can be obtained by the equation

0 = ’\/;E”C}_ where P = probability of event, Q= 100-P and N = size of sample.
NN
As an example, assume a precision ratio of 70% obtained on the basis of 100 relevance
decisions. In such a case the standard error would be ’\;70")'\;“:}0 =4.6%. If it had been
100

based on 500 relevance decisions, the standard error would be reduced to 2.0%. This means
that for the individual questions (e.g. Fig. 9) the performance ratios can oniy be considered
accurate at best within T 16%. However, summing a set of results within a single Centre
or by a particular search mode reduces the standard error considerably, and with most
sets of performance ratios presented in this report it lies within the range of ¥ 3% to
* 6%. The approximate standard error is shown for the major presentations of results
in this report.

Two of the Centres were unable to complete the test searches, so the results are based on
searches carried out at the following Centres.

ESTEC

Technoiogy Reports Centre
Lund University

Royal Institute of Technology.

osN-

* 1tis also possible to calculate the recall ratio by either method, but it does not appear
to be meaningful to use the ‘average of numbers’ method when, as in this report, the
measure is ‘matched recall ratio”. The recall ratio has therefore been calculated by
‘average of ratios’ i Lo
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TEST RESULTS

There are many possible ways of deriving results from the data available, Not all

possible combinations have been dealt with; for example, it does not secm necessary

in this report to consider whether, within a given centrg, searcher A had a superior
i

performance to searcher B or vics versa. However, all the dat s necessary for such
further analysis have been included in the report or in the Appendices.

The main performance dsta from the individual Master Record Sheets has been
transferrad 1o the Centre Record Shaets (see Figs., 10a - 10e). These have been

[}

grouped esccording to the four methods of search, namely:

Matural Language

Natural Language and Associated Concepts gFile
Controlled Language

Controlled Language and Matural Language

oo T oW

From the Centre Record Sheets the results have besn summarised, again according to
the four ssarch modes, and are m(‘m:sd as Figures 11a - 11d  This data has been

>3,
transferred to the Mode Record Bhests in Figures 1Za - 12d.  From these the complete
porformance Tigures have been compiled and are presented in Table L

PRECISION RECALL

Average of Average of
ratios nurnbers Matched Base
Rel.1 Rel.i+2 Rel.l Rel1+2  Rel1 Rel1+2 Rell Rel142
% % % % % % % %
Matural Language 31 63 28 54 75 73 64 72
Natural Language 23 52 24 51 76 73 75 79
and Associated
o CEpis File
Controllod Leanguage AD T4 37 70 88 53 49 a3

Conirollad Language
and Natural 22 45 19 47 54 71 74 79
Language

-

TABLE 1. Overall performance figures for search modes. (s.E. ¥3% to T6%)

It can ba seen that there are only mincr varistions for the Precision Ratio when

a!ouamd by the Average of Ratios or the Average of Mumbers. For this reason,
friture ﬂn'ta'i:iori of results will be based on the Precision Ratio  being calculated

by me A Hatios.

n regard to the two methods of m‘fui‘*mg the rmzh ratio it will be noted that
I : i wvanee 1 documents,
Lang ! s not suprising in
view of ths fact that Hecall Ratio in this case was based en only 37
relevant documents; espact, there were some eighty relevant documents
for determining the Reievance 1 matched recall ratio for each mode, as against

\’\ll thy
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approximately 180 for Relevance 1 and 2. This means that the latter will give a
more reliable figure, and therefore, in the later discussion of results, the Relevance

"

i and 2 figures for the matched recall ratio will be used.

A simplification of Table 1 based on these decisions is presented as Table 2.

Recall Precision
N.L. 78% 63%
N.L.. and A.C. File 73% 52%
C.L. 56% 74%
C.L. and N.L. 71% 45%

Table 2. Performance figures for Relevance
1 and 2 documents (s.e. ¥ 39)

The usual phenomenon of the inverse relationship of recall and precision appears, with
Controlled Language having the lowest recall and highest precision ratio. That it does
not always come into effect is shown by the figures for Natural Language with the
highest recall and also superior precision to the two other other modes, but the
difference in recall is hardly significant.

The inverse relationship of recall and precision is a well established phenomenon.
Formally stated it says that:

“Within a single system, assuming that a sequence of subsearches for a particular
guestion is made in the logical order of expected decreasing precision, and the
requirements are those stated in the question, there is an inverse relationship
between recall and precision, if the results of a number of different searches
are averaged” (Ref. 5) '

One would not necessarily expect this rule to apply to every question in the present
test, since three of the qualifications are not being met. In the strict sense of the
word, the searches are not bLeing done ‘within a single system’; with two searchers
there is no question of a ‘logical order of decreasing precision’ and it is accepted
that a single search can show a deviation from the norm. However, by whichever
way the final results are presented, this inverse relationship does appear, and for

the later discussion of the results it is important to check that it is valid and has
not been influenced by a few abnormal searches.

For this reason an analysis was made of the results to ascertain in which questions
the inverse relationship operated as against those questions where one mode showed

a superiority for both recall and precision. Based on the figures for Precision and
Matched Recall for Relevance 1 and 2 documents, in 27 of the searches the inverse
relationship applied, with Controlled Language showing both higher recall and precision
in seven searches and Natural Language in five searches.
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Titles Full Search
Rel.1 Rel.2 N.R. Rel.1 Rel.2 N.R.
Centre 1 18 10 12 25 37 74
Centre 2 11 7 1 29 48 B9
Centre 4 21 16 4 37 36 59
Centre 5 17 14 1 30 28 50

Table 3. Document Retrieval by titles as compared to full search

There are two other situations which show the effect of the inverse relationship.

The first of these relates to the effect of limiting the Natural Language search to

the titles as against searching on the titles and abstracts. In Table 3 are shown

the returns for each Centre for documents retrisved in this way with the figures

for the full search on abstracts as 2 comparison, while Table 4 gives the parformance
ratio for these searches.

Titles Full Search
Recall 31% 75%
Precision 87% 53%

Table 4., Performance figures for titles and full seafch
on abstracts with Matural Language (s.e. T 4%)

The second aspect relates to the manual searches carried out on the printed

indexes.  There was no attempt to make a comprehensive search, the intention being
merely to find a few possibly relevant documenis, with a limit or the searching time
of ten minutes. In these scorches less than 0% of the assumed relevant documents
were retrieved, but the precision ratio was 76%.

The search times have been recorded and are entared on the various record sheets.
It is doubtful if the pre-seerch times can be compared, since different methods were
used by the Centres, but there appears to be no corrs elation between pre-search and
terminal times. The average terminal times at the Cenires are given in Table 5, and
for the four search modes in Table 6, and these latter show o significant
differences.

Search time ' Search Time
{minutes) ' - {minutes)
Centre 1~ 37 Natural Language 37
Centre 2 42 Matural Language and 45
AL File
Centre 4 249 Controtled 3¢
Centre 5 57 CCJHUMLJJ 40

P
o
;" P
-
(s}

Table 5. Average Centrg Search Time Table 6 Average Mode Search Time
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Total Assessed Assumed Titles
Mode Retrieved Relevant Relevant Relevant
1 2 X 1 2 X 1 2 X
. | Pl v
N.L 188 16i 22l 37 33 | 48 1107} 13 |71 8
N.L+ AC.| 167 9, 15) 37 [171401170| 51.314
File :
92 16 18) 12 | 31, 42| 19 Lot
. ‘ J
C.L.+ N.L. 288 6 171 40 | 161 44 1228 |
|
|
I b |
‘ [ ! ! | |
L1 (] L
Average Aver. of
Mode Search Matched Base Numbers
Time Precision Recall Recall Precision
Pre-.  Term 1 1+2 T+2 1 1+2 1 1+2
) i . i ! o
N 16 , 32 28 b9 671 76 50 ' 68 18 X
NL+AC 22 ' 46 | 261 48| 70' 73 | 100 | 88 | 10 , 34
iie
C.L. 2@: 35 | 49" 80| 8'5s6 | 70" 64 | 34 | 79
CL*¥NL | 31, 36 | 11 46| 60 77 | 100 100 | 6 1 21

Fig. 11a

Summary Results Sheet for ESTEC
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Total Assessed Assumed Titles
Mode Retrieved Relevant Relevant Relevant .
T2 X 2 X 1 2 X
o ! !
| g5 |
NL.L. 134 18 132 1 25 36! 53 45417 5 1
i !
N.L. and ’ ! | |
A.C. File 327 11161 34 |61, 731103 14 "2 "0
!
C.L. 79 17 113" 7 | gt 25t 1 e
| '
C.L. and N.LL} 304 18 :15 | 27 | 61 78 165 —wlw-——«—-[_——
: | | |
| | oo |
L] L L
Average Aver. of
. Search Matched Base Mumbers
Mode Time Precision Recall Recall Precision
Pre-.  Term t 1+2 1 i+2 i 1+2 1 1+2
‘ v ! ! ! {
. i
N 3 : 34 22j‘ 66 86 " 36 50’ 70 124 V67
I ’ '
N.i. and | o ’
A.C. File o ' 47 i5 042 | 75" 70| 50 84|19 | 41
: 4 | i |
C.L. 3, 24 37' 83 57 | 48 19 ] 18 146 ' 80
f
C.L. and I . | !
N.L 6 34 34 56 82 76 53| 50 {20 | 46
i i l
1
, ! ]
| ‘ l : '
; b 1 | !
1 | ! |
Fig. 11b Summary Results Sheet for Technology Report Centre
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Total Assessed Assumed Titles
Mode Retrieved Relevant Relevant Relevant
1 2 X 1 2 X T 2 X
N.L. 108 18l 1*5 261 33 22153 71 310
NL + 232 18] 241 28 |85 03! 54 13'13' 4
AC File | l ]
P ;o
c.L. 91 1614120 | 3112536 P!
|
c.L. + N.L! 180 91718 |39 164147 ! |
ooy . by
[ o b
[ L L
Average Aver. of
Search Matched Base Numbers
Mode Time Precision Recall Recall Precision
Pre-. Term 1 1+2 1 142 1 1+2 1 1+2
' [ ] !
N.L. 22 v 33 38 | 63 55 | 65 62 ' 60 33 -563
{ [ | ‘
N.L. + | |
A.C. Filg 16 1 31 27 | 65 94 | 84 50 | 70 37 77
|
C.L. 19l 27 31 / 58 70 ‘ 63 41 1 49 32 60
CL +NL 18, 26 | 18 60 [ 41 52 |41 ' 65 | 261 69
I
i ’ l'
t
j
| ' |
{ '_ | !
! | i l

Fig. 11c

Summary Results Sheet for Lund University
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Mode Total Assessed Assumed Titles
Retrieved Relevant Relevant Relevant
i 2 X 1 2 X T 2 X
i ! i ! { !
N. 1. 166 14 ‘24 | 17 40, 561 70 97 18 1
N.L. and 135 16115133 | 39! 34l 62| gl al o
AL Fils ] ; ]
' ! ‘ {
C.L. 97 9 | 1314 | 29 26, 42| —p——r
C.L. and 172 14419 | 27 40 471 85 SO E—
N.L.
| | | i |
o A !
L .. |
Average ; Aver. of
o Search Matched Base Numbers
Mode Time Frecision tecali Recall Precision
Pre-,  Term 1 142 1 142 1 142 1 1+2
f i | ! o |
|
ML 17 ' 483 38 ! g8 87! 80 91 86 24 - Bg
f | | |
N.L.. and 11 58 28 53 74 06 100 93 28 1 53
A.C. File ‘ ' f ! | |
' | |
-C.L. 25, 57 39 72 67! 81 67 ! 68 30 +« &7
I |
C.L. and 16 | 64 24 58 74, 76 | 100 ' 100 | 23 | B2
ML
, | | | |
i
|
‘ ' ! !
{ | ] f |

Fig.

