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VIDEOTEX BEHAVIOURAL RESEARCH:

-A COMPARATIVE EVALUATION

'.OF HIERARCHICAL AND xxywonn-bixﬁcroax RETRIEVAL

*

IN THREE KLNDS OF SEARCH TASK '

Karol W. J, Weneig
" April 1983

~

The UniVersity Achdemic calendat served\as the experimental
da:abaae in a. study of videotex 1nformation ratrieval behaviOut.

Responsas on a numeric kaypad operated either a hierarchical or

fkeyword-directory retrieval system.‘ Retrieval successes, pages
T agcessed, search time, and time per page served as indicas of search N

‘performance in single—page-solution (unipartite),~mu1tiﬁpage~sclution‘
s . "\ N d N N v

(nultipartite), and unsolvable search problems. Relacionships-between

performance meatures and eeveral user abilities and characteristics were

_examined. Pretest and poat—test measures’ of attitudes toward

hypothatical videotex applications ware used o gauge the effect of

exposure. Undergraduata subjects completed pre*experimental tests of

spatial mngty and ideational fluency, and during the experiment
gttempted 20 search problems.
Overall, the keyword directdry retrieved more relevant 1hformaﬁion:

than the hierarchy. Unsolvable tasks required the most efiort of

iid

e
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) searchers and unipartite taaks the leint. Hnltipartite tasks required a
‘ large nunber of pages aud 1ong saarch times but ‘also retriaved thé

greatcot quantity of target 1nformatien. Couparisons showed 1n the

»

_unipartitq and - multipartite taaks. chat keyuotd searches conaumed half

S

as many pageu and half as much time as tha hiararehy par unit page of

'inﬁormation. In unsolvable tasks, the hiararchy out-performed the =

“keyvord diractory, taking Suhatantially feuer pages and less time to

: confirm the nondexistence of targec 1nformation. Petformance m&ssures B

: were found to corralat. modaratcly with the spatial mgmory gcores of

thoae who nscd hierarchical retriaval, but with the ideationnl fluancy

acoras of those who u;ad knyword rctriaval. Post-test attitnde meatures

reflegtad a aignificant increale 1n favourability 1n the v;daotaf

ﬁapplic:tion experienged by aubjacts. Implications of the findings and

other ‘{ssues raised by the rasulta are di!cusued.
; v .

iv
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INTRODUCTION: A RATIONALE FOR KEYWORD DIRECTORIES

N

The starting point for’ this paper is a diSCussion of tha»kay
problem areae which have been encountered hn designing effective and

. efficient 1nformationrretrieval procedutes for videotex. This is

general constraints of kaypadronly input to remedy’ existing proceduresl

and to develop.alcernatives. A rationale is then presented for

N A

0

experimentation with keyword_directories.

-
.

Gutedbé:gi; New Clothes
gAa a public utilicy, the :elative1§ inekpensive nass medium of
"‘ eleccronic information and transaczion sarvices known as inceractive

- v

vidaotex1 18 srill a novelty in EurOpe and comparatively untried in
" North America, and yet it is being hailed a8 an extracrdinary 1nnovation

in communications services with the pdaential to vevolutionize society.

Videotex is to the ’Bgs‘what televigion was to the '30s and
telephone to the 18708, With the potential to change our
leigure hours and even the way we do buainess, videotex is
“the communication gystem of tomorrow. (Wilson,»1980, p. 76)

The basics of our social life are golng to be changed to a

< degree that they have not since the well-born German

goldsmith, Gutenberg, began that mysterious’ ten*year process
that led eventvally to the creation of gquickly reproducible,

1. Tor an explanation of "interactive videotex" and other related
terms, see Che glossary of videotex terms in Appendix A.

followed by a review of the attnmpts which have been made within the’ :i‘
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- “that. runs 1ike a thraad _through the published proceedings of recent

absolutely similar, metal type — letting any handy

' wine-prass be turned into a bookmaking machine and putting
more than a little panic into those with heavy investments
in monasteriea and scriptoriums.

_ All information “in all places at all times.’ The
impossible ideal. But the marriage of computers with,
existing communications~links will take us far closer to
that_gphl‘yhén we have ever been. (Godfrey,'1980, p.'1) ~//f’¥

.

Pt

T‘..,fsur:;

‘%hildtan who Brow up Ihxiwwntld in which they can accesa
virtually any axtant courseware from their living room, and
in which a much greater proportion of learuning is
s#if-motivated, will end up with their cognitive processes
organized differently from people of previous gemerations,
whoge, learning envirooments have been far from optimal., ...
They will be smarter, more knowledgeable, more skillful.
They will be bettar equipped to solve problems in many areas
of human endeavour. H. G. Wells thought that the fate of
" the human species would be determined by the outcome of a
‘race ‘between education and catastrophe. Developments in ‘the
past faw years suggest that catastrophe is winning, but .
-videotex—aided learning has the potential to tip the odds in
favour of education. (Mater, Treurniet & Phillips, 1980, "
p. 323) 0 . BRI ~— -

AR TN

RN

-

“As extravagant as,thése blaims:ate, they serve to highlight the,
' 7

perceived significance of videotex, as does also the current of optimism‘ .

Jb§ .

-videotex conferencee (4th International Online Information Meeting,

1980; Proceedings, Inside Videotex, 1980 Tranacript of Viewdata '80,
J .. .
First wcrld Conference-on Vieﬂdata Videotax, and Teletext, 19803

Videotex "81. International Conference and Exhibition, 1981). The truly

' telling point though is the intense competition among the leading -

ations in.videotex ‘technology — Britain with Preatel, France with-

Teletel, Canada with Talidon — to wdn\thé”favours,bf the very large,

‘and~§s yet unexploited Americen market. This is eSpecially ev%dent in

W

the implicit and axplicit compariaons being made with respect to

graphica protocols; but the great graphics war” between Telidon with



.

. . : ’ ' 1
its alpha~geometrics, and the rest of the world, with its alpha-mosaics,

has been declared by one commentator a non-issue:

. . ’ N : . > ' » . .
. L . N C . <o -

2

/

Graphica, graphics, whq has got the graphicas?  “We all do,

we all do!" Remember the great tailfin wars in the - L
”automobile industry 4n the 195087 In 2010, we will look °

back on the great videotex graphics wars of the 808 with the . .
‘same bemuysement!: . L ~ -Graphics and colour of . themselves = ° -
are of value only to the extent that they convey information .

or entertain. (Ganjard 1980 P 107) - . :

3 N ) -

" At a wore ggneral 1evel Gaujard argues persuasively that ie, 1s not

-

N

the technological wizardry of videotex that will attract paying

ustomers but rather 1t 1s the variety and quality of Services

R

\\over the medium,that uill e the srucial. determinants of public -

acceptance. A similar point of view, based on’ field—crial feedback has

»

‘been expressed elaewhere (gCLc, 1980) Consequently, mot all observers

L

~ have fallen under the spell of videotex;en¢hantmeut and several have
been‘deliberately caucious in their rqv;ews:of Gutenberg“s new clothes.
The aasumed masa~&arkecf3ppea1-of videotéx\haé, for instance, been

appraised by INFOMART 8 director of database publiahing as follows'

S ’
) ;Unfortunately, we have to ackaowiidge ‘that the, various
'.videotex systems are atill only interesting pionear g
services. . Most of the enthusiasa for selling information ° T :
from’ videotex databases has sprung from‘our technological "
imagination and not from market aualyais. .{Mauethoff, 1981,
P 61&) o ‘

" To redress this information gap, a number of mavket trials have been

launchad acrogs Cahada\-f_the‘Teliﬂbn Projecc.tn Ontario, Project Ida
b1
N and the Elie Project in Manitoba, Project AGT/Telidon in Alberta,

Project Mercuty in New Brunswick Project Vista and. Telidon 2 in Quebec,
7N
.and tbe Videotex Pr03ect in Brltish Columbia (Feeley, 1981).

ke
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 one s fipgertips, "oﬁly e push\of a buttpn awgy,‘

. Let\us assume then that the queétion of what to dQ~witB this hybrid
technology will be answered . fairly quickly. Let"us\éven allow that
videqtex‘maerventually have the capability to deliver "all information

in all places at‘all times” (chftey, 1980, p. 1) The residual

quesiioné those bearing on the effecciveness and efficiency of videotex

NI

as. ‘an information utility, will still require ansvers. Specificaliy,

how do vxdeotex systems perform when put to an empirlcal test?  What

actually happens when a keypad is placed in the hands of an ordinary
Qitizen and he/she is asked to operate the system9 Are the contents
and services of some remote but extremeiy powerful computer really at,

»

as has been glaimed

“¢cBC, 1982)7 - . B

z-

K

. The cg o videotex are not, in fact, as apcessible as

currently hOped i ¢ is the complexity of. 1nteraction between human

32

and videokex machine which constitutes. perhaps the most pressing problem

area fof?videetex researchers. It is not too difficult to see why. 1If

the advertisea services of videotex _remain relatlvely inaccessible or

‘aw ard to use, videotex will not be perceived by the genetal public as-

»

a satisfacrory utility and cherefore will not sell. Hence a-major focus

Seny

of interest for videetex develcpers and researchers has been the L

' optimigation of interface characteristics for ordinary users. While "

some of the ergonbmic qdestioné of ﬁeybbard{k&ypad design have, to a

large extent) been puzzled dut by, antecedent research .on interactive .

computets,fé great deal of territory.remwains to be ;xplored in the.

interdépendent areas of software characteristics, task- chavacteristics,

DUTE

L il et
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and user chafacteristics (see, for éxample Dillon & Tbmbaugh‘ 19823},
That the state of knowledge in ‘these areas 1s still weak is made
unequivocally }leat by this skeptical review of available videotex

systems:

The available systemg have various degrees of flexibility
" ranging from the hierarchical, directed graph indexing ‘of
first generation Telidon, constrained by the current
_ database design, through Prestel with its directed graphs
"..which appear hierarchical but are lass constrained, to the
STAR system which provides for a rich variety of
pre-coordinate indexes including keywords which point to
single response pages. Such systems, particularly Telidon ,/
".and Pregtel, mimic existing paper based indexes and suffexr: {g
from most of the same disadvantages with respect to multiple
accegg-points, multiple user views and intolerance of
_wariaont (user) search strategies.. '
" The present generation of videotex systems have [sic] a
rlong way to 80 i? they are to equal’ the propaganda of their
. qreators - + _» These systems are pale imitations of an
electronic library . (Ballt 1981, p. 14) :
N

The Essential Problem: Informgiion Indexing and Retrieval

.

In many tespects tﬁe retrieval of information from computerlzed
databases such as'those developed for iuteractive videotex can be -

likened to the.popular fantasy-adventure, game ~Dungeons and Dragopg" -

1

albeit a much less coldutful and elaborate version. Still, it requires

only a modicum of imaginative licence to see in the 1nformation which 1is
. - ¥
the target of a search an analog of the amuch sought~after treasure of

v -

D&D. Similarly, one can discern in "the guige of the database indexer

the features of a putativhly benevolent Dungeon Mastey .- The most
- v .
striking parallel, however, and tha key one, lies dn the fact that, in

“both worlds_, most of the 3ction not omnly takes 'place in unfamiliar and

' uncharted\territory‘bﬁ;, as if one handicap were not enodgh, in the dark

3,

X3
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N

as well. These ﬁetaphors are appropriate in the sense, firstly, that

searchers rarely know beforehaﬁd the location of, or the route to, the

information they seek, and, secendly, that whatever signposts may be

N

‘ encountered along the way in the form of indexing pages, they are not of

>

edua; illuminating powétu E . -

~

kli of the major videotex systeﬁs - Pre&iel,.CAETAIN, Teletel, -and

Telidon -- have been built arouad hierarchical tetrieval strategies

(Dew, 1980; igoﬁe 1980“ Ball, 1981), essentially because this form of

menu—driven dialogue is mpderately flexible, is easy for inexpérienced
users to’ learn and operate, and is also the most economical of CPU time
(Martin 1973‘ Miller & Thomas,\l???; ~Phillips, 1989a; Stneiderman,
1980; OCLC, 1981; Thoniae & ‘Sicﬁabas 1981). Typically, Qierarchicai
searches 1nvolve the selection ‘of increasingly-narrower clasaification
terms from successive»menusiof terms until a selection is narrow enough-
io défine‘oné information document. Although qbe ides is simple enough

hierarchical systems have pot proven to be simple or efficient in

v )

application. Despite the fact that uaers generally re3pond favourably

+

to the concept of videotex, hieratchical retrieval tends to be perceived

as slow (OCLC, 1981), tedious (Eissler, 1981), and cumbersome (Harashima

R

& Kitamura, 1981). By objectivé performance 3tand§rds, hierarchiéal
seércheslare\considered ineffibient‘aﬁd"érror—frone, wvith most searches
eating up roughly gwiéeras wmany pages as bpcimaily necessﬁry\and with
apprcxima:ely half the errors occurring in the top two levels of ‘the
hierarchy, so that searchers seem to end up in blind alleys almoat as

often as they find what they are looking for (Lee & Latremouille, 1980

s



.Mchen; 1980§ Stéwﬁrt, Cox.& partners, 1980; Latremouille & Lee, 1981;
Tombaugh & Dillon, 1981; Tombaugh & McEwen, 1982). These findings
‘Undoubtédly account for allusions in the %iteratu{e té tgeA"mingshaft"
structure of vidéétéx (pane,\l980; Winsbury, 19&1; ‘Williams, 1981).
WVhen one Eonsiders, mdreover; fhaé these deficienciesahave been noted in
relatively smail dataﬁa;es it is not surprising that even gloomier

outcomes ara baing predicted for “databases which aspire to encyclopedic’

status (Phillips, 1980b; Jensen & Ball, 1981).

$

Imprg:ing Information Accessibility

N

Attempted solutions to the inherent probleﬁs of 1nf1exibility and

*

ambiguity 1n hierarchical retrieval generally fall “ipto one oﬁ two

~

categories: upgrading the operating features of’ hierarchical search
~methods, or developing-alternative approaches. In the former category,
we findfiuch innovations Aas (1) the crOSSwreferencing of category terms )

1n several branches of the hierarchy and (2) the chaining together of

.

logically related documeng§ at the hierarchy B end—points;to allow for
the scanning of‘successive documents without recourse to an intervening °
menu page (wnl;tams, 1981; Williamson, 1981). Furthernore, in an

' attempt to reduce the ambiguity of broad classification terms in the’ top
ﬂ .

levels af the hierarchy, brief descriptors have been appended to the

;érms, with some guccess’ demonstrated in reducing errors (blind alleys)

2

by one third.to one half (Latremouiile & Lee, 1981). A somewhat

? -

different approach Lo getting the most out of a hierarchical gystem ls

being explored by Z0G researchers (Robertson, McCracken & Newell 1981)

»



In what might be figuratively vegarded as the muscular version of

hierarchical systems, 206 — a larée-ngtwork, rapid-response system —-

‘genepates extremely fast responses (0.10 seconds in oue version, 0.25 in

another)’and‘relies on elither a touch screen or single—chardcter °

; keys;ro@e in order to accelerate the process of traversing index pages

‘to a degree which will be satisfactory evem to expert users. But while

the tedium of‘hiétarchidal accessing has been relievaﬂito somé:extent,
Robertgon and his col;eagues réadily acknowledge that other, more

whiversal, human-factors problems have persisted. These include:

disorientation in the databaée, failure to read-the information in

frames, and short-term memory limitations. ' Thus, while the 20G sistem

does offer several desirable performaﬁce features, they are not

immediately transferable to commercial videotex, given’the inability of
existing Eelephona line to achiéve the high signal-transmission rates

required.

"« The fnndamental'weaknee# of hiergrchical sfstégs\dexiveg from the
fact that an§ hier#rchy\qonstitutes.only one of ma#y possible ways of
categorizing inforﬁation, whereas any datum of information cs; in éact
be included in aQ many logical ;ategories as the mind can invent. Thus
a ;ace&ory couéiderediapproériaté by the Indexer for a given‘dopument
will not always be the one eiplored by all users seeking that document.
One approach to overcoming tﬁ;s inflexibility of hierarchical systems in
the face of.iéforﬁitiou's multi—dimensionai‘nature sigﬁais a departure
from purely hlerarchical indexing even while osteunsibly functioning as a

gupplement to it, This is the "alphabetical directory”, which,
N ;

1 B >



hypothetically, would be coustructed as follows: . : N

The source of index entries would be the database itself
together with synonyms and niear-synonyms added by the
indexers. In theory, ‘the entire database, including both
index pages and document pages, could be indexed in such a
directory. In praetice, this approach preseats problems and
may hinder rather than aid effective access. ‘Preliminary
research and the examination of existing databases suggest
‘that the content of subject directories should be limited to
descriptors from the index pages, the main themes of the

- documents, and appropriate synonyms, near synonyms, and
variant term forms. Ip other retrieval systems, it has ‘been
demonstrated that there is a degree of exhaustivity of
indexing heyond which there 15 improvement in retrieval .
beyond which additional indexing may adversely affect

_efficiency of the system. (Williamsom, 1981, p. 11

What emerges"from»this solution is a.éystem which anticipates

F A : :. ‘ﬂkeyword retrieval but which, in view of the reldtively non—sgecific
| ‘ 1QVe1 of indexing, actually represantsjonly a slight loosening of Ghe
hierarchy s‘jgints, comparable to what Headow (1973) defines as BN
"subject—headgng_indexing“. In §faét1ce,‘therefore,‘glphabeticalk
direthriesﬂof @his.sorF farély lead diiectly to docyments at the lowest
S RN ? ‘1;Vels of thé hiérarchy‘but;'father, to some intermediate level,.at .

| | which ﬁoint selection by meéus of categovy térms 13 again resuned, As

Hardy (i978)kand williaméén§(198l) poigt out; if actuai documents and -

pages are-hsed to génerate§d1rectory terms, the directory runs the risk ///

o JRCSE

of becoming toc big and unyieldy to work effic1ent1y. Thus the {
dlrectory terms developed for the Prestel system and an experimental v

Telidon system, were relétively simple -— pategovy hames, names of

information providers, and their variants (Rimmer, 1979; Stewart, Cox &

a

v partnexrs, 1980; Williamson, 1981; Tombaugh & McEwen, 1982).

B -



Ho# do alphabetical directories actually perfor@? ‘In a comparison

of hier;rchipal and alphabetical-directory iﬁdexing On~fféstel; uo @major
- differences were detectéd-betweéﬁ methods in search tipes, tocai pages ‘

viewed,bor blind;alleyg (Stewart, Cox & partners, 1980). Both methodé
;;érférmed eﬁually b;dly. tikewise, in a partiél'replication~bf this
stﬁéy on felidqp,-tﬁe5§lphabét1céi qirectc:§ ﬁailéd‘tq‘demonstrgtéxahy
performance edge ove€ the'hierarchical index {Tombaugh &'HcEwen,\1982).
One reason fo% this unekpectedfoutéome éay.begihat terms gended merely
to reflect the underlying hierarchical étrucéufé as opposed to cutting
acr§8s it with new and divé;ée relational links. In other words, the

very simplicity and generality of the directory's terums may\havé been

.its undoing.

