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Abstract

Theissue of how usersan navigate thewvay through large informatiospaces is onthat iscrucial
to theeverexpanding and interlinking @omputer system3.here are manways ofdealing with the
issue of navigation one of which is to provide different dialogiytes tosuit individual capabilities.
The performance of usergas compared on menu style interface to a database system, which
minimised navigation and constrained the dialogurel acommandstyleinterface, which allowed an
openand flexible dialogue.The resultsshowedthat some userslid perform better on the interface
which minimised navigational issuesnd some better othe more open interfac&nd thatusers'
performance related ttheir levels of spatial ability and experience with using commarstyle
interfaces. The menu interface ped suitable for users with bothlew spatial abilityand low
experience of using commarstlyle interfaces. The command interface proved suitédnell users
with a high spatial ability, whatevetheir previous experiencendfor users with dow spatialability
but high experience of using commarstyle interfaces. The results of this smatiale experiment
have potentially important ramifications for designers of interfaces to large information spaces.
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1. INTRODUCTION

The concept of ahAnformation space' isne that isbecoming increasinglymportant in the
current era of networked computers. Information spacesmargfested in suclareas as
multiple interactingdatabases where 'dataning’ is amajor issue. The sametisie inlarge
hypermedia systems such #s world wde web. Even traditional information retrieval
systems demonstrate this complexity.

Such systems often have a large end-user populdtos is particulariytrue ofsystems such

as public information systems, but is also apparent in commercial information retrieval systems
where thesame databasmay beused by sales representatives, junior and senior managers,
clerks and receptionists. it a largeuser population there can becansiderable diversity
amongst the users of system in terms of their education and training, their previous
experiences, skills and their requirements. For a diverseyusgp, it isquestionable whether

a single interface design could peoducedwhich would suit theindividual capabilities and
requirements ofll users. The situation is exacerbated by dize and complexity of the
information space itself.

Although people caadapt to some extent to amerface design which isot ideal for them,
there are someapabilities of userswhich they cannot easily change, such as certain



personality and cognitive characteristics (\der Veer, 1990). Of course there anany
possible solutions tohe problems of users navigating theway through largeinformation
spaces. Designers cailise arange of techniques tbelp usersfind their way. Maps and
guides offer one solution. Signposts gobviding useful 'landmarks’ offeanother.Paying
attention to general interfacéesign presentanother. Howeverall these make certain
demands on their users. These demands, in particular, expect usés/eocertain
characteristics - to be able to follow signs, to recognise landmarks, and sadeed, if an
information retrieval system is to sall its users, it idikely that different interfaces W be
necessary for different users.

The study reported ithis paper investigated whethdifferent users of information retrieval
systems require interfaces with different dialogue styles to suit itidindual capabilities.
Dialogue style refers tthe methodsvhich areemployed byusers tespecify commands to the
computer. Forexample inone style the user types icommands to communicate with the
system, in another users selgems from menus, in a third theyay use a mouse to select
pictures. Different dialogue styles place different demands on their users (Schneiderman,
1987; Thimbleby,1991). Forexample, some styles requttee user talrive the dialogue and
remember complex syntagthers guide the user and provalkethe options for input, others
require the user to interpret icons. Itikely that these demandsilwdifferentially suit users
according to their capabilities.

Dialogue style was chosen tee area ointerface design to examine in tlagidy asmany
assumptions have been maalgout which dialogue stylesre suitablefor which users of
information retrieval systemsgut little research has been carriedt to confirm or question

these assumptions. Everest (1986) suggestsrbatl style interfaceare suitablefor novice

users, natural language (Nljterfacesare more appropriate faasual users ancbmmand
language interfaces would suit frequent users. Codd (1974) argues that casual users cannot be
expected to formulatanambiguously their queries in natural language. Teguire a more
sophisticated form of natural language interfadech assists irclarifying the meaning of a
query. BothReisner(1977) andEhrenreich(1981) have examinedhe usability of various
database query languages though they déer concreteconclusions as to which is more
suitablefor which users.Davis (1989) looked atwo types of interface to databases, but
concentrated on general characteristics rather than the cognitive features which interested us.

The information retrieval systemshich are currentlyavailable do have different dialogue
styles, forexample manysystemsare command based anghany are menu basedOther
systems provide WIMP interfaces and command keys. Suggests that there is a need for
different dialogue styles to suit the usersnébrmation retrieval systembut the link between
the dialoguestyles andhe users fowhich theyare suitable isnot clear. Inshort, we do not
know enough about theharacteristics of userghich effect their performance or enjoyment
when using information retrieval system&r do we knowenough about thdemandavhich
different dialogue styles make of their users.