11d

Summary Results Sheet for Royal Institute of Technology
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(s.e. ¥ 6%)

Total Assessed Assumed Titles
Centre Retrieved Relevant Relevant Relevant
1 2 X 1 2 X 1 2 X
| | [ i i
1 188 1622} 37| 33l 48‘ 102] 13! 7 ! 8
» I I
2 134 181321 25| 36 53 45} 7 5 1
| | [
o P .
| I P
4 108 18’l 11 25 33‘ 22 53 7 ! 31 0
5 166 14 24"' 17| 4Q 5§ 70 9 10 1
| | | ! I |
. | ||
“Average : Aver. of
Search Matched Base Numbers
Time . Precision . Recall Recall Precision
Pre-. Term 1 142 1T 142 T 142 1 1+2
. ' ! a i
i | | _ ' |-
1 16+ 32 |28 (59 | 67176 | 50 | 68 |18 ;43
2 3! 34 22 | 66 86 | 86 50 | 70 | 24 | 67
I
! | | n |
4 22, 33 |38 63| 55, 65 | 62 ' 60 | 33 | 53
: : . !
5 17 ' 48 38 | 68 871 80 91 85 |24 ! B8
R y
, | | ’
{ ‘ t l |
| l i l
Fig. 12a Summary Results Sheet for Natura! Language
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Total Assessed Assumed Titles
Centre Retrieved Relevant Relevant Relevant
: 1 2 X 12 X 1 2 X
| !
1 167 9l15137 | 17! 40 110 5'3'4
I ! I
2 327 11116 34 61, 73 193 4 2 0
. p | |
[ I .
4 232 1824, 28 | 85 93 541313 4
|
5 135 16 | 16 33 39 34 62| 81 4I 0
I b Ly
| L L
Average Aver, of
Centre Search Matched Base Numbers
Time Precision Recall Recall Precision
Pre-. Term 1 1+2 1 1+2 1 1+2 1 1+2
' [ 1 ' i
: . ’ !
1 22 ' 46 20 ! 48 70‘ 73 100 | 88 10. 1-34
{ ] ’
|
2 0 ' 47 15 | 42 75' 70 50 64 19 ' 41
| | ‘
S | | .
4 16 31 | 271 65| 94! 84| B0, 70|37 77
} ]
5 11 58 | 54! 53| 74' 66 |100, 93| 20 53
]
I
| ' I ’
| | | ! |
| I i I

Fig.r 12b°  Summary Results Sheet for Nat

(s.e. _2*6%)

ural Language and Concepts
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(s.e. T6%)

Total Assessed - Assumed Titles
Centre Retrieved Reievant Relevant Relevant
1 2 X 1 2 X 1 2 X
|
1 92 16118112 | 311 42" 19 —'———;—
: : | i P
2 79 TARELEY. 43 25 1| ———
| v ! |
b b I
4 91 16 14,20 | 31 25, 35 | - |
! ]
5 a7 9] 13| 14 29 26, 42 —l—-——‘—
] | ] I I |
L] L 11
Average Aver, of
Centre Search Matched Base Numbers
. Time Precision Recall Recall Precision
Pre-. Term 1 1+2 1 1+2 1 1+2 1 1+2
, i i ' ]
1 21 35 | 49! 80| 83! 56 | 70' 64| 34 4 79
| [ I A
2 3 34 37 83 K7 48 19 181 46 ¢ 80
i i .
. ! |
: i i | |
4 19 27 | 311 88| 70l 63| 41, 41| 32 60
I ' |
5 % 57 | 30! 72| 67 61| 67, 68| 30 57
! | B |
]
§
) | | !
| [ | ! |
L 1 I l
" Fig. 12¢ Summary Results Sheet for Controlled Language
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Centre Total Assessed Assumed Titles
Retrieved Relevant Reievant Relevant
1 2 X 1 2 X 1 2 X
l | | [ | !
1 288 6117 | a0 | 16! 44'228 —'———;——
| | ]
2 304 18 115 127 61, 78 165 | ————m
| ;o ' :
| | ool I
4 150 917,18 | 39, 64) 47 ;!
i
5 172 14 119 | 27 40, 47, 85 | i
| b | |
| t .
Average Aver. of
Centre Search Matched Base Numbers
Time Precision Recall Recall Precision
Pre-. Term 1 1+2 1 1+2 1 1+2 1 - 1+2
) s 1 !
i | . { ! i
1 31, 36 11 | 46 60 | 7 91100 | 100 (6] 21
2 6y 34 34 56 82y 76| 53 , 50 | 20 46
| | | |
4 18l 26 18" 60 41 521 41 | 65 26 69
i ]
b 16, 64 24| 58 74] 76 1100 ! 100 | 23 52
' ]
| ! |
{ f I !
l I | |
Fig. 12d Summary Resuits Sheet for Controlied Language and Natural Lan

(s.e. T 6%)
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COST—EFFECTIVENESS

The two measures of recall and precision have been criticised on the grounds that
they are twin measures and that they do not present a single absolute measure.

One such measure that has been used is the ‘normalized recall ratio’ but this requires
a ranked out-put of documents, and is certainly not applicable in this test. Although
various other single measures have been proposed, these have tended to be the 'pro-
posals of mathematicians and none proved workable or meaningful in practice.

The use of recall ratio in a test of an operational system can be criticised on various
grounds but in this test it is the precision ratio which causes more concern. As
originally devised and previously used, it has been based on the total number of
documents retrieved. In a non-interactive search mode this is a single definite figure.
In this test, with complex interactive searching, many documents may be ‘retrieved’
in the course of the search, but the final print-out may, by the decision of the
searcher, be only a sub-set of these ‘retrieved’ documents. |t is the documents in
the final print-out which are considered for the calculation of the preusion ratio, and
a check on the figures in the Centre Record Sheets will show that this appears in
some cases to be an arbitrary figure; for the same question one searcher has 100
items in the final print-out, the other searcher, having consuited in the course of the
search the titles or abstract of many documents, finally retrieves only a single item.

One measure that overcomes most of the problems is a measure that not only includes
both recall and precision, but also takes account of time and introduces the element of
cost. This cost-effectiveness measure calculates the cost of retrieving a single relevant
document, and is normally expressed as :

R }/100 R
C+ FsalDx = hN—j|— D x —
C = 100/\ P 100 _ 100C N 100F _F

DR P

D ————
* 100

where C = system costs of a single search

= expected number of relevant documents
= recall ratio

P = precision ratio

F = charge for non-relevant citations

O
1

F, the charge or ‘fine’ for non-relevant documents, is required to differentiate between
a search where, for example, 10 relevant documents are retrieved on their own as against

a search where 10 relevant and 100 non-relevant documents are retrieved. For the purpose

of this test, this measure can be simplified to:

Cs + (F x Dn)
Dr

Cr

where Cs = costs of a single search
Dr = number of relevant documents retrieved
D. = number of non-relevant documents retrieved
F = fine for retrieving a non-relevant document
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The cost of an on-line search will be dependent on:
1.  Service charges
Line charges

Printout charges

oW N

Operator’s time cost
B. Customer’s time cost in assisting in search or in rejecting nonrelevant documents.

These are veriables in any given situation, but generally speaking in a normal on-line
search items 1, 2, 4 and b are time dependent. Item 3 is an added charge if off-
line printing is used, if the printout is on-line, then it is also time dependent.

One can hypothesise a number of different situations and calculate the effects of
varying the costs of any of the five aspects listed above. For the us” of this measure
in a given operational system, actual costs should be obtained, but for comparative
purposes, as in this test, it is not essential to have an exact figure, and a reasonable
figure of $2 a minute connect-time will be taken as the combined search costs and
the ‘fine’ will be taken to be $0.10. ’

To illustrate with an example, for 'search 1.07 the estimated number of documents
retrieved and the search times for the two modes were:

Relevance Non-relevant Search time

1and 2 {minutes)
N.L. 13 12 37
C.L. 9 6 b4

Therefore for N.L.

2 x 37) + (12 x 0.1
cr=$(xs)13( X 01} _ 45 g

and for C.L.

(2_x_54) +9(6 x_0.1)

Cr =% = $12.07

Cr for the four Centres is shown in Table 7 with the final line giving the
overall figure for the four search modes.
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N.L. N.L. + A.C. File C.L. C.L. + N.L.

Centre 1 $4.08 $8.26 $4.82 $6.38
Centre 2 3.86 3.64 ' 5.01 2.56
Centre 4 5.25 1.76 5.78 2.57
Centre 5 5.07 8.02 10.43 - 7.45
Average $4.56 %5.42 $6.51 $4.74

Table "7  Cost-effectiveness figures

One should not read too much into the actual figures; apart from other factors ,
most of the searchers expressed the opinion that the requirement for keeping
records of the search had increased their search times by up to 30%. Nor was
there ever any suggestion in the test design that the searchers should :do anything
‘except attempt to optimise the performance within the limits of the particular
search mode being used, and in this sense ‘optimise’ did not necessarily mean
‘maximise’. the number of relevant documents retrieved. This cost-effectiveness
measure strongly emphasises recall ; one has to raise the ‘fine’ to an absurd level
before it seriously affects the final figure. In other words, from a cost-effectiveness
viewpoint, the precision ratio would appear to be less important than recall ratio.
However, the comparison between the four search modes is of interest, and even

if it is of limited relevance in this test, the measure does appear to be of particular
value in the evaluation of on-line systems where costs can be relatively easily assessed.
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FAILURE ANALYSIS

An analysis was made of the two search outputs for esach question to attempt to
ascertain why one system had failed to retrieve a relevant document which the other
system had retrieved. A number of different causes can be identified.

1. An apparent mismatch between the question and the documents. A paper might
be retrieved, for example, by Natural Languade through some accidental relationship
of search terms, while C.L. search strategy was perfectly adequate but would not have
retrieved the documents. The reasons for the questioner deciding that the document
was relevant might na appear obvious to a third person. Such mismatches tended to
cccur with Relevance 2 rather than Relevance 1 documents.

2. An input failure which could be of two types:

an index failure, where a concept which is included in the title or abstract has
not. been included as an index term.

b. an abstract failure, where the full document presumably includes a given concept
since it has been given as an inuexing term, but which is not mentioned in the
abstract. Alternatively a term might be misspelled or appear in an unusual form.

3. A search failure, of which there are, in theory, at least two types.
a searcher may fail to include all the appropriate terms in the search
b. the searcher may have required inappropriate or over- specific combinations of terms.

[t

In practice it was ofien difficult to distinguish these two types, partly because of the
extreme complexity of many of the searches, but also becauss it was a purely subjective
decision as to whether it would have been better to include additional search terms as
alternatives, or to weaken the search requirements by making it less specific.

4, Data base failures. Some cases were noted where there was no apparent reason
why a relevant document should not have been retrieved, and one can only reach the
conclusion that it was a data base failure.

Figure 13 illustrates in detail the methad by which this analysis was done; the complete
set of comments and assessments is included in Appendix E

The reasons for failure are summed in Table 8

N.L. N.L.+ A.C. C.L. C.L.+N.L.

Rel.1 Rel.2 Rel.1 Rel.2 Rel. 1 Rel. 2 Rel.1 Rel.2

Searching 19 25 13 25 14 38 18 28

Indexing 18 19 3 6
Abstracts 2 6 0 3

Mismatch 0 5 2 7 2 12 2 4

Data Base 2 3 0 0 1 0 2 0

Table 8. Summary of causes of recall failures
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FAILURE ANALYSIS:

ASSESSMENT :
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GENERAL COMMENTS:

FAILURE ANALYSIS:

| ASSESSMENT:
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A difficult question. User did not know of any relevant
papers, the manual search found nothing that was relevant
and no Relevance 1 documents were found in either search.
In spite of the two searches retrieving 76 and 49 references,
only 6 were in common.

All recall failures were due to mismatch of question and
document as for example:

434944 deals with fatigue resistance and not corrosion,
with ‘welded’ not ‘'brazed’.

333440 deals with fracture of pressure vehicles.

314565 has no mention of joints, and deals with stress
corrosion.

-

N.L. and
Rel. 2 Mismatch (3)

Straightforward question with appropriate C.L. terms.
No Relevance 1 failures.

All failures were of Relevance 2 documents, as following
examples:

435128 Indexing does not mention fibre optics

422325 |t is stated in the abstract that the system is suitable
for transmission of information, but this concept is
not included in the index terms.

421037 Paper deals with interferometer ring dissector
323237 Fibre optics mentioned in abstract but not indexed.
324199 No mention of fibreglass in abstract.

C.L. N.L.

Rel. 2 Indexing (4)
' Rel. 2 Abstract (1)

Fig. 13 Failure Assessment Sheet
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These figures are of interest, but must be treated with caution, and certainly the
apparent preponderance of failures assigned to searching should not be taken as an
indication of incompetence on the part of the searchers. For example, many search
failures in Natural Language were due to the searcher not having included all variant
word endings (e.a. trail, trails, trailing), but it could be argued that this was due to

the system as, being experimental, it had not been equipped with the normal
facility for confounding word endings. On the cther hand, many search failures in
Controlled Language were due to a failure to include all possible index terms; here

a more detailed analysis might indicate that there were over-subtle distinctions
between many of the controlled language terms. In making these assessments of recall
failures, it is also necessary to appreciate that changing a search strategy so as to
retrieve missing relevant documents woulid also have resulted in the retrieval of many
more non-relevant documents, Reference to the record sheets maintained by the
searchers leads to the subjective conclusion that possibly the majority of the searching
failures were the result of a deliberate decision to restrict the retrieval of non-relevant
papers.

From the Master Record Sheets can be obtained an analysis of the overlap, that is,
the number of documents retrieved by both search for the same question. To
summarise this as a simple number wouid be inappropriate, since the overlap

dapends  both on the lower number of documents retrieved by either search and
on the number retrieved by the other search. For example, if one search retrieves
only four references, there cannot possibly be more than four in the overfap. However,
the prebability of this would be greater if the other search had retrieved 100 documents
than if it had also only retrieved four documents.

To take these two factors into consideration, the percentage overlap is expressed as:
L L
Po = 100~ x—
M D

where L = overlap : '
M= minimum number of documents retrieved by either search
D= total of different documents retrieved by both searches.

This equation would, for a perfect match, give 100%, but as a more normal example,
assume a search where there is an overlap of ten items, with one search retrieving
fifteen documents and the other search retrieving forty documents. Therefore, D

would represent:
(15 + 40) — 10 = 45

10 10
Po = 100(’—x =} =145
15~ 45

Po for the searches at each Centre are given in Table 9. There does not appear

to be any particular reason for the major difference in the average figure for Centre 4.
It might be expected that there would be a significant difference between those searches
where a comparison was between Controlied Language and Natural Language (even-
numbered questions) and those where comparison was between C.L. + N.L. and N.L +
Concept (odd-numbered questions). Because both the latter modes had . been mainly
N.L. terms, the hypothesis was that they would have the higher score. In fact the
reverse is the case, the averages being 12.I for the former and 11.0 for the latter.
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Centre 1 2 | 4 5

Question 01 0.5 1.0 12.7 3,6

02 23.6 40.0 1.1 5.6

03 22.0 8.1 0 1.0

04 23 13.1 0 50.0

05 1.2 23.2 25 31.0

06 0 8.2 0 0

07 17.4 4.3 3.7 229

08 22.2 3.7 9.0 79 ‘

09 31.6 16.6 13.2 5.7

10 2.2 20.0 18.4 16.1
Average 12.3 13.8 6.0 . 14.7

Table 9 Overlap ratio for each question by Centres

in a recent paper Bourne (Ref.6) analysed the spelling errors that are found

in various data bases and considered their effect on performance. He found
considerable variation amongst data-bases, renging from 22.8% in Abstracted

Business Information down to 0.4% in BIOSIS, with the frequency of posting
to a misspelled term ranging from one posting in 160 citations to one in
8,000. His conclusion is that these misspellings ‘have relatively little impact
on file use for many data bases’.