- Keyword Indexing: An Alterpative Approach

In light of aome of the_ébove4nnted difficultieskin\inforﬁation

:ﬁtrievgl; at least onétgroup of experﬁs pgs concluded that "the
;umbargéme tree séructure sdardhing me;hod\ﬁhich these videotex systems
emp;gyiggggs‘to se replaced with a wove direct and efficient method of
in;eracti;n“ (Iﬁfg}ﬁation Services po-ordinating Group, 1981, p. 9.
Séhaﬁas, wiliiamsoﬁ and Bines (198l) are quite ceftain of the direction
to be pursued *-‘keyword systems. Uunlike hierarchical systems, which
force the sea}cher‘to‘adapf hi;/her thigking to one dominant and

.palp;bie structuré of reiatioqship# ;§‘the'database, keyword systems
allew for several links among‘dataha;e alements. Counsequently, items

can theoretically be retrieved by any of a number of routes. Also, less
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time and effort are required of the searcher, since entry to the

11

database is accomplished with a.fairly gpecific term in contrast~to the

broad term mandatory for gutry via-a hierarchy. In an independent

statement, however, Williamson (1981) was more cautious in advacating

. keyword indexing as the most dpprbpkiate substitute, her regervation

geemingly stemming from the unforeseeable impact on ordinary.users of 

.1mplementing new, suitable software and hardware. It should be noted

that, in this cbntext, suicable hardware invariably means an’

alphanumeric keyboard but amoag the more intereating videotex

experiments have been those in which some attempt has been made to e

implément a keyword system while.retaihipg the numerical keypad's

assumed advantages as a. user-familiar and low-cost inpgﬁ device.

Pollard and James (1980), for example, evaluated several schemes

fot numerically coding the .letters of the alphabet 0 that simple terms

¥

frOm an alphabetical directory could be entered on a numeri¢ keypad.
" one format, each letter from A to Z was assigned a corre9ponding code

from 01 to 26 which remained unchangéd throughout the index.

The 'initial letter page consisted of all 26 letters with
corresponding codes 0l-26. Thus to access HOTELS, fox
example, aftar inputting 08 for H, a second level index page
displaye§ all grammatically possible latters which can
follow H, each with their own unique code. Thus 15 would be
input for O and 8¢ on until the HOTELS page was found.

lst Page.
0l:A, 02:83, . . . . O08:H, . . . . 26:Z
Key 0B to obtain 2nd Page.

2nd Page.
Ol:HA, 03: HE 09:HI, 15:H0, 21:HU, 25:HY .
Key ' 15 and 30 on to obtain HROTELS. (pp-» 11-12)

In

-~
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While this study succeeded in demonatrating that a 26-fold breakdown of
the alphabec wag faster and lesgs’ errpr-proune than a 10*fold breakdown
(the la:ter reflecting Prestal's coﬁventiogal 10—choice limitation par
page), the researchers conceded that alpha‘tnput_by such a coding'scheqe
couldbbe anﬁoyingly 1hbor15ua. As it is, tge term Hb?ELS regquires six
index pages jusc to get to the right category. fo ;gcéss\infotmation~on
topics such as RESTAURANTS or AJRLINE RESERVATIONS would quickly inflate
the number of indexing pages required to unacceptable levels.

-

Taking a different tack Hardy (1978) theorized that keypad numbers

superimﬁnsed with groups of- alphabetical characters, in the fashion of

.i 3}der Celephone dial codes) m;ght allow for the direct numeric 6Qding of

keywords. Saveral ceding systems were developed with the joint

objectives of aﬁoiding the generation.bf‘more than' one aythorized
. . - ~ - oo ‘
keyword from any individual keying sequence while isimultaneously keeping

the number of keystrokes to a minimum. What ultimately emerged from '

testing as the optimum system (1.24 words generated per keystroke

" gequence) conaisted of the‘following\alphanﬁmeric“pairinés -

A BC DE FGH IJKL MN OPQ RS TUVWXYZ
tr 2 3 4 5 & 1 8 9

and an gbbreviation-keying strategy which used as many initial iqtterS‘

- of the entry terms as possible, namely: if the entry térm was oue word

-~ the first four letters; if the eatry term was two words — the firstc
two letters of nach} "if the entry term was three words —— the first two

lerters of the first word and the initial letters of the other two; and

if the term was four or more words — the initial letters of the first

"
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four.sgg;;%icant words. Such an approéch‘might first appear, from 5
human-£factors perspective, to be erroreprone and unuorksble. Yat at
\least oune 1nf9rmation provider had implement;d a reasonable facsimile of
this indexing system on Prestel by the time Stewsrt and his colleaghgs
(1980) evaluated the various accessing procedutes available, and
surprisingly, the limited keyword system reduced search times, total
pages_accessed and blind alleys by ﬁOZ to 601 when compa{sd against
hierarchical and alphabetical-directory methods. It was not ;laar,
however, whenher keyword 1ndexing per se or some other fqg§ure of the
» system had actually contributed to the success of the seagﬁh method .

One drqwback to this approach, furthermore, .18 that without a printed .

directory of authorized keywords the searcher has no way of knowing wha€\

-numerical codes ca use (Hardy, 1978).

A Logical Progression: Keyword Directoriles

A retrieval procedure which obliges the user to refer to a printed

directory undermines somewhat the purpose dof an eiectronic information

system. If systen 1ndependence ig degired, an ou~line directory becomes.

" .amn easential goal. But once an on—line ‘directory of kaywords is in

place, .the procedurally awkward method of accessing docﬁments by numerie

'codiné of keywords can be relinquiahed in fav6§r of direct accesaing by
page“numbar. For example,\inbthe course of mulling over the ﬁossibilicy

of abandoning‘the\tree structure altogether, Thomas and Schabas® (1981)
‘suggested: |

An intermediate approach would be to retire the tree
structure into the background, to be brought out and
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- 'displayed as an ordered, classified .index when veeded to
assist the user, If pages referenced in the index were
given titles, and each page retained its visible number,
then the usger's mental image wmight be that of a book a
book: which he could open directly at a well known- page,
enter through [a] back—of-the-book word index, or through
its elaborate table of contents that topically orders
chapter and saction headings. (p. 7)

: ¢

<

This was’ the ﬁpprqach‘adopted in the keyword‘syatem develaped for
evaluation jin thié research. Database documents, which, for the mosgt
part already pOSaessed titles, were assigned an average of five -

keywords‘or ksyword ph:asea, including general, specific, and variant

terms. - These wére subsequéntly.éompiléd in one\aiphabetical‘list each -

tayword paired with the page numbers Qf the documants to whigh {t
pointed. Fot each-keywcrd, an 1ndgxin3 page was creacad which goasisted

of che titles of all da;:;SQe documents io which each keyword reférred

‘and the"corrésponding; directly acceSsible page numbets.~‘calling up

these document—title pages could then ‘be accomplished by the method
evolvad for the alphabetical-directory index, except that initial _entry
to the alphnbeticaiz\fdex would be through a 26-fold breakdown of the

/ : '

alphabec (Pollard & James, - 1980)

Although the-oppo;;unity existed, witﬁ the use of computer
terminals, to take advantage of full-keyboard facilities for keyword

input, a 15-key keypad was selactéd as the most appropriate input déyice

- since most interactive videotex systems are based on keypad input

(Héhqney,»beqsrtino & Stengel, 1980; O0CLC, 1980; Stewart, Cox & fX?

partners, 1980; Tydeman & Zwimpfer, 1981). It should be noted,

incidentally, thar, while'praétically any available terminal keyboard

— . .

AY



can serve as a videotex input devicé; most‘do‘not support Telidon

graphics;and*aié not ugeabla, therefore, in :ﬁqﬁﬂjdon Qetwork. More
importantly, there has been nofjpstificagion to date for acquiring a
keybéa?d facility; the raunge of sérviées curreatly being offereé on

)

videotex systems (Aysan, 1980; Fraser, 1980; OCLC, '1980; Eissler,

\ 19815 Harashima & Kitamura, 1981; Tydeman & Zwimpfer, 1981; Willigms,‘

‘1981) i3 simply not that sophisticated.. From a marketing;perspective,

moreover, there are a number of pragmatic considerations which make the

: keybud more likely to be accepted by large numbers of inexpsrienced

computer users. Not only is a keypad a mere familiar instrument —

comparable t0‘§ush*button phones, digital tglevisioh tuners, and the

‘ublquitous hand calculator —f\butii; will presumably be easier to use

and will coét'lesa, factors which pannof be undereétimatéd.éven by the

' gadget conscious: "Videorex was conceived with the general

) ~

.n6n~s§gcialist markéé in mind. Ultimately fhiq is ‘the mass residential .
&arket, where low cost and general y£ildty are at a premiu@t (Hgolfg,
C;x élpartneré, 1980; P 37).\

‘ Notvithstand}ng‘the theo;etical objectiSns raised with regpect to
Ehe in&exing of individual infotmation documgncs (Hardy, 1978; ‘
Williamson, 1981), it reuaina to be seen‘ybethet such‘direﬁiories do ia

fact become unwieldy aund inefficlent. Furthermore, the émpirical limits

" of indexing aystems supported by a numerical keypad~ha€e not yet been

established, and keyword research of this sort might serve to indicate
whether ke%pads are a good long-term bet as input devices. Thus, beyond

the basic objective of determining the feasibility of keyword indexing
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by means of an on—line directory, the major purpose of this stuydy was to

v

v evaluate keyword retrieval agaiust hierarchiéal retrieval within rhe

\general constraints imposed by numeric-only iaput.

\

This comparative gialuatién ofxtwﬁ search methods was expected to
» af_fiozr;i. some dnsight into the in;grface‘ char;f:terise‘ics of’ the particulér
human—machine combination~gailedbﬁideotex‘- It was alsq eipecteé thgt'
- usexr performance in this system, as im other interactive systems, would
.be méd{qted by other\vafiahies bes%des éaatch pethod. For example, the
wajor classes of variables Jdentified by Martin (1973, Mason and
Mitroff (1973), Miiler and Thomas (}9‘77), Ramsey and A_twoiod\ {1980),
";}: R . Fshn;idermani(Inglé aqd Benbasat, beitet and‘Hasuiius:{}le) 1Qc1ude nét
S : oﬁly th; ¢éf1;us-hargwarg ana software combinationngﬁich constitute the
N ‘intexgacé ghgracteristits but also focus on the?characteristicn of Fhef
iib ‘ : i : "~3intera£kive tﬁqk and thé‘characteristics of the uéér. Hgnge it wasl\
| ~considered‘eééen¢ial that a just ‘comparison of ieirieVal‘@ethodsfalso

‘address at least éome elements of these\variable domains.

Search-Task Characteristics

. : ““With respect to retrievalftagk‘d%araqteristics in videotex systems, .
at leést one 1nve§tigation of‘nser pgfformance in uncertain-informatiéﬁ'
bsituations has‘bg§n concluded unde; a hierarchical saarch»conditioﬁ
(Whalen & Latremouille, 1981). No one has yet compared this kind of
retrieval task §cross searth metﬁcds,‘nor has anyone éxplorea seaych

performance in situations.where more than one document is required to

e e

OO



17

;olve the retrieval task. 'On‘the basis of the more numerous relational
links attainable 1n a keyword system relative to a hierarchical system,
it could be anticipated that a keyWOrd 3ystem would provide becter

meta»information for both multiple-solution and unsolvable tasks. Eoen

in tasks involving the retrieval of single documents, a keyword system

"could'again be expected to-cut-perform a hierarch;cal éysteﬁ; giveo thati

keywords grant databage entry with more coucrete and specific fgrms and

N 5
open up several routes to target information.’

S

-
The second major objective of this reseatch wvag, :herefore, to .

'compare hierarchical indexing aﬁd kayvord indexing across differeut

typea of retrieval tasks; Accordingly, the experimental teat—battery

consisted of " three clasaea of. retrieval probleme-. unipartite solution,

lnultipartite solution, and unuolvable. Uniparnite—solution problems

"were characterized by che fact thac only one information document and

page in the database could provide the corréot answer.,
Mulcipartitewsolution problems required several (two to six)

indapendently tetrievable documents and pages to conatitute a complete

-answer . Unuolvable problems posed questions which were plausibly

answerable but could not, in fact, be solved by any existing document in

+

the database.

i
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Méaauring_Search Performance

: The m,easﬁfeé vhich have been \;{&')ed‘sm:»s_‘t:~ éomqonly to eval-uai:em
compare intéractibeVinformation4rét;ieval systeéms are summarized in.
. Table 1, categorized according to whether they are more 1nclined to tap
| the 1nformation—extraction power ;f the retrieval system or the effort
- ; B that must be expended by the usger. ConSpicuous by its absence from th;» )
1ist of effectiveriess indices is a dirdct measure of. recall, “the
ability "of. the renrie;al syatem to uncov;r releVSnt documents ‘
(Lancaster 1968 p./ﬁﬁ).* While search errors could be claimed to .
) measére e ctiveness indirectly, a direét measure seems muc£ more.
apprépria! As Lancaster {(1968) h:\a.s pointed out, "'Recall is obviously L
the moat‘important‘requiremént of the uéqi of}a‘;etrievél system-since
hi%;aﬁle‘puppose»in-agﬁroach%né‘;hé\syé;é@ is:go obtain ome or wore

-documents useful in rg}acion'tq his information need" (Lancaster,

Pe- 35). This view has Beeﬁ:ecﬁoed by Schabas, Williamson, and Eines

)

‘(1981)\“Sevegal réseatchers have'pruvided‘genetal information about .
recall: Frankhuizen and Vrins (1980) report p@rtentaéeg ranging from
'20% o 90% for correctl& solved search taské; Stewart, Cox, and

partners (1980) cite:a'791 success rate in Préstel research; Tombaugh

e and McEwen (f982) reﬁort 98.7%; _Whalen and Iatremouille (1931), 86 52

Bgt, in spite of 1ts central importance recall Fas.not figured as a

" dependent vhriable; o J

/

. While it may be safe to assume that recall is not an essential

weasure when the rate of success in retrieval is consistently high or

-

e
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TABLE 1

" Performance measures used in previous rasearch

Meagure

Researchers

Effectivenesé

Search errors

. Data-entry errors

e

. Pageds accessed <"

¥

Time per p;ge

Keystroke frequencies

t

Frankhuizen & Vrins (1980) .~
Lee & Latremouille (1980) -
McEwen {1981) )

Stewart, Cox, & partners (1980)

Tagbaugq &_Mcayen (1982)

_‘Frankhuizea & Vrins (1980)
.Pollard’ﬁ‘Jahes (1980)

-

Frankhuizen & Vrins (1980)

Robertson McCracken, & Newell. (1981) '

Stewart, Cox & partners (1980)

" Towbaugh &'MCEWeh (1982)

Whalen & Latremouille- (1981)

Mcxwen (1981)

. Pollard & James (1980)

Robertson, McCracken; & Newell (1981)
Stewart, Cox, & partners (1980)
Tombaugh & McEwen (1982)‘1“

Roberéson, HECracken, & Newell (1981).

Stewart, Cax, & partners (1980)

. Robe£t§9n,>M;Crackep, & Newell (19811‘
Tombaugh & McEwen (1982)

RS

Y
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pracclcally invariable, such an assumption becomes untenable if

retrieval success is markedly imperfect or highly wvariable, as it could
be under nagurél conditions. Focussing exclusively on indices of seatch
effort, or ﬁoik, could easily lead to erroneous conclusiégs if; for
.ng?pie, the fastesg search method is also the least p?oductive in terms -
of.extracting relevant documents from ;he.database.‘ Similariy, it ° ;
should be a%%aréﬁ: that emphasizing Tecall at the expense of work ’
measures would be an éﬁually grave migtake, especially when one

considers that it is always possible to achieve 100% recall by
regrieving‘eQery Hécument in the database (Lancaster, 1968). Obviogély,.
some balénce wnsg be struck between measuring retrieval efféctiveness.
énd retrieval effort.

. v . ) N
* . . . v . N

© The indices conventionally adopted to meet this regquirement héve‘
been regall ratio, the ratio of rélevan; documents retrieved to known

. . R 5 3
" relevant documents in the database, and precigion-ratio, the ratio of
. N N ) ) LN . .

' -relevant documents rgtriQVed to the total numbexr of;dmguﬁents retrieved
. (Soyle,;1975; ;Ki;g & nyang, 1971; Lancaskef, 12§§3 Méadow,1973; wvan
Rijsbergen; 1975): Applied to 1ndustrial—scale'inf;tﬁation services,
these indiges‘ére calculated équusfvely fromn the products of the
search. The§ do not take into account the intermediate processing, -
thch is £n§isible to the 1nq§irer, " In Interactive systems though, the"

query process 1tsé1f\springs fato high relief. Hence the page, as the

means and object of the search, becomes the more suitable and calculable

N4

unit of meagurement. Still, there is a major obstacle to the wholesale

adoption of recall ratio and précision-ratio as measures appropriate .to
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interactive aystéms. Ussolvable problems cannot be'meaningfull§
accounodated by either one since the absence of relevant documents will
‘always re§u1£ in constant values. An'uncomplicated expgdient\would be
to dispense with ratios and retain the sipéle count of relevant pages
retrieve& as the index of recall and the total; of pages accessed and
gsearch éimes as the indices of ;ork berfor@ed. Table 1 indiﬁétes that

‘thesa latter two, at least, are in commonp use.

For this study,>thg count of fﬁtfievél successes, or informatién\
hits achieved in a gearch task,‘ﬁus chosen as the recall meagure, and
the nuﬁbér‘of pages accesgsed and search Cime were ;elgcted as pfecision
measure31' Althou;h search ;ime was expected t§~§or#elate positively
with éhe numbermsf'pages éccessgd and codsequently provide some“
redundant information, some portion of the varia$1ility ia seatcﬁ‘time

might conceivably bé ;t£r159te& to ﬁhe”different cognitive demands made
- by each search methed, and-th;refore would be a source of unique |
info:ﬁation ag well. Time per page was aisa included in the -inventory
Qf\meésures iﬂ>recogn1£ioﬁ of the p&ssibility that. \
iﬁfprmation~§rocéssing demandé might -vary acrosg-search methods.
‘Keystroke frequencies wgre-é9nsidefed unl;kaly tdifhow differentiated-
pérfor?ance since both search methods being tested)weye menu=-driven and
were t9 be opefétad_by the_aame~num;ric-input~coqventiona. The
meaé&tement of user error, whether ;oghitive or data-entry, was a more
prgblematic issue. While gearch errors of the cagnitve kind could be

.,

‘readily operationalized as "blind alleys” taken in the search]decis;on

a

. trée, the calculation of such arrors from raw data was foreseen as being
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extremely complex in multipartite tasks and meaniugiess in unsolvable

search tasks. Addigionally, no certain means could be devised for

3 N
4 .

separating o&t‘data—eutry errors undetecteé by the user. However, the
principal logic for discarding the plan to measure error was that the
consequences of both cognitive ana mechanical errérs ?ould be manifested
in larger ?Qtals for pages acéesséd and longer search times. 1In othef
wordé, erxor informqtiop wou1d~be‘indirect1y avallable in another form.
\In summary, - the fprégoiqg cppsiderations ied to the selection of
four meapure&-of‘seérch\pefformaneei .one measure of recall —— the count

of target pages successfully retrieved; and‘three‘measures of work —

B

the count of pages accessed, search time, and time per page. -

User Charactéristics

N

Among .the uéer‘charactéfistigs ;h;ch have been studied‘in automateé»
informatiocn system;, c;gnitive style, o% cognitiVe‘ability, gas been ~‘
gingled out as especially relev#nt"to interactive systems (B&riéf &
Lusk, 19‘77; Benbasat, Dexter § uasuliua, 1981;  Doktor, 1976; Mason &
Mitroff, 19&3; Sﬁackel, 1580). Unfortunately, only very tentative
coitclusicns can be gieaneq‘from the‘litera;ure‘on cognitive abiiities‘in
interactive systema. In two studies (Barif & Lusk, 1977; Beunbasat,
Dgxter & Haaulius, 19813, Wifkin’s Group Embedded Figures Test showed
both non-differeantiating and differentiaiing effects in the performance

of Management Information System users. In the latter study, high

scorers, characterized as high~analytic subjects, out-performed low
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scorers on a humber of information-gathering and decision—making tasks.

