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Abstract

Interactive retrieval procedures are normally based on rapidly
accessible files. Special storage organizations and file search tech-
niques are used, and the system user is made to fulfill an important
role during the retrieval process.

In the present study, the interactive retrieval environment is
briefly examined. The special problems which arise in the evaluation
of interactive retrieval are then discussed, and methods are described
for evaluating partial file searches and user feedback techniques.
Evaluation results obtained with the SMART system are presented.

1. Introduction

Over the last few years, increasing attention has been given to
the design of information retrieval systems which could provide custo-
mized services to individual users, and furnish rapid responses to user
requests. While the majority of the operational computer-based retrie-
val systems are still functioning in a batch-processing mode — that is
by accumulating incoming requests for a period of time, and then pro-
cessing the whole set of queries serially against the complete file —
there now exist a number of experimental systems, based on high-capacity

random-access storage mechanisms and conversational input-output con-
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soles, which make it possible to process queries individually and per-
mit a rapid interchange of information between users and system. [1,2,
3,4,5,6)

In such an environment, it is no longer sensible to process the
complete file against a given incoming query, since the response time
would then become excessive, Instead, certain portions of the file
must be chosen, and only these portions are then actually compared with
the query statement. Furthermore, the users may influeﬁce the outcome
of the search by providing feedback information to the system in the
course of the operations.

In the present study, the organization of interactive retrieval
systems is first briefly examined. File organizations based on the use
of inverted files and on document clusters are considered in detail.
Thereafter, the problems of search evaluation in an interactive retrieval
situation are treated, and it is shown that special parameters — in addi-
tion to recall and precision — are useful to measure both the machine
effort required to locate relevant information, as well as the user
effort expended during the search. Finally, procedures are outlined
for evaluating cluster searches in which only a portion of the file is
examined, and searches in which user feedback information plays an
important role. Evaluation results obtained with the experimental SMART

document retrieval system are presented.

2. File Organization for Real-time Retrieval

A) Inverted Files

Two principal file organizations are presently used for opera-



tional retrieval situation, known respectively as the direct and inverted

systems. In the direct system, the file is storea in order by document
references numbers, and items to be retrieved are identified by a sequen-
tial scan of the complete file. Obviously, the direct file system can-
not be used if rapid responses are to be made available to waiting cus-
tomers.

The inverted system on the other hand, is based on an arrange-
ment of the information file in order by the main information identifiers,
normally a set of keywords or index terms, or alternatively a set of
author names, or possibly journal titles. Thus, all documents indexed
by keyword A are listed together, followed by those identified by B, C,
D, and so on. Each information item is then listed as many times as
there are assigned keywords. To retrieve information stored in an in-
verted file, it is then necessary to extract from the file the sections
that correspond to the index terms used to formulate the search request.
If the number of applicable index terms is small, this operation re-
quires only a small number of file accesses. Thereafter, the document
references listed under the various index terms must be examined to see
whether the search logic is satisfied.

The operational systems which currently provide fast responses
to incoming queries are based, without major exception, on an inverted
file organization. Usually, a small, controlled vocabulary is available
for indexing purposes, and document as well as query indexing are per-
formed manually. The search operations are then often handled automati-

cally, using up to four distinct files, as shown in Table 1. A term

index, or directory, makes available the starting addresses of the



inverted file blocks listing the document vreferences for the individual
keywords. The directory may be stored in fast storage, whereas the

inverted file of document references is stored on disk, or other simi-

lar medium. Once the individual document numbers responding to the query

statement are known, a document index may be consulted to obtain pointers

to the addresses of the corresponding information in the document file.

The total number of disk accesses to be performed is then equal to the
number of terms included in the search request (to obtain the corres-
ponding document references from the inverted file), plus the number of
documents actually displayed for the user (to obtain the document infor-
mation).

