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'ABSTRACT

Controlled experiments have been conducted w1th the enhanced experunental 1ntermediary
system CONIT (COnnector for Networked Information Transfer) to test how effective such a
system coul_d be in assrstmg end users in searching compared with human expert intermediary

search specialists. Some 16 end users, none' of whom had previously 'oper'ated either CONI'l‘
| or any. of the 4 ‘connected retrieval 'syStems,— perfornied searches on 20 different topics using
CONIT with no assrstance other than that provided by CONIT 1tself (except to recover from
computer/software bugs). These same users also performed searches on the same toprcs with

the help of human expert mtermedianes Sometimes - CONIT and sometimes the hurnan expert

a

. were clearly superior in terms of such parameters as recall and search time. - In gcneral '

however, users searching alone wrth CONIT achieved somewhat higher online recall at the-
~ expense of longer session times. We conclude that advanced experrmental mtermediary ’
itechmques are" now capable of providing search assrstance whose ef fectiveness at least
approximates that of human mtermcdiaries in some contexts. Also discussed in thrs report are
details of the enhanced CONl'i‘ system and its costs. In addition, there are discussions of the
possibiﬁties for e'ven more advanced intermediary systems, including those which perform-
 automatic database selection and simulate human experts. | |
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1. ‘Introduction

The end user cf‘information provided by online bihliographic retrieval systems usually -

requires a. human _information specialist acting as as intermediary searcher to access' thef
databases effectively (see, e.g., Wanger [WANG?G]) Research and deve]opment activity in the

recent past (see e.g., Marcus and Reintjes [MARCSIa) -has attempted to determine the

" extent to which computerized intermediary systems(l) acting as assistants to the end user could
¢ i

replace the need for human search intermediaries. One such -intermediary system is CONIT

[MARCS81al.

©

CONIT connects to several different retrieval systems but presents to the user what

appears to be a single, common (v:rtual) system by allowrng user requests in a common

language. These requests are translateda by the in_termediary into the appropriate commands for
‘whatever retrieval -system is, being interrogated. The intermediary itself ~provides instruction so

that even inexperienced end users can bperate it. . Additional search aids are provided to hélp

the user search the heterogeneous databases. .

Experiments with one version of CONIT (identified as CONIT 3) have shown
[MARC81a] that it is possible for computer intermediary systems to assist end users, who

had no previous experience in operating retrieval systems, to obtain in this way information

they needed from dozens of heterogeneous - databases on four different systems. In these

experiments users found- relevant infcrmation typically_beginni'ng within 20-30 minutes of their

»(1) Note We and others (for example Goldstein [GOLD?&]) have ‘at times in the past

referred to such a computerized assistant system as an "interface." However, this term can
be confused with the term ’computer/human interface® which we take to mean those

aspects of an online interactive computer system which are at the boundary between the '

human and - the computer and which are used directly by the human and through which
he or she ’sees’ the system (e g, the command and response languages, terminals, etc.).

“Also, as these assisting systems have incorporated more and more functions, not all of '

which may be directly apparent to the human user, we have been led to adopt the term
"intermediary system" as was used, for example, by Meadow [MEAD79] to reflect this
more corporeal, as opposed to superficial, status.

Page 1
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~ ‘online session; instruction was provided entirely by the intermediary system -- no additionel

human assistarrce was necesSary (except to handle certain systerh problems). ’I'.he few reported
" studies (see, eg., [LANC71,72; FENIS80,81; SEWE76 RICH81]) of end-user operatron -- even
for recently 1mproved systems - record that either the users were not mexper:enced

searchers, or ‘srgmf icant amounts of standard (non-computer:zed) instruction and help prior to

" or during the online session was given, or limited search effectiveness was achieved, or the.

number of databases . and sYstems accessed was limited, or a combination of these >fac'tors

obtained. = ° : ' ’ - .

-

Along with the positive achievemems dernor‘rstratcid through CONIT 3, several questions
were rarsed For example, although all expenmental users were able to retrieve some. relevant

documems the recall levels were determined to be rather low: from 0.2 down to 001

’ Furthermore, while session times —— and o'ther performance measures —~ were acceplable to _
. = indeed, praised by — the expenmental users, the questlon was raised as to whether human
expert 1nformatlon specrahsts acting as intermeédiaries could achreve greater effectweness in -

shorter time. Finally, there was the question of whether a computer mtermedtary system

-—

could be made sufficiently effectrve___ so_that its performance would equal or be superror to

that of human experts in all respects.

A

In this report we describe investigations carried out in_order to answer, at least in part,

these questions. In this report we shall first describe enhancements made to the experimental

CONIT intermediary system. Then we shall describe EXperiments performed wi-th the enhanced "

CONIT’ which include searches done by highly experienced human. expert séjerch irrtermediaries
and by inexperienced end users. Next, we interpret the results of these experiments so as to
present our current urrderstandin'g _of thé answers to the questions. Finally, we discuss

intermediary system costs and benefits in order to discuss their current prospects, concluding




with a discussion of the possibilities of even more ‘advanced intermediary systems in such

areas as automatic database.selection and simulation of human expert search performance. -

2. Enhanced CONIT ' | B

Several des:gn principles that helped contribute to the success of the earlier CONIT
systems MARC82] are: ‘

(1) The heterogeneity of ex:sting systems is replaced by the commonahty of the vu'tual

o system.

(2) The complex:ty of current system/user interfaces. is replaced by ¥ simpier and'
easier-to-use interface. ' L .

-

(3) Ef fective instruction is given by the computef, to assist the user.

(4) Relatively few basic retrieval operations, of the many ‘retrieval functions available on
' existing systems, are provided; but these satisfy most needs of most end users.

(5) Even among the few basic retrieval functions, beginning end users initially ai'e ‘
' taught still fewer core functions; additional capabilities may- be taught as needed.

(6) Inexperienced users can take .advantage' of relatively simple methods for developing
search. strategies that are effective across heterogeneous databases.

A number of techniques were employed to help effeotuate these pﬁnoiples. One
technique centered around the idea of a simplified command/argument language with several
natural-language features. A second theme was the computer assisted instruction (CAI) built

into the system itself to help users learn co'mmands themselves ‘as well "as effective search

- strategy f ormulation~ methods.. This CAl included a menu oi'iented.appro'ach integrated with a

carefully—developed expository basis,' a_hierarchically structured explanation base, and a

" contextually sensitive decision algorithm that tailored the instruction and explanation to the

_particular situation.

Finally, our solution to the problem of ef fective searching by _inekperienced USers’ across -

Pnge 3




_databases with heterogeneous " indexes is based on a natural-language, free-vocabulary approach -

to searching. Th:s approach, whose efficacy has been supported by several research studies

[0VEI-I73 LANC71 KEEN73], emphasrzes the use of natural—language keyword stems as the

basis for searchmg In the searchmg operauon ltself the keyword stems are matched agamst'

both free~ and controlled-vocabulary terms under Wthh documents have been posted. A |

match is counted if any word or phrase has a word stem corresponding to. one- of the

user-given keyword stems. All searches on a single‘ keyword stem are then combined with the

Boolean OR (union) operauon Fmally. the separate unjons are combined - wrth the Boolean B

AND (mtersectron) operation.

_ In' our .enhanced intermediary systern. which we call CONIT 4, we gener'all_y" sou_ght 10

retain -these principles and techniques while incorporating additional techniques to. assist the

user further. However in one respect we ‘somewhat reduced the restraint imposed by

Prmcrple 4:- the limitation of retrieval operatrons to a small core of essential ones. Thus, for

example, crtat:on searchmg was expl:cntly mcorporated w:thm the common language oommand
structure, other functional addmons ‘are d_escrrbed— ‘below. Nevertheless. many funcuons of

retrieval systems were still excluded from the common language commands . (e. g. search by

expl:c:tly 1dent1f ied word prox:m:ty, or by specifically 1dent1f1ed f:eld - except for bas:c'

subject, author, and citation fields; and selection of an arbitrary combination of catalog frelds

for output presentation =- as, e.g., the ORBIT and MEDLINE but not DIALOG]  systems

allow). - N

On the contrary, the main thrust of ‘the enhancements was to incorporate techniques
which aid the user in carrying out his search, but which are not generally fully available .on

‘existing information retrieval systems. . That is, existing systems either do not have a'particular

technique at all, or do not have it to the degree to which it has been developed for CONIT

4. Of course, even where certain aspects of thesev techniques ~may be available .on individual




—

systems the ab1l1ty to use these techmques in a vrrtual-system mode across a network of

, heterogeneous systems is unique to the 1ntermed1ary system envrronment as presented by

CONIT
»

'l'he rationale for. the development of the computer in_termwiary in this.'fashion is

‘threefold:

~

(1) The existing principles and techmques of the CONIT-S lnterrnedrary apparently
worked quite well .

(2) In particular, the pnnclple of concentrating on the- bas:c core 1nformatron-retr1eval |
functions seemed, hlghly satisfactory.

@) Our analysis of the previous exper:ments indicated that the main problems for users '

of CONIT 3 were (a) the development of effective search strategies; and (b)
further alleviation of ‘mechanical’ problems like knowing what to do when various

A system buffers overflow or how, to perform certain operations more easily,
hopefully in such a way that the user could concentrate on identifying for the’
intermediary what he wanted to accomplish and not have to be concerned wrth
compl:cated details of how to request and/or accomplish it.

u

New Techniques in CONIT 4

A number of changes were required simply to maintain the’ capabilities previously
reported for CONIT 3. First, a few changesl in the MITV MULTICS computer system, on
which our experimental CONIT systems have been developed necess:tated a few minor changes
in CONIT MULTICS is a good system for subsystem development — which was, of course,
a major factor in our using ,'t. as a development tool; changes in MULTICS are génerally
made so as to avoid or minimize the requirementsvfor its users to make changes.

: Second‘ changes are regularly made ‘in the host ‘retrieval systems and these sometimes
require changes in CONIT. For example, when ORBIT began requmng a user secur:ty code in
its "login protocol a few changes had to be made to the CONIT rules that execute thrs_

protocol. These changes, and other more complex ones o be detalled below,: were made

relatively easily primarily by changing or add:ng rules. We belreve_ thlS ease of modification

Page §- - 10
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supp'crts.oﬁr. decision [MARC79] to develop __iniermediany' software on a p‘rdﬁduction. rnlé basis.
A seccnd more subtle, example is that of a system — in this case NLM MEDLINE -

permlttlng a database explanatlon to be obtained d1rectly from the EXPLAIN command in all
situations as opposed to reqmrmg a FILE command to connect to that database first. This is
an _example‘ of a kind of change that does not require a correspondmg CONIT chang \

the old method would sgll work —- but where a change in the intermediary system could

-make operations more efficient and/or less confusing to the user.

+

4There were also a nnmbef of ,changes to the basic CONIT development pf_ocedures and

»

core execution programs to improve ease of development and efficiency. - For example, a

special MULTICS command procedure, was devised so that ‘rule changes made in a 'source’

_-bsegment would ‘be automatically collected and compiled (via the rule gerjerator program_) into

the ~executicn table of rules. This command proc'edufe reduced the programmer effort while
also enhancing maintenance -of . documentation. A second example is ‘the improvemenf in. the
rule search pr_ocedure which speeded .up this ‘part of the intermediary systern execution
significantly. .The'heart of this imprg;vement-' is the maintenance of a pointer to ‘t‘he last rule
matched (rules are stored as list structures). Unless some special "cont_ext' dictates otherwise,.

the search for the next rule to be matched and executed starts with this last rule instead, as

Y

_formerly, at the beginning of the table of rules To take maximum advantage of the. potential

\
for 1mproved eff1c1ency prov1ded by l’.hlS enhancement, rules are generated and ordered to
follow a sequential order for the ’'normal’ cases while still preserving the minimization of

number of rules through the principle of looking at specific rules before more general ones

* [IMARC77].

-

Besides making changes about the way they do exxsnng operations, the retrieval systems

‘also. of course, are contlnually maklng addmons to their capabllmes One kind of addmdn

.that we regularly reflect into CONIT is in the avallablhty of databases through the retrieval

1j
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. systems. W:th _very- few exceptrons (eg - MEDLINE’S SERLINE) CONIT makes alt databases' B
* of 4the 4 retrieval systems avarlable in the common (vrrtual) mode. (Note that absolutely all o
functlons and databases of each system’ are available to the user in the ’pass-thru’ mode in

Aot . 1. : ! o . - : N
which the user talks 'directly’ to the retrieval system by stating his request in the command -

" language of the retrreval system) At ‘the end of the per:od of. experrmentatron for CONIT 3

| there were 97 databases that a user could access in the common command language -Of these"
97, 16 v:lere ‘dyplicates’ in the sense of bemg available on another of the 3 other retrreval »
systentS: therefore, there were ‘81 unique ~_databases at that time. (This counts each bindi’yidual o

- _file of a database as a separate database; thus, the Chemical Abstracts database with jts 3
fi'l&_,""covering di‘fferent years, was counted as..3 databases,) ‘At the beginning ef _'the

- experimentation period with CONIT 4 theré were ] 156 total and 126 'unique databases; The
corresponding figures at the end _A of the experimentation period were 176. total and. 155 unique. S
(At the time of this writing -— March, '1‘982 - the numbers are 226 tota] 4nd 196 unique
databases.) 5 T ‘

Various improvements -to CONIT itself have been made; they range from relatively
rninor'“’ ones to quite major ones. Qur previous experimenrs ‘indicated the Aimporiance of
carefully- worded mstructroﬁ to help users understand how to work with the 1ntermed1ary .
"~ system. On the basis ‘of analysis of user reactrons a number of Changes were. made in the v
instructions. For example, ‘we changed the heading of the ~instructions for 1mprc3v1ngﬁ s.earch
precision from ’ways to find better doeurnents" to 'ways to 'find fewer documents&. A 'single
change like this seems trivialv -- it is likely ‘to affect only a sma}l‘ subset of | u'sers in a
fraction of the1r usage - but we . strongly believe that the cumulatrve effeet of hterallyy

* hundreds of such consrderatrons can make the difference between a h:ghly 'fr:endly

(eaSy-to-use) hurnan—computer interface and one that confuses and confounds as much “as it

: helps.




Some other changes in the‘ inStructions were simila'r,ly. ‘not yery.-importa:t in themselves,
but point to future areas 5‘of p'otential"high sigxtificance. &‘hm, for ettample, vcertain databases
were c_ategorll;.ed by'what other dictionary ,databas_es?might be useful in finding search term_s
’for the given databases. The 'explanations of how to develop search strategies was then
specrahzed S0 as to provrde that rnformatron whenever the partrcular databases were being
accessed. As we shall drscuss in more detall below the specrahzatron of assrstance accordrng :

to problem context, of whrch this is one example, will undoubtedly be an rmportant part of

more sophlst1cated assrstance.

DBhoge. . . : B
A few other relatively minor improvements in CONIT -may be listed. The ability to

vexpress, and execute, citation searches in the two citation databases has already been.
me_ntioned. The CONIT command for “this is "FIND CITATION term>”, abbreviated "FC
<term ¥, where <term> is the specifi 1catron for the citation search formulatron As a second
example, an argument EVERY (abbrevrated EV) was added to the SHOW (DOCUMENTS)
command. This gets translated S0 that the -retrieval system is requested to output every
document in the grven set. Finally, a timetable of the regularly scheduled t1mes when the
four retrieval systems are supposed to be available was generated and maintained 1n CONIT..
This trmetable or selected poruons, is av;?able on requcst by the user. Thus the command
«§HOW SCHEDULE WEEKLY (or just SSW) gives the user the full week’s schedule for each
system whereas the command SHOW SCHEDULE TODAY (SST_) gives -the current day's
schedule Also, whenever  the user’ requests access to a database, the intermediary system"
checks the tunetable, if the system 1mplement1ng that database is not scheduled to be up, the
user is so told and given the optron of tryrng to connect to it anyway (sometrmes systems
are availabie at unscheduled times); 1f the database is available on two systems of which only -
cone is' scheduled to be up at the given time, the intermediary selects the system that is

o scheduled to be up (irrespective of -the regular, default database).