More recently, a series of Bell Laboratories studies has examined the

relationship between learner characteristics and performance in

text-editing tagks (Egan, Bowers & Gomez, 1982; Egén & Goméz, 1982;

' Gomez & Egan, 1982). Spatial memory, as measured by the Educational .

Testing Service's Building Memory Test, was found to. correlate
systematically with measures of task-completion time and error

frequencies. To the surprise ¢f the researchers, verbal skill

. gorrelated only weakly with onme of the dependenC‘variablés. Naturally,

one wonders if there wight be a 1ink between the differentiating
% -
abilit:ies identified in these seemingly disparate studies aﬁ& e such a

conngction might have‘implications for videgtex systems.

“If there iag a commoh‘eiement, ic Qould'seem, from the available

“evidence to be a spafial facicn. Witkin ﬁnd his aaéociates (1974»

1979) have limited the gengrality of a disembedding ability in

2

‘perception as measured by ‘the Embedded Figures Test to performance on

spatial—visualization tasks. The Bpilding Memory Iesp is als6 heavily -~

Joaded witrh a spatial féptor. In the research in which these tests were

used, test scores were found to correlate positivély with qualitatively’

‘different dimensions of performance in computer systems. This suggests |
N R . N N .

N

thag spatial abiiity might‘he&iéteﬁpenforqanqg in:interaciive computer
systems ia some~ged;ral way. Theoteticai~suppor£ for this inferenmce is
offered by”ﬁa}tﬁ%ﬂs‘Speculapions {1976 ) on the pussible effects of
lateralization of cerebral function on coghitive performance in computer

systems. He has proposed that performance may be mediated by the user's

-
N



_ been partially responsible for this effect.
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ability to develop and retain an appropriate mental model for the syséem
in use. In some gituations, the appropriate model may be .a
fverbal/analytic one; 1in others, .a Spétial/rélationél qne.k If a strong

apatialAeffect‘were to be detected in vide6£e£ stcems, it would prcvidé
confirmatory evideace that refrieval taﬁks are primarily §ayigational in
n;tu:e and cﬂa: they are best solved in what Jaynes calls the mind's

"analog space” (1976).

Whether sgpatial ability;affects performance in videotex syétemé\is
not known. In their conjectural arguments for the provision of
navigational aids in hierarchical systems, Lochovaky and Tsichritzia

-(1981) seem to take it for granted:that the spatial demands of such,an
1ndexing system are consideéable.‘ It has also béen hated th;t
d1§brientacion an effect normally associated with spatial problems, was
a recurring phenomenon in the ZOG system (Robertson, McCracken & Newell,

;1931) which is a hieratchical 1nformacion—retrieval system similar in

many respects to commercial videotex., Weak spatial ability could have

-

Y -

In otder to éscabliah wﬁether‘spatial ability does mediafe '
performance in videotex systems, a subsidiary objectiv;‘of thia tesearch
was to calculate the degrae “of asaociation between spatial ability, as
measured by the Building Memory Test (Ekstrom French, Harman & Dermen,
1976}, and the various perfqymance measures obtained under both search

prnéedutes. The paychological meaning of the cognitdve factor tapped by

this scale has’ been defined by Ekstrom et al as the ability to remember

et
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the location of figural material™ (p. 109), and haé'been identified, in
Guilford's well known structure-of-intellect model (Guilford, 1967),

with memory for figural units and relations.: -

DeSpicé thé ptbspect of a demongtrable relationship between spatial
abllity and‘Qidéotex perfofmance, a ieaébnable alternaﬁive cannot be M
overlooked. There 15 also a posgibility that verbal ability may be a
factor in informaé&on\récrieval{. The content of videotex i;, after all,
primarily textual, and ke&word searches do not appéar to be
intriﬁgically navigational tasks. 1In fact, whep thé;é searcgjprocedures
are viewed from.a probieﬁ-solving perspective (Ramsey & Atwood, 19805,

‘the generation ;f rela£ionships betu;en ﬁnowns and uh#nownsﬁszears to
be the centrai pfocess-in keyvétd searcheg;‘whereas the recpgﬁition‘of‘
spch relationéhipéfseéms to predbmin;te in hiera?;hical searches; From
ja fugﬁtiénal poiat of view, some hierarchfcaljféaturqs will be ptéggnt
in phe kay@ord gystem ~- since it'is‘ménu-driVeg ——fbut verbal abilities
beafing~s§eéifically ou the pfdduction of ap - iate entry terms seew
more likely to dominate. This kind of perform#ncé could‘b; iyﬁéideréd
as occuéylng the divergent*producéioﬁtof*sémantiéhuniis cell 1; 
Gﬁilford's model {Guilford, 1967), so that a tégt tapping this‘k
performﬁnce.domain, such ﬁ3~the‘1deational Fluency scale of the
Comprehenai;e Ability Battery {Hakstian &_Cattell,.1976), might
differantiaie levels of performance in the kéyword search procedure.
fge psychological meaning of the factor measuged sy the Ideational
Fluency scale is giveﬁ by Hakﬁtian and Cattell {1976) as follows:

This ability isxtoncerﬁed with producing ideéa about a given

topic rapidly avd without much attention to quali%y .
The Fi test of the CAB is of the "attribute-listidg” type,
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in which examinees must list as many adjecti§es as they can,
in a fixed time, that could be applied to a given thing.
This ability to retrieve learned ideational material when it
is needed is important in mauy situations, and, as with
Spontaneous Flexibllity (Fs), appears to be a facet of
originality. (p. H

»

- As In the case of spatial‘;bility thea, a par&llel_¥esearcb aim was
to.deterﬁine 1f there ié a rélétiﬁqship bgtween verbal ability and
;pérforﬁance in videotex systems. Forifhé reasoas méntionea, it was
ant;cipated that a Ve;bal-facgor would be of.greater consgquencé in

keyword retrieval.

User Evaluations

, - Because p;blic accept;née af 1nte?aﬁtive sy;tems is premissed on
favodfable suﬁjective reactions to such a service, irrespective of
objective performance criterxa (Ball 119813 Cuff, 19803 Feeley, 1981;
Gaujard, 1980; Hartin, 1973; ﬂoran, 1981; Nickerson, 19%81; QGLC,
‘ 1981' .Shneiderman; 1980; ‘Williamson, 1981), two kinds of user response
seemed nﬁcessary to complement’ performance comparlsons. The first* | W

pertains to whether exposure to a vadeot%; system can affect attitudes

5

tovard the mediuw in a positive way. There Is some evidence from market .
‘ : ‘ Ve -3
triaks thgt'it does (Eissler, 1981; .Har;%hima & Kitamura, 1981; OCLC, )

e
Vs
£

1981), To confirm this eiiect a scaie'was devised to ‘measure user
attltudes to a range of hypoLhetlcal v1de0tex services before ‘and after

experimental ‘exposure.

The second essential aspect of user reaction concerns the point at -



-

27
which performance differences between segarch methods bhecome
psychologically meaningful to the user. From a marketing point of view,
the gatection of significant ﬁerformance differences will.not be very
useful if these differences are unot translated into a rating spread. Im

the sane vein, the ‘extent to which performance differences predict

" search-procedure preferences;is critical information to those who must

make decisions about system development. To measure user impregsions of

' " search-procedure performance and utiliry, a ratiog scale was cpnstfucted

e,

S

on theoretical grounds from a review of the\litergéure on interactive
systems (Martin, 1973; Mason & Mitroff, 1973;‘ Millex &~Thbmas,i197;§“
cuff, 1979; Card ‘& Moran, 1980; Ramsey & Atwood, 1980; Shackel, 1980;
'Shn.eidaman,\wao; Moran, 1981; ~‘Rickersétg, 1981;" Williges &‘ Williges,
1982). Constructs identified 1n‘tﬁesetrefergnces and deemed relevant to
uger satisfaction wnfe redgéedwto a short list by clustefing terms
according to commonality of meaniang and subsequently assignLng p,aingié

descriptive perm or phrase to each theoretical construct. Rating levels

were then provided for each sub-scale.

Concerning user evaluations, it was expected that as a result of
exposure Lo a‘videotex'system a more favourable attitude would develop
among users. Secondly, it was expected that the search p:ocedure“yhidh

performed better by objective standards would also be rated more highly.
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Summary of Research Rypotheses /

The following hypotheses were tested in this resgearch:
(1) concerning the eff@ctiVeness of a wmenu-driven hierarchical versus

. . & menu-driven keyword search procedure, that the keyword system

== 7 would out=perform the hierarchical system, retrieving more

relevant information.in less time and with less effort;

(2) concerniné the effects of task vériety on search performgﬁca, that
. keyword searches would require fewer pages and less time than

_ hier;rqhiéal‘pearches (1) to ret?ieve more target information in

sol§abie»unipatti:e aﬁd multiﬁartice tasks and (i1) to counfirm the

nou-existence of target information in unsolvable problems;

\(3) concerning possible reiationshiﬂs between individual abiliries and
A " the differential‘cqgnitive demands of each-search procedﬁxe, that

N¢H) a‘relacionship would be degoﬁsprated between spatial abilicy

'

and search parformance under the hierarhhicalﬁ or both, search

‘ couditions, and (ii) a telationuﬁip>wuuld be demonstrated between

’

verbal abiiity and keyword retrieval;

) ) ‘{4)"concerning comparative degrees of user satisfactian with the

an ‘s N

‘f‘searéh procedures -tested, that the keyword'procedure would be

rated as guperior; and

. X\
(5) copcerningAthé.utility{of‘vidé@tﬁx‘as an information medium, that
exposura "would - increase the favourability of user opinions.

o
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METHOD

The Experimental Information System

N

An interactive, 96mpucefized 1nfo£m4tioh system, basgd on contents
of the 1982-83 edirion of ghé Saint Mary's University Academic Calendar,
was used to Qimﬁlate a videotex informatibn service. The database
developed for this srudy cnntaingd approximately 1225 videotex pages, of

which about 700 were information pages. Approximately 25 pages were

" instructional or user-aid pages while the remaining 500 or so were

indexing pages for the hierarchical and keyword search systems.

adgspecial features of

Page formatting, operating characteristics,

the experiqental system mirvoved commetcial vide: systems. Page

numbers were coded for display in the top right corner of each page

~

while the bottom two to four' lines were reserved for keying directions,

user input, and error messages. Executable commands consisted of either

l

a nuﬁber string (représentiﬁé a meonu séleﬁtion or page number), oOr a
function, and the ENTER keystroke. Following 5iilon’s and Towbaugh's
recommen&ation (1989), one of the keys was\defined~§€d_1abelled ag a
HELP fuaction. This key called up a one?page é:ecis‘sf system—operating
conventions and error-correction ptqéedsres, ghile‘subéequent use of the
BACK UP function returned the user to the page from which HELP was
requegted. QOther features included Airect accessing of information
pages by page number (four digits) and, at the lower levels of the

hierarchy, a browsing analog in the form of sequential accessing of .

+

~4



related documents. ’ <

. Errors could be corrected in several ways. If a numerical or

N
-

function entry error was detectad befoéa the ENTER key was p;éssed, ng“
h mcorfect é~ntr‘y could b;a erased with the DELETE kesr. ‘If ‘ an e_rrc;r .‘wasé
not detected until after‘the ENTER key ﬁad been pressed, or if C£e usér
simply Qished ig retrace his/ﬁer search‘route, the BACK‘UP EQ; could be
usea to return to a previously displayed page arid a~new‘se¥§£tion keyed;

" The capacity of the stack stéreﬁ for retracing purposes was 25 pages;

Prestel'aliown three back~u steps (Dew, 1980), Telildowun ten (Ball,‘

lQB}?i ‘Errors dug E?"il‘ ga; commands {(e.g. unauthéri;ed Qenq.
'selectiéq or 111&3&1“5236 numbgr} rgsulted‘in tﬁe mesyage "SORRY, I
DON'T UNDERSTAND, PLEASE TRY AGAIN." If an attempt was made to ac;ess‘

- directly a page which did not in fact exist in the database,vtﬁe-?essége
. "SORRY, I CAN'T FIND PAGE KXXX" wyasidis‘pl.::l-yed. Eiﬁg}iy, afa‘x‘sﬁm o
command (Q;ENTER) gllowgd'the u;ef to return to the root page of ghe

" information sygtem at any time‘ané from any p§§e‘

“a

- Hiefarchicai»3earch<ptocédure

N

Hierarchiéal searches;, or .tree sedrchies ag t@ey were identiéied for
experimenﬁ&l subjects, began with a menu display of the six broad
informacion cac;gor1es according to which the databaae had been
organized. (See Appendix B for an illustrative hierarchicalnsearéh.)
Brief descriptors were appended to ‘the broad categ&¥? terms ‘in order to

reduce the possibility of-éonceptual arrors at upper leyels of the



“or exiting from the system.
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hie}archy (Stewért, Cox & pa%tners; 1980; TDatremouille & Lee, 1981).
At this stage, the searcher had‘po decidc‘which‘catégory, or branch of
the 1nformation tree, was most likely to lead to the answer to his/her

query and then had to enter the number of the menu item which

. corrasponded to his/her choice.’ A nev menu was then displayed and the

\selection process continued until’, f no cognitfve errcrs oY undetected‘

~

\ keystrokg»errors were made, the desired docunent appeared on the screen.

Thereafter, the searcher was referred to a new-tople page which

permitted access to-.one of several higher—level or lateral menu pages, @

N

Xeyworxd seénﬁh procedure’ . . o i .

The first nga aisplayed~upon iuiiiatiﬁé a keyword search qas‘a
26-fold breakdown of ‘the alphabet. (See Appendix C for an example.) The

user 'then selected the alphabetic range which was‘belieﬁed to contain

Y

thé search térm.j Thls resulted in an alphabetlcal 1isting of all ’

indexing termg in the chosen range whlch had been authorized for the

database; ~if morE‘tpan one page was requlred to llst_the terms in the

selected range, ingofmation to that effect and keying. instructions were

shown at the bottom of the page; If the desired term or & variant was

»

not listed, the searcher had to back .up and try a‘syhonym or some ‘other
entry term. Otherwise, selection of an authorized keyword resulted in a
display of the titles of all relevant documents, the title of each

document paired with its directly accessible page number. Although the

keyword syétem was fuily integrated wigh‘the hierarchical structure,
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thereby saving the space which would otherwise be required for a
parallel database, entry tdtthe~hierarchy occured oﬁ1§ at the bottom 350 .
. that the search.procedures were ﬁﬁnctionally Lndependent.' Browsing and
Exiting, bowevef, were effected‘in th&®ame way as in the hiegarchical

‘system.

v . M N -

Apparatus and Ianstrumentation - LT

»

The computer~used to hostdthe calenﬁer information system aQA to
.reeerd performance measures on—iine was. an LSI 11/23 processoxr wich 256 . ~x5
Kilobytes of memory and with” 8,8 Megabytes of ‘storage available on a
fixed high-speed Winchester disk. Three Visual 30 terminals, supported
by the RT-ll and TSX-Plua cime—shaxing operating system, were available

for individual or concurrent subject expetimentation.‘ ‘Certain keyboaxd

modifications were made to emulate keypad~only videotex" systems. These

‘included: 'i » e “ . KO - k o Y

-~

(i)t coveri;g:the keyboatd‘proper, the DELETE key\exéepted with a
: fibreboard shield so that only the keypad and DELETE key were
. available for subject uge; the cover also displayed a. reminder
- ‘ that the experimental convention for indicating retrieval
. o

 _successes was HIT ENTER while ‘that for terminating a search

waé‘“9SvENTER".

2> redefining and labelling certain non-numerical keys on the

keypad with the gpecific funqtiehs which they performed, i.e.

H}

.o . . A
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HELP — té access the HELP page,~HII — Lo ré§0r§ 4 retrieval

. * -

success.

. o *
R

‘\. The essential work of acceésing the database, displaying pageé at ‘_"_ gﬁ !
the termlnal monltoring usetr input and collecting performance data was ’
‘accompllshed by a FORTRAN prigram. Each page, whether an indexing page‘
or an information page was, stored 1n a unique file oun the- Ninchester
disk, thus allowing for rapid access and’ ﬁﬂ&lvidnal page modlfication
and‘editing when required. Typically, each file cantained the
{nformation to be disPIayed‘idr fhe.USer and the list of authorigéﬁ
responses for‘that page. For each au;hotizeé respounse there was also a
cofrespon»ding‘page m;mber t{o* link the us_t—:r“'s entry to the next pageh

Y

<(file) to be retrieved. ) . R

’

vy "~ Performance measureh:wefe collected on-line in a data file which - P

consigted of a log of all transactions betweén each subjecy. and the -

information system. Specific items included were: a

pages accessed; a record of the number of error messages displayed on

//// . “any one page; a record of the elapsed time on each indexing or

inforﬁation page; a record of the elapsed syétem'time between pages; a
record of all data—entries, including information HITS, made on any
.page; .and 2 tecord of the corresponding problém nuanber fo;ueach data

line.

The questionnaire shown in Appendix D was used to identify sﬁbject
{h.

characteristics of intetesﬁ”

1l.e. age, gender, handedness, academic

.
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major, andblevel of éxpérieqce with 1nter$ctiv§ systems. Attitudes
toward;videgtex, both pretest and post—test, were measdred by a
four-item scale (see Appendix E) which~permitted the subject to
\categérizé his/her reaction to‘adch of a variety of’hypochetical

 videotex applications as (1) Uniavourable, (2) Udsure or uno opinion, or

s
.

‘(3) Favourablg. The scale used to measure and differentiate subjects \:
according to. verbal ability was the I@eational Fluency (Fi) test from
_the Comprehensivé AbiliﬁiiBaﬁtéry publiéhed‘bg the Institute for
Personality and Ability Tescing The scalekused to measure subiebt
differences in spatial memory was Educational Testing Service's test of

" Building Mamory (Mv=2). The psychometric characteristicswof these tests“

are glfown 'in Table é- Subjective ratings ‘of ‘the search proeeduxe used

N

were’ measured pn_teﬁ, 7fpoint Likett-cype scales {(see Appendix F)

Pilot s'tudz\
o . R
Pilot research with a groubiof 12 student volunteers was condﬁcted
fo} the~phrpos§3‘of debugging experi@ent;i procédures and ldentifying
"any major str;cturgl flaws (2.g. category ambiguity} o£ omissiéns (e.g-
obvious keywords) in the informatiom system. With regard to search
stratégies a30p£ed by‘suﬁjecta in‘tﬂe two search conditions, informal
prototol.analysis‘revééled that, in the hierarchical condition, subjects
left to thelr own.devices usually selectéd term;‘that werea Opfimally '
compatible with the.hiararchic;l indax,‘ﬁhat is, broad rerms; but, in
the keyword couditiﬁn, éubjects tended to generate search terms that

-

were far from optimal with respect £o the highly specific keyword index,



TABLE "2 e

Reliability and validity‘esiimates .