In some of the practical applications, the terms used in formu-
lating the search requests may be submitted to a normalization process
before being used in the search process. This may be done, for example,
by reducing each full term to a term stem, in which case the inverted
file becomes a file of term stems. [2,3,4] Alternatively individual
terms may be combined into phrases, by including in the inverted file
the phrase component number of the given term, as well as the names of
the remaining components of each applicable phrase.[2] Finally, term
expansions are possible, by including in the inverted file or possibly
in the term directory, the names, or references to names, of terms re-
lated to those initially available. (1]

The principal advantages of the inverted file system are provided
by the fast query-document correlation process. It is generally only

necessary to examine the few lists of document references corresponding



to the query formulation, and documents which do not match the search
logic are never retrieved from the file. The disadvantages of the in-
verted file system are in part thoseafflicting any organized file, in
that the file updating problems are severe; in addition, only a small
number of usable terms is normally provided — the more terms apply to

a given document, the more often must the corresponding document refer-
ences be iisted in the inverted file. Thus, the search time depends on
the length of the query statement, and on the type of éuery alteration
which takes place during the search process. Since the query updating
process, based on the display of term dictionaries, or alternatively

on information extracted from previously retrieved documents is a prin-
cipal advantage of real-time systems, an inverted file system is not

necessarily optimal in an interactive environment,

B) Clustered File Organization
It is well known that groups of related terms, or documents can
be generated automatically from an indexed document collection. [7,8]

The follcwing steps are normally used for this purpose:

a) a term document description matrix is formed exhibiting
the list of terms or concepts assigned to the various

documents;

b) a term-term, or document-document similarity matrix is
formed, listing for each pair of terms, or documents, a
similarity coefficient based on similar term assignments

to the documents;

c¢) the similarity matrix is purged by deletion of simi-
larity coefficients which do not reach a given threshold

value;



d) classes of terms, or documents are formed by starting
with single terms, or documents, as seeds and adding

similar items according to a given grouping method;
e) duplicated or highly overlapping classes are eliminated;

£) a class description, or centroid vector, is constructed
to represent each class, consisting of an aggregate of

the descriptions of the included terms or documents.

A typical class description vector is shown in Table 2 for a collection
of Hur documents identified by ten possible concepts. It is seen in
the example of Table 2 that the weight of each concept in the class
vector is defined as the mean of the weights of the same concept in

the individual documents.

In a clustered file organization, the documents are then grouped
into, possibly overlapping, classes of items, and incoming queries are
compared initially with the class description vectors only. These
class description vectors are stored internally, and replace the term
index and inverted term files shown in Table 1. For those classes
whose description vectors are sufficiently similar to the query descrip-
tion, the individual term-document descriptions are next examined, and docu-
ments similar to the queries are retrieved in decreasing similarity
order. The examination of the document vectors included in certain
classes is simplified if the document file is stored in class order,
or if the document descriptions within a single class are chained to-
gether by a set of pointers. The files used with a clustered organi-

zation are listed in Table 3.



The main advantage of the clustered file organization resides
in the fact that the number of file accesses, proportional to the number
of document classes examined, does not depend on the number of terms
present in the query or in the documents. Thus, no disadvantage results
if large numbers of terms or concepts are assigned to queries and docu-
ments, as is the case with many automatic indexing methods. Further-
more, the interactive procedures, which normally consist in updating
the query formulations by addition (or subtraction) of.concepts de-
rived from stored dictionaries or from previously retrieved document
vectors, do not require special access to the document file. It is also
possible in a clustered crganization to vary the amount of information
actually considered by examining a smalier or larger number of document
classes.

The disadvantage of the clustered organization have to do with
the document grouping operation itself. The standard grouping methods
require of the order of N2 operations, where N is the number of docu-
ments (or terms) being grouped, since the construction of a document,
or term, similarity matrix normally depends on a comparison of each
item with each other. There is also the problem of class updating and
reorganization which must be undertaken as the composition of the file
changes by item additions or deletions. In practice, it is likely that
fast grouping methods must be used which dispense with the similarity
matrix, and operate instead with a set of initially available classes,
or with a random grouping of items to be refined by subsequent inter-

changes of items from one group to another. One such clustering method,



investigated in connection with the SMART system requires of the order
of N - m operations where N is the number of items, and m the number of

item classes to be constructed. [9]