The more basic and significant additions to CONIT can be categorized as belonging to -

four areas: (1) search history and reconstruction; v)) automated keyword/s.tem' searching; (3)
individualized database searching; and (4) automatic database selection. Additions in the first

three of these areas were used in the formal ‘experiments for CONIT 4 and these will be
| descnbed in deta:l below in the ;mmed:atcly followmg drscussnon The automa'tic 'databa'se- .

select:ons additions (ADBS, area 4) were not used in these expenments the deta:led nature- of

n

the ADBS and the reasons for their exclusion ,from_the experimeirts will be discussed in

Section 6.

a

Search History and Reconstruction. Exrstmg retneval systems have vanous devices for
saving search formulations for use at another trme -~ possibly on a database drfferent from'

the one for which the ;earch was. orrgmally done. Some problems with thts feature, espec:ally\
o~ ’Vnc'qy&s._

for inexperienced users, include [1] the necessity to "save" exphcrtly the search f’ormﬁlatron. '

I3

and [2] the Joss of “the search formulatlons when changmg databases or systems or when the ‘\W

buffer storage for searches becomes filled -— unless special 'brecaut:ons are taken by the user

to avoid such losses.

In CONIT 4 we have alleviated these problems' by maihtaining a record of ali ‘past
searches. For each - sedrch, CONIT remembers the full search formulatton, the database and
systembm which the full search was run, the number of documents found in the. resultant
retrieved- set and m any component sets formed in creating the resultant set, the set names as
given by CONIT and by the regrieval system, and whether the set is currently available tn the
retr:eval system. With one exceptlon. all this mformat:on is displayed online at the user’ s
request by the command "SHOW REVIEW" (abbrev1ated SR) The one exception is the
retrieval system set name’ wh1ch is not needed by the user in common (v1rtual) mode a user
-in pass-thru mode can, of course, get thrs mformat:oh by directly sendmg the appropriate set |

- _review command for the given retrieval system. If the user then requests any component or

Page 9 1 4
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compound search formulation to ‘bé repeated in any database or set of databases, CONIT
refers to the search history-and' repeats the search, ufter connecting to the appropriate systems
and databases. : Note that if a given search is compounded from severdl other searches, then
repeating that search requires that CONIT perform a like nuruber of search and cornbinattion

operations in each database.

Furthermore, if a set has, for any reason, been dropped from the retrieval system in

-which it was retrieved, the user need not be concerned or even aware.of that fact; if the
" user requests the intermediary to output from ‘that set or o combine that set with another,

_CONIT wm first regenerate the set and then perform the requested operation In addition, if ‘ '

the ma.xunum number of sets allo( in current memory by a retrleval system has been
reached, CONIT will automatically clear sets from the system “if additional searches are |

requested by the user in that system. The user, too, may clear any sets from the retrreval -

system with the command ,"CLEAR"_.

4

In displaying excerpts from databasc indexes for users, some systems associate a short code
\

‘word, or tag,” with each displayed term for ease of reference by the user in search .

statements. Goldstein has ~demonstraied [GoLD781] that a computer mtermediary can srmuiate '
this capability so as to give a user the same convenience in specifying a search for A system

that does not have the tag feature. We have extended this type of ass:stance in. CONIT .in

two ways: [1] users can request what amounts to a Boolean OR (umon) search by speeifymg"

a range of tags, and l'2_]..the pctual search terms (not just the tags) are saved .so that the

search may be repeated in différént databases.
.. . . . /

Automated Keyword/Stem Searchmg
Previous research (MARC79) has indicated that effective ‘Search results can often be
obtained by searching on 'the keyword stems found in a user’s natural-language search

expression. Earlier versions of CCNI'i‘ provided instruction to the user in - this search

Page 10
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methodology; such instructions contributed importantly to the search sucoess of experinxental'

_users of the computer intermediary. In the current version of CONIT, we~ have 'automated

part of the process 1o make it faster and easier to use.

Thus, for example, the user may -Arequest a search on the topic "transplantation
_ rejection'_'. CONIT takes .each word in the user’s phrase and derives a stemmed form for
each using a stemming algorithm (LOVI71). In this case the. stemmed forms "transplant-" and -
"reject-" are derived. Then CONIT reouests truncated searches on'each ot the stemmed forms
n all the 1ndexes that can be searched w1th a single command in the connected database.
-The sets retrieved from the 1nd1V1dua1 subsearches are then ‘combined with the Boolean AND |
operator (intersection) to yield a resultant set. CONIT names the subsearches and the resultant '
search and reports to the user the number of docdments in each set. All this is done
automat:cally w1thout user intervention; the user can then work with any of the named sets.

« *

1 any of the subsearches yields null results, 'CONIT suggests scanning the index terms
around the non-rtesponsive search term. If, on the other hand, a truncated subsearch causes a |

" search buffer overflow, CONIT replaces the truncated stem search with an exact-match,

N

full-word search so as to avojd the overflow condition.

Individualized Database Searching. Often, search fot’mnlations need to be tailored 10 .the
'peculiarities of the database being searched. -We have begun investigating how to help users
"mdmduahze their searches wnth two simple kmds of aids. In one aid, the. user 1s permmed_
to request author searches in. :Tgcornrn\on férmat; .CONIT then translates thls format into the
one appropriate, for the database being searched ~- e.g, correct spacing and punctuation

4

between last name and first initial is supplied by CONIT.

A second aid involves a specialization of the keyword/stem searching scheme mentioned

above. Where the database has not been implemented so-' as to post documents under each

- Page 11 1
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word of a multiword controlled-vocabulary index term, the scheme given above might not

retrieve a document posted under the -given term. For the databases for which this is true ~

a small minority of those in the four systems CONIT connects to, but including some of the

“more important databases in the biomedical area —— CONIT performs a full-phrase search in

addition to the keyword searches.

3. Framework of Experiments

A. Experimental Objectives and Subjects:

The primary obJectrve of the experrmental program was to evaluate the enhanced CONIT

mtermedrary system in terms of 1ts ability to allow end users to satisfy therr 1nformauona1

needs by accessrqg a network of heterogeneous 1nformatron systents through the computer o

intermediary. An: hnportant aspect of the evaluatron of the 1nterméd1ary computer system was
to compare the cost effectiveness of searchrng as done by end users searching on their own
with CONIT with that obtained by the 'users workrng with an expert human intermediary
search specialist. Our research ‘mandate was to place special emphasis on searching in the

medical and biomedical 'domains. A

As we have just indicated, there were two kinds of experimental subjects: the end users

and the human intermediary search specialists. There were four human interrnediaries. Each . ...

was an expert bibliographic computer search specialist_ from one of three bibliographic search .

services in the Boston area. Each had several years of experience as a search specialist in a
primarily academic or medical/hospital setting —— although industrial and other non-institutional
users are regularly .served by these services. Three “of the four had subject specialties

centering in the medical area. One of these three served as the primary. experimental human

- expert searcher and the other three served as human _experts for only one end user each.
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There were several. classes of .enc'i users in this current round of experiments. A nu
of usageo. :were of an informal or demonstratiorral nature; they provided valuable informarion
and insfght on the nature of the experimerrtal rntermediary system, but the results lack
- . definiteness of carefully controlled experiments. What we shall report. on oelow 1s a serieo of'.

controlled experiments with the CONIT 4 system.

. For these forr'nalv, controlled experirrrems we soirghr end users with & current information
need to serve as experimental users of the CONIT .intermediary system. Notices were posted
at MIT and other institutions of fering free access to information from computer bibliographic
databases in the medial and biomedicai areas to those who agreed to participate in- our
‘experrmems A number of other users were identified as likely prospects under the same
criteria through the aid of the several search services who cooperated in our experrmems A
final category of users included those identified by members of our research project itself.
These included three 'undergraduate' students who had been accepted as members of the
pro_1ect team but had not yet started any regular project assignments. (As a rule, incoming
project members are asked to serve as end_users before they know the details of the CONIT
‘system and the exper:memal procedures so that they may gam some msrght from the pomt of
view of the experrmental end user) In each case, potential exper.rmental users were
interviewed to determine their informational needs and backgrounds, especially with réspect to j

their previous computer experience. -

Several dozen potential users were identified in this way and 16 of them participated in .
. the formal experimental program. Only a few potentiai users ‘were rejected for rrot _having |
appropriate topics; the ‘reason for the non¥mrticipation of the others- was largely a question
. of ircompatibility with prOJect schedules. A hst of the search toprc titles for the 16
part:clpants is grven in Table 1. The search toprcs are 1dent1f1ed by a single letter or a ;

. letter/drgrt combmatron Eaeh letter (from A to P) refers to one of the 16 users. Where




USER/FIELD*

DOC /NUT
DOC/BIO
PHYS
PHYS

DOC/NUT

mYUOOw
N T X

PDOC/NUT
DOC/BIO
DOC/BIO
.DOC/BIO
DOC/BI0

PHYS
UG/ENG

UNIV/UIL
DOC/ENG
UG/ENG
UG/ENG
UG /ENG

E2
'F1
 F2
F3
G
H
I
J
X
L
‘M
N
o
p.

PROF /SOC

. DOC/BIO

PROF /ENG |

TABLE 1. - EXPERIMENTAL USERS AND TOPICS

TOPIC .

Immunofluorescent techniques for DNA staining -
‘Kidney transplantation rejection statistics

Use of media techniques .ih psychotherapy

Efficacy of film in education :

. Government influence on health care management

(1) Modeling of spontaneous motor activity

(2) Effect of diet.on animal behavior

Role of particular ions in specific excitable tissues
Ultrastructure and biochemistry of Allogromia
Colchicine in microtubule assembly/disassembly -
Intermediate Filaments in Erythrocytes A
Lipid metabolism in isolated perfused rat kidneys
Transglutiminase in receptor-mediated endocytosis A
Kaposi's sarcoma in lymph nodés with allergic complications
Properites of biocompatible polymer materials
Computer-aided diagnosis of eye diseases
University Interactions with Industry
Environmental Planning Information Systems
Effect of kainic acid on spontaneous motor activity’
Beneficial ‘and harmful effects of fasting
EtiologYE?nd therapy in stuttering

*USER TYPES: PHYS=physician; DOC=doctoral candidate;
' PROF=professor; UG=undergraduate; PDOC=postdoctoral;
UNIV=University Administrative Staff

FIELD: BIO=biology; NUT=nutrition;‘ENG=engineéring;
S50C=sociology; UIL=University-Industry Liaison

.
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© more than one topic is apphcable to a grven user the separate toprcs are md:cated by an

appended digit {(e.g., "C.1 and C.2). Two users searched on two top:os each (on separate
occasions) and one user Searched on three topics. Thus there were 20 different toprcs
searched. Generally, each topic was searched on a separate search session, as will be explained .

below.

While .each search topic (except for topic L) has some drrect relevance: to the 'general'
medical/ biomedical area, there is obviously a wide speetrurr'x of fields covered. Various
biological and medical topics. are included. In many instances there is clearly a m'}Jlti'disciplinary.'. '
character to the topics. Diseiplines other than the medical. and biomedical ones inclu'de
engineering, mformat:on technology, politics, education, and adm:mstratron The s:gmf:canoe of

the mult:d.rsclplmary nature of many ‘of the toprcs is discussed below in Sectron 7A.

The professional-/educational status of each user is also indicated in Table 1. The ‘totals
in the var:ous categories are: 2 medical ddctors 1 umversrty (non;aeademic) staf f'v 2
professors, 1 post—doctoral fellow 6 graduate students (doctoral eandrdates) and 4 undergraduate '
studems. None of the end users had h:rnself previously operated either CONIT itself or any
of the four retrieval systems aceessible through -CONIT. Severalr had either used a -humarr
intermediary ‘to help search a brbhograph:c retr:eval system or, in one case, had operated a

different retrieval system (the Library of Congress online card catalog system) Pracncally all

'16 had some familiarity with computers and most had some experrence with operating .

computers from terminals. The significance of this kind of experience with computers 'willl. be

discussed when the experirhental results are. arralyzed.

D)
(g}
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‘tended to support that conclusron

B. Experimental Procedures

x
EN
o

+ All expenments were carefully controlied and monrtored To the extent possrble the
same set of procedures was used’ for each experimental user and the same set of data po:nts
was recorded. Experimental prooedures were an extension of those for our CONIT-3
experiments MARCS1al . At the beginning of each e)rperiment_al session, an experimental
supervisor briefed the end user concerning. the nature of th: eXperirnent. The oral briefing

took about three or four minutes. The experiment supervisor answered any user questions

after the briefing- and he was available if difficulties arose in the course of the online

session. The user was reouested to try to resolue any questions or problems on his own if at _.
all possible and to call on the -supervisor only if he felt 'hopeiessly lost or if the system- was
broken. If the user did ask a question that was not related to a system problem, he was

asked to go back to the intermediary system for instructional assistance.

The online session itself —- that 1s the user’s interaction with CONIT at .the cornputer
terminal — began immediately after the briefing. In this series of experiments the primary
terminal used was the DEC LA-120; a 120 CPS printing ‘terminal. [The_ 120 CPS terminai was
made part of the experimental setup aftfer the fifth session; before that a 30CPS printing.
terminal was used] A printing terminai was chosen in'order to -allow users to 'reier fairly
easily to" past instructions and retrieval results. Previous experimentsb Wim a 30 CPS printing

terminal indicated- that many users would prefer higher speed ~these CONIT-4 experiments

3

-

The experiment supervi50r remained in or near the room \i/here the user' worked at the
terminal in order to provide uriobtrusive ‘monitoring of the session: and of the user (beyond
what \X(as possiole from the' full record of user comrnands an'd 5of CONIT resmnm, as
maintained on the terminal typescript and a computer "audit" ’file) and be available for'

questions or -system _problems. When in the session room the supervrsor would also observe_

. . " Page 16
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visually Any activity of the Vuser.' not recorded on the compﬁteff The user himsglf was i;sked‘v
to make Writtc_n or mental notes of pai'ticular‘ problems or other reactions _he ‘”might have, so
a5 to be able »tvo rélatc his/her experie'nces‘ more | completely to the supervisor at -a
post-session debriefing. As was indicatéd a_bc;ve, the supervisor did not- prompt the user or
otherwise interfere with the course of the interac_:tion‘ unless .cdmputer_ syStem bugs or : '
computer cqmmunicatibns problems apgéared to hinder the‘ c;onﬁnuation of the session. Thls
intervention was required severai times in the experiménfs. primarily to- handle communicationé

caused system failures, as we shall discuss below.

" One variation from our experimental procedure for. the experiments with the'CQNIT;3
system relates to the use of printed 'insiructional‘ materials. ‘For the CONIT-3 experiments we
divided the ‘uSers into two groups: those who were given -access to printed Binstructionsv_ before.
begﬁming the online vsession and those who s'tarted_‘ the session without such aids. We.
determined in those earlier experiments that there were elements of the printed ,instructibns,
_basically conce}ning develbpment of online. séaréh Strategies. which appeared to be helpful.

We incorporéted those elements into the on/ine instruction _for' CONIT 4.