-

for tests of spatial memory and idedtional fluency

. Split~half Factorial
Test reliabijity validity
Building Memory .83 -

.78 - .8k .88

Ideaﬁiongl Fluency -

e

Lk B, t,
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thatiis, they too selected broad terms; Consequently, experimental
instructions aﬁd example problemg were modified to m;ke explicit the
most appropriate strategy for the search nethod being -used: ‘ih the case
of a gierarchical search, the se}ectiou of a broad search term; and, in
the case oé a‘keywo}d search, tﬁe generation of a narrow search tarm.
éﬁbseﬁuent 1nspéctioﬁ of the pilot data suggested that this interventilon

© may have been a factor in the reduction of sgearch times and pages

accesged in the keyword conaition‘by as much as 562.,

Search tasgks in the pilo; étﬁdy were a mixture'of unipartite and

‘ multiparg}te solvable problema, but several Subjects s;ated chac they
‘were uynsure ag to whether they were supposed to look for one page of
information or more thap one page. K To correct thf@ ambiguity, the
phrasing of search ta;ks wasg stan&ardized as follows: unipartite tasks
all began with the phrase "Find the page”, whereas multipartite tasks
‘began wiﬁh the phrase fFind as @any péges as you can;" With regard to
_the content of search ﬁasks, carebwas taken to~avoid~excl§ding
information thch'mighi be disadvantageous to one searcﬁ méthod simply
because of gaps in the general knowladge of th;‘Subject: For example,
rather than .stating a task 15 the form, "Find askmany pageé as you can
that describe courses on Immanuel Kant”, the problem was writtea "Find
as many pages as you can that describe courses oun the philosophy of
Immanuel Kapt": While the keyword searcher vould not benefit from the
extra information if "Kant™ were the search term, the hievarchical
gearcher would‘no; know where to begin if he/she‘did not know thar Rant

was a philosopher.



The protbtype rating instrument was a 5-point stale on which

v

sub jects were required to indicate their degree of satisfaction with

*

each performance dimension. Pilot ratings reflected negligible
-variability. In both conditiouns, pérformance’dimensions were rated
either as satisféctory or very satisfaéﬁory; no differentiation was

evident between conditions. While the most appropriate solutien in

‘

endeavouring to obtain a more discriminating measure of user

- satisfaction would havé been tq make-Searcb‘Mephod é within—subjeccsA

-

factor in tﬁe reaearch‘geéign, this éption was impracticable. As a
comp;omisé, an attémyt was madejib imprgyaétha’sénsitiﬁiiy of the fating
ingtrument by incrééging-tge rgéing levels from five to.seven agd by.
anchoriag the~ievels with behavioural deacrip&ofs. 3 '

The final iteq of interest tb emerge frbm'tﬁe‘pilot study was that
gsearch. time was highly corﬁelated wiéhvthe number of pages.accessgd, r =
f.90;:2‘2 lOl. ‘Althodgﬁ not goi;llyrungxpec;ed, this resuit did suggest

~

that one meagure was highly redundant. . :

Experimental Design

The model selected for this research was a two-factor mixed design
with Seargh Method serving as the between—-subjects factor and Search
Task as the within-subjects factor. There were two levels of gearzh

procedute‘jhierarchical and'kéyword) and three levels of search task

(unipartite-solution, mu;tipartite~solut{ob, unsolvable).

»

v
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Subjeéts

W;th academic cr?ditkoffered as an incentive for participation, 42
subjects (27.m§le, 15 feﬁale) were recruited from the Introductory
Psychology clébses at Saint Mary's University. The academic majors of
-the participating studentq Tepresented a crosa-seccion of the N
‘University s Faculties and ptograms. Ages in the sample ranged from 17
to 29 with a mean of about 20.. About half of the students had

a{gnifinaﬁt\prior computer axpefience that is, at least one course in

‘a
either programming or some other computer application. Only two

:

" students had been exposed fo videotex. All_students had previous

»
B

experience in using‘the print ‘version of the Univerhity's acadeﬁic~

calandar. The distribution of Subject charactariatics on these and

N

other, variables of interest is summarizad in Table 3.

Subjects were randomly assigned ‘to either a hierarchical or keyword

kk seatch_condision but actempted all three kinds of search task.
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TABLE 8

Subject—-group composition
according to pre~measures

33

Computer . -

experience  Gender Handed ; b
Group Age » Spatiala Fluency

Y N M F L R score score
Hierarchy®  19.4 11 10 13°8 '3 18 15.3. 48.6
) e - \ ) ‘ K\H})
Keyword 20,3, 9 12 14 7 3 18 17.5 . 48.6 -
Combined 19.9 27 15 ‘36 16.4 48.56

20 .22

-6

8 paw scores out of a maximum of 24,

e n = 21..

Percentile scores.

(T RSP
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Procedure
bt ot

" Figure 1 schematically illustrates the major steps in the

B

'experimencél plan.

Pretast

)

Prior to the experimemtal"session, the general nature of the

experiment and the phases involved were explained to subjects. They

subsequently completed a backgrcund-information sheet, prgtest attitude

questionnaire, and tegts of spatial memory and ideational fluency.

IS

N

Experimental session

"Ingtructions com;.erhing the "operation of the information system and

the requireméents of. the nqtrievai tasks were read to subjecfs {see

i o . . )
Appéndix G). Each sybject was (1) familiarized with the keypad, {2y

\guided through a practice retrieval problem designed to illustrate the

*Tuse of all function keys; and (3) given a practice retrieval prablam.

As recommended by Cuff (1979), the underlying intent of instruction was
to impart a.con{;e’ptual model of the -search strategy appropriate to the
aaéigned retrieval method, and to give each Qubjecc incremental hands-~on

-

experienge éith the procedural aspects of informati&n retrieval,

N

Subjects attempted a battery of 20 infprmation—rétrieVal problems,

conglsting of eight solvable unipartite tasks, e;ght solivable.



HIERARCHICAL GROUP
(4). :

Instruct subjects
in sygtem operation
and search procedure

)

Administer battery
,0f search tasks

° FIGURE 1

Outline of experimental plan

L)

Collect background data and
pre-test videotex attitudes

(2)

‘Measure spatial memory
and ideational fluency

(3)

Randomly assign subjects
to search method -

I €3 B

Measgure performance

()

Post-test videotex attitudes.

-

(8)

thain.raéings
of search method used

41

> 1

" KEYWORD GRoUP
(%)

Instruct subjects
in system operation
and search procedure

:‘(\5)‘

Administer battery
of search tasks

-

6)

Measure performance

Nz

e
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multipartite tasks, and four unsolvabie unipartite tasks; ‘Ehe order of
probiem presentatiou was randomized for each subject. For each problem,
subjegts we?e required to locate and display the information document
and page in the database which contained the apgwer to the question
posed. In the case of problems for which several documents wera
necessary to suppi} a completé aolutién, éubjbcts were required to
\1ocat¢ and displgy as many as ‘they were willing and able to find. Once
having found a target page, subjects were required to record a "HIT".on
that page with the key designated for that purpose. éeafch taéks\were
structurally 1ndependent of each other in as much as each search began‘
on the root page of the information system and no task could be
‘Te—attempted once a new search was under way. Problémg‘yere presented,
one at a time, on index cards. This ;;rangément‘was deemed preferable’

to ou-line préblem presentation, which raised the possibility of

. confounding performance variability with short-term memory effects.

The collection of performance data began as soon as the subject
entered the first problem number with the appropriéte keystrokes. For
the pﬁrposes.of analysis, however, relevant data were deémed to begin at

the poini in‘each problem at yhicﬁ the first considered choice had to be

ey . . .
I3

made. In the hierarchical-éohditiou}\Fh;s was oun the page which listed
the genefal 1nformat;6n categories. In the keyword condition, th;s‘was
ou the page displéying;thé 26-fold breakdown of the‘alphaﬁeF. The
“reason for this procedure was that some subjects in the pilloc study-
automatically keyediin the start of a search before reading the task

statement, whereag others first read the task statement, deliberated for
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v

. »
a few moments, and then keyed in the start-up sequence for a search.

Eliminating these preliminary ele@ents from the calculations of search
time helped standardize this measure. \
. ’ N ,3

When the subject believed that the ouly or last target information
page fq; a particular problem had been found, he/she was required to key
"98 ENTER™. This command terminaied‘the current search'tagk, prompted
the:subject to enter the number of the next sear&h task,‘and cued the
computer to display the root page of the information system. Problem
termination for the purté’e of data analysis was coincidental with the

"38 ENTER™ coumand. -
~ Post~-test oo : R ot

Afte; finisﬁing the 70 gearch tasks, subjects were requested ro
complete the videotex-applications questionnaire and to rate the search
method used. They were then debriefed in general terms as to the nature

“of the research hypotheses.

'™
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RESULTS AND DISCUSSIGN

-;

Vverview

With varying degrees of-qualification ngcessary,'it‘can be asserted

that most of the research hypotheses formulated prior to chis‘experimént

" were supported' by the empirical outcowres.

Hypotheses 1 and 2
4 .

When considered without regard to the nature of the éear;h task,
the keyword s&stem demonstrated general‘éuperiority in vetrieving a
greater quantity of relevant inﬁdrmation, but failed-tokproddcé résult;
which were sigpificantly different from the hierarchicgl éjgyem_in other
catagories of performance. In-the numberfof‘pages accessed, search
time, ;nd time pef pagé, there were.no overall differences. Hﬂv;ver;k
wﬁen search mechoda‘were compared in the contexg of differént kinds of
search‘taaks;_distinct perfor&ance differences materialized in the data.
In the solvable unipartite qnd~multipar§ite problemé? the ?éyword system1
not only scored more retrieval successes, but also required .
significantly fewer pages ané less time to find this g;eater quan;ity‘of
information. ITu the un§0;Vable problems, the pattern was reverséd. ‘In\
this instanée, 1t was the the hierarchical system which performed.
better, taking‘considerably fewer pages aund less time to confirm tﬁe

non=-existence of target informatiou.
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Hypothesis 3

i

i

N \"N‘_S )
Both spatial memory and ideatiounal fluency were foumd.to correlate
moderately with performance measures. In the hierarchical condiiiou;
, o N

spatial memory was found to correlate positively with rerrieval

succeases and pages accessed., In the keywérd conditi{m,‘ideattonal~

: fiuency correlated négatively with ﬁages accegsed.

Rypothesas 4 and 5 .
" Both search ‘methods ware rated positively across performance )

dimensions; but no appreciable difference was evideng‘betﬁeen methods.
. T a .

v

There wasz an improvement in attitude measures at post—teét; but
increased favourability was confined to the application actually

experienced by subjects and did not generalize to other hyﬁotheticsl

‘applications. Nevertheless, iq;fial attitudeg toward videotex wers

S

" markedly favograble and were independent of bogi gender and computer

!

N

-§5!rch Performance

)

The data dsed‘$n all performance-variable snalyses were the

) untraﬁsforﬁad mean scores obtained by eéch subject in gach of the three

»

kinds of search task. Thera were, in other wo;ds,\three scores per.

dependent variable for each subject;. retrieval success was an exception

with two wmean scores, for the two kinds of solvable tagks.

“3
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’Hultivéniate ahéiysi; oflvariance was used to test for significant

différences among petfﬁrmaﬁce Qeasures. Bécause Box's test of the -
homogeneity of Yarianée‘covariancaiqatrices was highly significqnt,

r\\\_j . subsequent univariate F-ratio iﬁsts*involvipg‘thg withip—subjgcté factor
) wera stringently evaluatéd using the Gfeenhousarceisse; correctgon to ‘
deg;ées 6f ffeedom: Violation of the compound—symmetry assumption algo’
requireq in the Bonferronf comparisous of pairs of .means that the
standard—errgr term used in’ Fomparisons 1nyolving the W1thin-3ubject§
factor be~de£iyed»from the difféfenée scores sf the péir gf conditiéns

" concerned. . o

.Multivariéte‘anaiyses for main gffects‘and intéractions in the»
combineé Aat; from_so;vasle7and unaglvabie ﬁrqblems {Ta?le 11,~A?ggndix
i) ylelded highly sighlficant F-ratios for Search Mathod, S;a:r-;h Task,

. and afﬂgthod.#:fask 1ntgraé;1;p. )
i Univgriaﬁgjtasts~of ééarch-Meihod éffecﬁs (Table .12, Aﬁpgnéix ")
w \ . 'shéwed the keyword .vsyate.m to hav;e“been mﬁre sx;cééasful in‘ finding .
| relevant iqfermation than the hierarchy, ¥ (1 40) = 17 88 2_( .001 in\
.the keyword condi:ion subjects found an average of 1.53 targec pages as’
: opposed to 1.12 in the hierarchical condition, or about 371 more
televagp>information. There were no significant differences in the
» ocher‘pérforman%f variables.

The very large FP~ratios generaked‘by the univariate tesis of Search.

Task effects confirmed major differences in the demand:characégristics

- ) * s . »
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of each type df\retrieval probiem fTable 13,\Appe€d1£ ﬁ). Even yhen
degrees‘of freedom were drasticaily reduced to‘correct for heterogeneity
of variance—covariancé, effects acrkoss variables wgre highly |
significant: , for retrieval s\‘uccésse's, _I-_“;(};,A(‘).) = 222.85, p < .001; for
pages‘accesséﬁ, z_(L,QO) - ﬁé:lS, 2;( .601; .fér se;rch time, F (1,40) =

43.39, p < .001; and for time per page, F (1,40) = 9.81,"p < .005.

Comparisons between pairs of Search Task means using tgé Bonferroni
Eftést (Tabié\IS, Appendix H) showéd that more rgle;ant inform#nion was .
retrieved 1}\‘ the multipartite search tasks (1.89 pages) ith\an in
bniﬁgrtité‘tasks~(.76‘pdgés), £ (505 = 14:30, B~< 0L, _éorrespondinély,
Amuitipartite\iasks;consu;ed 63X mote‘éagea (L8:35) tgan‘unipartite tasks
‘(11.26)~',,_c_ (40) = 8.64, p < .01, a{@ took almost twice as it;n\g to
complete (201 sécosds versus 115), £ (40) = 10.04, p < .OL. Whilé‘
unsolvable ta;ks c&nsumgd,.in\turn, more péges tgan muliipgrtice ggskgw‘:”
t2§.58 pages versus 18.35), t (40). = 2.82,’£_< .OS, this difference was
not m;tchéd to any significant extent by longer search timés (209
i seéo‘ndé‘versug 201). " Time per page, on the other hand, ‘wé;s
signifiéantl} lower in‘un§olvéb1e problems (5.61*éeconds} thaa in
multipartite tasks (10.98, seconds), & (40) = ~4.26, p ¢ .01. In sum
then, ;nsolvab;e problema geperally démanded Qhe noBt éffoft of
searéhers ;nd solv#blé unipartite tasks thé least. Solvabie‘
‘n_mlt‘ipar'titg probleﬁs ‘fell‘ somewhere' in b;gtveéq, deman;iing a
cousideréﬁle amount of search effort bﬁt also raturning the‘lafge#t

quantity of relevant information on~;he‘extra investment.

e
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begrées of»fréedom in the univariate tests for Meihod x Task
interactioﬁs (Table»i&, Appegdix ﬁ) werekélso ad justad hy the
Greenhouse-Geisser correction. Even so, F-ratios maintained respectable
. levels of significaﬁce: for‘recrievgl SUCC&SSQS; F (1,40) = 5.33, p ¢
.05; for total pages accessed, g_(l,&é) = 18.70, p < .001;. and for
search times, F (1,640) = iS.LB,.g < .001. “1, SN

Subsequenﬁ contrasts of pair§ of Mechgq x ?%sk‘mepns_by the
Bonferrohi procedure'($abl; 15, Appendix H) were limited to those
betwean Seaféh Methods and within each ;evé?‘of Search Task. ' As
summﬁiized in fabl;‘&’and illustfated‘in ?igure 2, the Elyvord system
sébréd Qore_hiﬁs than the hierarchical system in -both the uniparticeA;P
.taské'gnd the multipartite tasks. Ouly 1h thé multipartite cond@tibn
was the dﬁfference (2.18 p§3es.Versus 1.59 pages) significant,f&_(&O) =
\3.52;:2 < .61 " — a result which suggests a kind of "increasing

7 . . . .
returns” effect. Means for the total number of pages accessed are shown

©inm Table T search times appear

5 .and plotted in Figure 3., The meauns
1n‘Table 6.and Figure 4. As guggested By these{iata.summaries thOugb,;
differences are prébably best discussed in the contexts of solvable and

‘unsolvable problems.

with reference to solvable problemp'first of ali, kéyword ratrigval
was more economical than hierarchical retrieval in both wnipartite and
mﬁltipartite tasks. In unipartite tasks, the keyword system required

342 fewer pages (8.95 versus 13.57) to find target Iinformation, E‘(SO) »

2.60, p € .05." In multipa®tite tasks, 19% féwer pages were required by
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TABLE 4

Target pageé successfully retrieved:
means and standard deviations (in parentheses)

by . =
) . Search task
Search method . = - -  Marginal’
o ; Unipartite . "Multipartite : means
Lo Hierarchy b4 0 1.59 - 112
S i S (-14) (.58) (.34)
Keyword .88 2.8 - 1.53
(.17) (.51) | T(.30)
Marginal means 76 . LT 1.88.
i ‘ | a9y - L (62) )
]
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FIGURE 2

Mean number of retrieval successes as a function of search task.
‘Vertlcal barq represent 95% crmfidence intervals.
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TABLE 5

Total pages accessed:

- 51

Ay .
means and standard deviatlons (in parentheses)
. ‘“ . Search task
Seaych method - - - Marginal
Unipartite Multipartite  Unsolvable: - means
" Hierarchy 13.57. 20.24 18.73 17.52
L L (4.01) . (5.84) (7.81) (4.34)
Keyword 8.95  16.45 27.82 17.74
: (2.94) (4.72) (10.58) (4.65)
Marginal means = . 11.26 ©18.35 23,28
(4.19)° - (5.59) - (10.27)
‘f
¥
g N
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 FIGURE 3

Mean number of pages accessed as a function of search task.
Vertical bars represent 95% confidence intervals.
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s ' TABLE .6
‘ Search times {seconds):
means and. standard deviaticns (in pareqtheses)
See{rch‘nask
Search method = Marginal
- T Unipartite = Multipartirte Unsolvable . means .
Hierarchy . 140.13 . 230,91 T 187.46 . 186.17
(48.85) . {73.63) {79.02) (49.861)
Reyword 89,35 '170.42 231.05 163.61

(34.31) - (63.35) (67.96) (44.35)

w7 7. " Marginal means  114.74 ©  200.66 °209.26
- C Y (48.98) (74043) T (76.06)




FIGURE 4

Mean search times as a function of search task.
Vertical bars represent 95X confidence juteyvals.
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keyvord retrieval (16.45 versus 20.24); but this difference was ndt
statistically significant. The keyword gystem was also faster #hanvthe
hierarchical: 351 seconds faster in the unipartite tasks (89 seéonds o
\vgr§qs 140), t (80) = 3.20, p < .0l; and 61 seconds faster in thé

multipartite tasks (170 secouds versus 231), t (80) = 3.81, 2:< N

B

4”“

When .unsolvable problems were considered fndepéndently of the
others, the relati;e'stahéingskof the two gearch mechods‘unéérwent a
dramatic turnabout. In these tasks, the hierarchical searches used-dk
332 fewer pages than keyword gearches (18. 73 versus 27.82), t (80) usJ

A1, p </.Ol, and were completed about 44 seconds faster on qhe ‘

- average (187 seconds versus 231), E_(SQ) - -2.75, p < .05,

N

A

While che'ove¥all F-test did}not show any significant differenceé.
in vime per page -due to Mechod x»Tapk effgcts, Téble 7 ahd Figure 5
réégji;a pattern of relationships that %s sufficiently regular to
jusiify a few‘comments. "As the.sgarch task became more éomﬁlei,
unipartite to multipartite, the average time per page increaaeqiﬁ;om
10.22 secouds to’ 10.98 seconds. As the search -task consumed even more
pages in'the ungolvable prob}ema; not only did the average timé‘p;r.page
drop in both the hierarchical and keyword conditfons (to 10.45 and 8.77
secggds respectivgly), bﬁt the gspeed gap between se;rch methods widened.