The NASA data base was not included in his analysis, but in in the present
test, only one case of a speiling variation was found to have been the cause
of a search failure, and that occurred in the abstract {(cesium for caesium).

As a by-product of his work, Bourne has also analysed the overlap of index
terms occurring in eleven data bases. He found that the sum of 5,898 terms
in separate lists would be reduced to 3,608 shared terms. Of these shared
terms, 2,736 occurred in only one of the eleven separate lists.
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DISCUSSION OF RESULTS

To make an impartial analysis of an evaluation of an information retrieval
system is a difficult task. The results are rarely conclusive, and somewhere

in the results there can usually be found supporting evidence for diametrically
opposed viewpoints. Given that system A has a recall and precision ratio both
of 70%, there would usually be agreement that it was performing better than
system B with a recall and precision both of 50%. However, such unambigious
examples are rare, and it depends on a personal viewpoint whether a recall

of 70% with precision of 50% is better or worse than when both recall

and precision are 60%.

While the difficulty still exists in this case, it is made somewhat easier because
of the limited objectives of the test. The major objective of the test was to
obtain data to provide an answer to the question whether in an operational
system natural language searching on titles and abstracts could match the
performance obtained with conventional searching on controlled language

index terms. In whatever way the results are considered it appears, from

the avai lable evidence from this test that natural language searching is,

to say the least, capable of comparable performance.

If there is one set of data that qualifies this statement, it relates to the
number of documents retrieved in the various search modes. In Table 10
is shown the number of documents retrieved in the other search modes

for each document retrieved by Controlled lLanguage at the Centres.

Controlled Natural N.L. and C.L. and

Language Language Concepts N.L.

Centre 1 1 2.04 - 1.81 3.13
2 1 1.69 4.13 3.84

4 1 1.76 3.22 2.08

b 1 1.71 1.39 1.77
Average 1.80 2.63 - 2.70

Table 10 Comparison of total document retrieval by four search modes

With the other modes retrieving more documents than C'L. it is to be
expected that more relevant documents - and thereby a higher recall ratio -
will be retrieved. A further analysis that can be made compares the number
of relevant documents retrieved by the other modes for each relevant ’
document retrieved by C L., and this is shown in Table 11
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Controlled Natural N.L. a_nd C.L. and

Language Language A.C. File N.L.
Centre 1 1 1.11 0.78 0.72 .
2 1 1.31 1.97 2.04

'4 1 1.47 3.78 2.19

5 1 1.74 1.33 1.68
Average 1.41 1.26 1.63

Table 11. Comparison of known relevant document retrieval by four
"' search modes.

The figures underlined in Table 11 indicate the three cases in which the
the proportion of relevant documents retrieved is greater that the proportion
of the total documents retrieved as given in Table 10. Althcugh o>verall

no search mode achieves amatch between the two figures, Natural Language
has the most favourable comparison with 1.41 as against 1.80. The searches
by the two modes of Controlled Language and Natural Language were made
on the same questions, so a direct comparison can be made between them.
These figures show that 51% of the additionally retrieved documents were
relevant, and considering these came at what might be termed the tail end
of the retrieval, this represents a reasonable precision ratio.

If the averages of relevant documents retrieved (Table 11 are expressed as
percentages of the average of total documents retrieved (Table 10), these
are 78% for N.L., 74% for N.L. & A.C.File and 60% for C.L. and N.L.
The lower figure for the latter is partly explained by the fact that the
overall recall ratio was particularly affected by the results in this mode at
Centre 4. Given the option of using controlled language or natural language,
the other centres - made extensive use of natural language terms, ]

but at Centre 4 the searches were almost entirely controlled language index
terms. For this reason it is valid to present the results for Centre 4 grouping
the two Natural Language modes and the two Controiled Language modes.
In such a case the parformance is as in Table 12.

Recall ~ Precision
Natural Language 74% 64%
Controlied language 58% 59%
Table 12 Comparative performance for searches at Lund University
(s.e. T6%)

While these results are based on only 10 searches, they do indicate a probably
superior performance for Natural Language.
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This is not a surprising result. Although it was not appreciated fully at the
time, the phenornenon of the effectiveness of single term natural language
searching was first demonstrated in the ASTIA-UNITERM test in 1853 (Ref. 7)
and later in the results of Cranfield 1 {Ref. 8) and particularly in the tests
carried out by Swanson. (Ref. 9) It was finally proved, at least in regard

to small test collections, in Cranfield 2 (Ref. 4) and has subsequently been
verified in a number of other test situations (e.g. Ref. 10).

There appear to be two matters which significantly affect the performance of
information retrieval systems, with a third aspect that might in theory do so,
but which rarely appears to in practice. This latter point refers to the
quality of the indexing or the surrogate on which a search is based. Rank bad
indexing could be described as assigning an index term which is completely
unrelated to the subject of the document, as, for example, if a document
dealing with satellite orbits were indexed with the terms ‘milling machines’
or ‘sheep grazing’. Needless to say, such absurd indexing never happens in
reputable organisations. However, in. any test of any index, it is very easy to
find examples of indexing which can be described as less than perfect.

In :the two main Cranfield tests, indexing errors accounted for 3. and 59%
of the search failures; in the Mediars evaluation the figure was 37% (ref. 11)
In this test (see Tab.8) it was 28% which appears to be about a level

which one has to accept. :

Even in the best systems, occasional human errors can be made (e.g. macro-
climate instead of micro-climate) and will escape the most rigid controls, but
most of the errors’ of indexing are created by a management decision to
impose a limit on the level of exhaustivity of indexing, which is the most
important factor affecting the recall performance of |.R. systems. To

consider the example mentioned earlier {Ref. 2) two papers, identical
word-for-word, were indexed at different times. In the first instance, twelve
terms were assigned, of which five were major terms. In the second instance
fifteen terms were assigned, and again five were major terms, Fcur of the
major terms were common to the two papers, but only two minor terms were
common. The first paper had six terms not used to index the second paper,
which in turn had nine terms not used to index the first. As to which set
of index terms were the better would be entirely dependent on the guestion
~being put to the system. One could easily hypothesise one question retrieving
the paper on the first set of index terms but not on the second, and another
question where the position would be reversed. The only way both questions
could have retrieved the paper would be to index by the complete set of

21 terms. This is a simple illustration of the major effect which exhaustivity
has on recall, and it is undeniable that failure to index a concept is certain
to result in failure to retrieve the item by that concept.

The other aspect which is of importance is the specificity of the index language.
If the index terms are so broad that many differing concepts are lumped
together, the precision wiil be adversely affected. If the index terms are
over-precise, then it is probable that recall will suffer.

Experimental work has shown that there is an optimum level for exhaustivity
of indexing and specificity of the index language in any given situation, both
in respect of each separately and also in conjunction. It appears that the
higher the level of exhaustivity of indexing, the more specific can the index
language be; a low level of exhaustivity requires a less specific index language.
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However, the distinctions are quite fine, and can probably only be assessed

in a controlled experiment. What is reasonably certain is that, within the levels
of what has been here investigated (i.e. abstracts or NASA index terms) the
higher exhaustivity is likely to give mgmﬁcant improvement in recall without
too seriously affecting precision.

Therefore it is argued that it is the on-average greater exhaustivity of the
abstract which is responsible for the improvement in recall ratio when
compared tc searches on index terms, and the theoretical improvement which
should come from intellectual analysis of the document by skilled indexers
is not sufficient to counterbalance the effect of exhaustivity.

A secondary objective of the test was to consider the effect on natural
language of the use of the Associated Concepts File. This is primarily a
device which it is intended should improve the recall ratio by giving to

the searcher clues as to possibly useful additional search terms. As can be
seen from Table 13, the only Centre wherethe use of the Associated Concept
File resulted in a higher recall performance than that of Natural ' anguage
on its own was at Centre 4, whereas at the other three Centres recall

was somewhat inferior , as it was with the average of all searches.

Natural Language Natural Language

& A.C. File

Recall Precision Recall Precision
Centre 1 73 48 76 59
Centre 2 70 42 86 66
Centre 4 84 65 65 63
Centre b 66 53 80 68
**pverage 73 62 77 64

Table 13 Comparison of searches with and without
Associated Concepts File (**s.e. T 49)

This cannot be taken zs conclusive, since the searches were on different

sets of questions, but also of some interest is the reaction of the searchers
to the Associatad Concepts File. At the conciusion of the test, the searchers
were asked to express their agreement or disagreement (on a five-point scale)
to a number of statements  relating to the test. One such statement was

‘With natural language searching an auxiliary aid, such as the
associated concept file, is essential.’

Of the six replies received, two searchers at Lund were in agreement,
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but the remaining four strongly disagreed. This bears out a subjective
impression, derived from a study of the comments of the searchers on their
strategy that in most cases the starting set of search terms was quite
obvious, and that additional terms came from titles or abstracts of papers
found in the search.

The complete questionnaire sent to the searchers is shown as Figure 14, and
an analysis of the replies is given in Table 14

Strongly

. Strongly
Agree Agree Neutral Disagree Disagree
Q1 1 3 ; 2
Q2 2 4
Q3 1 3 2
04 3 1 R 1
Q5 3 2 1
Q6 2 4

Table 14 Analysis of replies to questionnaire (Fig. 14)

While this is such a small sample as to have little claim to validity, it is of
interest in reinforcing the overall test results. Changing, where appropriate,
from negative to positive statements, it seems that, as a group, the searchers
believe

1 that it is easier to cover all possibilities with natural language

2 that it is easier to match the user's requirements with natural language

3 that control of word endings is essential with natural language

4 that ability to use natural language and controlied language improvecd
the search.

The searchers were also asked to express their views on the suitability of
the NASA Data Base for each of their test questions, and to state, where
appropriatel which other data base they would have used under normal
operational conditions. The two searchers were in complete agreement at
ESTEC in deciding that the NASA Data Base would have been their first
choice for eight of the questions, with one search being on Metadex and
one on inspec. There was also agreement at Technology Reports Centre,
with NASA Data Base being first choice for six searches, with two on
Compendex and one each on CAC and INSPEC. However at Lund there
were differing views and the first choice would have been

Searcher A Searcher B
NASA 4 "2
INSPEC 3 : 4
COMPENDEX 2 ' 2
N.S.A. 1

CACON ' 2
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COMMENTS ON NASA TEST

Please indicate against each of the statements below whether you agree,
disagree or are neutral by putting a figure against each statement to
mean the following:

]

1

Strong agree
~ Agree
Neither agree or disagree

~ Disagree

I R
1

~ Strongly disagree

I was more confident of having covered all possibilities
with the controlled language search than with the natural
language search.

With natural language searching an auxiliary aid, such as
the associated concept file, is essential,

It is easier to match the questioners requirements with
a free language search than with controlled language.

I took longer to carry out each test search than would

normally be the case.

(If there is agreement with this statement, please
indicate by how much on average (e.g, 10% or 20% etc).

In an operational system using natural language it wouid
be essential to control word endings (e.g. singular and

plural etc),

The freedom to use both controlled language and natural
language did not appear to improve a search.

Fig. 14  Completed copy of questionnaire for searchers

gy

10 7|
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An analysis was made of the seven N.L. and Concept searches made at Estec and TRC
where the original analysis showed that some relevant documents had not beenfound due
to search failure (1-03, 1-04, 1-09, 2-03, 2-05, 2-07 and 2-08) The intention was to find
whether any of these documents might have been retrieved by the use of Associated
Concept File, since, from the comments made by the searchers at the two Centres,

it appears that they were unlikely to have made much use of the A.C. File. Such
analysis was difficult and highly subjective, but there appeared to be no search failures
that could reasonably have been avoided by the use of the Associated Concept File.

An additional point in this respect is that one of the searchers at Lund, who had

given a positive reply to the statement concerning the requirement for something such

as the Associated Concept File, added the rider ‘the Associated Concept File was not
enough as an auxiliary aid, and a thesaurus, for instance the EJC thesaurus was essential.
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CONCLUSICNS

It appears impossible to reach any other conclusion than that, within the parameters of
this test, Natural Language searching on titles and abstracts proved at least equal to
and probably superior to searching on Controlled Language terms. 1t also seems that
a significant factor in this was the increased levei of exhaustivity, and, therefore, there
is no possibility that an equal level of performance could be attained by restricting the
searches to titles.

While these conclusions are reached on a smaller test set than had been originally
intended, there would appear to be no justification for suggesting that, given the same
general type of search pattern, there would have been any significant difference in the
result with a larger test set.

Availability of an Associated Concepts File (or a similar type of device) is something
that is theoretically desirable, but which in this test did not appear to be particularly
useful. 1t might be argued that its potential value was reduced by having bee~ compiled
from title terms only and by having been restricted to terms which occurred at least

ten times.  Certainly, in the form in which it was made available, it was very
cumbersome to use, and it may be that, if it had been aveilable on-line, the improved
ease of reference would have resulted in its incresed use.

This leads into one caveat which | feel has to be made about the whole test, and this
relates to the operating conditions. It was carried out from various Centres which had
direct lines to Frascati and which also had VDU.s operating at 240 c.p.s. As a user who,
for the past three vyears has been accessing on-line systems with a 10 c.p.s. teletype
terminal and within the severe financial constraints of a library budget, the completely
different approach adopted by the Centres was particularly striking. Obviously the
Centres are coriect in fuily exploiting the interactive capabilities of on-line systems,
whercas we have not been making full use of these because of the constraints imposed
by the eauipment and the cost. However, whatever might be the situation in the
future, there is little doubt but that the majority of users as of now will be operating
with, at best, 30 c.p.s. terminals and probably within cost restraints which would make
many of the search times found in this test quite unrealistic. In such circumstances
greater emphasis tends to be placed on the preparatory decisions before commencing

the search, and it might be argued that this in turn implies that searching on Controlied
Language indexing with the ability to consult a well-structured thesaurus is likely to be
more effective than was the case in this test.