In order tobegin to rectify thisituation, a study of information retrieval use was undertaken.
Our primaryinterestlay in examininghe relationships between long-term amthatively stable
user characteristics and the usei@brmation retrieval system interfacedter theinitial
learningstage. In thereliminary experimentreportedfully in Jennings, Benyon and Murray,
1991) five cognitive preferences aaldlitieswereexamined in relation téve dialogue styles.
Section 2 reviews thisork. In the secon@xperiment (Section 3) weoncentrated on the



mostsignificant ofthese cognitivabilities (spatial ability) irrelation totwo dialogue styles (a
command interface and a menu interface) wisieptured theessential characteristics of the
five examined in the first experiment. Section 4 presents a discussion of these studies.

2. PRELIMINARY EXPERIMENT

A preliminary experiment (Jennings, Benyon and Muri®g1) was carriedut toinvestigate
how anumber of characteristics of users related to their performance amfoamation
retrieval system with a number of different dialogue styles. The information retsistam
developed for this experimestipported the single task obtaining lists of itemsvailable
from a mail-order shopping catalogue. Users hadpecify the type ofitem theywere
interested in and valuder three of its attributes. The users were required to query the
database and obtain information such as:

How manytypes of women's t-shir@re available, whichcostless tharE15, are
navy in colour and are U.K. size 14-16?

or

Are thereany carpetsavailable, whichcostless tharE10 per yard, are brown in
colour and 13 feet in width?

User Characteristics

Five cognitiveand personality characteristiagre consideredyhich, from previous research
into the relationship between users' performance aomputer systems andindividual
characteristics, lookedlkely to have relevance to users' success with different interface
dialogue styles. (See Egan (1988) for an introduction to previous work in this area.)

The characteristics selected weresfoatial and (ii) verbahbility, shown by VicenteHayes
andWilliges (1987) to relate to users' performance on a computedrtiecalfile searching
task(iii) field dependency, suggested by Fowler and Mu(i®88) to relate to userability

to copewith an open andlexible dialogue (iv)short termmemory capacitysuggested by
Benyon, Murray andMilan (1987) to relate to performance on fast and slow computer
dialogues and (v) logical versus intuitive thought, shown by Garceau, Oral and Rahn (1988) to
relate to preference f@raphical or tabular presentationsdaita. $ers' previous experience
with using particular interface dialogue styles was also considered. The swgeetsiven
psychologicaltests (NFER-NELSONMyers-Briggs,Saville and Holdsworth) todetermine
their positions on the selected cognitive and personality variables and were allocategho a
or 'low' group according to these scores. In addition, subjects @men a questionnaire
asking them taatetheir experience of using interfacemilar toeach of thdive types oftest
system interfaces. Experience could be rated as none, some or a lot.

Interface Styles

Five interface dialogue stylegere consideredyhich representommonly available styles of
interface: a command language interface M%-DOS), a question and answeterface (cf.
many commercialdata entry systems), a menu interface (chany Apple Macintosh
applications), duttoninterface (cf.manyHypercard applications) and an iconic interface (cf.
MacPaint and MacDraw on the Apple Macintosh).



Having fiverepresentative interfaces provided a number of benefits. &sest,characteristics
could be looked fowhich affectedusers' use omanyinterface stylesnot just one. Second,
performance differencedue to thetask could be distinguished from performardiéferences
due to thanterface If a particular user characteristic had saene effect on performance for
all the interfacesthis would suggest that it wdake taskcausingthe effect, whereas if the
effect on performance was differdot thedifferent interface styles, this wousdiggest that it
was indeeddue to theinterface style. Third, interfaces omhich users with particular
characteristics digvell were compared with thiaterfaces on which they didot doquite so
well allowed the interfaces to be analysetkims of the aspects which theyweresimilar to
and different fronthe others. Fourth, the aspects of ithterfaces with whichlthe userswith
particular characteristics halifficulties was compared with thetherinterfaces on which the
users performed bettelhis immediatelysuggested an alternatiwgay of presenting the
aspect.

Discussion

This experiment founthat, out ofthe user characteristics, usesgatialability related most
strongly to performance (measured as tiadeen to complete aetnumber oftasks) on the
different dialogue styles. The difference wasst apparenisingthe command interfacelhis
is shown in Figure 1.
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Figure 1 Correlations between spatial ability and task completion times for the five interfaces.