When solvable ﬁroblems were Sugj&cted‘to a separate analysis,

multivariate tests of significance (Table 16, Appendix H) again showed

main effects for Search Hethod {F (4 37) = 10.35, 2_( .001] and Search



Time péi‘ page (seconds):

;!‘ABLE 7

{

means and standard deviations {in parentheses)

56

Search task

Search method’ - : - Mafginal>
o ' Unipartite Multipartite Unsolvable means
‘Hierarchy 10.34 11.32 10.45 10.77
B C C{1.79) {2.50) (2.67) (2.06)°
Keyword: 10.0% ° 10.44 8.77 9.77
: (3f03)\ {2.67) {2.24) (2.39)
Marginal means’ -10.22. 10.98 9.61
(2.46) - (2.61) {2.58)
[
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(Table 8) did not reflect: the order of extrattion. i

Task [F (4,37) = 66.51, p < 2001}, but did not indicate any interaction.

Subsequent univariate tests fdy §earch~Method effects (Table 17,

‘»* N

Appendix H) generally Lbufirmed\ﬁﬁe intevaction results ObserVed in the
combined data namely, showing thﬁ #eyword system superior on three out
of four performance measures. As kreviously noted the keyword system
retr;eved more relevant information gnd Fas more efficient in so doing.
On the average, kejword gsearches ia Qolv;fle problems required 25% fewer
pages {(12.70 versus 16. 91) F (1,40) = l 22 R < .01, and were 30%
faster (130 seconds versus 186), F (1 40) = 13.17, p < .0l. Differences

due to Search~Task characteristics (Table 18, Appendix H) were ideatical

‘with those reported_aboVé”except that Efratios tended to be larger.

»

3

As an aid in ildentifying the most distinéuishing characteristics of

hierarchical and keyword retrieval and as a test of the redundancy of

performance measures, both two-group (Search Method) and six—éroup
(Method x Task) stepwise discriminaunt analyses were carried out on the
total data set. 1In both-cases, the réiative discriminating power of -the

Variables, as reflected in their order of éxtraction was identical:

Tetrieval success followed by pages ‘accegsed and search time, In the

two—group ‘analysis, no one variable had by itself significant

discriminating gower, 8o that loadings on the single resulting function

As the classification results indicate, the derived linear
composites were not particularly accurate in differsntisting group

mesbership: "66.7% of the cases correctly élassified in the two-group
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TABLE 8
Standardized coefficients and classification results
N : for discriminant models
4
: Caﬁonical_ " Classification. Variables " Standardized
~ Analysig’ correlation - acguracy included , coefficients
Two-group
Fanction 1 .34 66.7% Bits™ ' 71
‘ - Pages 1.46
Search time -1.60
Six-group "
‘Function 1 .93 72.2% Hits . 1.00
~ o : Pages =428
Search rime 01
~ 7
Function 2 .66 Hits BiY
: Pages . .64
L4l

Search time

=3

)

i g e



- Hierarchical Retrieval or Keywgrd Retrieval?

" performance in solvable search tasks while, gontrary to rexpectations,

analysis and~72.22‘1n the ‘six-group analysis. . Nevertheless, the’

six-group analysis did producg éome*useful information; The first

dlscriminaut function was heavily loaded with the rqull weagsure, hits,

vwhile the second function was 1oaded with measures of retrieval effort

pages accessed aud search time. Thus, fram che scatterplot 1n Figure [

-

it can be seen thac groups dn, ox closest co, the 1ower rlght quadrant

(keyword~unipartitE‘and'keyword—multipattite)'represent the most recal;.

*with the least effort ‘while the grdub in the “upper left qhadrant

eyword—unsolvable) represents the 1east recall with the most effort.

This i}lustrates,«quite 1iterally,‘the cqmbined effects Qf the Mgthpd x

Task ;nﬁeraction described above.

~Simple‘corre1ations among de§Endent“méésurés showed that\the numbey

of pages accessed was posicively correlated with search time in both

_. search condicions (hierarchical L= +.73' keyword xr = *, 58) Notably,

these assoclatfons were substantially weaker than the correlation of

+ 90 - found in pilot %esearch. The on1y~other sizeable correlation'was

'between pages accessed and retrieval success (x = 4, 60), ‘this 1n the

.

.

hierarchical data set. .

S

w N
o

As. the results have shown, there are'real and substantial

differences between hierarchical retrieval and keyword retrieval in

videoﬁex. Specifically, the_keywofd s§écem demonstrated superior

*

B ok e AR g
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© represent the least effective combinations.
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FIGURE 6 ‘ i

Scat;érplot resulﬁing from discri&inant analysis of

<

Jpérfdrmance data grouped~éCCOrdihg_to}Searbh Meéhod and

Search Tasg.“rﬁe gorizoutal‘axig represents Canonical
Discriminant Function 1, which 1s heavily loaded with the
measure oflrécall, ¥g§§§m§ti°n ﬁics (aée~Table'8)% The
vertical ;xié‘rgpreseﬁis:Canonical Diécriminant Function 2,
which is heavily iOaded with measures of éearch effort, :
pages accessgd aﬁ& search time. Observations in thé idwer\

right quadrantjare indicaxive‘of‘high_recall with lictle

s Tepresent the most effective combinations of

v

gsearch methodiand retrieval task. Observatiouns in the'upper‘

left quadrant signify low recall and much work, and

HARE Lot b s ot
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the hierarchical performed‘&ore efficiently when Eargetiinformation was
not actually preseat in thé d;tabése. Although it mgght be tempting to
argue that the overall trend favours keyword retrieval angd that the
results in the unsoivable problems might-be chance ;anomalies, the
differgnces in the laﬁter case are too large and too cogsistent to
support such a conténtion {see Figure 79.‘ There are, in re;rospecﬁ
moreover,)soﬁnd‘reasons f&r the hierarchy's batter showing‘in unsoiyable
tasks. .

If we accept the book model of indexing put forward by Thomas and
;Schabas (1981), accordiﬁg to which the. hieraxghical 1ndex functions as a
‘table of contenés and the keyWOrd directory as a back-of-the-book index,

then .one chief advantage of ‘the hierarchy becomés apparent A reading

of the menu of information categorigs aud category descriptors at the

top of the hierarchy quickly establishes for the user rough guidelines

as to the size, shape Boundaries, and content domains of the database.

In the keyyord directory on“;he otyet hand, this kind of

?eéa—ipfOtmatioq dées not seem ;o ;ome as easily. The keyw;rq direébojy l
does ndt, after all, have any kind of gross\structure;" 4t is, column.j \
after coiumn; a parade‘of detail. ‘Thus, at the bekinning of any ﬁearch,
‘the hiararchy user can logically eliminate from consideration those "
portions of the database which are unlikely to contain the target
information and, concﬁrrgntly, limit his/her exploration ‘to the tnu:)sgt
promisiang catagories. Naturally, disconfirmation in unsolvable search
tasks will be’ rel#t"ively» fast when the range of the search ‘ls\ 30
redpced. The keyw&rd u;er,‘meanwhile, isAalﬁnys obli@ea‘to deal with

~
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FIGURE 7

Sumxhary comparison of search-method fperformance
characteristics in unsolvable p@ﬁblems
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the entire‘aatabase, the boundaries of which‘are probably unknéun oY
else sopewhat\fuzzy, and, if unsuccessful with the first search térm,
mugt try some variant or new term qnéil, having éxhagsted his/hér
patience or ingenuity,‘the chase is given up. But even after‘extgnsiye
seafching,‘chg‘keiwordnuéer';till éannot be enﬁirély confident that ‘the
‘déficig i3~in tﬁe‘QatpSQSé and not.in his/he; ability to gen;fate~the“

¥

right keyword, |

Since th; kejwopd’direc:ory runs a distant second to hierarchical
indéxiﬂg in~un$olvable‘problems, it segms'gppropgiateito:ask i1f keyword
re;rigval prdvides offsetting beneiit§ in btherfiindsiof gearch task;.
bpoq comparing the performan;e.ofvthe two gsearch methods in solvable
.prbblems, it ‘may have heen noted that the differences were not
symmetrical from unipartite to multipartite tasks. Ouly in search‘tiﬁe
did keyword retrieval prove to be consistently better. ’Otﬁerwise‘ in 
unipartite tasks, the kayword system retrieved about. the same amount of

information 1n‘§ignificantly fewer pages while, in multipartite tasks,

- it retrieved significantly more information in about the same number of

» h

pages . Aiihough the grapﬁical represéntatiéns of these relationships
(Figures 8 and 9) show a convincingly consistent performance spread Tt

-would be more satiafying 1f the numerical pattern could be made as tidy.

One way to do this is to\cglculate the cost in system pages and time for

a unit item of infomationfhe resulting ratios show that, in -
unipartite taska, one page of information obtained by Qeyword retrieval

coaﬁa 10 pages or tQ{‘seconds and, by hieraréhical rétrieval, 21 pages

Adr 218 seconds. In multipartite tasks, one page of information

-«

s
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" ~retrieved by the keyword jindex costs 7.5 pages or 78 seconds and, by the

hierarchical index;, 12.7 pages or 145 seconds. A simple and consistent
rélatiouship is immediately evident. To retrieve a given quantity of

Al N
informatioa, regardiesg.of the type of task, it takes half as many paggé\
and half ;s long by k;yvord as it does by hierarchical retrieval. This
is equivalent to a 50 improvement in search efficiency, which is more
‘Chaﬁ adequaie compensation for the weaknesses noted in the unsolvable

problems. 'An incidental point of note is yghat the ‘cost for an item of

information, in pages accesged or search time, can be reduced by 1/4 to

~ 1/3, regardless of search procedure, if more.than ome item is targeted

. &>
during each search. :

a

Information-Processing Demands® -

Another facet of sea:ﬁh’perfdrmance ﬁhich\mefits some attéﬁpt at an
éxpianagioh concerns the‘findiﬁg\tﬁat t%g average éime speﬁt per pége,
in bo;h search conditions, increased as the gearch task became mdrg
fcgmplex but declined significantly in‘long, Qnsolvable tésgs. This is

ilogically sensiblg. As a problem increases in dimensionality, more
i : - :

E‘igformgpion processing by the searcher ié\necessary.ou\eacﬁ page; there
_are, gquite gimply, more options to evaluate. Thus multipartite tasks

show an increment in.time per page .over unipartite tasks. But, after

)

extensive and unauccéssfulfsgarching, as the suspicion gets strooger
that the target information may not in fact be in the database, the mode
of infornatioqiprocessing probably shifta from.re}atively slow, carsful

scénning to very rapid sdanningfaf the video display. Conseguently,

Jpo—.
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uﬁaplvablé tasks show a decrement in time per page when compared to
multipartite tasks. ‘
. . \‘
Besides these imformation-processing similarities betweén search
methods, there appear to bé qualitative differences as well. For
‘;nstance, tha differen;e i§ time per page between search ﬁethéds rose
from .25 seconds to about 1 second to almost 2 seconds as the task
‘required more pages and time. Hhiié this bétween—gro;pg difference was
not statistically significant, presumably becauge of low power it did
have practical conaequences in the unaolvable tasks' aithOugh keyword
retrieval took some 50% more pages,‘this-large pageﬁdifferentiél was
offset-in\the~segrch*fime differeniial by the ability of kg&w;rd
seafchérs to traverse the extra pégeé at a féster‘rate. ‘Leérning
effects can be ruled out ag‘an explaaatiéh since the order of brpblegs
was completely randomized for each subject. Wh§ this difference “
‘appeared probably has something to de with the. unique A
infarmation-propessing demands of each search method. In tbé
hiérérchical prbaedure, the‘sear;her begins with a concept and scansxh‘
successive manus of xandomlz ordered terms looking for a semantic macah.
In the keyWord procedure, by way of contrast, theAsearcher generate§ a
term and scans successive menus of alphaberically ordered terma looking

7

for a tzgograghica match. Thua it qeems reasopable ;o assume that, lon

‘indexing‘pagee there Gill be a swall cime-differential between
scanning/intarpteting/comparing in an unstructured list of category
terms and simple scanning/comparing in ‘a struntured list of keywords.

Bgt in 1ong searcheg, which typigalxgkincreage the“number pf indexing

N r . . RN N
) .



pages accessed, the cumulative effect of this information-processing
difference will be detectable as a diffevential in time per page; hence

tﬁg apparent sgpread between search methods in mul tipartite problems and

unsolvable problems.

B N
i

Search Performance and Subject Characteristics

Performance variables which survived stepwise discriminant anglysis
were groupéd with measures. of subject chérécterist@ta in a‘series of
canénipalicortelationé and st&éwise multiplé regressiousifor tgé
pufposes of determ;ning Qhethar any relétionship"eiisted between seiect
subjecticharactetistics’Qnd the;éxgené to which ﬁgf%orﬁance could ba‘
predicted by adbjécc\measures; In these analyseé, pérformance measures.
‘wgre‘veigh§ed to reflect the pfoportionai-distribuii&ﬁ‘of‘the three ‘ .
"« kinds of search tasks in the original tast batferyt

Canonical-correlation analyses uere<pefformed on the total,
) ) . ) v : :
. . . ' . . - ’
" hierarchical, and keyword data sets of performance measures and the
subject characteristics of gender, age, level of computer experience;

gpatial-memory ability, 1dea£idnal fluency, and handedness. WNo ‘(

N

" -significant or-meaningful canonical variables emerged from these .

. analyses.

In the gtepwisé mulfiple regresgsions, each major @erforménce ;
. R L. ] B A /\
variable was paired in turn with the subject varlables. Regressions on

. =
the total data set (Table 9) ldentified spatial memory as a signifi;anc\ \\
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v

between subject variables and performance variables

N
~ang,

" TABLE 9

Significant correlations

»

70

-
. Data set Predictor Criterion  Pearson 5?(1) Adj 52(1) ‘\
' . : ~ ** N N
<i/ Total Spatial memory . Hits N ¥} 17.8 15.8
N . . . ‘:_f‘ \
~ - * RS .
Ideational fluency WPages -.31 9.8 7.6,
~ . N R ** N
Hierarchy  Spatial memory Rits . 58 34.0 30.5
»l N N " [ N
Spatial memory Pages S ahb 19.7 15.5
Keyword Ideational fluency Pages -.54 29.5 25.8 2]
. g
2 ( . .05 y ‘;
Rk k )

p < .01

.
By
3
1

WO LS

I e
-



positive correlate of retrieval succeas, or recall {x (&O} = +.42, p <

.01], and ideational fluency as a significant gegative correlate of

-

pages acceaséd, or work [r (40) = -.31, p < .05}}0*ﬁﬁan rggrésgions were
;subsequeﬁt;yrfun using the data set from each se;tcﬁ me£hod, the
\ » . resulting coefficients showed stroﬁéét:aséociéfioge. In these
| @ssoclations, furchermdre, each ability was tied to a particular seérghﬁ
method. As had Seen predicted, spatial memory scores correlatgd with
~.H ) ‘ ‘ ﬁ;egarchical peforménce} +.§8~with retrievai success (p < .0Ll) and'+;44
with the number of pages "acv.essed (p < .05). In the keyword condition,
‘by-way of conéraat it was ideational fluency which had bean predicted
as the more likely wediator of search performance and seores correlated:

. =.534 with the number of pages accessed (p < .05). Details of the

regresgion analyses are shown in -Tables 19-22, 'Appendix H.

&3

// ‘

Cgmgatibility of. Users and Retrieval Systems.

“?Can anyone use either retnieval system with relatively equal

»
N

.

Iﬁ;hierérchiéql searches, about 30X of the variability in retrieval -

sucsess and 15X of the vari#bility in pagea acceased cén‘bq accounted

‘;Q{‘. . «f .L‘g ﬁog;by a spa;ial-meﬁory factor. Thus, effectiveneés, or recall, geems
"to dégéﬁd{in part on the user's ability Co‘acquire‘an aﬁpropfiate\‘k

~
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spatial wodel, or map, of the information hierarchy and subsequently ¢
apply that knowledge in navigaéing the actual territorf» 1t is *
surprising- though to find the same ability positivqu correlated, even 5

1f weakly, with an index -of retrieval effort; the telatiocaship one

would expedt\in such é case would.be a negative one. But, in the
'ﬁier¢rchieal caée; fetrievél success was pogitivély correlated (r =
+.§0)‘with\pages accessed. Tbis unavoidable necesa;ty to work harder »'
. foi_oge\g‘rqwarés in .the hiéra%chical system éould be Eakén as a ' .;a
- testament to its 1nhérent rigidicy and‘intraétability.

-

In keyword searches about ZSZ of the variabilicy in pages accessed
;\ >

~ was accounted for bg 1deational ‘fluency. The negative corralation

. simply means that the relationship is what one§you1d expect'\ the moré» -
: fluent the searcher as a rule, the less work necessary. It'does not
follow however, that a gearcher with a conceptually richér vocabulary

© or one who 1s.givén to freef;seoéiating will finﬁ more‘;elevgnt )

‘ 1nfo;dat;oq.‘ Forfunatelj fér ;ﬂe user,.néi;hef effort nor f}uency
appear to be }ied to fééall in tﬁe kayﬁord‘system$ Ail thaﬁ ‘can be‘saié .

with any confidence is that a fluent individual might be slightly more-

efficient at the task.

N N N

. Ratings of Search Methods

- Sub ject ratings of the hierarchical retrieval system were

‘favourable on all ten dimensions but showed little variability from one

dimenaion to another, panging from an absolute_low of 4.3 to anigbsolute;



73
.

high of 5.9 across all 7-point scales.. Ratings of the -keyword system

\\ o were mouch the same, ranging ‘from 4.7 to 6.0. fa deterﬁine wﬁetﬁer

: - diffex‘ances in perfoman::e ’between search methcds ‘had been translated
into diffetences in su‘bje;tive evaluations, rating data were _tested“by
Hotelling s T2 statistic. The test showed no diffarenbes attributable‘
to the ~Search Hethod factor (Table 2& Ap'pendix H) and 30 blans for more )
T det‘ai‘].ed an‘alyseg had tp be’ \abandoned_. Othernds—e 5 ‘the anly item of note

to be extracted Erom; the raw scores was that subjects, found the

‘computerized version of tha academic calendar more: interesting and more’

R o ) ) efficient than_ the pr.int: version. . S .