As an overall recommendation | think it best to quote the written comments of one of
the senior searchers in this test:

" According to my experience a data base, aiways should offer both controlled and
natural language. Controlled language will give an effective and quick result to
questions suitable for the data base. On the other hand if problems arise to find
exact descriptors you will be grateful to be able to use natural language,

Very often the possibilities complement each other.’
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A COMPARATIVE EVALUATION OF SEARCHING BY CONTROLLED LANGUAGE
AND NATURAL LANGUAGE IN THE NASA DATA BASE
Cyril W. Cleverdon

Cranfield Institute of Technology

REQUIREMENT

It is desired to investigate the comparative performance of on-line
searches using either a controlled index language or a natural language
based on terms in titles and abstracts. For this purpose a test file
has been prepared from the full input to NASA Star for the years 1973
and 1974, consisting of approximately 50,000 references.

I TRODUCTION

In designing an evaluation of this type, there are certain limitations
which have to be accepted. First, this is not an evaluation of an
operational system, but is a test of a sub-system, namely the indexing
and index language. Therefore it will not be concerned with many
aspects which would have to be considered in a total evaluation of an
operational retrieval system, such as the interface with the users, the
consistency and accuracy of indexers or the expertise of those carrying
out the search. Secondly, because it is a comparative test, it is
essential to keep control of all the variables that are extraneous to
the sub-system being tested. If this is not done it will, at the best,
be necessary to increase significantly the size of the test and the
scale of the analysis; at worst, an uncontrolled variable will be found
to out-weigh the effect of the variable under test, so there will be

a failure to meet the objectives of the test.

However, if the test is designed so that extraneous variables are
controlled, there are some compensating advantages. A less complex
methodology can be used, and somewhat cruder measures can be used.
For example, a full evaluation of an operational system would not
only require genuine questions but also that relevance judgements

"should be based on full text. However, in the experimental situation

of this test, one can accept prepared questions and relevance judgements
based on abstracts, doing this not because it is desirable but on the
practical grounds that it simplifies the test methodology and will

not have a significantly adverse effect on the comparative results.

There are, of course, some variables which cannot be controlled, and
the most important of these is the search query. If all questions put
to a system were of exactly the same kind, a satisfactory test would be
possible using only one search. Since this is most obviously nct the
case, it is necessary to use sufficient questions as will reduce the
effect of this variable, doing this in such a way that they are
representative of the type of questions for which the system is
designed.
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TEST DESTIGN

Seven user centres have agreed to take part in the initial stages of
collecting test data, and each centre has accepted a commitment to
process a minimum of ten questions. The test procedure will then be
as follows.

1, The Project Director will prepare and supply to each centre detailed
“'instructions and the nécessary recording forms.

It is essential that the various centres should adhere strictly to the
requirements of the test design, so that no unknown variables enter into
the analysis of the test results. The Project Director will therefore
prepare detalled instructions concerning the procedures to be followed
in making the searches,

2. Each centre will recruit ten scientists or engineers who would agree

to cooperate in the test,

While it would be most satisfactery if the test questions could be valid
questions, this is not practic-1 within the proposed time scale, Thercfore
those cooperating will either be persons who have recently had a search
made or who are willing to prepare a suitable question. Additionally they
will be asked to supply a list of any papers (up to a maximum of six)

of which they are already aware and which would be relevant to the

search question. At a later date, they will also be required to assess

the relevance of retrieved items. (see 5 below)

3. Separate searches will be made on the test collection using the
controlled language and the natural language.

An original expectation with on-line systems was that the actual user
would carry out his own searches, but in practice this does not appear
to be the normal procedure, and searches are usually delegated to an
intermediary. It will be the professional intermediaries at each centre
who will be responsible for carrying out the test searches.

Since each search has to be duplicated, difficulties arise as to the
procedure to be followed, bearing in mind the necessity of eliminating,
as far as possible, uncontrolled variables. A search could, for example,
be carried out quite independently by two different persons, but this
could introduce not only the variable of the ability in searching of
the two individuals but also the more serious variable of different
interpretations of what the questioner really required. On the other
hand, if the same person did both searches, the second search could

be significantly influenced by the experience gained in the first
search. Therefore there will be two intermediaries at each centre, each
doing five searches with controlled language and five with natural
language. However, before doing a search, the intermediaries will
consider the question, where possible with the questioner himself, and
will attempt to achieve an agreed interpretation of the meaning of

the question, and also agree on a comparative and matching set of
starting search terms.

Always a problem in this type of comparative test is the decision
regarding the level of ocutput. A search statement can be so structured
that it will give low recall and high precision or one can go for
high recall and low precision, these different levels of performance
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being obtained by variations in the exhaustivity of the search, the
specificity of the search terms or a combination of both. Unless there
is some form of control, there will be the possibility in this test
that one search may be stopped when ten documents have been retrieved
but that the complementary search for the same question will be
continued until one hundred documents are retrieved. From the viewpoint
of the analysis, this would be an unsatisfactory position, to avoid
which it will be necessary for the two searchers to reach prior
agreement as to the level of the search and the extent to which the
search can be broadened. Such agreement would, of course, only

relate to the two searches for a single question, and the agreed

level will probably vary between different searches at the same
centre, and undoubtedly will vary between different centres.

In that a statistical analysis has been prepared of the words used in

the titles of the documents in the test collection, it is required:

that the test show whether the use by searchers of this listing of
associated concepts gives impr wed performance in the natural language
searches., To obtain data on this point will require that half the natural
language searches will be made with the operators being:zble to use the
list of associated concepts to help in optimising the search strategy.

Apart from the requirements considered above, it is accepted that the
search pattern will reflect the normal operating techniques of the
searchers in the various centres. From discussion, it is clear that
there are wide variations in the normal search pattern at different
centres, and it would be impractible - and undesirable - to attempt

to impose a rigid search procedure for all centres to follow. However,
for the purpose of the analysis, it will be necessary for full records
of the search pattern to be maintained, and this will be done, with
the records annotated by the searchers when it is necessary to explain
their reasons, for example, of a switch in search strategy.

4, A manual search will be made for each question in the appropriate
section of MASA STAR for documents which appear to be relevant.

One method of obtaining the recall ratio is to base this on known
relevant documents., It is expected that many of the questioners will
be able to supply such known relevant documents, but it will probably
be necessary to supplement what they are able to give. A search

in a manual system is the simplest way of doing this, in that it

is only necessary to find a few relevant items for each question. It
might appear that it would introduce bias if these manual searches
were made with NASA STAR, but the experience in the MEDLARS evaluation
of using Index Medicus justifies an expectation that this would not
be the case.

5. A maximum set of thirty citations will be obtained for relevance
assegsment.

The two searches on a given question having been completed, the print~outs
will be sent to the Project Director. The outputs will be compared and the
total set of citations will be ascertained. If this, plus any items
located in the manual search, were less than thirty, the whole set would
be sent for relevance decision by the questioner. If more than thirty,

a sub—set of thirty, representative of the two outputs, would be prepared
and sent for relevance assessment.
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6 The questioner will decide the relevance of the citations

The questioner will receive a set of abstracts and, in relation to his
question, will indicate for each item whether it is of major relevznce,
of minor relevance or non-relevant, and for all items in the final
category indicate briefly the reason for his decision. The relevance
decisions will be recorded on a standard form made available by the
Project Director.

7 The search results will be analysed

The relevance decisions having been received by the Project Director, the
results will be correlated for all the centres, and calculated in
appropriate measures (for examples see Appendix A). Analysis will be
made of search failures to ascertain the reason for any significant
differences in the comparative performance, and to determine whether any
recommendations can be made for overall improvement in performance.

8 Report
The Project Director will prepare and submit the final report by
March 31st 1976

TIMING

The initial stages of obtaining agreement from scientists and engineers

to cooperate will be started immediately. It is expected that the

test data base will be ready for use by early December, during which month
the searches will be made. It is hoped that the majority cf the relevance
assessments will be completed during January, allowing some two months

for analysis and preparation of the report.
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APPENDIX A
QUESTION ANALYSIS SHEET

Assume that, for a given question, C.L. retrieved 40 documents and N.L.
retrieved 50 documents, and that 10 of them were retrieved only by C.L. and
20 only by N.L.

Therefore documents 1-10 are C.L., 11-40 are jointly C.L. and N.L. and
41-60 are N.L. '

Assume relevance decisions on sample of 30 documents:

C.L. C.L. and N.L. N.L.

1 R 11 R 41 R

3 N-R 13 N-R 435 R

5 N-R 15 R 45 N-R

7 N-R 17 R : 47 N-R

3 R ) 19 ©N-R 49 R
21 N-R 51 N~R
23 R 53 R
25 R 55 N-R
27 N-R 57 N-R
29 R 59 " R
31 R
33 N-R
35 R
37 N-R
39 N-R

Totals 2R, 3N-R 8R, 7N-R ‘ 5R, 5N-R

Assume documents 11, 17 and 49 had been found beforehand by a manual search,
plus one other document which was judged relevant but was not found in the

mechanized search.
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PERFORMANCE MEASURES

The usual measures are recall and precision, calculated on the following

basis:
Relevant Non—relevant
Retrieved a b
Not retrieved c d
a . . _ a
Recall = T o Precision = P—

Since the true figure for c cannot easily be determined, the alternative

ways of calculating recall are:

a
Base . recall = S where a + ¢ represents the total of relevant
documents found outside the system being tested

(i.e. manual search)

a
Matched recall = P where a + ¢ represents the total of relevant

c
documents retrieved by the two systems being
tested (i.e. C.L. and N.L.)

Therefore, the performance ratios for this question would be as follows:

C.L. N.L.
Precision 2+8 8 +5 _
70 = 507 5% = 527
2 3
Base recall — = 507 = = 757
4 4
Matched recall 2+8 = 66% . 8+ 5 = 877
24845 2+8+5

TIME

The comparative times for the two methods will be obtained from the
print-out records of the searches. Apart from a straight comparison,
these can also be related to other aspects, such as the number of relevant

documents retrieved.
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Question 1-01
Controlled language
434908 434940 434348 432575 431330 431012 b v
32° \ ; 25936 42988
129436 429013 127992 427976 427754 427058 u27o35 agsen;
426521 426042 H23523 422263V 421943 521085 619581 115790
479787/, 417817 416227V 416200 616199 415196 41s199 41654
fwu?vo 414226 41u20 N 13637 413259 412562 412371 412240
411139 511334 410859 610528 333809/ 333440 333420 3333¢e
337175 330661 323899 328579 328531 328199 325615 325294
325130 324945 320523 323514 322626 322445 322222 320569
3120586 320154 319768 319589 378596 314600
S 0c 314565 312584
02 311285 310973 310466 — A
ot
Natural Language
434938 LIL933 L34030 - 4299R. 429969 uzgﬂ;@V/ 429013 427982
53839 422237 52220 L£21160 uzou n 17282 417261 417280
816227V B16204  LI5B23 4151967 41L229Y 413268 413263 412238
412237 51082135 L10uQy 3334497 335&&6 ig_iﬁ.ﬁ? 33z414 - 331824
137058 330859 3285834 325539 320591 324¢ 26 323613 32360¢
322L05 321641 373551 312945 . 312570 311706 311509 310560
310212 ‘ - '
Question 1-02
Controlled language
433665V 432531/ 5301077 521811 7 u18§§5~/ 817302/ 5128827 410657
331477 326446 325572 324199 323571 323254 Y 320993 32056¢
320200/ 318523 3127487 |
Natural Language
535128 434550 4336657 4326317 430157 < 1427897 422533 622325
32587 323237

421811 121037 418335v 417902 128827 327831 32
32022V 312748V : .