3. Evaluation for Real-time Retrieval

A) Standard Cost Evaluation

Much of the retrieval evaluation work presently described in
the literature is based on two user parameters, known as recall and
precision, which measure respectively the amount of relevant material
actually retrieved, and the amount of retrieved material actually rele-
vant. In a real-time environment, the amount of stored information
examined during a search does not remain constant from one search to
another, and neither does the amount of user effort expended during the

search. Thus, the cost related parameters of machine effort and user

effort play a more important role than in standard serial searches
(where the machine effort is fairly constant, and the user effort small
or nonexistent). Before examining this problem in more detail, it is
appropriate to consider the type of cost evaluation applicable to stan-
dard systems.

In the literature, two types of cost evaluation are extensively
discussed. The first one, relating to operational situations, computes
the costs of the individual process steps, and multiplies this cost by
the existing volume figures to obtain total cost estimates (alternatively,
the cost of the individual process steps may be obtained by dividing

total allocated budget figures by the actual volume of operations).
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Thus, one can ascertain the cost in time and personnel required by the
manual term assignment, keypunching, file entry, searching, generation
of title lists, output editing, typesetting, and so on, and multiply the
respective amounts by the number of citations stored, or the average
number supplied in answer to the queries. This produces representative
amounts for the costs of the various retrieval operatiocns. [10,11,12]

An alternative method for conducting a cost evaluation would
construct a mathematical model of the system to be evaluated, and use
this to compute costs under various assumed operating conditions. Such
a simulated evaluation is advantageous in that the results may be appli-
cable to many diverse situations; the evaluation procedure can then be
used to forecast the cost of future systems to be implemented, or of
changes in the design of existing systems. [13,14,15,16] In general,

the model must be based on three types of information:

a) a statement of time and cost figures for equipment,

personnel, materials, and procedures used in the systenm;

b) an account of actual opecrational data such as file size,

volume figures, user population served, and so on;

c) a set of equations relating the various parameters

including materials, equipment and search queries.

The difficulties of the simulation approach are those always
encountered when modeling large systems. Ideally hundreds, or possibly
thousands of parameters need to be included in the model, and the inter-
relationships between them are often unknown, and may in any case not

be representable by a solvable set of equations. The model must then
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be simplified either by eliminating many variables, or by linearizing
the relationship between parameters. Unhappily, the simplified model
may no longer represent an actual situation, and the resulting cost ana-
lysis may not be trustworthy.

One additional shortcoming of most existing cost models is the
absence of user: parameters. This is due in part to the difficulty of
measuring individual user actions performed in an interactive environment,
[16] and in part because the cost of an imperfectly specified series
of man-machine interactions is difficult to relate to any specific user
benefit [17] — the value of stimulating a user's thoughts as a result
of a successful interaction is not easily measurable. There is also
the additional complication which arises from the fact that in an inter-
active environment a given user does not normally operate alone. In
fact, several users are likely to be active simultaneously, and the cost
of an interaction then depends on several additional parameters as

follows: [18]

a) the maximum number of simultaneously active users;

b) the response time (elapsed time to completion) when less
than one "'time slice’ is needed to complete the task
(a time slice is a time period made available by the
system to a given program; tasks which are not completed
in a given time slice are disconnected and must reenter

an input queue before a new time slice is allocated);

c) the average task input rate;

d) the average processor time required to complete tasks

needing less than one time slice for completion;
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e) the ratio of tasks requiring less than one time slice
to completion to total number of simultaneously active

users;

f) the elapsed time multiplication factor, that is the
excess of time needed to complete a given task re-
quiring more than one time slice in a given task mix,
over the time needed by that task assuming it were the

only one active in the system;

g) the processor elapsed time to completion, that is the
time elapsed between entering the last character of a
task at a terminal and receiving the first character of

the final output at the terminal.

At the present time, no cost models appear to have been con-
structed with a sufficient sophisfication to include the foregoing
types of parameters. More modest efforts have, however, taken place
to evaluate user behavior, or user effort, in an interactive environ-

ment. These are briefly described in the next few paragraphs.