. : : . . e ) ’ .,

) ‘ B ‘; : Subjeﬁt?uceptﬁns of the stérch Methods .
. ‘I'he fact that large diffarences in objective performance measures

' f were not reflact:ed in detectable differences in subjectivei ratinga on
related. perfomance? dinanaiona raises the poss’ibility that *thera‘ tar& 1n

reality no psychologically maningful differences between search

™

Je - s o ) methods . Howwer, ~che reactious of aubjects vho wera shown both

“ -'~.

. o retrieval systems af ter the experiment contradict this views 'Ihe few

atudents who saw both systems in action were considerably more :mere%sed

by k,eywo:d retrieval and several (indicated that ‘mld they tried bcth
- X .

) ) ’ . . heir ratings would have been quite differem:’

Ay
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‘"connection (Table 25 Appendix H).

‘Attitudes toward Videotex

McNemar!' s xz for correlated measures was used to test for .

significant attitude change as the result of exposuré to a videotex

.1 applidécion. To determine whethef pre—émpoaura ati;tgdes to videotex

~

applications wereilinkad to the subject variables of‘genéer and Eomputér )

experience, ¥° tests of independence were carried out.

r

Despite the fact :hat only two of the 42 subjects had previeusly

v

encountered commarcial videotex and that slightly 1ess than half were

: cOmputer~experienced pre*exposure attitudes to several hypothetical

‘videotex applications (see Appendix E) were decidedly favourable CTable

10). Only the applicatibn actually experienced ﬂuring the eXperiment at

r

computerized calgndar-infarmation system, produced a significant

A

N

.\inatease (28. 62) in the prOpor:ion of favourable ratings (X = 10.08, p

< Loty Othgr agplicationatghaved marginal,‘nonesignificant‘gaina.

Ieate of possible pre-dispbsing influances on initial attitudes i.e.

1

conputer expetience and gender did ‘not provide evidance of any

-

AN

Subject'?erceptipnk of Videotex

&

hd ! H

While a large najority of the studant subjects were initially very

.

recnptive to several hypothetical videotex applications only in the

application actually experienced was ‘there a significagt incteasejin the )

cxpraszion of favourtbility. It cnens alnoat 2 contradigtion chen,\ :
~ » ~ ..



" Application:

TABLE 10

Attitudes toward videotex applicatioms

-

Percentage in- favour

Pretest

Poét*tesr

Binomial
ptobability

Computerized calendar ©69.0-
Calandar + ﬁfansactions 81.0
"Videotex calendar service 66 7

~Couwgrc;al ygdeptex‘--b 81 0

97.6
88.1
71.4

85.7 °

.

.38
.69

63

Ry

number of changas was less than ten.

2_<~.0

R
.

P L

£ I 2 The binomial distribution was used to calculate probabilities when the

v

AN e
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pretest measures may actually have measured a non~specific

. 76
.
to state in the sam§ breath, that prior computer experience was nét‘
linked to pretest favourability. One can speculate of course.that
pro—computer attitude., There is some evidence to Suppott this v%ew.

Market triels (Eissler, 1981; 'OCLC, 1981) have shown that ir is

chiefly .among the young, well edqcateHngmbeis of the middle class

oo e . .
- ), * N > 2
thﬁﬁ‘cqmputer consclousness has been moa%henthusiastically‘embraced.

»

In a sample of university students, a similar outlook should not be

‘ surprising. Such beihg,the case among the students wholinﬁtiglly,

>

indiéated favoufahle‘a. itudes, geneiai cultural trends and not

personal expefience na ve pre~determined their responses, whereas

._for”thosé,whO‘vere?ithialif‘nonfcdmmittal,«or who held unf@véurabi&j A
. . Y . . . N . . N . .

opinioné, the‘pergopal‘experience*of‘psing a‘viééqtex'system way havF

played tﬁe~8ti9nger role in winning qualified sﬁppoft.~
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GENERALﬂ'ABILITY AND IMPLICATIONS OF EXPERIMENTAL FINDINGS

Generalizabillity to Videotex

iﬁe st;uctﬁre and operating charagteristics of‘the expe;iﬁencal
information s}stem were' modelled on tho;é‘feétures common to.ineotex
.sys£em§,sﬁch ;a Prestel (Rimmér; 1§79; ‘Dgw; 1980; Stewart, Cox §
p#mexs, 1980; Williams, 193&), CAPTAIN (Inoue, 1980; u‘grashinla.a
K;tamﬁra, 1981),.and iéliéo;‘(farkhill, ngo;;.Phillip§,a1980; 'Ballf.‘
1981; iaéremoui}le & Lge;'1981; Dillon & Toﬁbgugh, 1982). Three
differences s;hoult{ be h&ted,h&myer., Firstly, no éctempc,,was made to
. emulété eitherjéf the ;nrrentiy‘qvailag1E’videotex gréPhiés systéms;
‘ the Experimental:dhtﬁbase was gext only. Secondly, the daﬁa )

cr&nsmiasion rate of the host computar (9600 baud) was considerably‘

higher ;hnn what can be. obtained over a conventional telephone line: ) ‘_Igc*ffl
~ (300-1200 baud); ?everthglgsa,“this feature ﬁhs an experimental

‘:constant and was judged‘hﬂlikeiy to'céntributé ta. the rgai or

perceived ad;aﬁtage of either search méthod. Thirdly, because ~'_.$3iSV‘§f

s

cogputer terminals, rather than télaviaiou moni:brs ‘were‘used‘és }"
Hiﬁpl#y devices the maximum diaplay capacity of the exp rimantal L
‘system wag 24"1ines of 80 columns (1920 characters) in ntrast to tha
20 lines of 40 columna {800 characters) available ona elevisiéﬁ» ‘V‘mli‘ o
‘screen; again, this feature was an expetimental constant Qnd‘wab nQL

: expected to invalidate any comparisons. Purthermore the*maximum<-‘,.”f“”' X

mmber of kzywords and document titIea listed on the keyword indexing SN

pages was limited to 16, a number which can easily be accomodated by

PN
N
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commercial videotex,

In videotex systems such as Prestel, CAPTAIN, and Telidon, the

number of choices available on any menu page is limited to a maximum

of nine or ten, ia part by the ﬁaftiéular page-numbering couvention

adopted to identify nodés,»or levels, in. the hierarchy (Inoue, 1980;

- Winsbury, 1980; Ball, 1981), and also, perhaps in defereace to

Miller's magic numbef seven-plus—or-minus~two (Miller, 1967), by a

desire Eo‘kéep the shape of the hierarchy as close to the optimum as
péé&ible, that-is narTow and‘deep rather than broad and shallow

Lee, 1980). In the hier&tchy»devel&ped'for this

It was six

W



»

promi&ed by a‘knywqfd apbrohch c;uld have basen squgndeted on ‘the éx%rgj‘)

Implications of Findings

N

for keyword entry at a keyboard, post-coordination of terms, and

customized regsponse frames, could be developed for videotex systems.
’ ) . \ . S
However, two of the consequences of relying on a numerical keypad for

input, and its requisite .menus, .were that entry terms had to be

pre—éoor&innted; and raspoﬁsa pages had tbzﬁe,fixed in o}dgr to
preserve a retracing capability, thus resulting in an operating

s . . A : . ‘
procedure se#emingly at cross-purposes with the aims of the indexing

system. To be explicit, the.savings in search time and_ pages aggeésed

pages required for wenus. Nonetheless the number of levels optimall

B
N

in most cases did not exceed four. In testing, moreover, thg;

-, Sl

ﬁractical merits of this approach were amply deuonscgétgﬁ,

systems are at issue. Secondly, the fact tpat stepﬁiﬁe disc

‘.~,\'

(1.:. retrieval successas, pages accasdnd seaxth ttﬁa&i



~

that each of these indices taps a unique source of variablility, even

though there is significant»overlap as well. . Consequently, all of
e theae measnrea at 1east can’ be used as dependEnt vatiables without

v Ny

ghar of redundancy. fFinally, the‘strongiinteraction between search

/ ; O \ L A
method and search task underscores an absolute requirement to sample a

variety of.search tasks in information-retrieval research.

& .Undoubtedly; the ‘conclusions drawn  about the relative‘effectiveness of

S

either search method would have _been quite different had ungolvable

‘(i “tasks nqt been 1ncluded in the design. Similarly, it might not have

e e

been obvious that multipartite searchea are more economical than a

*"‘ B

that .young adults with some’ :\

'idaotex they would neen to be two.

x'viunivqrsicy ot college ate primed for computerization-\ and that, among
~thosn qhb rbgard.vidaptax unfavoarably or\skepcically; free tridl.

sarvices might be succeasful in attracting’ intetest. Fév0urab1e

o attitudan and high interest do not entail, however, a willingoness to -

N ~

pay for vidaotcx sarvices. Perceived utility, cost, andgother issues

: .3.‘!

Jfgf; these factors could besc be 1de tified by the kind of lapge-scale

triala now under way.~ " - .

\ R N N .

P Turning our attention Lo search performance ‘we encpunter a

"~

v

number of. results which have najor inplications for the‘iesigh and

T N N

. -wuuld preaunlbly be nore 1ni1uen in any decisiou t9/?:;;2§ibe, and -

i
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operation of Lnfomatian—retrieval syateme. First of all the direot N




)

somethiﬁg about the heuristics of seérch‘&trateQ&Awhen boch’

hierarchical'and’ke§word“dirqctory{recriéQSi!syséemS'hre aﬁailable to

oA

a user.. 4s a flrsi«@rineipie users should avoid looking for

-information ona {tem at |, time, it will probahly be cheaper Lo do all
‘of one's alectronic shopping in one database trip.' Secondly, 1f the

U e " user is reasouably sure chat the - targat 1nformation is in the

B

.

database then the search method of choice 3hpuld be the keyuord

» ~system; otherwise 'if thete'is strong\doubt then-a hiexarchical -
N - ALY .

search 3hou1d be considered from the Outset or after failing -on_at

— , least two attempts by keyvord. All other things ‘being equal the .
: complementary strengths of both systema can. be exploited in this way.

3

N »
v ..
K}

AT .. .. Even whew che‘different‘ial\effe’cc.s of spatial and fluency

s i “labilitien are entered into the equation these principles remain
O E‘ ~ _intact. Given that keyword recrieval is, to begin “with, more °

efficient than hietarchical and that recall is independent of either

spatial memory or ideationnl flueﬁcy in the keyword system but is -

\
correlaced ui;h spatial ability in the hierarchieal system keyword
retrieval comes ~out heavily favoured as a first choice, -even if the

3

_user has a concept-yoor vocabulary.. Further rasaarch in this area is
iwarranted houever, since ‘part of the’ succ;sa of keyword retrieval may.
be attributable to the browaing faeility which was. afforded by a.

- visible keyword directoty. Ig woat keyword syscems, the authority‘

list, or thesaurus, is invisible to the éearchgf..

. \
N -

It cannot hnve)eacaped\uotice that the additional power an&

. s, »



flfpages would not be‘too many in‘

83

.

flexibilivy purchased by the keyword-directory approach come at a

congiderable cost in system spaoe. ~Whereaé indexing pages in the

" hierarchical index numbered aBout 60 to 70, the indexing .pages for the
- keyword system numbered 434, of which 66 (15%) were aCtual keyword
. pagea, and the remaining 368 (851) document»title pages. This

.experimental database wAs quite modest, aBOUt 700 information pages.

> Sarala .

"Extrapolating indexing-page requirEménbs to large databases does not

RN - ‘w ’x)«

'A'encourage optimism. One could argue of course, that the cost of mass

..‘\‘.. E R \

) SCOrage 15 falling steadily, 8o’ chac 10 000 or eVen 100 000 indexing

N ;.\ . o.x

-”larg&'syatem» Rggavdless of the’

*Qymgniis ot‘flaws in this reasoﬂiﬁg, it should be possible to - reduce the

‘)fractional amount. 90cument;ti£1e psges, the big hoardera of computer
*:nenory, could be dxoppnd altogather ag a fixed feature and synthcsized
;ynin raal :im¢ as the need ariﬁes.i Selec:ion of A given keywotd would
f‘apen Y mastﬂtbfile of kzywotds, eadh paired wdth the document tttles

e uhich gt had ‘been referenced. Yrom this® list of doeument titles
.“jand correﬂponding page numbers, :he computer wOuld cteate one or more
: dOQumgnt-title pagek uaing dumny pages designated for this purpose-

A‘}This solution would liuit kgyvord 1ndex1n3 pages in the system to"

*

- those containing keyword 1iats,kthateby hoiding the: number of stored

pages at -a 1eval competitive with any . hierarchical index. Some ‘?

decarioration of system response time ‘could be an- unavoidable

Y

' cbncomitant of real»time page creacion but expeximgntation with the

‘patanetets implicnte& should readily demonstrace whether or not the

effects ate psychologically important.
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As a final comment, it must be stated that the tacit assumption

underlying the discussion of the keyword and hierarchical retrieval

Tesults has been thatlfhe idiosyncratic operating demands and

dharacterigcigs of the two systems were responsiﬁlé for the
performance 4ifferences observed. This is by nod mean# eatirely
justifihble.\ It was poiﬁ%edly remarked in the report of pilot
resegfch that subjects differed in thelr ability to catch on to tﬁe

N

optimum strategy for keyword.retrieval, and that experimental

_instructions were revised accordingly to give subjects the benefits of

‘coaching and gystem qodellihg as well~a§ whatever, advantages ﬁight

>

néturalyy accrde'frpm‘obje;tive differences between the systems.

v N S »

 Whether' this manipulation contributed ro. performance differences,‘au&f

how large the effect was, are igsues whigh clamour for investigation.

1f the‘effectsiof coaching users in search strategy and of médelling

) ‘tﬁéuxe§;3§§al system turn out to be substantial, then these findings -
X, : ‘ :

Ul

vould.hd§a,consaquaﬁéas‘for user inatructiocn in‘general\anﬁ might aino
'\ -

NN . {
'shed some 1ight on the failure of comparisons between hierarchies and

¥

'alpha“'becical Airectories (Stew&}'t Cox & partners, 1980; Tombaugh &

_McEven, 1982) to find)significant performance differences. In any

Loe
eVent,;%h;s expetimenn haa shown” thac, when coaching and system

modg}lihg are pr?vided not only is informatiou retrieval by keyword

ﬂdirectoéy feasible but, such a syutem is eaay to use and varks

kR N .
extremel? well. Lo “ ;
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) ‘ . . \ ' APPENDIX A

;0 - BLOSSARY OF -VIDEOTEX TERMS .~

2
N .

Videotex - The 1nternationa11y adopted geheric tetm.for hybrid
. c0mputer—talevisiou conmunications services. Videotex exista in

: both active and pasgive forms and can be operatgd on-a variety of
» ttansmisslon med1a5 including: radio wave coaxialxc&ble c0pper :
e . b v

wire ~and optical fibre.e R o

<«

- . . . . . " o N — R

Broadcast videotex — Thelgénef;c>term~for pné-way;*or passive, videotex

: . ——‘ai§0‘calléd~teletext.~ Undex thig.arrangemeqt, a limited_numﬂer
© of inforﬁation‘pages afe broadcast as a %ackage at regular cyclic

.1ntervals and the receiver captures them as hhey roll by for
subsequent accessing. L - : . ~‘&\*

.

-

T . .
. v

';intéfactive videotex - The generi; term‘fbr ;vo~way videotex‘—— also

AN . -

called viewdata. Interactive videotex allows a-user to acceas

selaectively a theorecically unlimited number of 1nfo€mation pagas,

and/or other electronic services, at a time of the user’s

choosing;

e I e
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_ > Prestel - A first—géneration videotex tachnology and the proprietary
" ‘:ngme of the Interactive videotex service pioneered bj the British
‘Post Office. Prestel was %ntroéucgdipg the public in 1976 and as
4::“ ) ‘ ) . : ’ :'\ . ‘ - ‘ ) ’ ) . ~ NPT ¥
S : of 1981 contained approximately 160,000 database pages. -
i;l e "Telidon - A‘secbhd—generatién videbtex*technélogy developed‘by the
;ﬁ: R ' Canadian Department of Communications and first demonstrated ln I
A . public ia 1978. Telidon has been publinized as being . S S
‘xw\g“ . e sys:em-independent and as being capable of generatiug : o A~;3'
= AN o . . . high—resolution geometric graphics from a smallar memory gtare ; L .
.  ; than that required by first-genexation low-resolﬁtion, )
. mosaic—graphics systems. » Y o
:;ft,- o ‘ . Information pravider (IP) - Any private or’publicvélectrénic publisher ST
. R who 3uppi1e§}:o‘a_£ommon carrler‘informétion‘or~éervices‘shitab1e j
STt for videotex applications. oo e e e
v . . PN N N .
N fPagé — The basic q&antitécive unlt of videotex displays, a page is one = °
: scraenful of informacion.~;Thé‘makimum capacity of i’ﬁidgotei page
) for television display 'is 20 lines of 40 characters each; or 800
L . characters. % o ‘ . L
. ; - B Informatibn gages - The essential ingredlen!s of an information f\ :

datqbasea Information pages which are closely linked to' deal with

a unitary copcept or body of text are called an information

- . document. Simply described, a page is a physical unit, whereas a

dgcuﬁent is a logical unit.

%
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~ xR APPENDIX B
. :

1 K

EXAMPLE OF ‘A HIERARCHICAL SEARCH

o L o Suppose that the’ system user were - looking for informacion concernins the,
quality-point average requirad fot. a student to be. placed by thé Dean’s List.

N B After selecting “Start Tree Search” on the root page, PAGE 000D, the fOlloving BN
: * . ..menu of gemeral. information catggories would be diéplayed" S ‘ .
;.\ ‘- ." \ : -'A . &f ., ,
N \ : -f\’“ i . N ’
r: N+ 11

. IMQmuiou'cutcoams: ‘What gmg‘i ‘category are you interested in? . -

L

. R TPRNCI 1. m:cmnons Cie e s e e W o Admissdon prucedutes definitlons, .
S R ’.n general acadenic tggulations and. regisnration details. o

i2 - PACULTIES AND PROGRAHS e General raquirements for degree and -
diplona progxams otfered at Saint Mary's Universizy. Tl .

3 = gpmnwmc EDUCATION . T Credit and nom-credit upgrading progra.ms
; . . for parc-time students, taechers, profe:aiOnals, “and- othcr adulta.z
4= rmmcm INFORMATION . .. C . Pees and financial infomation, including

anldemic auards, scholarships bursaries, ‘and loans. .

5 = ACADEHIC DEEARTHENTS e .. Specific departmental requirements ‘and
. . descriptiona of all coutses offered by university deparcmcnts. :
~ . N . . (' N
AR 1‘6 - CALENDAR Q¥ EVENTS 1982~83 . . - Key daten in ‘the ncadamic year, e.g.