We have%essentially all' of the informational items explicitly requestable by the user
through the EXPLAIN command available .in printed. form bound in the format of a
referefxce manual. For the first five users in the CONIT—4 experiments 'we._made the
reference manual available to the user prior to. the session itsélf._. This was done after the
initial interview With the user wﬁeh it was decided that he would participate in the
* experiments, usually one or mére days before the ékperimént it#elf." The reasoning for doing
‘this was that .sc;me users - prefei- to read printed instrﬁctions befbfe they access 'any computz_f
system. Generally, as with the first four experit_nental' users, users .mak,e no, or very little, use
of suc;h bprin.te,d instructipn.s priof to operations at the terminal -- typically, five: mihut@s or .

-less of cursory séanning, They have been told that the imefmediary ,System is self-instructional
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and they are content to follow the CAI mode of learning rather than spend much effort on

instructional manuals. As with ’other norms of learning behavior, 'however, there are often

. srgmfrcant numbers of exceptrons to any rule. In th:s case the frfth user spent over three-

hours readlng the reference manual and gave us a detailed critique of its contents when he
came in for' his pre-sess:on briefing. His online session did reqmre less CAI instruction trme '
and he did appear to have made somewhat better than average use (from a mechamcal k

vrewpornt) of "the CONIT facrh_tres.(l)

In any case, we decided 'subsequent to the fifth user to redu‘ce the number of | variablesf'
inherent in the. experrments by ehmmat:ng the offer of the reference manual prior to the’.'
onhne session. It was kept. avarlable during the session for those who preferred ‘that mode of
obtarnrng mstructrons. ‘A few users did so, mainly, as a way to re-read an explanatron they
had previously- seen rather’than‘ shuffle back through the printed typescript'f'rom- the terminal
or reqtiest it again ‘on the terminal. The predominant rnode. however, was o 're-request' the

exptanation at the terminal

L
The online session was. termrnated when the usér 1ssued the STOP command or, in a
few cases when a system problem prevented contrnuatton The prrmary motivation for the
user’s termmatmg the session appeared o be his feeling that he was at the pornt. of
diminishing returns, as far as getting useful _information was conc'erned. .At ‘the end of an

online session the supervisor held a debriefing conference with the. user. The debriefing

et

(1) Note that this result is not necessarily obvious. The CAI is devised to direct users along
those lines most likely to help the user according to .his context online. Reading a

- printed reference manual beforehand could negate some of that potential benefit by
: estabhshrng less-than—optimal propensities @ priori and by causing the user to resist or -
ignore potentially better directions given in CAI online. We have seen a few instances: of
such behavior 'in our experiments. Thus, for example, user C, who had spent 35 minutes
‘reading the printed instructional manual, apparently misremembered some of the
“instructions and tried to do a FIND (search) before he had done a PICK to select a.
database. A related behavior occurs when a very computer-experienced user attempts to
outguess the CAI and proceed on his own intuition w:thout followrng, or even readrng,
the instructions avarlable through online CAI.-

o
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- emphasized (li any problems -encounterEd by the user; (2) overall _impr_eSSicns of the session |
and its usefulness; (3) the rationale fcr_ ) the user search strategy formulation; and (4) the
.‘_relevance iudgrnents by the user on the‘ retrieved . documents. The users were _ asked to judge
relevance on a four-pcint scale: high, medium; low, and none. Usually, one online sessicn -
was sufficient to satisf_y the users needs and conciude that part. qf _the experiment. However._
as we HShall detail below, a user would occasionally -come back fcr a seccnd or third online . ..

session with CONIT.

A second part of . the experiment involved a search on the user"s topic by: an expert
human search mtermediary 'l‘he intention was as much as poss:ble, to have the human expert ‘
search done as such a search would normally be done by that mtermediary 'l‘hus, the user
wouid fill out the regular forms required by the search service. These typically requested,_ -
'information similar to that requested for .the corresponding forms for. the CONIT session. As
for other users of thes\: services, the actyal -searching was performed at the search service
‘(library) location with the user present to assist the searcher. For' our expériments a member
of the CONIT project was also present to observe .and record the session;' the pIOject‘
observer did not actively intrude on ‘the proceedings. ‘Bef'ore the search session itself the-
searcher conducted ;an interview with- the user to go over his previously prepared search
statement, In- general, the. searcher had looked at this statement -prior to the in_tcrview to
assure herself that the topic and ’the. statement did not contain any unusual difficulties but

" she did not spend any significant amount -of time preparing for the search. befare seeing the

('l'he search topic was oraliy explamed to the searcher when the search session was

bemg arranged by the prOJect staff’ person, in a few cases, as.we shall explam. the searcher

was picked because she was especially famihar w:th the topic area.) ‘The pre-sessron mterv:ew‘

whose average length of time was 24 minutes, involved further delineation of the:topic and,
in some cases, the develcpment of vinitial‘ search strategies with help from the user. The user -

was requested to ify to act as if he had not already perforrned a CONIT search; in particular

3

o
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to avoid mitianng use of any search strategy;g or terms that he had developed or found
effective on CONIT It was understood by all parties thht the CONIT project- was to pay ‘the
regular costs of the search. The searcher w{as asked to follow the guidelmes of the user in
terms of how extensive a search was to be performed Af ter the online session itself the user
was debriefed to get his reactions and relevance Judgments as in the CONIT case, Again,

a

4 with 2 few exceptions,- one online human expert searchv session suffi_ced.

_ s : ‘ ‘ S ~
° Subsequent to the CONIT and Jhuman expert online sessions any requested offline
prrntouts from those :ésrons were collected .and presented to, the user for hrs relevance '
Judgrnents Based on these various Judgments we subsequently performed an analys:s to
: discover search strategres that might 1mprove on the searches of the users and the. human |
intermediaries and to 'estrmate the recall _base. Searches baSed on this analysis, both in
_ databases previously. searched iand others, were then performed. 'Catalog. output from selected )
documenrs -retrieved from these searches, aloné with offline output requested during 'the‘ online*
.ekperimenta‘l 'sessions. was then presented to the _user for vfurther.releva'nce judgments{ In-a.
few cases, subsequept rounds of analyst searches and user relevance 'judgments were performed
in order ‘to complete the analysis . of search _strategies and the recall base for a given topic. |

. The specific enperimental procedures described above were not fully carried out in every |
instance. l)ue tc: a combination of ‘scheduling difficulties and system problems, the completion '
of all procedures was prevented in several instances. . For "4 Pf the 20 topics we did not-
proceed to that portion of the experiment involving human expert searches. In 'one or two
other instances there was in'sufficient information upon which to cornplete the search strategy
and recall analysis. These gaps in the .analysis will be detailed irj ’the ’description of the

experimental results which follows.

Page 20




\‘I ' ; PO . ) Y ’ . ] . ' -
A Experimental Results

A. Quantities Measured , _
! - e o a ' ' D

L]

v Statistical data derived from the various stages of the "‘ experitnental analyses? are' '

summarlzed in Table 2. For each top1c there are two rows of frgures The first Tow contams

-data relevant to results applrcable specrfrcally to the end user session. The sec0nd row L

contains data_ relevant specrfrcally to the human expert sessron. Average and medlan frgures
are listed at the ‘boftom of the table. ' 5

, PR , : e

The quantrttes measured mclude the ttme consumed in varrous parts of the experrmental

v

sessions. TOTAL time is the time from the start to “the end of an onhne sessron, ji.e., for

the user, the time in CONIT from the START command to the STOP command. USABLE
't1me 1s that portion of ‘total time that was avarlable for productive work 1t excludes time
wasted due to system bugs (eg the ume’lgetween a line drop and the reconnectton to the

system and reconstruction of the status before the drop) Total t1me equals usable time for

the human expert search; there were no mstances of system error «4n that mode EXPLAIN

time for the user session is that portion of his usable time that was consumed in requesting

and reading CONIT explanations; it is basrcally/ that time in issuing the EXPLAIN and HELP
commands and” looking at their responses It does not 1nclude time spent in revrewmg
explanatory instructional materral that the CONIT system automatically gives the user other

{
than for the EXPLAIN and HELP commands (e.g., after the results of a search are presented

- CONIT may, explain to the user how to see information about’ any documents found by that

search). EXPLAIN time for the human expert session means the time spent at the 1ntervrew'

. prior to the online session . 1tself SEARCH time is that portion of the onltne sessions

consumed by g1v1ng the actual search commands and lookrng at therr reSponses By DISPLAY

ume we mean that portion of the sess:ons consumed in gtvmg requests for drsplaymg'

| g
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Table 2.

&

SESSION TIME FIGURES (MINUTES). . 'RECALL FIGURES -1 STRATEGY |DOCS SHOWN
_USER TOTAL USABLE SEARCH DISPLAY EXPLAIN REL TOT. BASE %ON %VOT|SETS TERMS|N F )
A 232 206.6 120 67.2 19.0 8. - - - a7 30 |01 2. 2. 1. 1.
8 187.4 161 6 101.6 57.1 3.8 16 181 - - - 30 {5 |13. Is. 5. 1. 1.
: 12.2_12.2 5.3 6.9 - 5 6 - - - 12 10 31. 2k PUNES PRI PR
T 392.8 323.9 232.9 65.1 14.9 6 939 - - - 67 30 |59. 12, 12. 3. 3.
- - = - - - 2 23 - - - 14 29 |- 7. 2. 6. 1.
c2 R 153.2.132;3/“i6.4 51.4 7.7 4 29 - - - 29 6 12. 4. 4, 1. 1.
R 92 77.4 30.8 9.3 37.3 __ |? ? - - - |3 3 [7. ey Y. = -
1 . . J]26.8 26.8 19.5 . 7.3 - ? 7 - - - |s3 14 JoOu- 1. 1, = =
€T | 314 124. 5 132 4120 2.2 3.2 |62 18  |238 4. 4. 3. 8.
B BT TR T 123.2 57.8 - 138 4120 2.4 3.3 |97 34 135. 5. 9...3. 3.
€2 496.4 478.2 243.2 204.3 18.9 83 400 . 20.8 20.8]1314 38 87. 46. 1. 1. T
. 118 . 118 95.4 22.6 . 20 144 400 4.8 36 }107 50 ]113. 0. 3. 2. 2.
LA 91.9 91.9_  35.6 16 -§4s$9a 28 28 .  89.3 100 |2 = 2 69. - 2. , ‘
37, 11.9 - 28 2 1.4 {38 18 i 3. 2.
F2 83.1 81.6 60.4 11.7 - 9.5 20 171 11.1 11.7]10 8 - [35. “C :
' 35 35 10,9 24.1, 204 29 171 6.4 16.9|55 8  |27. 2
{73 172 68.2 45.7 19.3 3.2 54 120  15.8 45 J30 8 58,
24 24 19.4 4.6 24 66 - 120 13.3 55 |42 . 12 |45..
G. 276.9 268, 48.5 74.4 - 34.2 6 - 11 5773‘53"‘75‘f‘1§""TT??*E.
. 76 76 59.6 . 16.4 15 6 11 54.5 54° |59 12 65. 4.
105'5'76'5 —26.6  13:3  28.2 12 62 1.3 19.6|17 7 14,
50 . 42.6 7.4 28 51 .62 6.5 82.3|39 .10 28.
726—1_. 122.3 52.8 53.1. 6.4 12 15 . 80.0 80 |6 'y 51.
55 55 . 47.5 1.5 21 . 9 18 53.3 60 33 8 16.
306.1 148.3 . 93 29.7  22.6 35 193 18.1 18.1]53 8 58,
53 53 46.2 6.8 13 . 91 - 193 8.3 47.2]33 18 | 30.
168.9 167.8 96.8 28.2  34.7 223 246 .8 .90.7|24 12 46.
33 33 13.3  19.7 9 . 22 246 8.9, 8.9 {9 ° 3 29.
B4, 38.2 . 18.6 944 977 .6 . 96.6|11 . 4 46.
: 77 77 ? ? ? 33 977 y) 3.3 - - -
L 141.3 135.8 78.8 8.1  48.1 11 1" 36.4 100 [S 10 14.
. - - - - - 2 19 - - - -
N 204.7 160.4 101.2 38.2 14 t 23 13.0 41.a 37 10 23.
. 30 30 29 1 22 11 .23 13.0 47.8]/13 21 5.
0 - 121.3 116.0 46.4 27.7  17.8 . |23 48 128 - . 17.9 37.5|40 12 | 25,
79 __ 71 - 65.2 5.8 50 v 56 128 6.3 43 a 42 21 |29.
P , 45 39.1 18.3 5.6 12.3 , 31 1200 .6 15 6 14. -
N 9 9 6.1 2.9 45 7 112 1200 " 1.4 g;g__ss 30 10.
CASES _ B — ‘ , : :
Users ' 20 20 -~ 20 20 20 19 15 15 15 J20, 20 |20
| Experts | 16 16 15 15 12 16. 156 2 .13 14 {16 " 16 | 15
- AVERAGES | % K ' " j
All Users|173.1 153.6 81.7 50.8 19.1 137.9.. 513.7 25.0 44;3-37.5 12.3 | 54.5
Cor Users|186.9°162.8 87.9 49.9 18.9 "147.7 513.7 25.2 48.5|34.1 12.3] 57.1
A1l Exp’s] 5 40.6 _ 13.5 23.9 51.6  513.7  15.4 40.6|43.8 18.6 | 37.3
_ MEDIANS _ _ ; - T ~ i
‘| A1Y users|127.1 149.2 -60.4 - 28.2 17.4 41.5 128 15.8 41.3j]30 9 46,
. Cor Users] 147.3 134.1 72.6 28.9 17.4 31 128 - 15.8 45 |29.5 9- | 46.
A1l Exp’s|43.7 43.7 29 7.4 20,5 . 31 - 128 8.3 45.5|40.5 16~ | 28.
- - - 4
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- Key to Table 2

USERS Each letter stands for a different user; numerrcal
suffrxes indicate drsnnct topics for. grven user. .

SESSION TIME FIGURES (MINUTES)
TOTAL: Time for online - session '
USABLE: Total time minus time lost due to system bugs
SEARCH: Time spent on search commands = -
DISPLAY: Time spent on document records
EXPLAIN: (for user) Time spent on instructional commands
(for expert) Time spent at pre~search interview

RECALL FIGURES
REL ON: Number of relevant documents found onlme
REL TOT: Total number of relevant documents found
BASE: Recall base
% ON: Fractional recall for documents found online

- % TOT: Praenonal recall for all relevant documents found

STRATEGY : _ , .
SETS: Number of retrieval sets 3 o o .-
TERMS Number of search terms ; S

DOCUMENTS SHOWN: The number of documents shown by output mode:
N: normal (citation) mode A .
F: full (whole record) mode T
T: title only - :

NO. FILES:
F: The number of files searched ‘
" DB: The number of databases searched
'RF: The number of files in which relevant documents fopnd
RDB: The number of .databases in whrch relevant documents found

CASES Number of cases for whrch data exrsts

AVERAGES: Average vaJue of grven _parameter; shown for:
.(1) all end users, (3) all expert sessions,
(2) end users 'Where corrspondrng expert values are avarlable

MEDIANS Median value of given parameter

DATA | . L
L In each pair of rows, first row is"for-user CONIT session- -
. and second row is for expert session.