B) Evaluation of User Effort

A recent study was made of a set of users in a problem solving
situation, using either a conventional batch processing system, or a
time-sharing system permitting user interaction. {19] The tasks were
open-ended.in the sense that only the final goal was specified but not
the processing sequence needed to reach the goal. Thus, a change in
parameters or a better strategy might lead to improved output results.
The users were then to continue operating until either a satisfactory
result had been achieved, or the allocated time had run out. In that

sens?, the work was in fact similar to an information retrieval task.
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Four types of evaluation parameters were used to ascertain the

effectiveness of the performance:

a) the cost of using the system, including amount of user
resources as well as the computer resources and their
value (computer resources were estimated at $350.— per
hour for batch processing, and $485.— per hour for

time sharing use);

b) the effectiveness of the performance produced by the system,
measured by recall and precision for information retrieval

tasks;

c) the speed with which the results were produced, that is,

total time expended and time per interaction;

d) the attitudes of system users, that is, the preceived
ease of use of the system, the ease of access, the

perceived value of the output, and so on.

The main results of the study showed that the overall cost of
the problem solution did not differ substantially between the time-
sharing and batch processing environments. In fact, the higher compu-
ter cost in the time sharing situation was compensated by lower user
costs, because responses were available so much earlier. On the other
hand, in the batch processing mode, the user costs were up and the com-

puter costs down. The following specific data were obtained:

a) the time sharing users reached their most effective
decision rule after 6.5 hours; the batch users after

12 hours;

b) a higher perception and understanding of the problem

was found by the time-sharing users;
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c) the maximum performance was also in favor of the time-

sharers;

d) the computer time showed a large advantage for batch
processing, using only about one fifth of the machine

time required by the time sharing group;

e) for the time sharing users a relation was found to exist
between performance and computer time used in reaching a

solution,

These results appear to be borne out by a recent study of vari-
ous interactive procedures used for document retrieval tasks. [20] In
that study, a variety of interactive search and retrieval procedures
were considered in which information supplied by the user population
was taken into account in an attempt to achieve improved system responses.

Two main types of user-system interaction were studied in detail:

a) the pre-search methods in which refined query formulations
were constructed, using dictionary displays and similar

methods before any file search was actually attempted;

b) the post-search methods in which an original query is
first processed, and a query reformulation is attempted
after the results of an initial search are actually avail-
able.

The various query updating methods used in that study with a collection
of 200 documents and 42 queries in aerodynamics are summarized in Table
4, and the main evaluation results are contained in Table §.

The performance summary of Table 5 shows again that computer

costs, and to some extent user effort correlate with system performance.



In fact the best methods from the performance viewpoint (measured by
recall and precision), are the post-search methods. However, these
methods require two separate file search operations — one prior to the
interactive process and one following it. The computer demands are
therefore comparatively higher for post-search than for the other
methods. From the user's viewpoint, the less information is displayed,
the easier will normally be the interactive process. The post-search
methods displaying information relating to previously refrieved docu-
ments are therefore relatively onerous in terms of user effort. The
exception is the relevance feedback process where the user must merely
identify some of the previously retrieved documents as either relevant
or nonrelevant. The partial clustep search methods are of course least
expensive in terms of computer time, and the user effort is not larger
than for full searches. However, the performance of partial search

methods in an interactive environment remains to be evaluated.

4. Feedback and Cluster Search Evaluation
It was stated in the previous sections that clustep search tech-

niques and interactive query adjustment methods appear to be advanta-
geous in real-time information retrieval, At the same time, a perfor-
mance cvaluation seems even more difficult in an interactive environ-
ment comprising many users, than in a standard batch pProcessing situa-
tion, because computer costs for individual tasks are harder to assess,
and user effort is difficult to measure. The result is that many dif-

ferent parameters appear to be needed to measure system performance,
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depending on the particular viewpoint, and these parameters are hard
to combine into an overall performance coefficient,

This suggests that it would be useful to alter the standard

! system evaluation by incorporating into the normal perlormance measures

parameters reflecting computer and user costs. Some efforts have

already been made in this direction by Lancaster and Keen who defined
. the "novelty ratio" and "relative recall", respecglvely, as parameters
reflecting to séme extent ths usar satisfaction. [21] Ihe application
of these measures to an interactive user environment is obvious from

the definitions:

novelty ratio: the proportion of items retrieved and judged
relevant by a user of which he was not pre- '

viously aware;

relative recall: the proportion of relevant items retrieved
and seen by the user compared to the total

relevant which the user would like to see.