‘ - " administrative deadlines, sxamination periods, ynd holidays. )

>

-

#

Surmifing that information oa the Dean's List is wmost 1ikgly to found undex
Ganefal Academi: Regulatiouns, the first 1nformation category iz selected by
keying "1 ENTER". This vresults 1o a display of the sub-topics in Regulations:




AN A \ ! Ay N "- .
« ’ .
, * ‘ 3
- s I N .
N “&f h .
RN Co 0110
REGULATIONS: Which regulations topic are, you interested in? '
1 = Adnigsion Pre-requisites and Procedures .
2 = Dafinifions . S
L7007 U3 = Academie Regulations . ‘ \ ‘
4 = Regigtration E .
5  = STOR information search“ ' o
S U ¢
\ N
St our ‘searcher keys "3 ENTER" and gets ‘the Index of Academic Regulaticas:
: g . . . i
v ‘ \‘ ”
- N . ‘y. . N
- * - - “
, . : .;,;“}% ' N
‘ ‘ ———
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i . N .
INDEX OE ACADEMYC' REGJI.ATIONS: Which regulation are you interssted in?

-

1120

1
20

-3

4

"6
17
.8

9
10

11

12
13
14

15

- Nunbcrﬁai Coursts in & Year

.- Auditins Cour ses

= Acadenic Advising

= Grading System

= Undergraduate Ratiugs (cradaa)
» Quality Point Average -

= Standing Required-for Continuance

- Exnnin-tious
= Evaluations.
- Specinl Examinationa

- Acadanic Appeals = A
= Cradit without Final Exanination :
.28

‘= Coursa Changes

- Dacﬂuratianlchange of Major
-VP;oceﬁurn For Changing Faculty
. AR . A o ’

16

17

. 18
1o
20
N
22

23
24
23
26
27

29

- 30

= Yithdrawing from-a Course
= Retaking a Course’

= Wicthdrawal for Academic Raaaons

‘Acadenic ReSpOnsibility
Advanced Standing
Transfer Credit

Second Undergraduate Degﬂke
Certificate of Honors JZquivalepney
Convocation Dates, Degrees

Degree or Diplona in Abgentid
Distinctions ) o
‘University Medals
Dean's List . .
Transcripts o

=1

M \L
D |
) S .
»
F 5
° [}
N
2
.
? R
X
N
-,
‘
N
N .v‘e“
5 &
Far

.\\\\\ .
.o . ¥
N

- displayed:

Advanced Standing by: Exanination .

o e oo g e o
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i



AL

‘ REG #29 DEAN'S pxsr

e ,
" . : , \ . 127s

.‘A: the end of the acadeuic year, ;full-time students whose quality point

averuge indicates high academic achievenenc vill have their names placed on
the Daan's List by the Dean of the Faculty. To qualify for this recognition,
students must have a taken at least five full -courses (or the squivalent)
during the: aeademic year and have achieved a quality point average of 3,50 or

"higher. Placepent oa the Dean s List uil; be recorded on the students

trunactipt. . . '

-

i

" FOR LAST REGULATION, PRESS "1 ENTER".

FOR A NEW ‘TOPIC, PRRSS "2 ENTER".

e

'é

:?ran this point, our .searcher haa the option of directly accessing the next

and last 1n£orn‘tion document at this lev:l or ctlling up PAGE 1398 for a new .’
topic. - - N .

e

R R e R
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NEW TOPIC: Where would yo;.\ like: to go from heve?.

1398

A

53 -+
. . N . ot
M . . >
-~

L e e ‘ -
st o Lo Tindex of AekdemivrRagulaiions

2 = NEW TOPIC IN REGULATIONS

.3 = NEW INFORMATION CATEGORY-

' ‘ - ’ N . )
’ ~ & = .NEW XKEYWORD

75 ' STOP INFORMATION SEARCH

e . . .
. . . o
: ) 2
N . -
. N .
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D o . ‘ ©  APPENDIX C
~ ~ EXAMPLE OF A KEYWORD SEARCH - LTl
N N . » . N \ . . )V
v ~ Suppose that a syatm user were lookmg for infomtion concerhing tha
: qulity point average required for a student to be pl;ced on’ the Dean's. Lisc.
e o After selecting "Start Keyword Search™ on the root page, PAGE 0000 the
. ‘ - ~ following many of alphabetic rangas would be’ displayud' .
e ‘ ) g ' . 8000 (%%
< T . RKEYWORD RANGES. Which alphnbetic nmg- contaim your targ;t worct or phra N
- 1‘- A - o 14 - N
§ 2e B 15« © ,
) 3="C 3 16 = P .
.A‘:“ ,a -'\D » \17 - ‘Q’“ \ .
5= E 18 = &
6= F 19= 5
' 7»;"" G 29' T
8= H 21 = U ~
: 9= I 2= v - *
0= J B :
o 11 = X - L S
. 12 = L 25 = ¥
, 13 » M 2 = Z

3 . N .
3 N . . . . o
i N . . v

At this poin: Oour ssarchar must think ot a kayvord or k-y-—phrne to uu 48 a
search tern and then select the appropriate llphabetic range. One possibility
" would ba “Academic n;ulatio,n; s but a more specific tarm auch as

"Quality-point averaga™ or aven “Daan’s list™ would be mbch better. Assun_ir'xg-

that "Deaa’'s list” is chosen as the ssarch term, the correct selection would

be "4 ENTER", which, resulcs i.n a display of the first.page of ‘nyvor;ln

.beginning with the letter D

~!
B
~ AN o

<
2

x
w
s

A .

P
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o S ‘ . _ o 8040
-KEYWORDS: . D... : - ‘ ;

‘1= Dante Alighieri — e e ‘
2 = Data processing : FOR KEYWORDS STARTING:
3 =.Data structures : ' o
= Deadlines. o ~ .. Dea +. . => 8041
‘= Dean {defined) ° . “Dre « . . —> -8042
= Dean's list _— - e
December evgnts . ' R t
- Decision making 2 o T
Declaration of major ‘ N
Definitions (acadenic)

Defoe, Daniel
Defomble bodies
Dagree: réequirements’
Dagree/ diploma distinctions
Degree/diploma in absentia’
Degrees/diplomas avarded

[
+
' ] l‘u % l'l 'K

17 = BEXT PAGE OF KEYWORDS - - S

o

il Y.
. I .
A <

_ Because thare are more than two pages of keywords beginning with the letter
' D", a nini—diuctoty of ‘the remhining pages is included, so that if the. *
- gearcher does not wish .to browse through these- -pages by keying "17 ENTER", the
duired page can be directly’ tccaned by keying in its. four-digit page number.
In thit case, the search ternm 1is on the’ first page. dlsplayed and the saarcher
\ should' now key "6 ENTER". Bacauu only one document has been’ reterenced under
the phrase "ann s list™, :he targer. infomtion page ).s inmediately
‘displayud. -

Y gte L PR
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REG #25 DEAN'S LIST

1275

At the end of the academic year, full-time students whose quality point
average indicates high academic achievement will have their names placed on
the Dean’s Liat by the Dean of the Faculty. To qualify for this recognition,

; students must have a taken at least five full courses (or the equivalent)

during the academic year and have achieved a quality point average of 3.50 or

higher, Placement on the Dedn's List will be recorded on the students'
transeript. - :

FOR LAST REGULATION; PRESS "1 ENTER". , o
POR A NEW TOPIC, PRESS "2 ENTRR™. -

Fd

i

Prum‘this>point,\ourisegtch¢r has‘thi option of directly accassing the next
and lagt information: document at this lavel or calling up PAGE 1398 for a new
topic: - ) T )

101
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. 1398
NEW TOPIC: Whare would you like to go from here?

Y

O
N

1 = Index of Academic Regulations

2 = NEW TOPIC IN REGULATIONS

3 = NEW INFORMATION CATEGORY
i . 4 = NEW XEYWORD

?
5 = STOP INFORMATION SEARCH

Because ouly one document in the database was rafavencad under the key-phrase
"pean®s list™, selection of this term on PAGE 8040 resulted in the immediate
digplay of this document. If "Quality-point average” had, beéen used as the ..
search term however, an extra atep would have been required. For example,
selecting the letter "Q" on PAGE 8000 would call up PAGE 8170:

n
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re \ 8170
KEYWORDS: Q...

} = Quality of work life .
2 = Quality points (course-work)
3 = Quality-point dverage

“ 4 = Quantitative methods
5 = Quebec applicants

END OF KEYWORDS FOR THIS LETTER

¥eying "3 ENTER” now results in a display of the titles of all docugents ia
the database referenced under "Quality-point average”, together with the
corresponding page numbers of these documents:

L

*te,
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KEYWORD:

Quality-point. average r ¢

8602

PAGE: ~

1150 =

1265 =
Q .

1270 =

1275 =

1
REG #28 UNIVERSITY MEDALS N

DOCUMENT TITLE:
REG #6 QUALITY POINT AVERAGE

REG #27 DISTINCTIONS

REG #29 DEAN'S LIST

END OF PAGES FOR THIS KEYWORD

By keying in th
, be displayad. -

A M

e four-digit page nuhber,»lZ?S, the target égfuﬁent would aow
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APPENDIX D

. PERSONAL DATA QUESTIONNALRE ;
: -

Plagse print. \\‘),/ Name

Sex Left or right handed

——— e

‘ : Age Academic wajor ,////

. Yes / No

A. Have you had+any previous computer experience? . . . ..,

*  1f "Yes”, please describe briefly: .
. ‘ :

s
" B. Have you ever used a videotex system (Quescel,' Telidon)? . . Yes / No
If "Yes", please indicate amount of experience in hours:
\
. €. Have you used the University's Academic Calendar before? . . Yes / No” Jf
‘T
w

. .
£ :
)§.\“>

b
=
rem—y
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APPENDIX E

— v

. VIDEOTEX ATTITUDE QUEsno@]mE

i

y
" For questioos 1 to 4, you are to rate the potential value of

computerized video jystems as media for presenting and accessing
information services of various kinds., Circle the sumber of the
responsa which best describes your opinion of the stated proposal.

Suppose that the Unlversity were to make évailable to staff and
students a computerized calendar-informatioa gervice. What would be
your reaction to such a proposal?

1~ unfavourable ‘
2 -~ unsure or no opinion
3 - favourable

< \"',’

Suppose that the University were to make available to staff and

students a computerized calendar service which would also permit
registration, grade reporting, and other academic administration by
meang ‘of an interactive terminal? What would be your reaction to such a
proposal? ' .

1 - unfavourable
2 - unsure Or no opinion
3 - favourable

Suppose that the University were to make a service such as that
described in Question 2 available to the general public through home
televisions equipped with kaypads or other input devices. What would be
your reaction to such a proposal?

" 1 ~’unfavourable
2 - unsure or mo opinion ™S
3 -~ favourable
Suppose that a number of private .and public orgaunizations were to make
available to thea general puhlic, through home televisions equipped with
keypads or other input devices, a wide vardety of interactive, computer
services. What would be your reaction to such a proposal?

1 - unfavourable
2 ~ unsure or no opiaion
3 — favourable

..’\\‘
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. APPENDIX F

SEARCH-METHOD RATING SCALE 3

ous 1 to 10, you are to rate the search procedure that you
is experiment — that is, either the TREE or KEYWORD procedure
performance features described. Indicate your cholce of
each feature by circling the number of the applicable
When considering your choice, try not to be lnfluenced by
ns you may have formed concerning the content or possible

applications of the information system, namely, calendar information.

You are be

v

1. In compar
find- this

-

~N o
[

2. In compar
find this

NTOY U B
|

ing asked to evaluate only the search procedure.

-

o

ison to looking up information in the printed calendar, do you
method more, or less, interesting?

much less interesting

less interesting

slightly less interesting
no difference ,
slightly more interesting
more interesting

much more interesting v

ison to looking up information in the printed calendar, do you
gearch wmethoad more, or less, efficient?

much lasa efficlent

legs efficient

alightly less efficient

no difference

alightly wore efficlent

more efficient = »
much more efficient

e
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»
3. How would you vate this search procedure on ease of learning? -

1 - very difficult to learn

2 - d4fficulr to learn

3 = somewhat difficulr to learn “
4 - in-between )

5 ~ gomewhat easy to learn

6 - easgy to learn

7 - very easy to learn

A . J
& ) ) -
4,7 How would you rate this search.procedure on oﬁerall ease of use?
T

LR v

- very difficulr te use

— difficult to use

- gomewhat difficult to uﬁafﬂ
in-between .

-~ somewhat easgy t& use

- eagy to use

very eas8y to use

~N oYU B DT
f

i

bl

5. How would you rate this search procedure on speed of finding
information?

- very slow

- slow

- gsomewhat slow
ja-between

- gomewhat fast
~ fast

- very fast

TN O U B W
|

6, How efficient is this search procedure? i
— 1 — always takes a lot of pages to find information *
2 - usually takes a lot of pages to find information
3 - tends tao take a lot of pages to fiad information
4 - in-between C Ny \
5 - tends to take only a few pages to find informatioun
6 — usually takes only a faw pages to find information .
" 7 - always takes only a few pages to find informatioa

R

iy !

el
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7. How would you rate thils search procedure on its thoroughness ia finding
™target informatiou?

~ fails to find any target information
— fails to find most target information
— fails to find a lot of target of informatiou
in-between

~ succeeds in finding a lot of target information
— succeeds in finding most target information’

- succeeds in finding all target information

ar

SO B W
I

8. How would you rate this search procedure on error-proneness?

~ very .easy to make search errors

- easy to make search errors -

- somewhat easy to make search errors
in-between

~ somewhat difficult to make search errors
- difficult to make search errors

~ very difficult to make search errors

L TR S e
|

9

9. How would you rate this search procedure with respect to its abilitz to
golve different kinds search problems?

- wvery restricted in the kinds of problems it can solve
restricred in the kinds of problems 1t can solve .

~ gsomeéwhat regtricted in the kinds of problems it can solve
in-berween

somevhat unrestricted in the kinds of problems it can solve
unreéstrdsted in the kinds of problems it can solve

totalXk \‘EG%StIiCCEd in the kinds of problems it can solve

i

i

oY D W RO
]

i

7 %

{
10. To what extent does this search procedure allow z a choice of search

”
routes to target information?
~ search procedure coutrols search route

r

Ie

4 3 — search procedyre sopmewhat controls search route
4 -~ Iln~-batween
3
4]
7

e

~fenrch procedure completely controls search route

~ user gomewhal conrtrols search route

=~ ugser controls search route

- user completely controls seaxch route .
Ok k k k k k kK R ok kh k * *x *x x Kk Kk Kk k Kk Kk k-
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AYPENDIX G

EXPERIMENTER 'S INSTRUCTIONS TO SUBJECTS

GENERAL INSTRUCTIONS

The purpose of thils experiient is to evaluate two different
procedures for finding information in a computerized informatioan system.
The experiment will take '‘approximately 1 1/2-hours to tomplete. To”
ensure you understand the conditions governlng youy partiuipatiou, 1
would like to remind you:

{a) that you axre free to discontinue your participation in the
experiment at any time,

(b) that individual data will be breated as confidential, and

“

{¢) that if you are dissatisfied in any way with experimental
procedures you should discuss your concerns with. the
Departmental Chairperson. =

il

aﬁquxazuzxré Of_THE EXPERIMENT .

There are four phases‘ (1) you'll be asked to answer a few
questions about computerized informarion systems and write two very
shaort aptitude tests; (2) you' 11 receive instruction in how to use the
calendar information system and oune of the search procedures; (3) then,
you'll be given a series of trest. problems to solve,on your own; and (&)
at the end of the test problems, 1'll ask you to’ rave the gearch
procedure ‘on a number of performance dimenasiouns.

Do you have any questicas at this point concerning the general framework
of the experiment?

a

(ADMINISTER PRETEST QUESTIONNAIRE AND ABILITY TESTS.)

THE CALENDAR INFORMATION SYSTEM . -

As you can see from the display, the information system to be used
in this experiment is based on the Academic Calendar. The contents aud
organization are genevally similar to the contents and organization of
the print versica except that about 80X of the acadewic departments ave
not representad and {nformation is digplayed on elecrronlc pages rather
than paper pages.

4 page in this system is oue screenful of text and shows (1) in the



11

top vight coraner, a PAGE NUMBER (tbis is PAGE CCOC) . . . (2) then a
body of text . . . and (3) a MENU or a KEYING INSTRUCTION for

" advancing to other pages. There are two ways of vetrieving information

pages from computer memory in this system. One is by carrying out a
TREE SEARCH; the other is by a XEYWORD SEARCH. Very shortly, you will
learn how to do one of them. But first you'll have to kmow which
buttons to push:

All input‘is numerical and 56 the keypad you'll be using is based

on 10 number keys (the digits O to 9), an oversized ENTER key, and four

functioh keys -— DELETE, HELP, HIT, and BACK~UP (the key with the wminus
sign).. : .

¢+

(BRANCH HERF, ACCORDING TO SEARCH PROCEDURE TO BE USED.)

—,

A\

-
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INSTRUCTIONS FOR HIERARCHICAL SEARCH PROCEDURE

1. Calliog up pages: There are sevaral ways to call up pages: one fs
by keying in a number offered in a MENU or a KEYING_.INSTRUCTION, and

another is by keying in the four—-digitr PAGE NUMBER of the page you want
-~ if you know what the page number is. In any case, every keypad entry

must always be followed by the ENTER keystroke in order to be executed.

¥You'll be using the TREE search procedure . . . go key the
appropriate command.to start. . . . Here we have a new MENU of
numbered INFORMATION CATEGORIES frowm which you may select one. .
lLet's try item 5 in this menu, ACADEMIC DEPARTMENTS . ., . , At this
point, let's suppose you wanted information about some toplc in the

Biology Department . . . what would you key in? .+ . . And now, if
you wanted information about undergraduate courses? .. . . Which
level of courses? . , . And finally, which course? . . . As just

d#monstrated then, I hope you understand that to reach an INFORMATION
PAGE you must advance through a series of MENU PAGES.

If you had known the page number beforehand, you could have called up
this page from PAGE 0000 simply by keying in the four-digit page number.
Chances are though that you'll rarely know the page numbers of

individual inform?tion documents in advance.

2. Backlpg-up: You now know how to go forward ln this gystem. You can
also back up to pages you've already looked at. Letrs say you want to
see the menu of courses for this level again and pick snothexr course.
. . Xey "— ENTER". . . . Notice that "~ ENTER" has the same effect
as "-1 ENTER"; but the general form of the BACK~UP command, if you want
to back up N pages, is "~N ENTER™ . . . . for example, "3 ENTER" to
back up 3 pages, "=10 ENTER" to back up 10, and so oun, ‘ .

3. What to do 1f you make a mistake:

Key In any number but doa't presgs ENTER . . , . If you just want to
change an entry and you haven't yet pressed the ENTER key, all you have
to do is use the DELETE key.

Now, key in any number that 1s not offered as a selection and press (
ENTER. 1In this case, you get an error message.

Finally, if you become hopelessly muddled or lost, you can use the
speclal command "0 ENTER", at any time, to restart at PAGE 0000 . . .
try it . . . And, as you see, we're back where we started. )
4. Getting HELP: What if you forget what te do? . . . Try HELP

. {PAGE 9998 displayed). Here you See a summary of system—operating
features that can be called up at any tpme from any page.  Auy
questions? '

S. Organization apd search strategy: It way belp you in varrying out a
TREE search If you think of the information documents and pages as a

{
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vollection of articles in a large book. The rree system is like 2 ’
hierarchy of Tables of Contents. At tha top of the hierarchy, you will
find a menu of the wmost general categories, similar to a general Table
of Contents; at the next lower lavel, you find more apecialized menus,
or Tables of {ontents, which lead eventually to particular “articles” or
information pages. Retrieving information is thus a matter of moving
down through a series of increasingly more specialized Tables of
Contents untll you find the document and page you are looking for.