2. Hyphen (-) mdrcates data unavailable

. 3. Question mark (7) indicates data of questionable accuracy .
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document record information online and »in”looking at the responses to those requests. Taken

together, search and display (and explain, for the user session) time make up the bulk of the
S : . ’ ’ .
usable time spent online. Minor amounts of -time are occasionally spent on other operations,

..

e.s-. requesting offline prints, etc, R | S ' N

The main parameter by which the effectiveness of the results is measured is the number

| of relevant documents found, The number of relevant documents identified by reviewing some
: portlon of their catalog records onlme is labeled REL ON In addttmn to those documents

found onlme ‘there . were other relevant documents found through revrewmg the offlme -

prmtouts requested by the user or the expert searcher The user did - not .always _make
relevance judgments on every document in those sets which he or the expert durhp_e'd offline.i

In those cases we extrapolated the number of relevant documents in’ the total set from the

number in the sampled set. The total number of relevant documents found on a topic eit_her‘

T

online or offline by user or expert is given in the coélumn la’beled" REL TOT. The estimated '

number of documents in the recall base for a given topic (i.e., the total number of relevant

documents on that* toptc in all databases) is given in the column labeled BASE 0bv1ously,
the recall base as so desrgnated is the same for the user and for the human expert. The
recall base was estrmated on the basis of analysrs of search results by the user,. the human
Aexpert. and by pro;ect analysts For the purpose of this summary a document was considered
" "relevant" 1f it was marked’ as bcmg of "htgh" or "medium" relevance by the user; "low"

relevance documents are lumped with "no" relevance documents as being nonrelevant.

'Fractional‘ recall is 0then calculated as the percent of the-recall base “found in searching. The -

v columns for fractional recall for documents found online- and for all documents found are

labeled %ON and %TOT respectrvely

)

Several other parameters Were calculated. The number of documents for which

information was 10oked at ‘online is broken down by the type of information _displayed:

4




normal (citation), full (the whole catalog record), and title only. The columss labeled N, P..
and T contain the numbers of documents displayed in.each of those categories in the
respective order. The number of retrieved . sets found online is ‘given under SETS.  The

~ number of search terms. employed is given under TERMS.

'l‘he number of -data_bases ‘searched (sucoessfully) was‘ a. parameter of interest. _For; the -
purpose' of this calculation W‘e allow for the' fact that some "databases" are made- up of
several separately searchable “files". For example. the Chemtcal Abstracts database was actually)
3 ftles drstrngutshed from each other by the years of coverage in the correspondtng prmted |
“abstract Journal In the columns labeled F and DB we list the number of files and databases.
. searched. In the columns labeled RF and RDB we list the number - of ftles and databases

searched in which relevant documents were found.

" B. Analysis of Results

The first Aquestion we might want to answer is how well the users learned to use ‘the
CdNIT eom_mands. ' Based on the high success in achieving results to be detailed 'below, ‘it s
clear that users did, in fact, learn_to master CONIT commands rather well, at least. For the
CONIT-3 experiments. we measured such parameters as the “.amo"unt of tl_me it took to learn
'vthe system well enough to perfOrm particular tasks ‘A review of .the resul_ts of this round of
experiments showed a srmtlar rapidity of learning. There is, it appears, very. little difficulty in
learning the CONIT basics; we shall discuss: in Sectron 5 below the questron of instruction and

user learmng in more detail. - S N

The first, and perhaps most 1mportant general result ‘to observe is that the CONIT

- users dld rather well in retrrevmg relevant documents both ‘in an absolute sense of numbers ’

v

and 1n the relative senses- in comparrson w1th the human experts and wrth the total number

\

' _ .of televant documents in the databases — le, the recall base For the 19 toprcs for whtch

3
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we have -data; C’ONIT users retrieved from 6 10 944 relevant dOcuments with an average of
148 and a median of 31. For the 16 toprcs for whlch We have corresponding data for the'

human experts the range 1s from 6 to 144 total relevant - documents found wrth an average of'

52 and a median of 31. (Note that for even numbers of data points we calculate the median

by averaging between the two m:ddle pomts.) If we take the 16 topics for whlch we have.
| 'both user and expert data, perhaps a farrer comparrson, we see that the relat1ve supenorrty of
the users is somewhat dtm:ntshed in terms of the. average (down to 138) but somewhat
E enhanced m terms of the medlan (up to 41. 5) | |

| ‘Perhaps an even fa:rer comparison is made by looking at ‘the individual comparisons
between user and expert more. closely Let us make this comparmon along a f:ve point scale., -

At the extremes of the scale we have those situations in wh:ch user or expert d:d much'

better than the ‘other —— we 1dent1fy this srtuatron as one in whrch one person was at least'"' ‘

20 percent better than the other Sometrmes the measurements are 1dent1cal The two other |
_cases are the 1ntermed1ate ones: user or:expert did somewhat better, but there is less than a
20 percent drfference in the data po:ntsr For th:s sway of comparmg we see that the expert
~did much better than-the -user in. 6 cases whereas }the- user did _m_uch better in 5 cases.- In_ 2 |
Fcases the expert. did somewhat better and in 3 cases the"results? were ‘identical. By _this way
of comparison we could say that .the_.-.experts had a slight advantage over the users for thts ]

measurement‘ of search effectiveness.

Let us now consider one measure of vsearch cost, namely time spent'in "pert'ormi‘ng the
search. In an operational environment time could be translated i‘nto dollar costs in a number :
of ways' The trme spent onl:ne Js usually the b:ggest srngle factor in determ:nrng costs from ‘
l the retrieval systerns The time spent bytthe expert is a major . factor in determmmg any cost
overlays by a search serv:ce over the ‘basic retrieval system costs. The time spent by the user,
is also of course, a very real, and perhaps determ:n:ng cost, as percerved by the user, |
o although xt is not often translated drrectly in monetary terms. As a f:rst comparlson along:'

B
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these lines we may look at that parameter we call usable' time. For usable time we see that' -

the experts have a dominant.advantage over users.. Experts d1d much better - ie., spent at -
least 20 percent /ess time - in every one of the 16 cases for which we have a direct

,companson.

In terms- of cost—effectiveness it 'might be thought by looking only .at the measures ‘or*
total numbers of relevant documents retrreved and time spent that human experts are
significantly superlor m that they are, on the average, as good - or almost as good - in
recall while they take much less t;me. However, the usable time spent parameter. as far as
person-mmutes is concerned, could be -doubled to take account of the fact that both user and
hurnan intermediary are requrred to spend this trme Also, the’ interview prior to the expert
-onlme session requires the time of both .user- and expert searcher. If we. calculate the total
_ person-minutes, we see that the human'-expert/user team -actually spent ;somewhat more than

. the CONIT user does in terms of person’ minutes: 159 minutes versus 154 minutes.

/* | In. making the computer/ human comparison there are a number of othe'r criteria . by
which' users judge the costs of the search Perhaps the most irnportant of these other criteria
are the ‘total {calendar) ttme requ:red to get the mforrnat:on they seek and the total costs and
effort involved. Users were quite consistent in expressmg their apprecratron for the relattve
ease of usmg CONIT compared w:th the d1ff1cult1es that are mherent in the human

mtermed:ary mode The perce:ved d1ff1cult1es mcluded makmg a mutually agreeable t:me for

the onhne sess:on and havmg to explam their problem in wr:tten ‘and oral form to another

party. Also, the hbrary locanon for the online- expert session may have been less convement
than our LIDS laboratory location for some of the - users. Furthermore. the users desire o
_get detarled results as qu:ckly as possrble led them to a rather dtfferent ‘mode of searchmg
than that employed by the human experts. In part:cular, users spent consuferably more onlme : :

time looking at the actual catalog records of retrieved document records than did the human

| Page 27




experis. Some data that support this observation follow. The 20 uSers spent an "average of 49

minutes looking ‘at dociiment information.. The 15 human e)'tpert' cases for which we have data

' spent an average of only 13 m1nutes The corresponding frgure for users for those 15 cases 1s

51 minutes. This same four—to-one ratro is mamtamed when medlans are cons:dered The

median is 29 mrnutes for 20 users and 28 mmutes for users m the 15 cases for which the

- expert median was 7 _rmnutes. This result is further supported by the data on the number of

documents displayed orline by category of catalog information requested.

Our debriefing interviews with' the' users and the human experts provide some_
explanatron of how this d1fference came about. ‘As we have prev:ously sa:d the users hlghly- '

valued gettrng complete usable mformatlon -as qu:ckly as poss:ble. Document crtat:ons and -

' 'abstracts ’contam the needed information, or, at least, 1nformatlon ;suff161ent 10 locate the

needed sources. In addmon. since costs of the retr:eval system operat:ons were - bemg borne
by ‘the pro,)ect. no addmonal costs other than for their own time, ‘were perce:ved by the

users. For the human experts on the other hand we had somethmg of a confl:ct. On the

one hand they had been instructed by us to conduct searches as much as poss:ble in the -

_manner they normally did. On the other hand, we told ‘them not to worry about any search

costs — which were to be borne by the proJect - and to follow the drctates" of the users
with respect to- search comprehensiveness and style. - One of the 1mportant functrons of ‘the
human experts in their normal mode 1s 10 keep costs as low as poss:ble while balancmg user

needs and resources. In do:ng S0 these experts wrll try_to keep to a mmrmum the largest

' srngle component of the costs ~online time at ‘the terminal. Thrs. in. turn, is ach:eved. by -

| keeprng the online sessron moving along as brrskly as possrble' the expert typically takes only

the mrmrnum tune necessary to expla:n to the users what she is doing and why (the experts .

try to prepare the users 1n the mterv:ew before the onlme sess:on) and. requests the mrnunum"

amount of document 1nformatron for online drsplay — just what is' sufficient to assure (w:th

©user concurrence) that the searches are - giving adequate results and that the offline prmtouts-
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’ requested will complete the user’s need for information a e el I

In resolving this -conflict it appears that the - human experts - Chose ‘some mtermedtate .

-y

Sy . )
jground between their regular searchtng practtces and those dtrectly responsrve mto the -

cost—free expenmental env1ronmwt and the users natural desires. Qualxtatrvely, the practlces

employed in thm experiments by’ the human experts seemed closer to their- normal practtces
(i.e., emphasizing cost reduction) than to- what might be 'interprefed as appltcable toa more
stnct adherence ‘to the ‘cost-free’, user—directed modahty Another reason for the htgher
dtsplay time by the users is the fact that they operated primarily at a 120 CPs termtnal-.'
compared with the. 30 CPS terminals used by the experts at their searchv centers and thus
- were able to achieve ‘more productive results in terms of output' for a given _period at thev '
terminal. | , | ‘
In _any case, We see that the number. of relevantwdocuments found and v1ewed onlme
was much hlgher, in general for the user CONIT sessions than for-the human expert sessrons |
In particular, the _average of 19 users was 20 relevant documents The average for 14 human

experts was 17 documents whereas in those 14 casés the user: average on CONIT was 25

documents The median flgures show an even more strtkrng dtfference The median. ftgure for
the 14 human expert cases was 9.5 documents while the correspondtng 14 CONIT user cases
had a medtan of 17 5 documents (the medtan was 8 documents for the 19 users). 'l‘hts large
| 'f_supertortty for CONIT users- is further ev1denced in the pa1rw1se compansons In 8 cases the"
CONIT user found and displayed many more (agatn ustng our 20% dlf ference criterion)
'documents online than the human expert and in one case the CONIT user drsplayed somewhat ’

more documents In 2 cases 1dent1cal results for “this parameter were noted for user and‘ E

| expert. On the other hand the human expert dtsplayed many more documents in only 2 cases‘

o

‘and somewhat more in 1 case.




Before further analyzing ‘the dlfferences between human and expert intermediary

searchers. let us frrst review some statistics which support our prev1ously made statement that

both end users and human mtermedlanes did well. The most pertinent parameter may be

- all range in the span of 0.4'to 0.5, which we feel is quite good. In contrast, the figures for
the CONIT-3 experiments. showed an : average fractional recall by the end users of only 0.05'- ’
and- a median 'figure' of only 0025 Clearly, the enhanced mtermediary techniques of

- CONIT-4 provrde for much greater effectiveness of searchmg

A small part of*the improved effectivéness in terms of recall eould" be attributed to the_-

: drfference in" topic comprehensrveness between these two sets of experiments For the

CONIT—3 experiments the average recall base was’ estimated at 780 and the median was 810

-_For the CONIT—4 experiments the. average was 513 and the median was 128 On the average,.;'

T owe would expect the the hrgher the recall base the lower the fractional recall would be

o
o

It is difficult to find out comparable recall statistics in the general : literature Usually.-

' the recall base is estabhshed if at all, as that found explicrtly in a few more-or—lecs standard

searches. as opposed R0 the numerous. broad searches that we. have carried out in estimating

this parameter. _A frgure of 0.4, for examplc. for recall found‘ in -the- less comprehenswe way

could ea’sily be inflated by a factor of from 2 to 4 over the true recall figure. Results from

fractional recall — '% TOT’ in Table L The ‘average and median figures for thrs parameter -

1

recent expenments at Syracuse University KATZ81] tend to support our contentions. In .

_these “experiments. very low overlap. of ‘results by -expert searchers imply recall values may

| average as low as 20% or lower. of course the actual level of recall achieved depends on

_ may factors including the type of 1ndex1ng' avallable and the_ . level of relevance " or .utility

o ! f

Wlth only the relatively meager statistics prov1ded in the various experiments we do not -

have sufficient - ewdence to prove that our CONIT users actually -achieved hrgher than
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. 'normal’ recall values. Indeed, it might' be argued that the experts’ recall _figures, .Which'b are
roughly comparable to the users’ figures' are probably in : th‘e ’nortnal‘- rang_e | for. dOcument '
'ref erence retrieval However. we would counter that the users’. destre for high recall,. the

probably hrgher-than-normal free’ computer trme that was used and the at least subconsctous_ :
: desrre to 'do well’ 1n these expenments (whrch they knew would be subJected to’ extensrve
comparatrve analysts) all lead to the hypothesrs that the experts’ recall along with that of the

end users. was probably on the high side in terms of what 1s regularly accomplrshed by

" expert searchers.

" Our -users did ‘seem 0 generally want high recall ' It may be that' their intere'sts'
: centertng on academic and research pursuits, were such as to put them \m a category of users
‘seekrng htgher—than—normal recall.’ In a number of mstances the users were £a1rly good m _'
. predicting beforehand what the recall base would be In other mstances they e1ther could not, -
‘make any esttmate or their estimate was very low Users were m ‘general, qutte happy with
| the: results of the1r searching, 1nclud1ng the level of recall. In some cases (eg user E) we
observed that both user and human expert intermediary thought that they had hrgh recall and.
were content with their searching, but it turned out under "analysis that the ‘r.ecall base ‘was
actually much higher and"“ the user did, in fact,- want the. much larger nu'mber_of‘ documents'

.-drscovered by the analyst’s ‘searching. . | .‘ i |

Even where users may not want to or be, able to (where the recall base ts' measured in
the hundreds or thousands) see every document, they often want at least to know how many-
" relevant documents there are and be able to view extensive sample titles and/or abstracts S0
as to insure that they know the general nature of all the relevant ltt.erature avarlable and to
-mcrease the certamty that they. are’ not mtssrng any 1mportant documents. Our expenments
lend strong credence to the hypothests that exrstrng expert searchmg generally gtves only '

rather’ vague._ generally 1ntu1ttve notrons of the recall’ levels achteved We suggest that one‘

o - . ) .
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’ ’unportant improvement. in current search practxces would mcorporate more quant:tattve and -

def:nmve recall evaluatlon procedures (see Séct:on 9 below on future cons:derat:ons)

Let us now look at other parameters and detailed experinwntal result’s' by ‘which we-can'

compare and contrast end user and human expert search:ng. Bef:ttmg their much greater

searchmg expenence, the human experts were by and large at least superf:clally more

°

sophtstlcated complex, and comprehens:ve in therr searchmg From the table we see that ‘the. .

4

mformat:on specxaltst generated more retrteval sets than the end users —- an average of 43.8

compared to 37 5 and a median of 405 compared to 300 Also, the human expert denved.