In the remainder of this section, additional modifications to
the standard recall and precision measures are suogested to incorporate
the computer and user parameters which appear most 1mportant in a real-

tlme retrieval environment.

A) Cluster Search Evaluation using Correlation Ratio

It is cuétomary to measure the efficiency of a search operation
by computing the number\of required query-document matches. In the
case of a standard file search, the operation is then of order N, where

N is the number of documents in the collection. Consider now a clustersd

v L e heme <o

"nbr—a
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collection consisting of x group of approximately N/x documents each.
If the documents in k of the x groups (k < x) are individually examined,
then the total number of query-document matches required for the clus-

tered collection is equal to

The advantage inherent in the cluster search, over and above a standard
full search may be then measured by the correlation percentage (C.P.)

as follows:

It is seen that this percentage can theorctically exceed 1 when k
approaches x. In practice, however, k may be expected to be small, so
that the correlation percentage will normally lie below 0.25.

The standard evaluation output, consisting for the SMART system
of recall-precision tables and graphs, do not reflect the correlation
percentages., Indeed, in the SMART evaluation process, it is customary
to keep the precision constant when a relative recall of 1 is reached,
or alternatively to assign ranks of N, N-1,...N-r+l to the r relevant
documents which are not retrieved (in case the relative recall never
reaches a value of 1).

This situvation is illustrated in Table 6 for a total of 10 docu-
ments of which two are assumed relevant, and for a cut-off after 5
retrieved documents. It is seen in Table 6(a) that if the relevant are

all retrieved before the cut-off is reached, the precision stays con-
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stant after the last relevant is reached (after rank 4 in the illustra-
tion). On the other hand, if not all relevant are retrieved, the exam-
ple of Table 6 shows that the relevant which are not retrieved are
assigned the lowest possible ranks for computational purposes (10 in
the illustration of Table 6(b)). Obviously, these convertions do not
take into account the actual number of query-document correlations per-
formed (5 for the examples of Table 6).

Dattola [9] has suggested that the correlation percentage be
incorporated into the normal recall-precision evaluation to reflect the

machine effort devoted to the search as follows:

a) if all relevant are retrieved before cut-off, the pre-
cision is allowed to drop up to a rank corresponding to
the correlation percentage; thereafter, the precision stays
constant (for full searches, this implies that the pre-
cision is permitted to drop all the way to the last docu-

ment);

b) if all relevant are not retrieved before cut-off,
the unretrieved relevant are assigned ranks which are
uniformly distributed throughout the range of ranks

greater than the total number of correlations performed.

The example of Table 7 for a correlation percentage of one-
balf shows the new evaluation for the cases previously exhibited in
Table 6. It is seen that in case (a) the precision now drops down to
0.4, after which it remains constant. In case (b), the unretrieved
relevant is assigned the mean rank of 8 petween ranks 6 and 10). The

precision stays constant after rank 8, since the correlation percentage
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has already been used in computing the ranks of the nonretrieved rele-
vant items. It is clear from the examples, that the higher the correla-
tion percentage, that is, the larger the number of query-document corre-
lations actually performed, the lower will the precision be permitted
to drop. Thus, if everything remains equal except for the correlation
percentage, the search with the highest correlation percentage, repre-
senting the largest machine effort will produce the lowest recall-pre-
cision graph.

Fig. 1 shows a typical comparison between a standard full-search
and two clustered searches using the new evaluation process. [9] Docu-
ment-level averages are shown in each case, averaged over 42 queries
for a collection of 200 documents in aerodynamics. For the clustered
" searches, the collections were partitioned into 13 clusters with an
overlap of 1.5 percent, and 15 clusters with an overlap of 0.5 percent,
respectively. The correlation percentages for these two cases were
0.23 and 0.20, respectively. The results of Fig. 1 show that the
clustered search with correlation percentage equal to 0.23 is more
effective than the full search up to a recall of about one-half. For

higher recall values the full searches remain generally preferable.