But, because menu~pages are arranged in the order of "most general™
categories ro "most specific™, the best strategy when you begin a search
is to select a general search term for your target infowmation. In
other words, ask yourself, "In what general category am I likely to find
this 1nformgcion?". It is very important to select the right
1nformatiod¢hategory at the beginning of your search; otherwise you ‘11
be wasting time and effort looking down a blind alley. So remember, a
general search term to start! :

6. Demonstration: Let's agsume that you'd like to find a course

degcription for an introductory course in logic. We grart our seaxch by

selecting the appropriate search procedure. Here is our menu of

INFORMATION CATEGORIES; which one do we want? . . ., Remember =~-

which general category seems most likely to contain this information? .
. And pow which menu item?

>

{CONTINUE, WITH CUIDANCE, UNTIL PROBLEM SOLVED.)
7. Browsing: 1If, at this point, you wadted to browse through the '
200-level courses in Philosophy, you would follow the FOR NRXT COURSE
keying instruction at the bottom of .the page. Countinuing igxthis
fashion, you could browse through all the information pages jt this
level and eventually return to the page you started om. -

"8. New topics: If, however, you wished to break out of this browsing
loop and obtain information on a new topic, you would follow the NEW
TOPIC keying instructions. . . . Try "2 ENTER" . . . You see that
from here you have several optiouns. i

9. Experimental conventiona: These are the basiag\of how to go about a
TREE search. . . . Do you have any guestions? 3 . . Let's return
to the page on Basic Logic for a moment. There are two conventions
which are extremely Important for garhering experimental data.

First of all, whenever you fiad aad identify an information page you are
looking for —- and you must-decide whether or not it's a target page —
you must indigate you have found it by keying "HIT ENTER" on that page.
The sign in front of you is there as a2 rveminder. Txy it . . . The
gystem will reply as shown and you can then make another entry. It is
very important that you record a HIT while you avre on the rarget page,
and not later on some other page.

The second ¢ouveation is this. As soon as you have fipished a search,
either because you have found all the target pages you c<an 9r because

Nﬁ

.'w

7
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you have given up, you must end the search by keying "98 ENTER". Again,
the sign In froant of you is there as a veminder. Tyry it . . . As you
gsee, the problem you were working on is closed off aund a new . search is
begun with this proapt to enter the number of the next problem. The
system will then start you off ou PAGE 0000 again.

Thus the typical sequeunce, if you are required to find only one ‘page of
information, will' be {1) enter. problem number, (2) conduct search, (3)
if . you f£ind the target page, record a HIT and end the search immediately
with "98 ENTER", OR, if you dpn't find the target page, end the search
wirh "98 ENTER™ when you have given up. If you are requifed to find
more than one page of information, the procedure is basically the same
except t that y you would record a HIT on every target page you find and
would key "398 ENTER" only after finding the last target page.

How will youganow if you are supposed to find more than one page? 1f
you-are req ed to look for one page, the problem statement will begia
"Find the pdy If you are required to look for dore than oune page,
the problem statement will begin "Find as many pages as you ¢an.”

Do you understand the con&antiong for recording an information BIT and

for ending a search?
A h

.10. Practice ptoBiem: I sow have a practice problem for you to try on

your own, In solving this problem, I'd like you to use the experimental
‘conventions I just explained, that 1is, (1) enter the problem number when
prompted, (2) when you find the answer, key "HIT ENTER” on the target
page, and (3) end the gsearch with'"98 ENTER". Here is the problem, and
remewmber HELP is always avallable to yos . .+ . S

3

(SUBJECT ATTEMPTS PRACTICE PROBLEM, ASSISTED ONLY IF REQUIRED.)

1l. Test Eroblems Test problems will be presented to you ou iadex
cards. Please attempt them in order and do not skip any problems. If
you accideantally end a search with 798 ENTER*T_Bimply enter the game
problem number lmmediately when prowpted and continue; otherwise, you
may “not make a second’ attempt on a problem once you have started a8 new
one. Some problems will requlre you to find more than one page and to

. record more than one HIT. There are alsec a few problems for which the’

required information cannot be found. You must decide when a problem is

. golved or when a search is not worth coatinuing. If you have made what

you conalder to be a reascnable effort -to find the infqrmation.but have
not been successful, do not hesitate to end the search with "398 ENTER".

*There are no timeé limirs, but please work as guickly as you can. 4s a
sfinal word of advice, remember that your best strategy 'y in a TREE search

1s to start with a broad seavch term. Do you have any guestions?
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INSTRUCTIONS FOR KEYWORD SEARCH PROCEDURE

1. Calliag up pages: There are several ways to call up pages: omne Is
by keying in a number offered in a MENU or a KEYING INSTRUCTION, aund
another is by keying in the four-digit PACE NUMBER of the page you want
—— 1f you know what the page number is. In any case, every keypad antry
must always be followed by the ENTER keystroke in order to be executed.

You'll bE'using the KEYWORD search procedure . ., . so key the
appropriate command to start. . . . Here we have a new MENU of

'ALPHABETIC RANGES from which you would select one, the letter that your

gearch term begins with. Let's suppose you wanted information about

courses in "Botany™. . . What would you key in? . . . Let's try
item 2, the letter "B™ . .  .-" And now, from the list of document N
titles referencad under "Botany”, which document would you choose? . .

« As just demonstrated then, I hope you understand that to reach an
INFORMATION PAGE you wmust advante through a series of MENU PAGES.

i° | F
Once you have a menu of document titles and their page numbers, it' &
fairly easy to call up a document by keying in the four-digit page
number. And this will be the ugual way of getting to information pages
in a KEYWORD search.

2. Backing-up: Yau now know how to go forward in this system. -Tou can
also back up to pages you've already looked at. Let's say you want to
gsee the document titles listed under "Botany™ agalan . . . Key "

CENTER™. . . . ©Notice that "~ ENTER" has the same effect as "-l

ENTER"; but the general form of the BACK-UP command, if you want to
back up N pages, is "-N ENTER” . . . for example, "~3 ENTER” to back
up 3 pages, ™10 ENTER"'to‘back up 10, and so on. . :

3#‘ What to do if you make a mistake:

Key in any number but don't press ENTER . Z . . If you just want to
change an antry and you haven't yet pressed tha ENTER key, all you have

to do is use the fELETE key.

Now, key in any number that 1s not offered as a selectlon and press
ENTER. In this case, you get an sfror message.

Finally, 1if you become hopelessly muddled or lost, you can use the
special command “O ENTER", at any time, to restart at PAGE 0000 .. . .
try it . . . and, as you gge, we're back where we started.

4. Getting HELP: What 1f you forget what to do? . . . Try HELP

{PAGE 9998 displayed). BRere you see a summary of system-operating
features that can be called up at any time from any page. Any
questions?

5. Orgewization and search strategy: It might help you in carryiné out
a KEYWORD search if you think of the information documents and pages as
a collection of articles in a large book. The keyword system is like a
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tack-of-the~book index. You sinply look up the terw of intecest to you
in the alphabetical index, find out which Tarticles” deal with that
topic, and turu to the indicated page. Documents will be listed under
moreYthan one keyword, and so if your first search term doesn't work you
should try a different one.

But, because information documents can be indexed under specific terms
as well as general terms, rhe best strategy when you begin a search is
to select a specific keyword for your search term. A general term might
get you to the same document, but spenlfiu terms will ugually be faster,
3o reﬁember, a gpecific keyword such as ‘a name, title,“oxr a fairly
narrow topic to start! N

6. Demonstration: Let's .assume that you'd like to find a course
degeription for an 1ntroduntory courgse in logic. We sgtart Qpr search by
selecting the appropriate’ 'search procedurea. ?

Here is our wenu of ALPHABETIC RANGES; which letter do we want? .
»  Remembexr -~ ,a specific keyword . . . And now which menu item?

~

{CONTINUE, WITH GUIDANCE, UNTIL PROBLEM SOLVED.)

7. Browsimg: If, at this point, yOu wanted to browse through the
200-level courges in Philosophy, you ‘would follow the FOR NEXT- COURSE
keying instruction at the bottom of the page.. Continuing in this
fashion, you could browse through all the informatioan pages at this
level and eveuntually raturn to the page you started on. Notice,

‘however, that the pext course is the next 200-level course and not the

next loglc ceurse. This is because courses are grouped by level within

. Departments and not by any particular keyword.

'

B. New topics: If, however, you wished to break out of this browsing
loop and obtain informatiom on a new topic, you would follow the NEW
TOPIC keying instructions. . . . Try "2 ENTER" . . . You see that
from here you have several optieas. At this point, you would probably
choose NEW KEYWORD.

9. Experimental conventious: These are the basigs of how to go about a
KEYWORD search. Do you have any questions? . . . Let's return to
the page on Basic Loglc for a moment. There are two couventioas which

-are extremely lmportant for gathering experimental data. ’ 8

‘First of all, whenever you find and ldentify an information page you are

looking for -~ and you must declde whether or not gt}s 8 target page -—
you must indicate you have found it by keying "HIT ENTER" on that page.
The sign in front of you is there as a reminder. Try it . . . The
system will reply as shown and you can thes wmake another PULLY - Tt is
veXy lmportant that you record a HIT while you are on the rarget page,
and wot later oun some other page.

The second convention is this. As soon as you have finished a search,
either because you have found &1l the target papes you ¢an Or because
you have given up, you must indicate the end of the search by keying "98

¥,



117

ENTER". Agailn, the sign in front of you is there as a reminder, Try it
. . . As you see, the problem you were working on is closed off and a
new search is beguu~with this proampt to enter the anumber of the next

problem. The system will then start you off on PAGE 0000 again.

Thus the typlcal sequence,lf you are required to find only one page of
information, will be (1) enter problem oaumber, (2) conduct Search, (3)
if you find the target page, record a HIT and end the search immediately
with "98 ENTER”, OR, if you don't find the target page, end the search
with "98 ENTER” when you have given up. If you are required ta fiad

more than one page of information, the procedure i3 baslcally the same

except that you would record a HIT on every target page you find and
would key "98 ENTER" ouly after finding the last target page.

Bow will you kpnow if you are supposed toe find more than one page? I1f
you are required to look for one page, the problem statement will begin
"Fiud the page.” If you are required to look for more than one page,
the problem statement will begin "Find as wmany pages as you can.”

Do you understand “the conventions for recording an information HIT and
for ending a search?

10. Practice problem: I now have a practice problem for you to try om
your owa, Ia solving this problem, 1'd like you to use the experimental
conventions I just explained, that is, (1) enter -the problem number when
prompted, (2) when you find the answer, key "RIT ENTER™ on the target. .
page, and (3) end the seéarch with "98 ENTER". Here 1s the problem, and
remembex, HELP is always avallable to you o

~(SUBJECT ATTEMPTS PRACTICE PROBLEM, ASSISTED AS REQUIRED.)

11. Test problems: Test problems will be presented to you oun index
cards. Please attempt them in order and do not skip any problems. If
you accidentally end a search with "98 ENTER ", simply enter the same
problem number immediately when prompted and continue; otherwise, you
may Bot make a second attempt on a problem once you have gtarted a new
one. Some problems will require you to find more than one page and ‘to
record more than.one HIT. Thexre are also a few problems for which the
required information cannot be found. You must decide when a problem is
golved or when a search is not worth continulng. If you have made what
you consider to be a reasonable effort to find the iuformation bug,have
not been successful, do not hesitate to end the search with "98 EN
There are nwo time limits, but please work as quickly as you can. As a
final word of advice, remember thabt your best strategy in a KEYWORD
search 1s to start with a uarrow search term. Do yeu have any
questionsa?




e

%

. : 118

.
APPENDIZ H
)
STATISTICAL TABLES



~

\\\
N

&

[
w“w

TABLE 11

Multivariate analysis of effects

.
X,

in solvable and unsolvable problems

Approximate F

Effect Wilks' 4 af

T
Search Method .58100 (4,37) 6.67",
Search Task 03364 (8,33) 118,48
Method x Task \“’\“\."40533 {8,33) .05

Y p < 001

Al

119



120
TABLE 12
Univariate analysis of Search-Method effects
in solvable and unsolvable problems

Variable ‘Hypoth MS Error Ms df F

Aits 3.592 - .201 C(1,40) 17.88"
Pages X 1.571 60.5669 (1,403 ‘ .03 -

R #

Search time 16032.490 6642.735 (1,40) 2.41

Time per page 31.797 14,903 . (1,40) 2,13

; <
p < .001

b
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TABLE 13
Undvariate analysis of Search—Task effects
in solvable. and ynsolvable problems
%
A NS
Variable Hypoth MS  Error M5  df F adj df*  F
‘ " *h e
Hits 26.736 .120  (1,4Q0) 222.85 (1,40) 222.83
* ) e
Pages 1531.930 .33.193 {2,80) bﬁ,ls* (1,40) 46,13
. . .
Search time 114727.533  2644.012  (2,80) .43.39 (1,40) 43.39°%
§ : . kK *
Time per page 19,752 2.012 {2,80) 2.81 . (1,40) 95.81

a Greenhouse—Gaisser adjustment to degrees of freedom to correct for

heterogeneity of within-cells variance-covariance matrices.

*
p < .005
Ypowol -
\
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TABLE 14 s
Univariate analysis of Search-Method x Task jnteractions
in solvable~and unsolvable problems
T
Variable | Hypoth MS  Error MS  df  F- Adj £ Fi
N \
Hits ' 2640 120 (1,40)  5.33°  (1,40) 5.93%
. L Wk o
Pages 620.651 33.193 (2,80) 18.70 (1,40) 18.70
L ; ‘ o ke
Search time 34712.619 2644.012  (2,80) 13,13 {1,40) 13.13
Time per page T 5,440 2,012 (2,80) 2.70 (1,40) ¢2.70

& Greenhouse-Gelsser ad justment to degrees of freedom to correct for
heterogeneity of within-cells variance~covariance aatrices.

.
p < .05
*

%
p < .001

» =

N



TABLE 15a

Two-tailed tests of significance
for comparisons of performance means

123

ke
p < .0l

. \\--"’l TN
i Contrast
Factor Standard ﬁi t -
) Unipart Multipart Unsolvable error
Search Task
i ) ) *k
Hits 76 < 1.89 L079 40 14.30
Pages 11.26 < 18.35 . N .821 8O  8.64
*
11.26 < 23.28 1.745 80  6.89"
Fe
L *
18.35 < 23.28 1.751 80  2.82
Search time 114.74 < 200.66 . 8.56 80 10.04"
. ‘ e
114.74 <. 209.26  12.81 80  7.38
200,66 < 209.26  15.88 80 .54
; ‘ R
Time/page 10.22 < 10.98 © 287 80 2.65"
10.22 < 9.61 = .337 80 -1.81
10.98 ¢ 9.61 .322 80 —4.26™"
- z
P
* h
p-< .05 \

s
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TABLE 15b

Two-talled tests of significaonce
for comparisouns of performance means

Contrast )
Factor . Standard af r
Keyword ‘Hierarchy errTor
N
Mgthod x Task . “\\\ /F*.*,@“
Unipartite tasks ’ ‘ )
Hits R 64 107 40 2.24
Pages 8.95 < 13.57 1.78 80 2.60*
Search time 89.35 < 140.13 15.87 80  3.207
Multlpartite tasks {j
Hits 2.8 /5:}* 1.59 1070 40 5.52
Pages 16.45:{. ¢ 20.24 1.78 80  2.13
Search time 170.42 < 230.91  15.87 s e
Unsolvable ‘tasks \
Pages 27.82 < 18.73 1.78 B0 =5.11
Search time 231.05 < 187.46 15.87 - 80 -2.75"
St pc.os | : e
Mr<.m |



TABLE 16

Multivariate aunalysis of effects
in solvable problems

Effect

Wilks' A g_f_ : Approximate F
Search Method .47204 ERCRTD 10.35"
Search Task .12209 (4,37) 66.51"
Method x Task 80738 (4,37) 2.21

.
p < .001




TABLE 17

&S
N

‘Univariate analysis of Search=Method effects
. in solvable problems

126

Variable

Hypoth MS Errér MS df ¥
. .
Hits 3.592 L 201 (1,40) 17.88
* E3
Pages 372.038 . 26,160 (1;40) 14.22
Search time  65007.55¢ ./ 4936.192 (1,40) 137"
Time per page 9.282 11.182 . (1,40) .83
" p < .ot
* R .
p < 001, {
N
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TABLE 18
R .
-Univariate analysis of Search-Task effects
in solvable problems
. Variable . Hypoth'MS Error MS daf F
. T , *
. Hits . 26.736 120 (1,40) 222.85
S »5g ) : . *
L g Pages 1053, 646 14.430 (1,40) .. 73.02
-~ A . . *
SO Search time  155040.922 . ~1563.004 (1,40) 99.19"
0 N R N *
> ‘Time per page o 12.261 ' 1.684 (1,40) 7.28
N \‘), .
~ . A * >
S - p< .05
R . Rk
-:‘? 1
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T .
lysis of variance for regression .

Ana

TABLE 19

of retrieval successas on spatial memory scores

DR o

Source ss ég" MS F
Regression 1,036 1 1.036 8.68
Residual 4,778 40 119
Total 5.814 41
* B

p<.01

.~
HARY

128

S
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TABLE 20 ~

Analysis of variance for regression /
of pages accessed on ideational flueancy scores :

e
! »
Source Sé af uS F
) N N *
Regression 62.49 1 62.49 : 4.35
‘Residual 574.21 40 14,35} ’
Total ©636.71 41 !
. y
* 7
< L0
, ‘ p< .05
-
! —_
3
v/—\\ {a
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TABLE 21
Analysis of variance for regression

of retrieval successes on spatial memory scores
{Hierarchical search)

~

: ‘s°{m§ . 88 & s ¥
. Regression 7716+ " 7716 9.78™
Regidual 1.4994 19 L0789
. Total T 2.2710 - 20
N
- p < .01
; . b

A3

St



Analysis of variance for regression

TABLE 22

of pages accessed on spatial umemory scores
{Hiexrarchical search)

Source 58 4ar MS _}L
Regresston  65.49 1 65.49 467"
Residual 266,93 19 14.04

Total 332.42 20

* -
p < .05

131

D



TABLE 23

Analysls of variance for regression
of pages accessed on ideacionaigfluency seores

(Keyword search)

»
Source 55 af s F
Regreasion 82.39 1 82.39 7.96
Residusal T 196.67 19 10.35
Total 279.07 20
* he
p < .05

132

s <.
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TABLE 24

¥

Multivariate analysis of diffevences in ratings
between search methods

Effect Botelling's “1‘_2 daf . Approximate F

)

Search Method . 24210 : {10,31) 15

o vttt



TABLE 25

Non-parametric tests of association
- between subject charactevistics
and pre—exposure attitudes toward videotex

134

. Vaxiables daf )(2 Adj ‘xz ¢ ‘Cko.effikc‘ikent

Gender
‘Comﬁuterized caleundar ‘?1 .20 01 .07
Calendar + traﬁsactions‘ 1 -01 0 .02
Videotex c?lendar 1 47 12 .12
— Com‘e?:cia"l videotex 1 N .49 .09 11

Computer Ex;;eriance |
Coﬁ;puterized calendap”™ 1 .02 0 .02
Calendar + tramsactions 1 4.89 3.30 .34
Videotex calendar . 1 .05 0 .03
Cou;:néf;cigl vide‘;tex 1 02 0 .02

%