_ more. md:vrdual terms for searchmg' an average of 186 compared to 12.3 for the end users .

and a med:an of 16 compared to 9 for- the end users for this parameter

In-addition; the inf ormation specialists regularly' took advan'tage of such ‘precision-enhancing

devrses as prox:m:ty search:ng, 1mportant term search:ng, and". subhead:ngs and other controlled

vvocabulary searching. Furthermore, these spec:al:sts used such recall-enhanc:ng dev:ces as

' truncatxon searchmg and search:ng_ o_n all more specific terms f,or a glven term (e.g.,

MEDLINE "BXPLOSIQN" searching). By contsast, ‘the end users made no use o( proxrmrty
searching or 1mportant term searching as these search modes are not ava:lable in the CONIT

common command language and none of the users was suff:c:ently knowledgeable m ‘the -

.command languages of 'the retr:eval systems to be able to use these features. In fact, none of

the end usersr ever used any retrieval system commands. directly in the pass-thru mode via the "‘

'SEND command.

Controlled vocabulary term searchmg is possrble m a fashion in CONIT common;

command language mode through a combination of (1) d:ct:onary/thesaurus term lookup. index

. f:le browsmg (SHOW 'INDEX), or selectlon of terms from hé document ‘catalog records and o
(D) the _PIND EXACT ‘or PIND :I‘BRM, commands. - A number_ of end users did mak_e more,

or less effective use _of this mode using' terms found in 'document records ‘or. index files (no
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user made any successful use of the drctionary/ thesaurus frlc§5 however, the information

' _specialrsts with therr experience w1th thesaurus/ controlled vocabulary terms, naturally made E

sigmficantly greater use of this search’ modality.

On: the other hand, the 'specialfunctional features o°f CONIT along with its insti’uctiona'l-

| capabilities consrderably reduce the potential advantage of the human expert. The automatrc

_keyword/ stem truncation all-fields searchtng done by CONIT actually tends to push the end a

user searching into a more recall-oriented drrectron than that we observe for most~ human

experts Explicrt explosron -type searchmg 1s still the provmce of the knowledgable searcher

. but the mcreasrng tendency to automatic posting under broader terms -- for example the
'MEDLINEs "pre-explode" — together w1th CONIT’s default search mode whrch uses this

,type “of mdexing when available, 1s reducrng the need ‘for the explrctt knowledge of this

powerf ul tool _ Thus, for example. in- topic N, the end user was able to perform searches of _

'.the pre-explosron MESH terms *brain’ and *behavior’ in MEDLINE wrthout the pre-explosron-

~ feature user N would have fallen far shorter of matching the human experts performance

than she did In contrast, for t J the 1nformation specialrst explrcitly made good use of

an explosron on term polymers which was not pre—exploded and therefore was not easrly '

. available to ‘the end user.

"

Nevertheless, with their greater expertise it is quite reasonable that the human experts

' did, in fact, develop considerably more sophisticated ‘and cbrhprehensive-appearing search

_strategies. Why, then, did not the human experts ‘do ‘much better than the end users in their o

results? There are several‘ answers - to this question In ‘some cases, of course, the human

experts did do better. - They achreved their results in less online time even 'if we look

_ specrfrcally only at the. “search time™: average of 406 mrnutes for the human experts versus
87.9 minutes for the 15 corresponding end users ora medran of 29 mmutes for the human -

_experts versus 72.6 mmutes for the end users. Part of this relative speedrness was due 10 the _




prectsron-enhancrng modes menuoned _above, Contrarily, in mawmy cases the end useﬁ"' took
advantage of the additional time they spent in two " ways: (1) they srmply took longer to get' :
to the same kind of searches and results and (2) they adopted a more exploratory behavior,

mcludmg the previously mentroned greater output of document records onlrne whrch led in _' 1

. ‘ . ’

some cases to the - discovery of more effrcrent search strategies and in some cases to greater ‘
|

recall through the searching of additional databases (for example,_ see _use_r N). )

Part of the rncreased exploratory behavror for the end users could in some cases be E
attnbuted srmply to therr greater feelmg of the lack of restrarnt over usrng freet computer
| ttme, as we have drscussed sHowe‘ver it is our belref that andther factor- could be a negauve
effect of. the human exper*t::: Agreater experrence ‘since they "knaw} that certam -'databases' are
less lrkely to be useful, they do not even try them Thrs appears to be the case, for

example in toprcs F3, G, J, N, and P. - =

14

There. are two other reasons which sometimes seem 10 favor the narve end users. In
the first place the end user obviously knows his problem better than the human 1ntermed1ary
We have observed that there is someumes a farlure to transmit" fully and correctly erther the '
nature of the topic of the other goals and parameters of the search - fo*r“"example the
 desire for hrgh recall or for rapid access to the search results (i.e., more ‘emphasrs on online
as opposed to offline output). A second component of this factor is that' end users - may .
mtumvely appreciate what the best search terms are. It is true that the human mtermedrarre‘s
will generally ask the end users for suggested search terms; however,\the ultimate decrsron on
3 which terms to use and in what order is the responsrbillty of the mtermedrary searcher and
wrll not necessarily follow the 1ntu1tlons that the end users. themselves feel freer to follow in
their end—user CONIT searchmg Related to this problem is the mistake of overspecrfyrng the
search statement in an attempt to make sure that all aspeots of the toprc are covered 'l‘he.

" end usér may -say some partrcular aspect "mus_" be covered in searching; this may lead-"the

> .




mformationspeciahst mtermediary to include that aspect in the search strategy when the other.
aspects may be sufficient to maintain suffrcrently high precisron o " , - o r

. Another explanation for thew kinds of results has also been mentroned by us and others .

‘, .bm prevrous research (See, e.g.. bVBH?S]) 'l'hat is, it of ten appears that fairly “simple
strategtes work rather well Thus ‘those rather srmple key\mrd strategies that CONIT promotes‘
often seem to work better than the more sophisticated strategies employed by the human -
experts. In particular. it seems that many times the prectston—enhanctng devrces employed by
the experts are counterproductive the amount they raise prectsion. if at all, is not worth the‘

additional time and expense involved or the consequent loss in recall.

]

Some examples of the previously mentioned situations are 'given'below.’

In topic I the information specialist tri'ed. hard to characterize within the search‘strategy
the imniunological- lymphatic, ‘and allergic' aspects of the user’s interest. In one'}database
MEDLINE, thts raised the precision (over the results from ‘the end user 'S stmple CONIT
strategy of the disease term ’Kaposi s Sarcoma’ alone) from 19% to 25% (not very spectacular)
while reducing tecall from 100% to 83%. (the recall loss in 2 sec0nd database EXCERPTA :
'MEDICA, for this strategy would be 70.5% o 58E%. SRS

For the topics of user El there was a gross loss of recall by both end user and
~mformation specialist. ’l'he end user s main problem was in not recogmzmg that he had to
5eneralize the spontaneous motor action’ concept to’ a term like ’behaVior -For-_ the . '. a ,'
mformation specialist it was a problem of overly specific search strategy: the term 'behavror '

‘was. recognized as unportant but it was coordinated with too many other terms. this - problem
was apparently due to the end users poor explanation of what was truly crmeal for his ‘.

problem and the mformation specialists failure .to. test this through stmple. broadened




i

P searches It must be ~satd however, that. to get high recall for this problem one must »

v, apparently accept rather low precrsron (under 10%). )

7 1]
Stmtlarly. for toprc E2 the recall fstlure for both end user and human expert can be

attnbuted ‘to the end user’s strong and erroneous bias (not corrected by the mformatton

sp_ectahst) 10 mcorporate the_ apparentlyrnappropnate ammal—type terms. |

For topic' F1 the ;_end user had ‘a simpler, faster. and more effective search, strategy." |

. . - " . _A - . '
Por toprc G the rnformatton spectalrst, agatn followrng the end user’s statements was

’ ‘overly restricttve in search strategy formulatton by msrstrng on coordmatrons mcludrng the -

' aspect 'krdney In. thrs case, the end user htmself did  not make the same mrstake

@ V‘a’\

For topic H the mformatron specialist did successfully ftnd (m the MESH vocabulary) a
synonym for transglutrmmase (glutymal transpepttdasc) and thereby raise recall The end -user,
v however, taktng advantage of the SHOW INDEX functton, used searches on stemmcd forms

more effectlvely

For toprc P a failure to comrnumcate adequately the wrde—rangxng nature of the toprcf

TR led the 1nformatron speclalrst to concentrate on certain subsets of the problem (therapy over

causes). ‘

5. Instructional and Learning Considerations - - - C .
' As ~;we stated earIier " the users, by and large, learned most of the basic CONIT |

commands fairly quickly and well In the CONIT—3 expertments we noted the amount of

tune that it took ‘users . from the time they started therr onlrne sessrons until they frrst

vsuccessfully used key CON]T commands PICK (to select and connect to a database); FIND

(to perform a search); and SﬁOW {to’ outp_ut _spectfted catalog mformatron from ‘retrreved‘ '
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X document references) The average time in minutes to achteve these cnttcal search junctures
~for the 6 CONIT-3 users was 9, 19 and 25 mrnutes. respectively. ' For six of the CONIT—4
users (C1 F1, F2 G, H, and ]) the correspondmg figures are comparable and, .in two of the-

three cases, actually somewhat lower: namely. 11, 17, and 22 minutes, respecttvely

While there are oo’ few cases’ and too much ~variability in mdrVrdual cases to draw
statlstrcally srgmftcant conclusrons, theee frgures do support our tntutttve conclusrons dertved
' from Tanalyzrng the expenments that CONIT-4 users appeared ‘to’ learn system commands
approxrmately as. qutckly as the earlier CONIT—S users had This appears true desptte the

somewhat more compltcated' nature of CONIT—4 and the added online mstrgcuon gtven to the
users in the early part of their engagement with C_ONIT >1n the nature ,of search strateg_y
formulation suggestions Countering these factors that Vwould potentially 'in'crease users’ -time
_consumptton. we have noted that modrftcattons to 1nstructtonal dialog and more automated

CONIT system functronalrty (for example. automattc phrase searchmg) could be expected to

) _ lead to faster learning and effectrve use. especrally in the latter stages of the crmcal search -

junctures.
' f

In fact, the statistics given above do point 'in that directiOn' namely. the six CbNIT—4”' '

users averaged 2 minutes more to achteve their frrst PICK but 2‘ mmutes Iess to achreve ,

' thetr frrst FIND and 3 mmutes less ‘to achieve thetr first SI-IOW as compared with the
CONIT-3 users.’ Agam however, we must pornt out that there is msufftclent data to c0nf1rm

thts kind of: hypothesrs at the present time. . -

- While these results appear relattvely promrsmg in the ‘absolute and comparattve senSes -

how well CONIT-4 users learned and how well they learned compared to CONI'I-3 users ~= B

o we did observe. on the other hand many difficulties in CONIT learmng and use., Users made
various mrstakes of commrsston “otnission, and other mrsunderstandmgs For example, user E

typed ’sd 5’ whrch gave hrm the SHOW DATABASES results for area 5 when he actually
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wanted to éhow documen‘t‘ 5 Ge., 's d 5’ -need a space between 's" and 'd). A second
example js that ‘'user J typed 's 4,7,9° in an attempt to look at 3 d1fferent non-consecutrvely
numbered documents with one command == not’ yet possxble in’ the CONIT common command

language. As a tbrrd eXample. user E attempted to use -the FIND command to combtne two

sets mstead of the COMBINE command Two other’ examples, derived from the session of
user N: she typed 's 5' instead of 's s in an attempt to sée document 5 and she used both' i
' database name ana’ number in the REPEAT command We have prevrously crted the case ot‘ :

user C who trred to FIND (search) before PICng a database +in which io. search,

‘In }general- users were able to recover from these pnmanly syntacttc mrstakes thh : ’
‘relattvely little trouble; the error musages or other responses from the mtermediary system :'

_ were usually sufficient to prompt the "users to remember or look up the correct format. In a
" number ' of cases it is apparent that a somewhat more comprehensrve or sophtsttcated‘“"
{ -mtermedrary system should avord the problem enttrely ‘or relieve 1t greatly. Thus; tt ls'

planned to allow a sequence of non-consecutrve document numbers in a. SHOW command o

a -

'l'hts wrll requrre a sequence of several commands for the translatlon to those systems whtch
do mnot- allow such a funcuonalrty for a smgle command Srmrlarly, the FIND command'

should allow set nurhbers as arguments

¢

In some cases the mistake was more of a semanuc one. Thus - user K typed of computer"
arded diagnosis of eye. diseases’ in contradrctron to the CONIT mstructrons which said- only
keywords should be used m search statements As before, 2 more sophtstrcated mterrnedrary

should automatrcal/y recognrze this srtuatlon and stmply 1gnore the common, non-content

words like "of".

Users were less than opttmally efftcrent ‘and effecttve in therr use of CONIT in that :
they farled to take advantage of exrstmg features of the mtermedrary systern Thus a few )
users did prunanly smgle word searches and subsequent mtersectron searches when the B

g -
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- phrase-type search was avarlable to them.. Suntlarly. searchmg multiple da.tabases thh the

repeat command could have speeded search operatrons for some users. In other cases it was

' ' clear that show:ng the full document-. record. -for relevance feedback purposes should haVe

assisted users in searcp ,strategy formulatron Similarly, the SHOW INDEX command- could

have béen used to find altemate search terms in a number of cases in which it was not so

-
.

used,
CONIT-4 experimental users spent considerably more time at the | terminal - than _did -
CONIT?S users. The average and median times for CONIT-4 users were 1731 and 127. 1-
_ minutes, respectrvely, versus 86 and 70 minutes, respectrvely, for these same parameters for
CONIT—3 users. Even if we deduct the 'system~-problem’ times for CONIT-4 users, their
-secsion times are -still much longer: an 'average of  153.6 minutes and a median of .1”192
mmutes In fact in § cases (as we detail m Table 2) the users spent two onlme sessions to ’
complete the searches on therr topics. Also, three users came back to perform Ssearches -on a

second topic and one of those three searched a thr_rd toprc._

One, apparent reason for this additional -time ‘is the greater success in finding relevant

documents afforded by the enhanced CONIT—4 1ntermed1ary system ‘We have prekusly clted

*the much hrgher absolute recall figures for CONIT—4 users compared to CONIT—B users. The - o

multi-topi¢ usages all resulted from users -specific, u_nsolrcrted Tequests . to a,ct- agarn as -
experimental users“»‘* In these cases the users felt that their initial search sessions had been
successful and they had additional wprcs that, they expected would meet with srmrlar successful -

results using - OONIT
~ In any case, these extended and m‘ultiple usages gave us an opportunity . to more closely
compare the learhing' curv’e" for users‘ 'While we do not have definitive results on this‘factor.'f 1

'our observatrons and the accounts of the users themselves prowde s0me indications of ' the

nature of the learnmg curve. While the mrtral perrod of extensrve CAl in a CONIT sessjon -

"
-
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* (ie., the first gcneral explanatrons of the interactive dralog and the basrc commands followed

by explanatrons of basrc search strategy formulatron 1ssues and the . specrfrc commands
- EXPLAIN, PICK, FIND and SHOW) usually take only 10-20 mmutes. it is observed that

' penod of learmng consolrdatron through use may be requrred before the user feels'

comfortable with the operatrons ‘Thus, the user may express. thrs level of achrevernent toward_
'the -end of a one-hour or two~hour session. Users also express and show 2 greater sense of

confrdence at second and subsequent onlrne sessrons Some mdrcatron of thrs learmng curve ‘is

found in the EXPLAIN trmes of the - multr-toprc users, User C spent 35 mrnutes readmg the

prrnted offline manual- before the first onlrne sessron on hrs f1rst toprc (Cl) In that sessronv

he spent 117 mmutes of EXPLAIN time.. He had a second session on thrs toprc three weeks

later in which he spent only 3.2 minutes of EXPLAIN time. Other statrstrcs suggestrons user .