Bi Feedback Evaluation with Constant User Effort

The problems which arise in feedback evaluation are somewhat
akin to those affecting cluster search evaluation except that it is the
user effort rather than the machine effort which proves troublesome.
Consider the example of Table 8 in which the initial run and first feed-

back iteration are shown for a casc with five documents initially
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retrieved and shown to the user. The user identifies two of the docu-
ments as relevant (nos. 229 and 68 with initial ranks of 1 and 4), and
the query 1is updated using a standard relevance feedback procedure. [20]
The document ranks, as well as recall and precision figures after the
first iteration are shown on the right-hand side of Table 8.

While the performance is much improved after the first feed-
backrun, it is clear from the Table, that the advantage is due to two

entirely different circumstances:

a) the improvement in rank of documents already secn by the
user and previously identified as relevant (document 68

in the example of Table 8);

b) the improvement in rank of relevant documents not pre-
viously seen by the user (document 67 in the example of
Table 8).

Since the user is not necessarily interested in reviewing several
times a document which had already been presented to him during previous
search iterations, it seems that these two cases ought to be distinguished
by removing from consideration during subsequent iterations documents
previously seen by the user. In other words, the evaluation of each
feedback iteration ought to be based on a constant amount of user
effort (assuming that the same number of documents are presented each
time), and recall and precision should not be made to depend on increases
(or decreases) in the ranks of previously retrieved items.

Several procedures for a feedback evaluation independent of user

effort have been outlined by Ide.[22] The first consists in freezing
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the ranks of previously retrieved items and in permitting items to move
up only to the highest frozen rank plus one. For the example of Table 8,
this means that documents 229 to 205 would remain frozen in ranks 1
through 5, and other documents not previously retrieved would be allowed
to move up only to rank 6, The result of a frozen rank process is
shown in Table 9(a) for the example of Table 8, It is seen that rele-
vant document 67 which originally moved from rank 8 to rank 4 between
initial run and first feedback iteration is now constrained to move
only up to rank 6 since the higher ranks are preempted. This produces
markedly worse performance indicators with the result that an evalua-
tion based on frozen rank is biased against the search system. The
rank freezing process should therefore not be used in practice.

The next feedback evaluation process is known as residual

collection evaluation. Here the initial run is performed as usual.

The documents seen by the user and utilized for query modification are
then removed from the document collection to form a new reduced collec-
tion. The reduced collection which includes no documents previously
shown to the user is then processed both against the original queries
and against the modified queries, and the results of the reduced searches
are compared to estimate the usefulness of the feedback process.

Table 9(b) shows the results of the first feedback run using
the reduced collection. Document 67 now receives rank 1, instead of
rank 4 as in Table 8(a), since the three documents of higher rank
(numbers 229, 68, and 79) were removed from the collection. Similarly

document 188 is assigned a rank of 2 instead of 5, 29 is assigned a rank
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of 3 instead of 6, and so on. The output of Table 9(b) must now be
compared against the standard initial run (Table 8(a)) with the top
five documents removed, that is, a run for which documents 16 to 30 in
Table 8(a) receive ranks 1 to 5.

A typical residual collection evaluation is shown in graph form
in Fig. 2(a) averaged over 200 documents and 42 queries. (23] The dif-
ferences between the initial run and the first feedback iteration using
the residual collection are shown by cross-hatching in Fig. 2(a). It
is seen that the performance improvement due to the feedback process
is of the order of fifteen percent for low recall values, and of the
order of ten percent at high recall. For comparison purposes, an initial
run and first feedback output using frozen collection evaluation is
superimposed on the graph of Fig. 2(a). The performance differences for
the frozen process are seen to be much lower because of freezing effect
previously described.