Manual search I

412882 421811 417902 432631 - 4;;2 §4>Z Lo 1))
’ ) - 7o
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1_: 03

Controlled language

429535

317911/
3275677

429529 u276722
“u17929Y 414136 Y
322386 322100

Natural Language

(98]
~
N

Jo

e
~J
b

)

&

=t
[al1ee
s A

[ SN e o R VO R

-
el
N

W e & e
I N R P R S LY
&

N

% Sigji
SO A
[ S

~

t

31620

433677
426308 426307
518362 Y 4182044
514250 L14136Y
511657 511221
331145 3311L2

320636 7/ 219906

31144C

311175

Manual search

418842

L26728

L13881

320686

431526
421764
517611V
413628
£11252
330211
316210
310E5R

314206 333120

Question 1-04

Contreclled language

135713
525574
412350
339646
327100 /
311883

434362
b2231¢C
L11018
320592
325717
310204

v 351607
418830
410821
329¢ 82
323718
310203

Natural Language

434362
4285675
416893
412865
327121
311306

434160 431689
427634 425744
416368 412884
412364 412220
327529 326662
311140 310201

Manual Search

313144

327104 415857

433136 -

417682
410619
328864
323709

431688
423353
412370
411700
321833

416904

L26703Y  w20896 7
412217 410617
314206 312495~

522677 427675
421756 42896
617929~ 416325
413379 417360
413529 410610
326543 327567 7
310256 /7 3136879
3107234
=

430595 430099
617387 816368
333930 333570
328863 327768
323699 321833
431687 431685 429525
421669 419965 416904
412869 412868 412367
411018 330916 329597
324091 318371 313852
425674

ut18887
333120
31168407

L27672V
519681
L1Lg2¢
L12868
515617
325956
312695

42899
£15845
331784
327574
319€50

429280
416897
412366
327362
311397

v

18042
331859

426728
418887
414682
L12841
3331206
322386/
3121691

425711

412884
330834
327121
313685207



435278
134070
43001r
129274
127535
4237672
420639
118137
417292
4153h4
410854
333437
333471
331993
327839
3255749
323616
325947
318571
312588

Question 1-~05

64

Controlled language

34873
433598
430006
u29216
L2753
5225072
424235
417586
b17287
434697
B10723
333489
333469
330225
327508
324935
322474

320668

ENRSh R
312235

Lz2448
Bio70s
k17579
417286
L13R00
01Ce33
33387
3334867
328964
227505
324618
322815
320043
314613
312229

Natural Language

Manual search

413600

410723

413597

413597 417579

Controlled 1anguége

435291
4329177
423337
4q 7647
3413405
110728
3370460
32598%
32385F
3197901
314751
310742

Manual search

417510

Natural Language

L2R9US
427335¢
417895
413193
333682
337 R4 3
325965
322797
31971
314706
310703

417510
330843

L33226
5286731
£27%860
L1680 4
L1240 3
332617
330697
325913
321753
319488
316077

414962 411531

431360
433701
120585
128900
1269140
8920410
19522
" 417510

Li6h1kL

413597 .7

L0273
333406
233466
329818
327455
324262
322397
326027
313928
3105861

_—

334347
532030
429436
B2RUDD
426368
422237

418580
17400
616268
512936
410271
333u83
333465
329530
327450
326235
321830
319953
313575
310833

420539 333487

133233 k33160
428167 427794
421460 821088
416408 316671
412279 411576
332616 332577
337696 326745
325880 325839
322719 322677
218735 318624
313782 313679
332738

G353
431543
429035
428197
B260 69
522227
419551
417399
16264
812498
510270
332082
333860
328590
125969
323866
321471
318965
313331
310483

432605
L27300
42n6 98
414053
L11531
328944
325760
120001
315101
312844

L3uluQ
B30951
429289
L28186
422132
B21162
18196
417397
L1e24 €
411318
410268
333480
33345¢
323497
32591¢
323726
32107¢
318605
312928

430247
B2E337
520067
H1L 166
416973
331865
328693
325486
320659
31480 ¢
311973

4387137
63397
4292893
527963
423120
£21067
B840
17293
L5660
41C9ULS
233666
333178
323457
328083
325895
323617
3208872
318594
312693

319823
318798
311751
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Guestion 107

Controlled language

. < )
{ 1 -
gg%g‘z; / “223‘”‘/ 521251;!},‘/ 4316678 ~/ /v?f")n’)//
e / 32“9&3 32{"6-’76 390‘?_37 g?u‘;f‘,?_‘/
; e s

Natural Language

£34337 433207 L22639 4225107 422508
ATTERUY 416978 477825 b1 gh2e” 333050
”nk9623< 326592 317 Ra6 318043,/ 3135288
'§51063 '

Manual search

446978 422510 314853

Question 1-08

Controlled language

LZ526%  LAZELA 431288 3ALLLO

// Natural Lanéuage N
i i

/
/
i

435263 431288 U35275 427389 L26275
4713506 411628 L11626 411628 3326509
disuyl 316816

/

Manual search

L1626 L3546 ZQIH< LZ526% 31440,.0
120275 314833 332659

333950
314853/

422503
331785
313021,

k22488
327746

332792
3 07

- B0
N s

N
£° T
Nei

~3 (D

o W =
A
o Y n

N

L21421
320847

331785 .

421522
330250

'_?,/'Z/Z"'"’f)ff; 3 L™

S e

15487
Jrue3z
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Question ~1-09

-Cbntrolled language

5

| » vou v/ 227839
! qg&// B17811 0 4141 112/, 215518 812201 32812 H e LEa
g?;%/ 3«,’55“"52\/ 31354 51,/ 318650 318480/ 314986 311386«
433335 325484
Natural Language A
L333u8 43321235 432334 428311 S 427363 428405 g25946%"
4174C8 L1¢ Tzv/ 315513 4136935 Li35£5 33Z€44 §%2£;i
3273LG 327933V{ 327 €33 325473 322394 320836 218422 v
318550V 318L49,/  31L9u6y 310323 2I0LE2Z 301 svh
433346 417412 328494 318451
Manual search
433335 416112 417406 417412 433945 431907
Question 1-10
Controiled language
435287 gi;i;§ 3u389 433377 432358 £E32285 ;;gggsf §2SE33
429796 429358 4286412 . 423520 423517° 417606 416597 Gi4p24
414% 9 434543 Lies541 414537 610839 333878 332795 3371823
32 75809 326616 31893C '
-
Natural Language
§§Q373 5303297 328ﬂ72“/— L£26365 823517 23411 422515 LiLeC8
+12539 332793 %égﬁﬁﬁ 331950 337892 328977 328895 32241t
{;3327 310983 - -

Manual search

423517 428333 429538 422295
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Question 2-01

Controlled Language:

434952 434892 433989 433490 432696
4298604 429854 429833 429830 429829
4295207 429485 429262 628550 427922 -
475776 1260493 422849 422697 422662 -
£20080 419715 419376 4186495 417888
siouuy 415182 414780 10138 413878
411059 410834 10747 410495 410469
328126 327554 327039 326126 326086
323521 323254 323237 323007 322736
321021 321012 320799 320554 319670
314168 313741 312706 312522 312471

. ) _,427,¢
Natural Language
i29636 429520 428776 4265807 6226327
5104 T7u 4105469 331456 331429 327471
311289 e —

Guestion 2-02

Contrclled Langusge

414256 429440

Natural Language

429440 421699 474226 513617

Manual Search
329583 331865 450007

431948
429620
127920
421892
417755
413732
333103
325188
322691
313498
311221

420077
320287

R

431720
475794
427689
4521863
417193
412849
331096
324535
321621
318024

310272

~
=

wr N
Ul
™o

o
B S g

429871
U29627
427519
421076
416779
411066
329188
324289



Question 2-03

Controlled Language

o

433349

Natural Language

435127
432562
428591
426122
uzﬁ?%a
415098
411334
332&04
330377
323465
320431
314419
310469

IR

1

{3250

w2744

,/// 31770

417989
326303

220603

434014
432252
427928
L23368
420205
414502
411383
332297
327807
323099
320340
313970
310427

Manual Search

G4t 7

Question 2-04

433913

43z nrn/

4271377

L22744
L18739
L1437

t17382

331587
327E5€3
323074
319094
313895

Controlled Language

A : %
331261’// 320312,// 32“332‘//»322203

(Natural Language

431774
4159917

325312~ 324332

Manual Search

427750

429945

410338

7

68

433865
431114
427132
22600
18262
414316
U10€15
331369
327314
322467
319089
3131386

u27756
410019

3222563 —

433628
429960
427003
422467
4190395
413203
410368
331041
327072
322047
318511
317465

43106

4229339

331261

31127;/

433551
429427
L26867
B22u45
418C 95
412499
333840
331013
3246400
321700
318381
311335

215085

322250

4219561
327226

4333497
h2S2€3
L2660 8
Lgz187
417631
412178
332632
33C61¢F
324340
321571
3157¢ 8
311116

230678

3112727

419923

327222

u32059// 427137 ~ 426867 4261227 411382 ~ 323074 321519

4328457
L28¢STS
G265 ED
207317
416 2CF
U11E87L
3325G#
33C3E7
324337
20847
315063
31086z

310514

417933
327221



Question 205
Controlled Language

$34337 G34336 6363217 43431u 433466 433441
733325~ 433319 7 432320 431760 431736 431488~
133417 429277° L27722 27385 2648077 422628~
21634~ 421523 L21520~ 120553 119688~ 1419525
L18665 418663  #185C3 B177097 41700677 416251 7
T3 L7 4171 4136747 413586 b12714
112533 411821~ 410804 410801~ 410322 410028 —
137927 3329267 331940 331746 331245 330936 7
330050~ 3300217 328123~ 3279247 326997 3268807
326280 7 326000 7 325025~ 3250247 324317 7 324281 7
124004 7 323351 1229577 322500 322202 321830
118994~ 318008 318007 314869 318005~ 312964
Natural Language
434462 6343217 438320 433466 < 1338307 4333257
1132324 431736 7 431488 431485~ 429399 429394
426447 p264uL -~ 425577 422628 - 421658 421653~
42(8us 420529 4196887 418663~ 418510 417709 ~
417021 417006 416251~ 415532 7 4147317 4iu7iy -
413712 413674 412714 - 412707 412702 412516 ~
411208 411707 4510801 7 410028 410019~ 332974~
3329u5 332927 7 3329267 331940~ 330936 < 330929~
32123 — 327924 327889 326997 < 326880~ 326280 ~
325276 325025 3250247 324317 — 324281 -~ 324080
322857 - 322955 322202 7 320999~ 319998 318997
318000 314005 .~ 313278 312923 3118907 311016
310030 310008
Manual Search
35015 320645
Question 2-06
Controlled Language
135108~ 435105 435096 .7 435095 7 UL34354 4320597
4280967 4278877 427885 7 427883 423211 623210
423203 41812C 417390 L16116 415104 14352
3316097 330656~  3297CH4 329428 327131 326667
3246527 323723 320716 320712 320711 329709~
320699 3206587~ 320687 320685~ 320682 319649
314435 314432 312685 311689 311680 '
Natural Language
435108 X 435096 < 435095~ 432100 45320997 431927
426096 4278877 4278857 420230 419282 517388
4135727 413142 412353, 411080 410617 333566~
331609 330853 330656~ 330645 327821 327567
322622 320709 < 320708 - 320703 320697~ 320688
313436

i

J2L%5

69

633437
431485 -
422505
L1E£G3€
bi5%532
412816
L10019—

-33€929

326284

324¢80 —
320999
31189¢—

433319 7
429287
421634~
417570
L1321
411828
332973
330050 —
3260007
3240587
318995
310886

Manual Search

215665

35657

431927 -

422206
L123537
326660
320738~
31%¢€3°¢

431908
415094
333369
3246527
3206857

433030
b3ce3s
421653
4ieeve
4iuve67
412811
33297
33C¢2¢8
326281
3248458
320946
310317

B32404
U29277
421526
4170¢ 4
413714
b11821
33295k
330021
3252131
32333+
318952
310317

430902
423204
3335667
326¢€58
320700
319¢€34

428960
414354
332788
3234895
319636



135106«
129568
113888
111295
320723

435106 ~
477813
4126417
312459

pe———_l

70

Question 2-07

Controlled Language

429228 L2€693 k27676 %?76L?«/ 4262°t8 422731
420344 17923 u?5007«/ 41574 415516 Liuc32—
412652 L12641-7 12640 &52639/' L1265 412898~
bi16882 410067 410054 3371139 328907 326205
319231 371150 310733

Natural Language

J
434633 432633 Q31§58 L27721 B27647°7 426729
420234 417185 w5902 u?S&}G 4145327 41:z12¢
412639~ 412598~ 412597 328048 323733 314189

311193 377971

Manual Search

i 3SE 4o b3y 4rebio 41204/

434294
311847

U

435205
S 422347
419454
337843
311837

31 540

Question 2-08

Controlled Language

Question 2-08

Controlled Language

436293 L3Q283// 433291 427208 u19u55//' 311€50
311841 o - - -

Natural Language

44342947 5342837 433291 432274 429241 428057
g22u442 413473 419472 419470 L13L62 418457
4184903 L16032 u10778 . 332662 331899 33199“
3118890 311854 311851 311846 311845 311844

. P,

311836 311813

Manual Search

332bb2 43425l

[\ IEYs1 \D ~J
ETomad O

421
47435
L12E
3207

&4

71 2 O

422849
412642
377776

311848



Question 2-09

Controlled Language

Q%Lﬁugé
478675
422149
416893
4128707
331470
327531
3““304
3,{ \)\)</L?
3119097

j 2
’g;‘.
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T
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2202
E14891
128647
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41
33
3
3
3.
3
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tatural Language

a3L354

unn6i1 S
429612 7

Manual Search

Question 2-10

B34

S

Do
30
3

PR I
w3 N3

P =i

(U3 - ad Led
£ T R s 8T
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wnd
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Controlled Language

427087

Natural Language

u3>1u8 _

uzﬁsuu <
3. 1‘{)2‘—‘
325073
312862

22654 7

429385
417756
331¢99
323735
312036

Manual Search

go2bhb

4Ntk

4226467

429142
417405
330937
322287
312016

5?5$§

v SR e e

\

\

Y

Ay

)

71

4308127

42340177

4205567
ytes21
L3/117

432038
427361
4221217
@i3516

BZﬂﬁu
323532
318345~
312 S04

u22640 7

427187 v
417004
330241
321573
312015

327897

B30543
L22970
uTQTOB’
413594
’1“@07/
J2987b
3249857
“3?09

31838607

-

e BRI &)
N'de) -t

425851
4221197
417784
ai?qﬁE

572492

332088

325883
323318
318860 7
312397

32030637

26u48
413946
330024
320303 °
312013

e

430534
Wp2122—
418518
B129%647
332755

326132 —
328979

322622
318178

L{-;*)S“Gk;/
§12354
335816
325039

323252 7

318086
3719097

320006

422663
333748
327923
320006 7
311800

437304
G22a21
4175817
412933
332098
327853
320640
122820
313335

e

L3¢787

5238017

4299007
417837
413877

12117 -

J2EETE

L22654 7
333742
327704
319998

429612
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417575
412577
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Question 4.0L