C’s learning curve are the trmes to first PICK, FIND AND SHOW whrch were 15, 19, and _
23 minutes, respectively, for session one "and oaly 2, 10, and 12 mmutes,v respe_ctrvely, for -

session two. Four weeks later use'r' C had the online session for his second 'topic‘ No

addrtronal offline reading of the mstructronal manual was made and the EXPLAIN time was

1.7 mmutes (perhaps showmg a small fallback on the learnmg .curve due to forgettmg.

User E, as we have mentioned, spent 3 hours analyiing the printed instructional manual

°

) '_before the onlme session for his first -topic. Srnce he felt that he had learned essentrally all

he needed to ‘know for operatmg CONIT through the prxnted medrum he spent . only’ OS_ﬁ-'

mxnutes of EXPLAIN- time in his frrst session, For “the onlme sessron for his second topic

(E2) which occurred approxrmately one year after hrs frrst sessron, user E did not revrew the

prtnted manual any further; his online EXPLAIN ‘time was 18.9 iiiinutes.¢ k

User F showed a steady reduction in her EXPLAIN times in her three sessions, all of

which” were in the experimental mode in which no prior use of the printed manual Was |
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allowed Her onlme EXPLAIN times were 16 9 9.5, and 3.2 minutes, respectrvely, the second

session was 2 months after the frrst and the thrrd was 1 month after the second

 Our observations . on 'learni.'ng' suc_cesses and 'difficulties support -conctusions on, the
computer/ human interface techntques we have stated on previous ‘occasions and summarized _-irt ,
Section 2 above. Namely, the interface should, for optimum ease of use, be well designed for
sunphcrty ‘and have sufficient CAI capablhtres. We feel that our choice of smphf:edv
command/argument languagt= wrth natural language features is justified. The need for a )
var/ety ot‘ mstruetional technrques has been supported 1f all classes of users are to be' |
satisfied. Some techniques which we see as valuable but whlch we have not f ully integrated o _—
into the computer system include: - ' _ . S
(1). an example search session that the user could reproduce whreh would demonstrate |
system operations; .
) printed instruction manuals' and brochures of various levels_ of eommehenstveness; ,
(3 pre-onlme (standard) mstructronal elasses. | ' o
.(4) online ‘human consultant help (via . computer messagtng) on demand‘ |

_(5) bl-modal response language and mstructronal levels (for the experxenced as well as
“'the naive user. mode currently in CONIT) v "

(6) more sophistrcated dynarmc and mdrvrduahzed error and mrsuse detectron and
mstructlon. . .

(7) even faster. termrnals and telecommunrcatrons for hrgher tnformatron retrreval system
to user throughput.

& -

-

6. Automatic Database Selection T

In addmon to the other enhanced techmques descnbed m Sedtton 2 we have mvestrgated '
~the concept of usmg ‘an exrstrng multr—drscrplmary database together wrth 2 "classrfrcatron

mapprng" scheme to select databases automatreally The technrque betng studred (descrrbed in |

greater detarl by Deane [DEANSO] and Marcus [MARCBO]) mvolves several steps Frrst the'v N




‘ classrfrcatmn codes mfluence the estrmated relevance of the databases.

user descnbes hrs toprc by a natural-language phrase The CONI’I’ language form for tlus is

"FIND DATABASES <phrase > (abbrevrated "FDB <phrase>") where <phrase> 1s the natural

' vlanguage phrase The computer rntermedrary then-» performs an automated ‘keyword/stem search‘

(see above) usmg thrs ‘phrase. in~a multrdrscrplmary database havrng documems whrch haVe '
been indexed accordmg to a classrfrcatron scheme. as well as by other subJect indexes. Next.

the classrfrcanon codes for some of the doeumems retrreved by the search are extracted from

"the appropnate catalog frelds for those documents These ‘codes are then looked up! m a
' "class1frcatron map” whrch 1dent1fres databases relevant to grven classrf ications: the more "
'7 relevant, the hrgher the assxgned "Werght" Databases are ranked by the (werghted) number of-
-Atrmes they are found by the map for the codes of the documents retrreved under the search.

topic.

We label this techniqie MSCM — for multidisciplinary search with classification

:mapping.‘ In our current. implementation of “‘MSCM. the'Qr‘nult"idiscipl_inary dat.abasc\'_usedfis R
'NTIS (Natfonal _Technical ’lnformation Servlces) with- its -COSATI/WGA/GRTA Subject

Category (classrfrcatron) codes A search ih NTIS on "hearmg 1mpa1rment" for example. fmds S e

documents classified under the headmg "61" Thrs category code stands for the area

| A"BIODOGICAL AND MBDICAL SCIENCES Industrral (Occupatron) Medrcrne" for whrch the
classrfrcatron rnap ranks such databases as MEDLINE and EXCERPTA MEDICA as lrkcly to :

be hrghly relevant. In a varratron of thrs technrque. the user is asked 10 estrmate the

relevance of the retrreved documents; this ranlcmg then modrfres the - Werghts by whrch the-

. Ny
It is the document-searching feature that we hypotheﬁze may - make At'he- MSCM

techmque superror in_some situations 1o alternate methods [MARC79 WILLT77, ANTO79]",'

. 'whrch are based on. the use of postrng mformatron on mdrvrdual words and terms. The‘

reasoning behmd thrs hypothesrs .comes from three. observations: 1 the searching ‘may, fl_tself,-' N

:
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S . : A

grve the desrred retrreval results directly - from the mult:dlscrplrnary database or mdtrectly,'l

" through repeatmg the searéh in other databases [2] a grven free—form problem statement.

’phrase (e.g.. "hear:ng rmpa:rment") is not likely to be found m that exact form in any
reasonably sized set of terms —or if 1t is, that phrase is unlrkely to be used for 1ndex1ng
by all databases of 1nterest, and B individual -words tend to be used too d:ffusely or .
amblguously to provrde prec:se ‘database indications. Thus in our pre\nous exaniple, unpa:rment" E
and “hearing" are used w:dely in many drfferent databases in many areas, but the correlation |

.of the pair of words in relevant documents -points clearly to the medrcal area.

‘In the CONIT-4 experiments described above we did not u§e the MSCM automatic

database selector but rather used the srmpler computer—ass:sted techn:ques of CONIT-3 wh:ch

we have, descnbed in prevrous papers (e.g., [MARCS1al). These simpler techmques proved, —

generally sat:sfactory in our current experrments As we have prev:ously mdlcated users farrly
vqurckly and easily found most . of the most-relevant databases. 'l‘he blggest smgle problem :
seemed to be the fa:lure of users -— and sometimes, of the human experts = to use -the

_more general databases like NTIS, CDI, Scrence Abstracts etc

" On-the other hand,- we beheve that the newer automatrc database selectron technrques =

will become mcreasmgly more attractrve as’

@ more databases are added to the computer network makrng the simpler schemes less,
tractable; .

(2) these automatrc select:on schemes are more completely tnteguted with the other
aspects of the intermediary system so that the advantages of search strategy .
_ formulation assistance in the mwultidisciplinary database are better mcorporated mw .

. the other mtermed:ary system functrons and :

(3) more. automatic teehnrques (see Section 9) are mcorporated mto the 1nterrned1ary S0, -

that even more"naive users can effectively do searchrng and so that searching for
all users can be more hrghly automated at the user’ s drscretron .
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7. Interpretation of Results

. - o
[ . N

In some sense, the single most conclusive' parameter by which ‘we can 'eonsider 'th‘e"

"relatrve merrts of computer and human rntermedrary assxstance is the evaluatron given by the

. users themselves. Users regularly stated that they preferred the computer mtermedrary _ |

approach: to that of the human mtermedrary. In view of the fact that several obJectrve

costs/benefrts parameters seem to" show. that the human experts are strll about as 3ood or

even better, than end users workrng alone w:th the CONIT mtermedrary, we must examrne e

oL

these attrtudes carefully

A Pot_ential_'Experime'ntal Biases

o . . Coa- B . o . P Y

Clearly, a part of our users posrtrve attitude toward CONIT stems from the underlymg

preference for the user search rnode in whrch they can avord whata they percerve as the B

_awkwardnesses of the human mtermedrary mode. namely, the need to make an apporntment .
thh the mformatron specialist at a mutually agreeable trme and place, to attempt to explam
in detarl to the mformauon specrallst, who is not a subJeot expert, the nature of ones .
problem, and the mabrlrty to gurde the search drrectly w1thout more, possrbly drffrcult,
mterpersonal commumcatron wrth the mformatron specralrst durrng the search sessron Our ,' |
users are apparently even wﬂlmg to trade off some loss of therr percerved onlrne sessron time. )
- .cost,- or even recall loss, to‘ achreve the benefits. of the user search mode Also as we have
seen thrs evaluation . may be reflebtrve to a consrderable extent of the drfferences in Search -
modes md’uced by the ‘cost-free’ experrmental envrronrnent. Thus users are clearly lels lrkely

to prarse therr own 1ncreased output of relevant document references found 0nlme if they are

~ ‘forced to pay --'.01, at least apprecrate the cost -~ of - the addmonal onlme trme.

In addltmn, we should consider whether the experrmental procedures themselves have"

’brased the user group tOWard betng one ‘Which is more Tlikely to be predlsposed to CONIT

v
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use One possrbrhty rs that our users’ mrght come from a class whose acndemlc level and
expen_ence lends 1tself more to successful usage than the general class of potent:al users. 'I’he_
typreal‘CONIT user. a doctoral student at. MIT can be expected to have a reasonably good

e aptrtude for learnmg the; CONIT system. It is our feelmg, however - ‘oased +on the kind of. :

slulls necessary. the nature of the CONIT mstructrons._ and: some. experrence w:th users of - -

lesser academrc and computer-expenence background —— that thrs 1s nat a crucral factor.

 Another factor‘ that 'may be more eritical rs the nature of the expe'riment 'itself" Users Sl

who volunteered knew. t.hat they were trymg out a new mformatron system and ‘most had o

some idea that there would be some analysrs of how well they drd w:th 1t (although our

stated purpose was that we were analyzmg "how well the new. CONIT system did and what_' .

lts shortcommgs were) + The. volunteers. then. had to be prepared to meet ‘this challenge. o

P

Also, . it became known in the course of thé exper:ments that the ‘results of thelr oWn_

' search:ng were to be compared w:th those of the rnformatron spee:alrsts. It might be )

' expected then. that the users’ mrght draw some - personal satrsfactron in bemg able .to declare a'f
greater. rather than lesser .degree of satrsfactron w:th thetr own searchrng. We do ‘not- doubt,
that these psychologrcal cons:deratrons mfluenced users in their Judgments to some extent. Oge :
m:ght anticipate that in the general populatron there would be potential users who -would ‘oe .‘
less likely i use and praise a computer intermediary system. Nevertheless. wevbelreve th_at. )

O

our_users judgments are likely to be reflective of what we might expect from a large -part
of the <potential user pop_ulation. | . S »

Another potentlal bias in our experrments relates to- the almost exclus:ve concentration of -

-search toptcs to the medrcal and bromedrcal areas..- However. as we haVe prevrously mdtcated

- the terms med:cal" and "b:omed:cal" ‘Were taken in- the generrc sense in which med:cal and

b:omed:cal thémes can be 1nterm1xed w:th aspects of other drscrplmec In our. experrments G

'V'these other /aspects mcluded those '_from -v_engmeermg.w socrology. .,psychology. educatron._f S




' government, industry-,- computer applications, .and. planning In a’ddition,' over 20 different ,
vdatabases from 3 drfferent mformatlon rétrieval system 4 systems if NLM and SUNY

MEDLINE are counted separately) were aceecsed In these ‘databases was a spectrum of

" controlled vocabulary and_ free vocabulary modes of mdexrng Thus, whrle these expertments R

had a medreal/bromedrcal COncentratron, we belreve that there was a suffrcrent variety of :

toprcs, databases, 1ndex1ng, and retrieval systems. so that there is some evrdence that our -

=

' results and eonclusrons are of general srgmfrcance
Snmlarly, we do-not believe that our concentratton on. one. partrcular inf'ormation'~ -

specialist caused 2 srgmfrcant bras in the results 'l‘he searching of the other three mformatron' »

specrahsts dtd not seem, as far AS we could detérmme, o drffer markedly -— as a group or |

vrndrvrdually - from the pnmary mformatron specralrst.

~

One other possible bras relates to the fact that except m three cases the human expert

L searchrng was started only after the CONIT searchtng was completed (In only one case -

".user L - was the human expert search completed before the: CONIT search began, in the' -

' other two cases users «Cl and D --‘there ‘was- some prehmmary, partral searchrng done by .

_the human expert before the CONIT search) Agarn, desprte the attempts we made 10 have__:
"the searchmg m the two modes be 1ndependent of each _other, we rmght expeet that the.
B human expert searchmg would benefrt, at least in some subtle ways, from the prror end user

CONIT searchlng. Th1s~ effect mrght tend to cancel the prevrously mentloned one of users

-

'perforrmng or judging so as to enhance the evaluatron of their own searchrng e ".
: Our own belref is that these vanous potentral biasrng effects erther srngly or as a

.

- group, did not affect the basrc conclusrons to be drawn from our experrments Of course, we.
also belreve that much more expertmentatron and analysis needs to “be accornpltshed before all

-of these factors can be properly and defmmvely accounted for In these - experrments aour,g

~

' tentatrve conelusrons (or their mverses) could serve as experrmental hypotheses




kN

. B. Tentative Conclusions

. In lrght of thrs varrety of experrence from our expenments we have arrrved at some o

mmal tentauve conclusrons ‘The. mam one is that m fact, the approach mamfested m
CONIT of a computer “using natural Englrsh phrases wrth an all—frelds keyword/stem truncated ._
Boolean mtersectron search derived from those 'phrases, is an effectrve search approach across
a wrde varrety of subyect toplcs, dtscrplmes, databases and retrreval systems. Whlle thrs_. .

' 'conclusron appears especlally true -for mexperrenced end users in their mmal (as oppOsed to,

. 'more refrned) searching, in light of the more effectrve searchrng done by our end users
compared with the human expert; in some cases, ‘we would further postulate that even expert,
human mtermedrarres could also benefit at times by a greater relrance .on this srmple mode of
searchrng.} This appears particularly true in two respects. (1) this srmpler searchmg should be C

. emphasized more in the initial for a search;- and (2) thlS searchlng modality- «could allow vsome' -
information specialists to search »W_ith some degree of assurance of effectivenss databases lhat_

‘they now avoid.