The residual collection process provides an unbiased evaluation
of the feedback performance. Its disadvantage in terms of work per-
formed, both for the reranking of documents and the reprocessing with
the reduced collections, is however not inconsiderable. Furthermore,
while the differences in performance between the various runs are accu-
rate, the reduced collection runs exhibit lower overall performance
than the standard runs, since the relevant items previously retrieved
are no longer included. The reduced collections will thus possess lower
generality, reflected in the lower recall-precision graphs of Fig. 2(a).

An alternative feedback evaluation method in which the overall

performance level can be maintained is the test and control methodology.

[22,23]
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The basic notion is to separate a document collection into two equzl
parts, while trying to maintain identical collection properties (number
of documents, generality, etc.). The feedback process is then performed

with one-half of the collection, the test collection, and the evaluation

process is performed with the second collection, the control collection,

which had not previously been used to modify the queries. The process
is described in the flowchart of Fig. 3.

The results of a comparison between initial query processing
using the control collection, and "test collection modified" query pro-
cessing using the control collection are shown in the graph of Fig. 2(b).
The results of Fig. 2(b) are averaged over 153 queries and 424 documents
in aerodynamics, the test and control collections consisting of 212
documents each. The initial run output of Fig. 2(b) shows that the
test and control collections used in the evaluation process were not
unfortunately entirely comparable — the performance curve for the con-
trol collection is superior to that of the test collection, As a result,
the differences due to feedback measured by the cross-hatched area of
Fig. 2(b) may be somewhat unreliable (they should be of the same order
of magnitude as those of Fig. 2(a)). Still, the test and control evalu-b
ation appears entirely appropriate if care is taken in the construction
of the subcollections. The first iteration control curve, superimposed
on the graph of Fig. 2(b) corresponds to the standard evaluation pro-
cess, previously exhibited in Table 8, which does not distinguish be-
tween feedback and ranking effects for previously retrieved documents,

The evaluation procedures incorporating correlation percentages
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for partial searches, and constant user effort parameters for feedback

runs can of course be combined when feedback methods are applied to clus-
ter searches. The proposed methodology does not provide a complete cost
evaluation but makes a start by considering user effort and search effi-

ciency in addition to the standard recall and precision parameters.
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Type of File

Function

Storage Medium

Term Index or
Directory

Stores the list of
terms together with
a pointer for each
term giving the
appropriate starting
address in the
inverted term file

internal core

Inverted Term
File

Stores list of terms
and for each term the
list of applicable
document references
with weights

disk store
or tape strips

Document Index
or Directory

Stores list of document
references together with
a pointer for each term
giving the appropriate
address for document
information in the
document file

internal core

Document File

Stores document refer-
ences together with
appropriate document
information including
citations, abstracts,
etc.

disk store, or
tape strips, or
photographic
medium

Table 1

Files used with Inverted Organization
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Terms
Cl C2 C3 Cy C5 C6 c, Cq Cg C10

Docs

Dl 12 . 12 . 6 ) . .12 .

D2 . 6 6 . 12 . . . 4 4

D3 . . 6 4 12 12 . 6 6 .

Du . 2 12 . 6 . . 2 2 .
Class 3 2 9 1 9 4 . 2 8 1
Vector

Formation of Document Class Representation
Table 2

Type of File Function Storage Medium

Class Vectors

Stores list of concepts and
weights for each class vector
and document references per-
taining to each class

internal core

Class Index
or Directory

stores for each class the
starting address of the block
of corresponding document
vectors

internal core

Document File

stores document concept
vectors and appropriate
document information in
class order

disk store

Table 3

Files Used with Clustered Organization
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Query Alteration Process Explanation

Pre-Search

1. Repeated Concepts User chooses query terms to be
repeated for emphasis

2. Thesaurus Display User chooses terms obtained from
thesaurus display to update query
(with or without time restrictions)

3. Word Frequency User looks at display of word
frequency information before
updating query

4, Source Document User looks at display of source
document before updating

Post-Search

5. Title Display User looks at titles of first five
retrieved documents before
updating

6. Abstract Display User looks at abstracts of first

five retrieved documents

7. Relevance Feedback Query is updated automatically using
relevance judgments supplied by
user following an initial search