Controlled Language

72

Lot
33637+ 432628 4326137 4295217 4295157 4276317  L26752
27831 519301 L1789L 417866 k?%867// L1eos 812912
111024 331121 33112¢ 337070 331069~ 331068~ 3310677
126354, 3271287 325191 324658 324191 323529 323262
522103 322072 320206 3201957 319197 313222« 313094
17248 310227 '
Natural Language
VEP 4336377 633118 432860 432613V » - |
42;%15v/ 28672 127031/ U359 s175m0 crodes aic1ns
45%1;3/ &?491QV' 411963 B1T077 332076 331120/, 331069
WIDETS 331966 331065 . 331085 330062 329¢00Y 337136+
325541 325299 324197 323598 323836 323563 3232697
322172 327825 320681 320206Y 320195/ 319969 310523
313411 313222V 311149/ 210832 310533 -
Manual Search
32020b 322072 323625 B2415) 33120
Question 4.02
Controlled Language
L33152¢7 432866 uz;izs 42996? 326429 323686
[
435042 L2L3I00 623307 421977 518085 331376 329222
315537 = - =
Natural Language
424719 134559 B33132./ 433137 433093 L207ct L26132
425954 425394 122998 425810 422344 519U42 88033
416060 512872 L14296 414268 415G 0 412984 L12458
A11129 411909, 41TLLD 333176 333159 337228 327037
324u309 323486 322743 122628 7 321523 321388 327356
318385 317822 312693 312437 -
€.
Manual Search
Si2k37  Bbmb 32336 327235/

529521
415862
33ILER o~
325854
3232685V
313842

32578

426087
416302
g1z1a0
327320
318630
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Question 4.05

Controlled Langesuge

430034 410079 329880 320879 328281
314545 313364 453841 433840 4353547
422045  B533Y90 528615 322575 318658
430034 4105879 329880 320879 528281

Natursl Language
4320835 426581 350857 330420

Manual Seayrch
516584 315625 316402 316403

Question 4.04

Controlled Langnage

4338587 429734 320456

Natural Language

422434 422433 415413 412454 326815

Manusal Search

526520 329394
430056 429724
513626 5310616
526520

521749

3284568
429051
430041



Question 4-05

Controlled Language

410747

Natural Lenguage

530910 4268067 423344
512045 510713 333747
325299 319458 313471

Question 4-06
Controlled Lenguage

BALA3E
41 885"

4236425
4180849

GRIADG

L1500

323252 318218 313207
(p3%72]
372 233720 L2676y
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Y ad

533670
L18519
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—
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+33263
2165315
130812

Py

Pt
i

AV S T
W
~J
KD -

\

LN
1) e Y

- DN

P

132059
312276
e L

43 4103
410400
112276
32045710
LLEN

Question 4.07

Controlled Language

430263 £29259 %X
413647 L11617
3307790 127736

Natural Language

0262777
515475
327706

-

8292697
L2r 58
321747

Manual Sszarch
A31711 422428 4350285

Guestion 4,08

Controlhed Language

Natural Language

Manual Search

524440
318716
419694

130512 L2AGET
517212 19169
3312650 312737
3214622 321617

427635 427126 426277
333778 332636 331872 %
32€E14 314065

426273 22033 122831
w598 331877 3318727

y23300 Y 521094

313716

2232007
SRR
132186
321399

v’

L2 1on
319875
331722
218716/

nioyu’
311734« 311113

621007
415557

220%93 226702

216559

L22636 5224287
331756 331711
RS
522428 ’/’321§ﬁ6f
331711 328798
LU 20 M‘2393v
421016 519ECY
L15566 H15090
2 325180
31173807 311549
- o



Question 4.09

Controlled Language

76

132893 432822 4327887 430728 4307147 4306 92— 429727 428892~
L37739 427798~ 426876 422059 422049 422046 422024 420964~
n=59537 L189767 7&180&0';V 417062 414076 414035 0412117 4111557
103617 332286 331359 % 3313577 3313371 330317 329276 >~ 328452
~3309~- 326223 328274 323213 328212 328211 328210 327268
553227 3259107 32391 323653 322338 322287 3213617 319342 -
163677 314323 - 313335 3130707 312404 ° 312403 310358 —
Natural Language
23135 332809 a3g188’/ 4331861 431788 430720 530718 43¢734°
5713 430712 435711 430710 530709 330708 4306927 u238727°
73138 4288927 428867 428830 428829 427849 27836 4277987
35857 u2277¢ 522024 422023 421398 425964 <7 B26953-7 420061
112502 4138976 118971 418967 4180407 417099 417074 417659
15032 415019 ,  B14076 < 415035 413071 412134 B12121 312117
311155 511155 1103617 333359 333251// 332269 332257 331357
331319 331289 331288 330288 329276 328806 3283¢%6 328309
323337 328275 328237 323232 328231 3282360 328229 328228
3282256 328222 32821n 328213 328211 3282190 328209 3273587
327280 326350 . 326340 326322 325310 325732 325365 324399
322288 322287 321361~ 321334 320352 320348 319367 319352
313376 318339 318355 3143677 374324 314323 —~ 313335 313333
313070 7 312331 311325 3103587 ‘
Manual Search
425810 331359 313335 427797
Question 4.10
C ontrolled Language ;
o , y o |
433253// 432519,  L26612 , 4265737 4227837 42075487 416534~ 331002
329329 326069 » 32851377 3251087 322041~ 314105 . 317106537 3100091
310086 < 310076 7 - s
Natural Language
433560X 432540 T 432539 4325197 429456 B286U6 428623 uzasvjf
L22755 422708°C 421752 L2074868 7 420753 420732 417808 416861
416828 4165347 333047 3310027 329029~ 327959 326069— 325137
125108 3220017 322000 321964 321983 321981 318117 313457
313100 3110537 310091~ 310086 310076 :
— L —
Manual Search
311086 315126 316054 331002



~ Question 5.01

Controlled Language

77

432208 430558 420098 417482 416453
329770 326730 521643 320795 320792
Natural Language
427270 421376 421556 413470 410486
Manual Search
429196 411065 426215 418374
Question 5,02
Controlled Langusge
434361 429293V 330685Y 329888
3206686, 32068u 313953 213047
D tnd / el
Natural Language
#32107 a29203V/ L27926 42€152
MU3L7 410617 , 233566 332783
323895 320”17V/ 320 711V/ 320709
313774 311689
NN &AL
137972 127178 &Zizﬂf 330EL5
3tgeza  31se3s 312080
—

Manual Sesrch

320717 320684 320705

520685

415432
319059

333706

411579 533706
323783 320795
320725 320717
/"‘
417388 4151387
330uunv/ 32547
320688 325676
Lo
326658  32070°

22071
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Question 5.03

Controlled Language

434763 431936~ 122026 418122

Natural Language

4319307

431715 143170
511204 g 22956

' 327397 320390 77320353

Manual Search
3302069

Question 5.04
Controlled Language
428431 ,
Natural Language
420451 4135768
Manual Search
429431

Guestion 5.05

4335127 432870 7 431536~ 1430221
421635 7 L19698 <~ 414788 ~ 323974 7

434549~
422704 7

Natural Language
132900 132331
413758 N10947
3259171 325096

434360
414787
326487

431953
331995
324234

429427
331993
321959
534549 X 433512 7
422704 X 421685 —
319981 < 313160

L3270 X 4315367 430448
415698 7 414788 7 330977
313050 X 312062 — -
Manual Search
412685 434549

Question 5.006

Controlled Language

433661 415904 320228
422259 418948 411991

418884 421892

Natural Language
430569 421891
Manual Search
4:1891 421892

413599 413598

326153

420536
313857 7 31223y

415898

323514 31243¢

L17187 413090

411299
311490

311295

B29428 ~

U2EE08 7 4227057
319981~ »

313050 -7 312062/

L285u4n
330982
320040

427538
330470
318087

L16899
329011
312061

422705
321973

2\__~
2397

U

4298287 4
3

656G X
330470 976 <

430229



415913
413857
?32676
327137
324250
320211
319213

434652~

125734
3252307

430549
415934

o

432509
422832
411332
331005
324219
312151

P

QUESTION 5.07
Controlled Langusge

u3u607 533767

431698 131696
137188 t311R6
425757 L2570
515863 £14910
512981 612880
332672 33250¢
327106 226166
328242 323260
31096 313174

Natural Lengusge

B3L6077 4337607
4257577 4178347
324250~ 2320211~

Manual Search
324250 413857 420586

Question 5.08

Controlled Language
L37 % V/’ q?giQG“//
332755 2311177

Natural Language

131R30 L30R0G
52 531¢ 2080
L1057 617173
3301717 330100
323726 IDI2565
312163/ 311182/
,M

Manual Search
4305530

79

133760
431691
431058
B2R AU
L1689
611969
332521
326160
322360
313172

4326307
L16019~
313174~

L33672
31683
430592
418838
LTL343
411943
332150
326159
322160
313167

4321507
41388 ¢
3112107

320213 412880

L3rsan—"

323271

525944
218225

130520,/ 630524

417853
3320456
327843
31s127
316215

533136
431679
429587
417894

413866
411065
3278U1
325227
322126
312171

4305927
492880~

v

JTUH’”

331117
3 ().7(' 9(_)

313187

310196
~

133127
TERESE:
429596
B16948
B138A0
L11016
327728
325200
321233
311210

42¢5867
3278417

o)

a0

TSI
T
£ bho

£
.

s ( Vo NG
] - b
N A

o W

[PV VCE VIR TR SE
$a2
— =

R
[
N4
W

L32630
43167
B2RAB
L16S1G
£13858
LT0ERY
327152
32516l
121103
310634

e

426C08
326166+

419806

4228324
411230
331098
320 €56
312169



> Question 5.09
Controlled Language
Questicn 5.09

Controlled Language

421210 415368 335748
427075 426758 426098
332090 4330072/ 529C32
L6231 L12993 512546
529586 L2578L 418239
413293 415567 3123593
Natural Language
33529 433007 532047
4257 989 523218 8215833
519543 518548 L17020y
814630 510830 322158
329577 328977 328°¢1
324910 324823 3193856
Manual Search
417920 426098 427075
Question 4,10
Coutrolled Language
130537V, 433875 Y 633633 5;
537692 430623 628782
518647 517733/ 417731
113713V 812727 412718
331255Y 3300 4 3302688V
26327/ 326017 325292
321068 321037 327032
312208 311229 V
415336 .u3u716v/ L38715
523495 428484 22625
322057 321080 250un

Nétural Language

135716V
512725
123757
127639
115097

121314

112333/

Manual Search
434715

434715/

432435

4UPRE20

L19g848

415959

511128
329151
325201V
320030
391721

433915

LLTCT
432178/
L28ESS
L189C 6
815957
LAn2ay2
ERE 77\1
Qwr")bq/
3R0G03

311229

4351500

20

530582
421194

=558
8675

£18587
327524

431511
6213397
417315
332484
327803
319601

4332450
B2y 783
516407
51 £15
337.05%
32-265
32 33%

43351 v
42128
319 260

w3us370/
631500
128485V
517767
414585
3337109
328105
325089
318207
310316

422625 41

323136
330360 320601 525563 318937
121320 w21200 b 20177V L1700
3275139 325654V 3255051~ 320639
16713 L16278 415E6L 415307
32661707 323850 323665 311863
L34 532 428“53 5270751 8257551
{297y 621196 420177 515563
516506 415927 EEVRE BIBECS
330862 330562 33026307 329361
327519 326617v* 32565407 323un5;
318937 319588 o
L e
832535 32028+ 832017 431E
285257 421635 420677 4199
516377 515710 L1ucT8 4147
410013 332976 332932 33209
320006 229179v 3263010 3262
324301 3121938/ 321932 3219
318297 318289 318036V 314¢C
133950 Y 433816 t3puta v u2EL
518705 817767 3270230 3252
312033
433051, 633050« 433575+ 43343
531892 63TH18Y L28732v  L283E
526791 L2290 L22630 42267
117733 817722 2127317 w1702
L15978y/ 412379 613713+« 141300
333159 232925 331245 33020
328134 324908 126238 32627
3233542 3222581 321938 32107
IT5 36y 318986 311958 31331
3 wn7 oty
7751 117750
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MASTER RECORD SHEETS






QUESTION |

21

RELEVANCE DECISIONS

81

. ANALYSIS

Document Mode Relevance |
1 2 3
1| 34940 © Y
2 16531012 ¢ v
3 142799¢ | v
412050 ¢ -
5 147215643 7
6 | 419157 |€ %
7415190 ¢ 7
€ 12543537 (¢ v
9 | 411734 |¢ 7
10333440 |C y
111326655 & Y
12) 325244 \C
183|422 b20 | y
1452015 b
18| 145k ¢ v
16] 423630 [ y
17| 425630 | Y >
18422203 |N J ;
191 43704 0 N v
20| 41 L |V v
21| i 57N p
22333057 |V v
231325557 N 7
24323000 | y
26 312570 WV /. -

RELEVANT BASE DOCUMENTS

Relevance 1

G

Relevance 2

——}

C'L. N.L.
ltems Retrieved 7 4G )
Overlap o o
Search time 27 A% ]
Pre-search time 3T Y
Total sets 2% 1
Search sets /9/ is
Combine sets 147 .