»

In regard to the frrst pornt, it may be observed that the srmpler searchmg is generally
;_more effrcrent and less costly in -terms of human and computer ttme If 1t dOes not work as
effectively “as desrred_;, it can usuallyc, be modrfted fairly - easily and qurckly.' SO that. there is '
little loss even.in those cascs where it may be less than fully ad'etluate ' Also we suggest 'vthat
initial searchmg m thrs srmpler mode more conststently allows. for a. more complete evaluatron |

‘of the. comprehensweness of the searching and for a more. effectrve base for planmng_v

refmements and modrfrcatrons 1o the search strategy Of course it must also be stated that

»

the simpler mode is not always less costly, for example,_ 1f a truncated search nears or

surpasses the ltmttatrons of the size and number of sets the retneval system can handle, 1t

i may take some addmonal ttme o recoup from thrs 1nadequacy of the retrieval system, even'

if done automa_tlcally_ by the 1ntermed;ary‘ systgm, as CQNIT generally does. ‘.
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In regard to the second.” pomt, we may note that some of our end users - were - v .
L pertrcularly noted as potentral experu'nental subJects by the computerrzed search servrces ..
: because other topxcs were multrdrscrplrnary It was clear that in these and other cases,
mformatron specialists will refuse to use,-or will be less lrkely to use, databases and systems :
for whrch ‘they do not feel expert. From - the results of these experrments it appears that
'_ mformauon specralrsts are shortchangtng themselves and . therr clrents in that they could
) probably get at least farrly good results most of the time by employmg on these databases
| srmple search technrques that do.not requiré an expert knowledge of the database or 1ts.' '
. _ mdexrng ‘policy. Of course, it may be somewhat more, drffrcult for an mformatron specrallst.-_. '_ _A"
- ~ Yo access a database wh1ch is 1mplemented in a system - for wh1ch she does not have easy (or-- - _‘ “ :
.,any) access. or for whrch she does not have full and np—to-date knowledge of the command - ’
language Thrs last - point suggests that' there are currently srtuatrons in whrch even expert_.
: S | an 1nformatron specralrsts could take advantage of a computer 1ntermed1ary system such as |
coNrr SR ) S [ R o
While a common' simplified general approach: to searching most topics and databases_’ has
" been ‘Shown in our exper‘iments to work well = at least for »-lnitial' searching in many, if not
"most, cases ~—— it. is, nevertheless, apparent that there are many situations in. wh1ch a

specialized approach takrng account - of topic or database peculrarrtres rs requrred for fully'

complete and/or- optrmum performance.

Whrle f1nd1ng‘ approprrate search termrnology through feedback from full catalog record
output of documents found through ‘the simplified 1n1t1al searchrng is - apparently an excellent '
method for search strategy reformulatron in most cases, the )pﬁ of the mformatron specralrst

in some cases shows that an analysrs of the controlled vocabulary for approprrate terms can .

L - samet/mes be a.more eff1c1ent and less costly approach (How 'a user or an 1ntermed1ary -
4 0 o
computer or human -- could predlct a pr/or/- ‘for whrch_ cases, .Or classes of cases, one
¢ ' : ! : o .
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approach is likely to be more efficient tl_tatfthe other for a given kind of user, is a question -
for future .research.) To help'I a user make 'such an analysis of the -conttolled vocabulary
-CONI'I’ suggests that certain thesaurus or dictionary databasec be used The parttcuhr o
databases suggested depend on. which document database is bemg searched. Thus for databases. :
in the medical area, ‘the NLM MESH and the BIOSIS BIOTERMS databases are recomriended

¢

- t0 t_he user.

t : ]

In the experiments we found few attempts to follow these CONIT sugges'tions.l " We
"'believe that the s'ugge-stions' could be made more persuasive by, for exa‘mple showing. examples
of how to perform such searchrng oft thase databases and p0551ble positive results.g_so domg.

: ln addition, an advanced mtermedrary could demonstrate actual use of thesaurus databases for A
the parttcular user problem by automatrcally searchmg them for terms employed by the user -:
and suggestrng particular matching, synopymous. and other related terms so found to the user |
as potential search terms Along .with the potentxal terms themselves, the mtermedrary could

lead the user to instructions on how to get additional information from. the thesauros

databases. - : o - - . ,

We note that the kind of intermediary assistance described 'above. both in effect in
current CONIT and prOJected for the . future, is topic and database specrfrc in one sense, but

- yet quite general in another. Namely, for example "the same drctronary/ thesaurus searchrng
Pl
prtncrples. 1nstructrons, and implementation methods ‘are applrcable in general to the various

topics and special databases. Furthermore we speculate that most of those s1tuatrons whrch

'appear to require special treatment for certam databases are not the result of essentral

. drfferences in the toprcs themselves: but ‘rather reflect drfferences in the lmplementat/on of *

‘s

!

. certain -databases.
Thus, for example, variations in the way certain databases are .implemented on different

systems include 1‘"(1) whether or not a multiword index term is posted under each:of its




o -

individual ‘'words (on MEDLINE and some other NLM ELHILL databases it 1s not; on- most
others it 1s) () whether and how more specrfrc terms in a hrerarchrcal classrfrcatton scheme
are automatrcally posted under the more general headmg (MEDLINE does do- this, but how 0 7
‘take advantage of this feature depends on the case -~ e.g., ‘ explode, versus pre-explode,
most other databases do not)' 3) w‘hether terms ‘are automatically posted to certain near ‘.

synonyms or new terms whrch were not in exrstence at the trme the document was: ongmally‘
, .

mdexed (MEDLINE does more and better along these " lines than many other systems and

databases); (4) how many différent indexed fields there are and whrch ones are searched in’
drfferent search modes (MEDLINE has a very resiricted default search mode in thrs Tespect.

but it does lave an all—frelds search mode) and (5) whether and how one can request'

' specrahzed searchrgg such as prox1mrty, ‘or. "1mportant—term" searchmg. The current’ CONIT R

\handles these vanatxons to a certam extent, a more sophrstrcated“ interrnedrary would handle‘ |

them even better for example by attemptmg to develop more specialized . search strategies for

partxcular situations. o - : v L.

+

8. The Current Prospects of Intermediary Systems
A. Cost/Benefit Considerations ' - .o o

Effectrve end user operatron of multlple heterogeneous computerrzed brbhographrc

Imforma\ron retneval _systems has been demonstrated through - our expenments wrth the

CONIT-4 computer intermediary system In addrtron, user preference for such a mode of

access vis-a—vis more traditional human expert mtermedrary modes has been found in many

‘cases. However, as we have pomted out, our experimental users drd not have to wergh the»
‘ costs in their considerations. We now seek to shed some lrght on ' these economlc

‘considerations by looking at cos‘ts,t‘or CONIT and CONIT-like systems.




, presently ‘$3/CPU-minute.
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Costs may be divided into several categories; the two main categories  are development

~ cosis and operations costs. Operations costs, in turn, may be divided between overhead costs

and incremental costs to run individual users. If there were a large user population, & we

predict there would- be based on our experimental users reactions (assuming reasonable

, ,ecouomrcs) the developmental and overhead costs would tend to be small compared to the

direct meremental costs. Let us then concentrate, at frrst, on these mcremental costs. For an

intermediary system,. we may divide these costs into costs for-the host retrieval systems and

for the intermediary system. The major component of retrieval sys&rn cost is generally a;"’ :

charge per connect hour which varies'_ with the database. (Other costs from retrieval systems

-

include possible yearly or monthly Ininimurn] subscription fees, charges for offline printing

o

of portions of documents’ ‘catalog records, and, for a few . databases, charges for online -

printing of this same kind of information.) Typical retrieval system cbn_nect—hour .Costs run-

from $22/hour to $100/hour. If° connection to the - retrieval system’ is made via .a

communications network, an additional fee of approximately $5/hour to $10/hour is imposed.

In estimating the ‘direct incremental eosts of the intermediary itself it is worthwhile to .

consrder the costs to the project of runnmg CONIT on MULTICS The costs of runnmg an

exper/mental system like CONIT should be taken as an upper bound to the costs of runnmg

an operational system that would, presamably, be deslgned for high ef frcrency and minimum

3 o

costs and ’not carry the burden of procec}ures designed specifically for research .eon'siderations.

MULTICS costs are assessed by M.LT. so as to- recover close to 100% of the cost_s of
‘maintajning. this large’ multiprocessor, time-sharing system (up to 110P simultaneous online
- users). Typical costs for, rurming CONIT-4 ‘in prime “time (9AM_ to 'Sf’M weekdays)' ra_n'g‘e
 between about $5 to $15/hour. The Gost is variable because MULTICS costs for prime time
interactive usage have two- pérts: ‘one -is a. fixed- $2/hour cOr_mect time charge and 'a- _seco,nd., ,isbf

" based pn' the amount of central processing unit (CPU) resources used; this latter cost is
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That up to 4 mmutes of a very large CPU procecsor can be used by CONIT in one

clock hour is an indtcatton of the hrge process requrrements in this expertmental mtermedtary‘

’ systcm The CONIT-4 system takes up shghtly over one mrlhon bytes of storage (258 pages

of 1032 36-btt [4 9-bit bytes] words) Unlike the earlier CONIT systems, the CONIT-4 o

system consumes sufficient CPU _Tesources SO that when the MULTICS system 1s heavily

loaded (for example. over about 80 srmultaneous and active user/s?) t"’h’éfe cam be a notlceable
dcsradatton in response and throughput times m passmg thef results of mformatron from the'

temote retrieval systcms. For example, undcr the worst condmons observed we have seen

throughput reduced ‘from its theoretrcal maximum of 120 CPs to about 60 CPS

Non-pnme—tlme cost on MULTICS is reduced in steps to a low ‘of half of that for_

prime time on weekends or a flat $4/hour in the mtdntght to ‘9AM - shift. ’I‘he ma1n7

overhead costs for keeping the CONIT-4 system ‘online are disc. storage charges. at $0. 01 per.'

page per day this amounts to about . $100 per month for the executable code. That frgure can
be roughly doubled. when you include, as you must for matntenance purposes, the source code,

it can be quadrupled or more when allowing * for the various ftles that may _ be kept for

. research and development purposes.

Taking $50/hour as a reasonable average for retrievat system‘direct incremental- costs, we-
see that our experimental. CONIT intermediary system 'typicaliy, adds. an additiondl 10% to 30%
in costs ‘when the retrieval system is actually connected. To make a meaningful'»evaluation in
terms. of costs and benefits we need to talte into consideration all of the other costs such as
human effort and ttme as well as the percet*Jed benefits. .There are two main extstmg modesv

of operatton for an end user agamst Whrch we can compare potential computer mtermedtary
4

. use. One is the performance of the searches on the retrieval systems by the end user htmself
~or herself Wanger [WANG76] has stated that only 7% of searches are done by the -end

user; therefore, it seems evident that most end ‘users do not have the mcentlve or time to -

oy
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ever learn how to access and use even one retrieval system For thern a computer '
1ntermed1ary is currently necessary 1f they want to make dxrect use of these systems wrthout '
_human mtermediartes. Some small fraction of end users have the needed trme. competence,
incentives and other 'reso‘urces to learn hoyv to use existing retrieval systems; even for these,
- it seems clear that they gould learn how to use a computer 1ntermedlary like CONIT much'
more quickly and, at least untrl they become proficient in. oné or more exrstrng retrieval'
systems, would likely spend less session time, and therefore less money, searchmg .v1a the

computer intermediary.

In the mode where a user wpnld work with n hurnan intermediary information specia)ist
we should consider the various benefits, .previously :described, that most end uUsers find .in
beiné able to,dn their own searching. Still, even neglecting possible personal time :end users
might save in avoiding the huiman intermediary, we need to compare the out~of-pocket costs

to the end user in the two modes. As nur experimental experience has in'dicated;-the CONIT
B connect-time per hour charges’ would be somewhat- larger‘ working through a computen
interrnediary. “The main unresolved question is how the tntal online times would compare fpr _
the two modes. in »some instances we have seen how the ‘superior subject knowledge and
- search intnition)- °.f the end user ‘and the special f,untitional ca,pabilities and: search philosophy =
of CONIT could actually reduce times and costs over typical hMan intermediary operation.. :
Clearly. h0wever, our experimentnl results, in general, showed ‘a much larger time- use by the
end users. This larger time, as we- have inc‘licnted; needs to be considered from several
viewpoints First, users ‘w'ere specifically encouragea to ignore cost censiderationS' users for -
" whom payment by the minute was a factor (either personal payment or funding from some
supporting mstitution) would presumably be more frugal in their onhne time. (Whether this .
kmd of concern would inhibit therr searching success is a valid question) Second and in
some sense a specific derivative of t_he first pornt, we have noted that our end users were
\consciousiy outputting more doeument information onlifie than the. human experts.
S -1
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‘ ‘Clearly, there is a greaf dcal of uncertninty in the precise evaluation of cost/benefit :
'consrderatrons for computer mtermedrary systems of the degree of sophrsttcatlon already
demonstrated in expenmental systems. However, 1t appears that 'a whole " class of additional
- usage by end users is now economrcally possible by those end users who prefer to ‘do their -
‘, own searching. It is ‘also likely that a fraction of the usages now per_fornreq far end users by'
~ human expert information specialists could be more effectively done by oomputer .intermediory

systems, even for ‘those end users who ‘now find human intermediaries acceptable. Alsd, some

- information specialist usage could now be enhanced by computer-like intermediary systems. A -

. more precise determination of the costs/benefits picture awaits additional development a.nd_,'

research.

.

B. Other Computer Intermediary Systems -

.Testifying to the peroeived advantages of ‘computer intermediary systems,’.a number .o'f
such systems designoed specificaliy to aid information retrieval have been proposed in the l&t
few. years and .many  of these 'haye actually been implemented. ‘We shali 'review severalo of
these developments in this section so as to nresent sorneu'persp'eotive on the status of the field

as a whole.

Before discussing other intermediary s'ystems ‘as such, it is wdrthWhile to Vpoint out that_
assistance for retrieval operations is possible through systems other than intermediary bsysterns ,
per se. Of course, the individual retrreval systems -themselves prov:de assistance through the
mformattve messages given users, especrally in the "LONG" or "VERBOSE" modes They also..
in general, ‘allow" for user-initiated requests for explanatrons ‘of various topics (for examp‘le.’
“"HELP" or "EXPLAIN" commands) and- sorne “of . them have special instructional or 'tr_aining
modes. Instructional modes. may be incorporated directly into the retrieval' system or they
" may be self-standing Systems in their oyvn' right. In the latter category we | have the

B
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MEDLEARN system [l‘ILL82] ‘which is desrgned to assist in learnmg to use the MEDLINE

system and the TRAINER system [CARU?SJ which emulates searchmg on several systemsn

. Meadow s IIDA [MEAD9] ‘was a2 true mtermedrary system that assrsted users in |
learmng and operating several databases from one particular retrreval system (DIALOG) IIDA,
an experrmental system, used the basic software and hardware of the CONIT MULTIGS _
system. It kept the command language of DIALOG but experunented wrth some relatrvely» - -.~——=f

advanced and sophisticated techniques for deteetmg errant seareh behavror by users — for

| example, "thrashing" (e.g.. many seattered searches wrthout lookmg at results) and "dwelhng

(e.g. too many similar com‘ome eommands wrth _similar results) IIDA was ongrnally eoneerved
as a means. to assrst users who were already trained, or be1ng tramed by more- tradttronal
methods However, toward the end of the project some sueeess was achreved ﬁlDASO] in
havmg practrcmg engrneers learn how to search solely by usmg IIDA This result is a further

indication of the potentral -power of 1ntermed1ary assistance Ssystems. '

. The "User Cordial” intermediary system developed by Goldstein [GOLD78]) at the

: ,'National Library of Medicine provided access to the CATLINE database (boolc eatalog) of the

1.

NLM MBDLINE system. This 1ntermed1ary. a rmnroomputer -based system. gave an. early

demonstratron of the concept of replacrng one computer/human mterface with an easrer—to—use

~one. In this case the mterface was a simple menu~driven one. In oontrast to CONIT the

relatively simpler context of this ‘intermediary system ia single database. relatrvely few
funct'io_ns -— the straightforWard menu af:proaeh may be just as good & the mixed

oommand/argument approach., Techniques developed in the User Cor_dial intermediary system.

are beinig fprther “refined in the Intsgrated Library System [GOLDS1] at NLM which,

however, is not’ an intermediary system as such. _

Another mtermedrary system which 1ntends to. provrde an onlrne ‘catalog access was one

devrsed by Fayen [FAYE82J for the Dartrnouth College Lrbrary A development system.