Combined Methods

8. Abstract plus Thesaurus User looks at pre- and post-search
information

Typical Query Updating Methods
(from Lesk and Salton [20])

Table 4
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Processing Method Computer User Precision Rise
Costs Effort over Word Stem
Low R High R
A) Fully Automatic
word stem match normal none - -
automatic normal none +4% +6%
thesaurus .
B) Pre-Search Inter-
action
thesaurus display normal + medium +6% +4%
source document normal + medium +8% +5%
display
C) Post-Search Inter-
action
title display high medium +13% +2%
abstract display high very high |+17% +5%
relevance feed- high low +10% +7%
back
D) Partial Search
cluster search low none +5% -10%
cluster search with low + low ? ?
relevance feed-
back
cluster search with| medium very high ? ?
abstract display

Performance Summary for Interactive Methods
(from Lesk and Salton ([20])

Table 5




Rank Relevant R P
1 / 0.5 1.0
2 0.5 0.5
3 0.5 0.5
u v/ 1.0 0.5
5 1.0 0.5
6 1.0 0.5
7 1.0 0.5
8 1.0 0.5
9 1.0 0.5

10 1.0 0.5

a) Relevant Ranks (1,4)
(all relevant retrieved before

cut-off)

-30-

cut-off

Rank Relevant R P
1 4 0.5 1.0
2 0.5 0.5
3 0.5 0.33
4 0.5 0.25
5 0.5 0.20
6 0.5 0.17
7 0.5 0.14
8 0.5 0.13
9 0.5 0.11
10 / 1.0 0.20

b) Relevant Ranks (1,6)
(not all relevant retrieved
before cut-off)

Standard Retrieval Evaluation

Table 6
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Rank Relevant R P Rank Relevant R P
v/ 0.5 1.0 1 4 0.5 1.0
0.5 0.5 2 0.5 0.5
3 0.5 0.33 3 0.5 0.33
y Y/ 1.0 0.5 L 0.5 0.25
5 1.0 0.4 5 ' 0.5 0.20
cut-off —
6 1.0 (VL 6 0.5 0.17
7 1.0 0.4 7 0.5 0.1u
8 1.0 0.U4 8 / 1.0 0.2
9 1.0 o.u4 9 1.0 0.2
10 1.0 0.4 10 1.0 0.2
a) all relevant . b) all relevant not
retrieved before cut-off retrieved before cut-off

Evaluation Incorporating Correlation Percentage

Table 7
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Initial Run First Feedback Run

Rank Relevant R P Rank Relevant R P

1
1 229 / 0.25 1.0 1 229 ¥ 0.25 1.0
2 183 0.25 0.50 2 68 v 0.50 1.0
3 79 0.25 0.50 3 79 0.50 0.66
Y 68 v 0.50 0.50 4 67 v 0.75 0,75
5 205 0.50 0.40 5 188 0.75 0.60
6 16 0.50 0.33 |SUFOFE T 6 29 0.75  0.50
7 78 0.50 0.28 7 205 0.75 0.45
8 67 v 0.75 0.37 8 30 0.75 0.37
9 29 0.75 0.33 9 8o v 1.00 O.ub

10 30 0.75 0.30 10 78 1.00 0.40

a) initial run b) first feedback run

Standard Feedback Evaluation

Table 8



First Feedback Run

Rank Relevant R P
1 229 ¥/ 0.25 1.0
2 183 0.25 0.50
3 79 0.25 0.33
4 68 v 0.50 0.50
5 205 0.50 0.40
6 67 v 0.75 0.50
7 188 0.75 0.u3
8 29 0.75 0.37
9 30 0.75 0.33

10 80 v 1.00 0.40

a) frozen rank evaluation

First Feedback Run

Rank Relevant R P
1 67 v 0.25 1.0
2 188 0.25 0.50
3 29 0.25 0.33
4 30" 0.25 0.25
5 80 v 0.50 0.40
6 78 0.50 0.33
7 11 " "
8 " " "
9 " 1" n
10 " " "

Alternative Feedback Evaluation

Table 9

b) residual collection evaluation
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