: |
PERFORMANCE
: ]
C.L. N.L.iTitlg

Totais
Relevance 1 o V2R
Relevance 2 3 J o
Non-refevant A <:) /
Ratios

Relevance 1 & 2
Precision 25 1O
Base Recall ! e -
Matched Recali Win% 28

Relevance 1
Precision o o
Base Recall e -
Matched Recall - —_

SEARCHER MODE

A

CL N

B & LT (i L'«flfyﬂr, g f/w\!/ s



QUESTION

RELEVANCE DECIS'ONS

[=0

82

ANALYSIS

Document Mode levance

2| 3
11435128 | ¥ e
2 634550 |V Vi
3| 43365 oy v
41432031 et g T
514321077 ¢ v
6 [4R7597 | o
7 1622533 | N o
8 422328 |V v
S 142080 (e M v
10/42/037 | N v
11 48338 o v
12 407592 ¢ M T
31 4028552 | cad T
14/ 32753 |N v
16| 22225% A %
16) 3232137 |i¥ |
17) 320200 |CN T
18) 312748 o T
19] 33777 |2 4
20| 3244 4b | C v
211 325572 1o v
22132417 [¢ .
23| 32357 |C g
24| 320007 1C v
25| 220585 |C v

RELEVANT BASE DOCUMENTS

Relevance 1

GITGe2
H125 N

Relevance 2

13263
=gl

Relevance 1

CL. ML
ltems Retrieved |__ 17/ =3
Qverlap Ao
Search time 37 47
Pre-search time | 3¢ 30
Total sets ) }S

.Search sets 13 17
Combine sets 4 L
: )
PERFORMANCE
C.L. N.L.iTitlg
Totals
Relevance 1 2 V7
Relevance 2 n 7 /
Non-relevant G AR,
Ratios
Refevance 1 & 2
Precision 47 | b1
Base Recall 100 iU
Matched Recall Lo |G

Precision 24 122
Base Recall (0D gD
Matched Recall 100 V10D
SEARCHER MODE
A CL
B WL



QUESTION [~ 3

.83

RELEVANCE DECISIONS

Document Mode Relevance |
1 2 3

1| 4724535 | iy

2 | 42bq03 (0N -
34yl - N
4 ZHZ;?.;”/ & Y

5| 327567 |C > "
6 | 34006 | 7

7| 4343 | J

8 | 420 N v

g 472 WE |y >

10| 415545 |V v

1) 4 12325 | 1Y

12 y

13 =

14 v

15

16 Y -
17 y

18 Y

19 >

20| 4)] 02¢ |N ;
121 416542 M ¥ N
22 (5857 10 y

23| 323420 |11 v A
24) 4296721C v

26\ 431520 |N v

RELEVANT BASE DOCUMENTS

Relevance 1
AT

Relevance 2

22ob

(155Gt

B Nir fzf:«a“‘?‘%Lﬁ I

ANALYSIS

" L. N.L
[tems Retrieved 235 &/
Overlap ]
Search time A7 52
Pre-search time A e
Total sets 5 V.
‘Search sets ‘% 1 ¢

- Combine sets & jE

P .
PERFORMANCE
: T
C.L. N.L.(Title

Totals

- Relevance 1 s i &
Relevance 2. A (> o
Non-relevant 2 JO O
Ratios

Relevance 1 & 2
Precision “7§. £}
Base Recall o | o
Matched Recall [’),7, 2
Relevance 1
Precision V4 &
Base Recall JOC st
Matched Recall 50 100
SEARCHER MODE
ACLT N



QUESTION [ ~/3(/

RELEVANCE DECISIONS ANALYSIS
Document Mode Relevance | ’ C'L. N.L.
1y 2y 3 ltems Retrieved |_ 42 e
Overlap '
Search time
1143503 |C v Pre-search time
. . Total sets
2 14q0teg |0 7
3 [,.'f JEER0 W e Search sets lf’ _ "2
4| 455y |- v N Combine sets ) 172
5| 433930 £ v s
6 é?*’[‘;f}i C v
7 8278704 |« v
vy oy oy e o
__? (4 g}l’{{:’ ¢
o LS ¢ v ‘ PERFORMANCE
10 /;‘zéfzéz, 0 o # ‘ : -
" C.L. N.L.iTitig
11 444 Wi oW v e T
12 AT | W v Lotals
03] 4Ly N o - Relevance 1 3 4 173
e e Relevance 2 & 4 Y,
14| 46597 | N ° & r
PR Non-relevant 3 2 &
150 413368 | v &
16! LS i ’ 3 .
6 a0 | : S Ratios
170 AL we’ ‘T Relevance 1 & 2
18] 1o 537 | y . ' Precision S| S0
- e se Rec £l bl
10 3i35¢7 N v c Base Recall NVACENE.
1 Matched Recall 577 b2
26| Lio20l 1 v
210 321Gl 1R W : Relevance 1 N
99| 201 ) i 7 Precision <A 40
S v C =y o
et g I ) Base Recall 50 tso
2351 415557 0 / , -
23] 4139 / ¥ ¥ Matched Recatll J 30 T
24| 4150l |\ |~/ N ' -
. = Py YN . 1‘ .
23 5{2;‘ P (:/ /if“ §“’} E i/‘ . (/’

SEARCHER MODE
RELEVANT BASE DOCCUMENTS

Relevance 1 Relevance 2
/ 2 %li ey ;
Hbgoy 327104

2 Sb 7

A Cl
B L

B

Y

.



QUESTION [

85

E)

RELEVANCE DECISIONS

Document Mode Relevance |
1 21 3
Aol v
2| 413597 (NH v c
3 4’;§§?7€> . o
4\ b3b il |C
5 | 43000 (€ ~
6 | 429274 ¢ v
71427535 ¢ /
e |423cter | ~
9 | 429535 |CP
10) 64307 |C e
11 440536y |C v
12| gipks & |& v
23000 —~
=
v
v
v
v
—
v
255 v
AT v
231417577 |-l v C
24\ 323457 111 v
25\ 424132 | ¢ /.

RELEVANT BASE DOCUMENTS

Relevance 1

41397

Relevance 2

417579

A (Lt NL
B NL T Q'f?[&:,;;"?l' F le

CANALYSIS
C’'L. N.L

Items Retrieved s’;:;é»_m:gmm
Overlap 2
Search time 5L 7¢
Pre-search time et 1/
Total sets 33 Ly bt
Search sets 23 3l

~ Combine sets )0 1O
PERFORMANCE

' I
C.L. N.L.iTitid
Totals
Relevance 1 } j 'y
Relevance 2 O o
Non-relevant 16 i &
¥
Ratios
Relevance 1 & 2
Precision s 0D
Base Recali ot ¢
Matched Recall b b
Relevance 1
Precision 5 5o
Base Recall Lo o
Matched Rgca!! J 00 |50
SEARCHER MODE



QUESTION !f—f@{ﬁ?

RELEVANCE DECISIONS

86

CANALYSIS

ltems Retrieved |

QOverlap
Search time

Pre-search time |__ /&

Total sefs

Search sets

Combine sets

PERFORMANCE

Totals

C.L.

N.L.

Document fode Relevance

11 2] 3
1| 417510 (O
2 | 3308435 N M y
3| 4 ;/zr‘/{? il <
B ESY YRS v
b | 41153 Wil v i
6 |3i28G 4 |V Vv
7 13ik757 W <
el ik W 4
9 - .
10| 220k G | v
1] 322757 IN v
12022 SE 1 o v -
13 326146 | N v
14| gselg ) IN
15 2325!‘? I g
’36 LEICTIAS M
17| 4122775 N v
18] (it bl N W
191417455 N VoLT
20| 42058 N /
21} 42bigs N v
22| (2663 N
2314302477 |N
24|13 2605 ]2\5
25435757 | v

RELEVANT BASE DOCUMENTS

Relevance 1

i, 750

Relevance 2
41153)

Relevance 1 / o O
Relevance 2. & 2 ¢
Non-relevant o IS 1O
Ratios
Relevance T & 2

Precision 145 1

Base Recali 5 (N
Matched Recall 25 |75

Relevance 1

Precision
Base Recall

Matched Recall

SEARCHER

icU o
1wy 1O

A N
B (.L,

MODE




QUESTION /

87

RELEVANT BASE DOCUMENTS

Relevance 1

4/(*@75
A i0

Relevance 2

il 53

SEARCHER  MODE
A N+ Cowsor
B (i1 NL

RELEVANCE DECISIONS ANALYSIS
Document Mode Relevance C'L. N.L
1) 20 3 ltems Retrieved | __4 9 25
Overlap oG
Search time 94 | 377
1| 4734 G455 ¢ v Pre-search time | 1 45
2 | 2050 |0 N y . Total sets 3l 36
20 G by |f
3| 4kG75 o il 7 N ‘Search sets 2z >_ prap
. ; ~ ad ¥ o .
4 \Lii0242 |G i Combine sets C} i/
5 |332752 | v ’
6 | 329902 |CN v T
7 32496 | v/
8 | 3ikgos |C v
9| 31827 |p v PERFORMANCE
1013317255 |t 7 -
I /f"gl?.fff’i} " Y C.L. N.L.iTitle
120422638 |y v Totels
1342257 |NH S c Relevance 1 i il 5
14 éz‘z R P Relevance 2 2. 5 /
) ' - = Non-relevant | & O
15421698 |
021527 |y v :
1646272527 N Ratios
VI IR “' Relevance 1 & 2
18 ' Precision 1Y% 573
191233550 |y Y o T Base Recall o (10T
ol 2217 AN Y Matched Recall @ g2
O F ’ :\: *
o1l 220 250 IN o Relevance 1
= Precision Lo 13
22135540 N 4 :
’j __‘ : — ;\; v Base Recall e e
23| 213255 |N Matched Recall o e
241314553 INM v/ e 7
25



RELEVANCE DECISIONS

88

Document Mode

Relevance

1

2

3

ey e | e
325 ENM | v

ANALYSIS

Items Retrieved

Overlap
Search tirne

Pre-search time
Total sets

Search sets

Combine sets

PERFORMANCE

Totals

Relevance 1

T4 g z
o |l 2ss e |V .
31413540 [N S
YN o RN o
4 § i e,—;;r;,;;{;w i (v aé"a'j v [
I Tt By e ! ; .
5 5;@-5» 275 W v l
6 {42735 P o -
71420275 |4 o
é" /'f** 4 Z""{f %«- :" 7,\3 \:"' “T_
o l&2)421 (NI y
10 4 ;/{f &7 o
11 -
12 v -
13z 1% e
‘ *
7 V/
3\; v 'w{'v
= o
i ! v .-»i«vw
W v

25

RELEVANT BASE DOCUMENTS

Relevance 1

Relevance 2

432563 3l w4

z,;’5é3275‘
‘5;4; &35

3340
411620

X
A{,Pib 4

Relevance 2 } L 13
Non-relevant i AR

ad ey
Ratios

" Relevance 1 & 2

Precision

e

Rase Recall

2 e

Matched Recall

£ fol

Relevance 1
Precision

50 722

Base Recall

53 livp

Matched Recall

S50 WU

SEARCHER

A
B

MODE
N.L

C. L.




QUESTION [~OG

89

RELEVANCE DECISIONS

.Search sets

ANALYSIS

ltems Retrieved
Overlap

Search time
Pre-search time

Total sets

Document Mode Relevance |
1] 2| 3

lazysslenm |V

2| 447411 1 v

3 Zf?fi"l!‘?. 280 M W o
41 Loz o v

6 | 325494 |C v N

6 | 327539 |, .
71316652 |0 ~ N
ERET Y2 TS o -
91351356 ool y |
10| 433346 N v -
1] 423364 |V v

12| 427363 | Y

13425566 |V v ¢

14 413085 I v
151324570 |N v

16] 327840 | N v -
17| 325473 | N v

18| 320556 |N

19| 274066 [N / -
20| 322 254 | € v N

21 413365 | N v

22| i 740l |1 v

23| 474tz (N /s
24| 453945 1N v

25| 431607 (F J

RELEVANT BASE DOCUMENTS

Relevance 1

Relevance 2
il 2

Combine sets 5 3
:
PERFORMANCE
C.L N.L.iTitle

Totals
Relevance 1 i 2 o
Relevance 2. & 4 2
Non-relevant K A Y
Ratios

Relevance 1 & 2
Precision 7o A%
Base Recall P OT0 jT
Matched Recall S yor

Relevance 1
Precision 1O 12
Base Recall 10T v
Matched Recall &0 |icD

SEARCHER MODE

A Nt Conceph

B (L v N
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QUESTION /=&

RELEVANCE DECISIONS ” ANALYSIS

Document Mode Relevance C'L. N.L.
T, 2] 3 tems Retrieved 7 /5
Cverlap
. Search time_
L JRTFL NN W Pre-szarch time
| s Total sets
2| 435257 |C o
31634359 |C v Search sets 13 i
AT uls . : ,
41 452 395 |C v Combine sets I 3 2..;;-
5430227 e |V
6 | yrg Tt | %
7 | 42sgiz |C e N
; - Vi
g1 G2z iy -
T A A FAA R 4
9 | 422245 | v ¢ PERFORMANCE
o~ s
100 425337 1) < ' .
T " C.L. N.L.iTitle
1] 425355 1 < ¢
1 2RET . Totals
12 L 2SETT | M v ¢ ROL215.
o : 7 elevan & li 172
13l dp 1l 5¢ varls Relevance 1 ¢ &
o Relevance 2 o oy j
14] 414569 ¢ v ¢ 2 4
—— Non-relevant * o Loy
ey e 7
16 4325539 |N ;
. -~ ; Ratios
17/ Gi0O5 3G e v Relevance 1 & 2
18] w3279 5|0 v Precision [T 0T
o e . Base Recall yASIR VALY
161232654 IN d T ast neLw S A N
T i Matched Recall GG | a0
e e o L8 A s V3 [
20| 33/ 502 |N 7 i :
21| 2zssop o v i Relevance 1
i 3 & LY e %X - - 3.
ision b |Gl
2l i6c0 1o y Precisio + ' ,M’jf
y Base Recall £é I,
23\ 51547 1 Matched Recall 6o | el
2414 ’;’,{f‘%‘-(;gﬂ { o .
25420365 N 4

SEARCHER MODE
RELEVANT BASE DCGCUMENTS . CoL
Relevance 1 Relevance 2 A g\r

LoA2gs 423517 . B (L.
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QUESTION 2 — &/

RELEVANCE DECISIONS ANALYSIS

SEARCHER
RELEVANT BASE DOCUMENTS ' '
Relevance 1 Relevance 2

A (L+ NL

Document Mode Relevance C'L. N.L.
11 2] 3 Items Retrieved g5 j &
Overlap
Search time
11473565210 4 Pre-search time
;. Total sets
2 \43L592.\C v
3245571 I€ o Search sets 3 3
M DA o .
4141553501\ Combinz sets g {?
. o |
5 |41y4%5 |C
61427515 |C v
71421542 |C v
8 [' f}}/{ﬁ 6’ & L': «
o i 7
914151472 |( PERFORMANCE
10 4 11obb v ~
N W C.L. N.L.iTitle
11 ff}! !2{}’ >
13 o2l 76 10 v Relevance 1 ,’z» }M {7
14| 220t (N 7 Relevance 2 L 5 &
2 / - Non-relevant A /;;; (7
15 4429k |C v .
LA 4
1640454 IO i Ratios
170424620 N v 'S Relevance 1 & 2
18| 42 FES0 N v ‘ ?recision Pitd b -
19| 4oz 77 10N 4 . Base Recall =
- v fMatched Recall 2 3 {:;i‘si.
120 41047 N 1
21\ (06 G |N v | Relevance N
29l 2,076 IN 7 Precision 173 j )
|2 vy — 7 Base Recall — | -
231224257 N} Matched Recall 10 | so
24] 223562- W v B
25\ 3/1250 |N J
MODE

B mﬁv@%ffaﬂ-ﬁme



2
N

RELEVANCE DECISIONS ANALYSIS
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APPENDIX D

FAILURE ANALYSIS SHEETS






T3 of the two FoNEs
in common. With Controlled Language,

[

ne was jointly N.L. and C.L.

i ayay .
documents

Assessment MN.L. and A.C. File

Rel. 2. Mismatch (2

Question 1.02
Straightforward gquestion, with eppropriate C.L. terms. No Relevance 1 failures.
Assessment N1 C.L.