‘a

LR
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o search which is run on the regular BRS software and’ command language. Plans “for an '_

P

based on a Terak 8510/a mrcrocomputer and wrrtten under UCSD Pascal, allows the user to
search Dartmouth catalog frles whxch are stored and searched on the Bxblrographrc Retneval- |

vServrces (BRS) main computer in Latham, NY. The system assists the user in prepanng .hrs

operatxonal system will "bring the BRS software mto the Dartmouth hbrary ) oWn DBC |

PDP—11/70 In thrs case, then. the mtermedxary is bemg mtegrated thh the retrreval system-

and wrll remam as s1mply a front end or mterface module to 1t.

-The Searcher’'s Workbench of Preece and Williams [PREEBO] is notable as an early
’example of a m1crocomputer based mtermedxary system It featured s touch ‘panel termmal

with an mcorporated Exrdy Sorceror - rmcrocomputer in assocratron wrth the main 1ntermed:ary

computer, a m1crocomputer by Alpha Mrcrosystems wrth code writien in AlphaPascal As part

of a.plan for" 1ntegrat1ng user assistance technrques EVILLSO] it proposed to mcorporate the,'
’Vocabulary watchmg sof tware of’Battelle [NIEH79] which is a system that prov:des a cross s

. reference to the index vocabulanes of a number of databases

:Several - other microco_mputer based intermediary systems have now been developed for h "

operational use.

- The OL'SAM (On—Lme Search Assrstance Machine) developed at the Franklin Instrtute L
' Research Laboratory by Tolrver [FIRLS1] who also was responsible for much of the IIDA

system software development. It is desrgned to Tun on a NorthStar Honzon 2 m1crocomputer

’

-with software written in UCSD Pascal. It features a common command language and a .

\\1

capability for multrplexmg two users over a single telephone lme and modem to the chosen

»

'retneval system. It permits s_tormg of search strategy for (raprd) ) transmrttal to the retrieval -

.- systems and allows saving of outp,ut from 'the Tretrieval systems in named files.




Phil Williams at the University of Man,chester developed his very cornpact USERKIT as ‘
an intermediary system WILLSlJ ’USE'.RKIT 1s built directly’ on the . 280 microprocessor soit
is its own mrcrocomputer Desp:te 1ts small srze and low cost it can perform a number of -
kinds of assistance for the user mcludmg storing command sequences which can be evoked by

abbrevrated user command and transmrtted to the _remote retneval system thus facrhtat:pg

“ ‘;_,,logrn,,and searching operatmns e e

Another (r\mcrocomputer »based mtermedrary system was developed a5 a SO-called |
"pre-prototype"d mtermedrary system by the Oomputer Corporat:on of Amer:ca. (CCA)
‘[HOROSOJ for the Chem:cal Substances Informatron Network (CSIN) of the Env:ronmental
' Protectron Agency. CCA has marketed a version’ of this system under the name CAST
(Chemical Automated Search® 'l_‘ermmal).' CAST features automatic login;- search, strategyv
_preparation, storage, and. transmittal; and saving and editing retrieval 'system output. ~ CSIN
. itself now has the most eXtensive operational intermediary system.'in a prototype version. It
runs on a DEC VAX 11/780 system under a UNIX operating.system. It has two modes of
operation: DIRECT and SCRIPT. The DIRECT 'mode is essentially a _copy of the -
pre-prototype system as embodied in CAST. The SCRIPT ‘mode ‘[BERGS1 allovvs end "uscr_s'
to prepare extensive search strategies in specific » chemically-related 'topics (for example,
chemical substance 1dent1f1ers, toxic effects, and chemrcal manufacturmg related mformatlon) ‘

through combining system-given query lists and user-generated lists with such specrfrc search

_parameters as databases‘ to search, dates‘_\of documents, and document type.

: Several other mtermedrary system and related developments and plans have been ey
announced in the hterature A partial Tist includes those .by Petrre [DIANS]] Dayton
[DAYT80]  Neilson. INE1L791 Jamxeson UAM179] Oddy bDDY771 Shoval [suovs1]
Crystal * [CRYS82], IXO  Co. [MORGSZ] . Pollitt IE’OLLSI ), Rosenberg, [ROSBsﬂ and |
| Burnham.- [BURNS2 1 | |
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' assrstance of funct:ons entrrely drfferent from retrieval. An analysrs of thrs broader area goes 3

e
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" One other system is worthy of mentronmg here: the Network Access Machme (NAM)‘
of the Nat:onal Bureau of Standards [ROSE75], a mm:computer—based system des:gned o -
expand user-created macrocode to produce the mteractrve dralog necessary to access and .. _
operate resources on heterogeneous network host computers. The NAM system was specrahzed _ o

O

for the document retrieval apphcatron ['I'REU82] and one_ version, of it has been used for

that purpose m consunct;on with a more generahzed "TechmcaL Management Infortmatron_...mm__;-w

@

System (T MIS) at the LaWrence Livermore Natronal Laboratory [HAMP79] NAM as a
gcneral ‘purpose macro-trat!slatron system leads us to note that the mtermedrary approach has
been tried for assrstmg access 1o and searchmg of non—b:bhographrc databases as well as for "
~ W
beyond the scope of this report. Some drscussron of attempts along thrs lme may be found B
rn[MARC81a] T SN " R
All of the~ activity mentioned- in this section . “lends support -to our claim that
mtermed:ary assrstance systems’ are now w:dely recogmzed as a maJor fa’ctor in 1mprovmg useri

access to and operatron of computer Tacilities. The var:ety of these effq{»ts also 1nd1cates that‘

there is no srngle, clear, defrmt:ve approach to take in this broad ‘area. A great drsparrty

exists in the set of funct:ons to. be performed by the mtermed:ary and consequently, on ‘the - o
) S

preferred hardware and software organization of the mtermedrary. We shall drscuss, this -

further in the next: sect:on It does seem evident that no current usystém matches CONIT m ' .
‘its abrlrty to help mexperrenced end users especrally in general se‘b.rchmg in the broad S

spectrum of networks of multidisciplinary brbhographrc databases -

E .9, The F_uture for _Intermediary.Systerns )
. v ) ‘ . S e . ‘ [ ;

The current achrevements and 1mmed1ate prospects for mtermedrary syStems have been

wd

shown to be great; the future possrbrhtres for mtermedrary systems are much greater We

[

» g <
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"~ have prevrously [MARCBla, MARC82] looked mto the future for mtermedrary systems ‘Some'._' '

of that has now been accomphshed as described in thrs report. Most of the rest of what we

prev:ously discussed still beckons bnghtly In this section ‘we shall recapitula these

: future—looking pr.‘ospects and add some ‘new prospects that our research has uncovered

Rellab/lrty is a contmumg concern As we have noted there were n),lmerous /Zystem bugs

_and problems. the most common being network telecom‘inunicatrons problerns expenmental ’

supervisor usually was able. to _overcome these . problems for the user - but ey did 1mpose -

interruptions - .and learmng difficulties In’ this regard we look forward to faster and more :

reliable computer—to-compllter telecommunications through X.25 type netwo k connectrons»

recently 1nstalled and néw being expanded in MIT MULTICS and-. other compu 1S.

The comprehens'/veness\ of 1ntermediary systems is an area in which
'much expansion. Increased comprehensrveness within the bibliographic mfo matron retrieval
..area can come through extension to additronal retrieval systems and databases as well as added

' _ retrieval functionality Ain the common or v1rtua_l mode. .We have noted that CONIT provrded
the important, basic retrieval "functions m a co‘mmon Imguage mode but not many of- the
more' special functions (e.g., proximity searching) Some other Systems‘ — e. é. CSlN -4 have
developed common modes for handling some of these functions We. are just startrng 0 -see

how some mtermediary system research and development is consrdermg how ~to .broaden the

scope of apphcation beyond retrreval per . se. to such related applications as text editrng

The configuration of intermediary system software and hardware remains an open area

- for. future research. We have seen’ intermediary systems‘ located in facilities ranging from

‘time-sharing systems on large mamframe computer complexes to tiny. microprocessor—based

systems built into . mtelligent terminals How to. distribute the varrous components of .

-

intermediary system hardware and s_oftware is a critical issue.




relatt ;lreasy to learn and operate effectwely Stl]l there is requtred at least a few mmutes
- to learn. thelbastc eommands. It is ltkely that some users, espectally very computer-mexpertenced
and casual users, would prefer a. computer 1ntermed1ary that acted more ltke a human o N
mtcrmedtary nnd would speak" to them in a more natural, Engltsh-lxke ltnguage ‘and -
"understand" and act on thetr needs as a human 1ntermed1ary would do We have camed out

" an initial- attempt to explore thls assrstance modaltty In two recent papers [MARC81b and
~YIPB1] we have described what ‘we have named the EXPERT CONIT (or simply, EXPERT)
. system whtch 1s destgned to srmulate a human expert. whtle followmg the precepts of the

2

so-called/expert" systems of the artificial mtellrgence genre. wrth their knowledge bases and

a -

-attentton to rule-bascd programmmg languages

EXPERT communicates wrth the user by asking questtons, no command language as such
,is requtred After a few preltmmartes at the begmmng of the session, EXPERT elicits from
the user a problem statement in' the form of a conceptual formallz;tton in whtch the user’s
" topic is expressed as an mtersectton of concepts or aspects and each aspect is represented as,
'a unton of terms. Then EXPERT gets ‘the user to select a broad subJect classrfu:atton of his-
toptc -plus one or more spectfrc subJect classtftcattons Based on these selecttons the ‘
intermediary system ranks the databases as to their .prosp,ecttveb relevance to the -search’ topic.
© The user then selects one of these databases for searching.
.'EXPERT then connects to the selectod database on a spitable system and proceeds to '
translate .thev concept formulation of the topic into a series-of actual'search statements. Bach
term under each concept from the mmal concept table ytelds an all-ftelds keyword/stem
| 'truncated search followed by a Boolean 1ntersectton .’ the compOnent word/stem searches ‘ | PSS
(1.e., the ‘'same kind of search done by CONIT-4 on-a ‘user gtven phrase). Next the union of |

o
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all these term searches for ) given concept is- requested Frnally. an mtersection of all of the

concept union searches is performed ‘l‘he results of each term search is reported mdrvrdually

-

_to the user as it is recerved EXPERT compares the number in the resultant set. against the

number gtven in the. prelumnary search goal statement by the user and gtves suggestrons on

o

* respectively, than the user's goal. : o T o ¢

- In order to provide more mformatron from which the ‘actual search reformulatron can

take’ place EXPERT feeds back addrtronal 1nformatron on some of the actual documents_

found: First the titles and authors of the f1rst ten documents are drsplayed. Then title,

author, abstract, source, and controlled vocabulary ‘index terms are shown for each document

from the list of ten that the user selected as particularly relevant to his search topic. The

user is next directed to select for each document displayed any free—text terms from title_ or -

a‘bstract and any controlled terms that he believes may be additiona'l good- search terms.
' _EXPERT tags each term with a number so that the user can select terms easily -— 1no

spelling of terms required (similar to the SDC/ORBIT PRINT SELECT feature).

The user is then asked if he wants to see more documents (in batches of 10) or

how to broaden or narrow the -se_arch if the resultant number is much smaller or larger, -

- proceed on to the search strategy reformulation process. If he decides to go on to

reforrnulatron, the various options, and reasons for choosing thcrn (1n terms ‘of whether they

@

are -narrowmg or broadenrng) are presented to thé user. These options are essentrally addmg, '

deletmg, or replacxng mdrvrdual search terms or whole concepts. First the user is grven the"

-option of addmg each of the terms found in the previous feedback process as a search term
to one -or more of the concepts. "Then the user is given the more general replace, add,
and/or delete optrons mentroned above

“When the user is satisfied that the concept table has been properly modrfted EXPERT

- goes through the process of translating and rerunning the searchee Two drfferences from the- e

first “search 1teratron are: (1) for greater precision controlled vocabulary ‘index " searches are. .
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done on an exact phrase search basrs mstead of a- truncated keyword/stem basrs' (2)“\term

searches previously made’ are remembered and used jr e.. they are not. repeated) thus speedrng

up the search process consrderably

' results.

5
[

reliability of EXPERT 10 the point where extensive ‘testing wrth bona frde USers would be o

a

possrble However, our analysrs of the potenttal for thrs kmd of . computer expert “assrstant

mtermedrary system suggests the followrng. . o . g B S )

- On the one hand, it does seem qurte likely that a system of thrs type could be hrghly _

Aeffectrve, especially for casual, .1nexpenexiced users. EXPERT also has  features (computer

assisted topic formulation and reformulation with speeded searching of the -incremental search

- strategy) that could well serve expert users also. On the other' hand, as we "have s3en'in.these.

experiments, the performance of human experts is often not opttmally effectrve, therefore -the

desrgn strategy of- s1mply tryrng to srmulate What human experts do is. not necessarrly the best

. one. A"l$o the computerrzed expert does not lend itself - easrly to the great vanety of detarled

- 1ntelhgent control of search strategy formulatron and reformulatron possrble from the human'

. by lown
end user In addrtron. any intermediary, whether computerrzed or not, needs to- pay nfore

4

- _attention to evaluate how cost éffective a search has been and estimate the cost effectiveness -

of possible additional modifications to. the search strategy.

" In conclusion what appears to be- ne'eded for the further improvement of the
ef fecnveness of assistance systems for the brbhographrc i‘retrreval application is the mtegratron‘

of the more completely computer-drrected techniques as found m systems hke EXPERT wrth .

the more human-cont_rol]ed techniques as found in 1ntermed1ary -systems like CONIT. “In such .
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an integrated system'dl% would be possible. to shift modes of operation ‘(under system or user
control) as the context (user and topic) dem'anded Exactly how such'an integration and mode
lcontrol can be ach:eved appears to represent the frontier in this area of research It might
. be noted that research in automated or computer—drrected asststanee modes has -been cmxed'
out by other mvest:gators (see, e.g., i} [SALTSO DOSZ80 SMITS0, WALK81) Also We should..
pomt out “that further development of models and techmques for online ° searchmg wrll

undoubtedly be mcorporated into future mtermed:ary systems (see,” eg . [ATHE79 BATB79

~
.

CALKS0, CONGSO, FENI80, FENISL .JAHO74, MARK78, OLDR7_7 ).

In assessmg ‘the potentxal of . 1ntermed1ary systemsmsould be noted that the goals

presentlng themselves for these actrvrtres are, m ef fect, "movlng targets". Therg._,; are several -

reasons for this. First of all, the retrieval systems are rapidly evolving Not"only does «this

 mean that the mtermedrary system must be able to adapt to relatrvely mrnor (though crmcal)_ g

changes, like changes in protocols, but it must adapt to ent1rely new functronalmes The‘

retrreval systems- themselves adopt the successful technrques developed by the 1ntermed1ary

systems when a// retrxeval systems do so, thrs may- allow the mtcrmed:ary systems to drop' )

some functions. However the tendehcy tQ new 1ntermed1ary and retr:eval system functlons_
seems to be leading 1ntérmed1ary systems to: greater rather than - lesser requrrements on the
" whole. | ' ’

F:nally, we must recognize the vital need for contmued testmg and analysrs of
mtermedrary systems in the context of the retr:eval applrcatron and the basic mformatron
transfer process for whtch they serve. Our exper:ments are among the relatrvely few m the :
mtermedrary area and we have pomted out that {w:h/‘more expenmentatron -and analysrs 1s '
' equ:red before the conclus:ons we have drawn from them can be vertfred w:th the desrred

quant:f:able statrsucal prlecrsion.
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