Rel. 2. Abstract (1)

Question 1.03

Straightforward guestion.  C.L. all Natural Langusge terms. Both searches would have

¢ 1

t
retrieved 2 of the user-given relevant documents on titles

Assessrment N.L. and A.C. File C.l.. and N.L.
Fel. 2. Search (2) Rel. 1 Search (1)

Rel. 2 Search (2)
Question 1.04
Straightforward question, but difficult to ensure that only r

i
retrieved. Relatively IGW overlap of total retrieved, hut thos
both systemns were relevant.  Simpler search to struciure by

elevant ;ocumems were
s that were retrieved by
ML, but 1o ai\ tar longer.

Assessment N.L. . C.L.
Rel. 1. Search (9 Rel. 2 Search (2)
Rel. 2. Abstract (2)
Rel. 2. Search (2}

Question 1.05

Diffuse gquestion, with possibly relevant documents dealing with seemingly unrelated
matters., However, user asked for a ‘noisy’ search to give him large output to evaluate
but this was ignored by N.L. searcher, who selected a set with only two references.
C.L. search a mixture of Controlled Language and Natural Language.
Assessment N.L.and A.C. File C.L.and N.L.

Rel. 1 Search (1} Ref. 2 Search (1)
Question 1.00 .
Difficult question to hold to requirements. No known relevant documents. N.L. searcher
only retrieved one document against 80 by C.L. searcher. N.L. search failure due to
‘caesium’ being spelt as ‘cesium’ in abstract.
Assessment N.L C.L.

Rel. 1. Search (1) Rel. 2. Mismatch (2}
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[

Cuestion 1.07

Reascnable
and ‘«epe ation’
classification.

Assessment N and A.C.FU

e C.L. and NL.
} Rel, 2. BMismatch (1)
Rel. 2. . Search {1}

hparent saestion, but some documents not well indexe For example

a relevant document was indexed as ‘decimeter waves’ insti zd of dﬂca‘”sei'er waves’,
and in another case was not indexed as such although the term ocourred the title.
N.L. had difficulty in eliminating thermal emission,
Assessment c.L

fel. 1. Indexing (Z2)

Rel. 2. Indexing (1)

Rel. 2. Scarch (2)

Question 1,08

istinguish between descriptions
in high retrieval of non-relevant

on, but searches
{ ;‘w% of L.S.T., and this !
dacumur‘m C.L. search mainly Natural Language.

Assessment ‘ ) C.L. and MN.L.
Fel. 1. Search (1)
Rel. 2. Secarch {1)

Cuestion 1.710

xd, OF r?? GOCUT m b-,! a,n!a L o f“.L., all ol which are
pYG"fmed jis] be relevant, only 4 were :’ou wd by both systems.  This reinforces the
implication of the low base-recall ratic that there were probably between 100 and
200 relevant documents in the data base. Most of the I“{,c.“ tallures by N.L. were
gue to the KOQUN‘C‘ﬁu‘tt that the term ‘modal’ with no alternative, must appear, but

the C.L. failures could mainly be ascribed to incomplete indexing.

Assessment N.L. C.L.
Rel. 1. Abstract (1) Rel. 1. Indexing (3)
earch (2) Rel. 2. Indexing (2}
2) Search (2)

Rel. 2. Abstract
r
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Cuestion 2-01

ind anpropriate

Assessment N.L. & AC File C.L. and N.L.
Rel. 1 Mismatch {1) tel. 2 Sear “H‘g {4}
Rel. 2 Search {(4)

Cuestion 2-02

Apparently reasonable and precise ouestion, but fow references retrieved
questloner could cite a number ef relevant papear

Assesment

Cuestion 2-03

Coriaral Xod - H o A
Go;.lesm-mfemon with apparently large number of relevant papers. C.L. search
mainly index terms, but over-specific and failed to include aspset of pollution,
Assessment C.L. and N.1
Rel. 1 Indexing (1)
Seaiching (3)
Rel. 2 Searching (3)
Cuestion 2-04

A straightiorwerd guestion, but C.L. required 2 large number of index terms in
a simple search statement.
C.L.
Assessment : Rel. 1 Searching (1)
. Rel. 2 Searching (4)
Indexing (3)

Question 2-05

A reasonable question, but in both C.L. and N.L. presented some difficulty in
bringing in the requirement for low Reyrolds number, thus causing more non-
relevant items than might have been expected.

Assessmeant N.L. & A.C. File C.L. and N.L.
Rel. 2 Searching (1) Rel. 1 Searching (2)
Rel. 2 Searching (1)

Question 2-06

Straightforward question, but the general term ‘errors’ can cover a wide range of
different types or causes. The C L. searcher felt it was a good search for C.L
because the thesaurus gave all the related ierms’, and this was borne out by the
comparative result. Precision failures due to a mismatch, as questioner failed 1o
specify that her interest was in equipment used in commercial aircraft.

1

N.L.

Assessment Rel. 1 Abstract (1} C.L.
Rel. 1 Searching (5) Rel. 1 Indexing (1)
Rel,2  Abstract {1)

. . 2 Searchi 2}
Searching (2) Rel. 2 Searching (2)



s
124

Rel, 1 Searchmg {(6) Rel. 2 Viismateh (1)
Rel. 2 Searching (2}

Question 2-08

A reasonable guestion, bul major relevance papers more likely to appear in
journal articles.

L ssessment ML C.L
Rel. 2 Searching {3} Rel. 1 Indexing {1) .
Searching (1)

{
Mismatch (1)

Rel. 2 Indexing (2)
Soarmmq (5)
Mismatch (1

)

Question 2-08

Appears 1o he a reasonable quastion, but apparently poor results by both

searches. Most non-relevant items dealt with control of sub-systems and not, as
required, control of WMV‘ satellite in orbit. However, questioner had not expected
that many papers would be found, and the relavance 1 document that was retrieved
‘highlighted work of which we were not aware’

Asgsessment N.L. & A.C. File
Rel. 2 Ses rhmg {1
Question 2.10

Good question. N.L. '~‘€:e%‘cha expressad surprise at number of documents with

‘subsonic’ or  ‘low speed’, but Lm aspect was frequently missed in indexing and
this accounted for most of the C.L. failures. Relatively low base recall ratios

indicate there were probably many more relavant papers.

Assessment C.L.
Rel. 1 Indexing (4)
Searching (2)
Rel. 2 Indexing (4)
oearchmg (4)



[

A reasonable auestion, with high level of relevent documents (mainly Relevence
2) and well suited to C.L. index terms (e.g. 'Moving target indicators)
Assessment N.L. & AC File C.L. and N.L
Rel. 2 Searching (2) Rel. 1 Indexing {1}
Rel. 2 Indexing (2)
Searching (3)

Cuestion 4.02

An apparently rezsonable guestion, but low pre
n

ision ratic due to inability
to meet the requirement regarding applicatio piic

Assessment N C.L.
Rel. 1 Data base(1) Rel. 1 Searching (1)
Fel. 2 aarching (1) Rel. 2 Mismatch {2)

Cuestion 4.03

A difficult guestion 1o match, as shown by the fact that thers was no overlap
between C.L. (30 refs.), N.L. (32 refs} amd Wanual Search ( efs). Precision
failures largely due to macro-climate and not rmcro»chmme.

Assessment. N.L. & A.C. File C.L. ang N.L.
Rel. 2 Abstract (2) Rel. 1 Search {2)
Mismatch (1) Rel. 2 Search (3)
Search (1) Indexing (1)

Question 4.04

A difficult question, prebably not suited to NASA Star

Assessment N A C.L.
’ Rel. 1 Searching (1) Rel. 2 Searching (2)
Rel. 2 Searching (1) Misratch (1)

Question 4.05

A (technically} simple question, but not suited to NASA Star, and searches

understandably failed to retrieve anything really applicable.

Assessment C.L.. and N.L.
Rel. 2 Searching (1)
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Question 4-08

A general ouestion,
Cmi\/ 7 terms

v“»an prob dbi\ many mote relevant pepers than were retrieved.

Maxirniim

:.)

ms covering ‘computers ate
ams, computer system design, computerized

Assessment NUL. C.L.

Rel. 1 Searching (2} Rel. 1 Indexing (3)
Rel 2 Searching (4) Searching (2)
fismateh (4] Rel. 2 Indexing (1)

A good but awkward guestion. Successful N.L. search with only five terms. Unusual
L ved on titles

in that nine of eleven N.L. relevant documents could have been retrie
probably because searcher restricted two terms to tities only, and thereby failed
to retrieve four relevant papers.

Assessment N.L. & AC File C.L. and N.L.

Rel. 1 [ Rel. 1 Data base (1)
Rel, 2 Searching (3)
Indexing (3)
Searching (1)

Y
[
™

2

A

Question 4-G¢

&,

A difficult guestion 1o cover all p@é‘sib'%?tx s, with many different rezasons for
nat

precision fallures. Easier 10 structure by

Assessrnent N.L. C.L.
Rel. 2 Data base (1) Rel. 1 Searching (1
Indexing (1)
Rel, 2. Indexing (1)

)

Question 4-08

Straightforward question. Simple N.L. search (four terms) retrieved large number of
relevant docume rits,

Assessment ML & ALC, File C.L. end N.L.
Rel. 1 Searching (1) Rel. 1 Searching (3)

Data base {1)

“Indexing (1)

Rel. 2. - Searching (1)



Question 4-10

Sir3tgh£f0twaru guestion
by any of Tour terms |
concent not mentioned

‘decompression’ with other

documents indexed

»

Assessment N. L. C.L.
' ‘ Rel.1 Indexing (1)

Question 5-01

Difficult guestion to match. M%t o@' the non-relevant items did not deal |
with high-level aiffusion. C L -ch mainty natural language. Long and complex

N.L. search failed to retrieve a number of relevant documents,
Assessment. N.L. & AC. File C.L. and N.L.
Rel. 1 Searching (2) Rel, 1 Searching (1)
Rel. 2 Searching (5} Rel. 2 :8sarching (1)
Cuestion 502
An apparently simple guestion, but the C.L. seas'chu' ted on an association

of inertial navigation with missiles. This additions! cons Pbt may have— come up in
discussion with the questioner, but the many C.L. failures were mainly due to
the !a;.,k of such index terms in the relevant documents found by N.L.

Assessment N.L. C.L.
Fel. 1 Data Base Rel. 1 Searching (5)
Data base (1)

Rel. 2 Searching (7)
indexing (1)

Question 5-03

C.L. search concentrated on means, M.L. on objects, but neither successful for this
awkward question. C.l. search entirely natural language

Assessment N, & AL File C.L. and N.L.
Rel. 1 Searching (1) Rel. 1 Mismatch (2)
Pel. 2 Searching (2) Rel. 2 Misrnatch (2}
Mismatch (1) Searching (1)

Cuestion 5-04

A precise question, with relevant items found by display of large set of possible
items. Although successful in this way, it should have been ssmpier to find
with C.L. indexing. No comparative failures.

Question 5-05

A reasonable question. As C.L. used mainly natural language, -the difference
in outputis due to the mere specific search requirement of C.L.

Assessment C.L. and N.L.
Rel, 1 garching (2)
Rel. 2 Searching (4)
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(5o nnd iy UV
Cuestion 508

is a2 guestion with wide rangs
sibility of high non-relevant tetricva

retrieval low, with no overlap.

Rel. 1 Searching {1) Rel. 1 Mismateh {1}
Rel. 2 Searching (4) Indexing  (2)
Rel, 2 Mismatch (1)
Question 507
Good search question, for which N.L. achieved high precision by insisting on
‘adaptive’.
Assessment N.L &
Ped 1
i
flel, 2
Quastion 5-08
A nors
L.
Rel. 2 Mismatch (B)
Szarching (7)
hoth modes, with C.L. search being

3 - o, {2 T
L68055ment N & AC Tile
, .

Cuestion 510

; voriex wake
N.L. due to use of turbulent wakes.

A tricky question, duse

P T N T P
ang vortex turouience.