From Figure 1 it can be seen that people Wigh spatialability do better orthe command,
guestion andbuttoninterfaces than people with low spaidility, but doequally well on the
iconic and menu interfaces. The command, question & answer and button intalffeespsire
significantnavigationthrough thesystem to achievthe tasks, whereas thenic andmenu
interfaces require this to a much lese&tent. Thecommand language interface htmlee
levels, or modes; a system levidle catalogudevel and a help system. Although different
systemprompts indicatethe different levelsthe user had to keep inimd the level they were
at, and how thdevels linkedtogether. The buttoand question & answer interfaces required
the user to go throughseries of hierarchical category choicesider toreach thatem type
they are interested in. The user had to understand this structure and be able to navigate around
within it. Theiconic interfacehowever, after amitial choice oftwo categories, presented a



single visual scene from whi¢he user coulgbick out the type ofitem theyare interested in.
The menu interface involved a walk-thugh menu inorder to select théesired item type.
The hierarchy otategory choices gisplayed ashe usewalksthrough themenu so that the
structure does not have to be clearly remembered by the user.

These results suggest that spaabllity could relate to a userability to cope with an
interface requiring navigation. Being able ¢ope with such navigation involves knowing
where thingsare in the structurand how tomovethrough the structurefficiently to reach
them.

The difference in performance betwettre high and low spatialability groups wasmuch
greater for theommand interface thdor the buttorand question & answer interfacdhis
suggests that there something additionahbout thecommand interface which is causing
difficulty for users whdave a low spatiability. The command language interfaogolves a
much lessconstraineddialogue than thetherinterfaces. In these, the interaction was quite
structured and the user was presentgld screenglearly indicatingvhether a categorytem
type or attribute choice should beade next, or an operation usedfeen, close or return to
the start of the catalogue. Howewerth the command interface a systeprompt was
displayed at alpoints, with little indication of \Wwat type of input is expected next from the
user.

Spatialability could therefore also relate to a usebsity to copewith interfaces allowing a

very open andlexible dialogue. Being able tocopewith a flexible dialogue involveseing

clear when and where particular input can be used to best advantage and what its outcome will
be. However this latter resutbay bedue to the fact that the usesgatialability and field
independence scores correlasgghificantly. 18out ofthe 24 subjects were in tkamegroup

for spatialability asthey were foffield independence i.e. ithe high orlow groups for both
characteristics. Imay infact befield dependency whickelates to thebility to copewith a

flexible dialogue, as suggested by Fowler and Murray (1988).

The results of th@reliminary study therefore suggested that at least different interfaces
are needed for amformation retrieval system if it is to suit a range of userse with a
dialogue style whichminimisesnavigation and constrairtbe dialogue for users with a low
spatial ability,and one with a dialogugtyle which allows ampen andlexible dialogue for
users with ahigh spatial ability.These results would seem ¢tonfirm the results found by
Vicente et al(1987) and Vicente and/illiges (1988)which seem taelate to a userability
to navigate through a complex space.

Intuitively there appeared to be some concep$yaltial activities concerned witimoving
around open antlexible or hierarchicatlialogues whictwasreliably measured by thspatial
ability test we had used (Saville and Holdswontihjch involvedthe mentalrotation of cubes.
The notion of navigation isomputer spaces has alseen observed b§anter et al (1986)
who argue thatognitive style is araspect ofhuman information processing which may
explain differences in performance.

However, although userspatial ability scores correlated with their performance on the
interfaces, thisdoes notnecessarilyshow that users' spatiability was causing the
performance differences. Users' spasibllity scoresmay correlate with anothevariable
which was actually causinthe effects (Egan and Gome%985). Forexamplethere was a



significantcorrelation between subject€ld dependency and spatalbility scores suggesting
that field dependency could haweccounted for some of the performardiferences (see
Jennings, et al1991). Itmay be thathe effect which we oberved is actually something
other tharspatialability or field dependence. Memory loaway be influential otheremay be

a cognitive characteristic such "ability to move aroundnformation spaces'. Whatever the
characteristic is called, providing it correlates consistently in this steiskivith the measure
of spatial ability used, a problendoes notarise. We areseeking a relatively stable and
consistently measurable characteristic of humrish explains differences in performance on
a well-defined type of task.

3. SECOND EXPERIMENT

The aim of this experiment was tdest the hypothesis suggested kthe preliminary
experimentnamely that aconstrained dialoguehich minimisednavigation would be most
appropriate for users with low spatiability and an open antlexible dialogue would suit
users with high spatial ability. This wdene by constructintyvo interfaces to an information
retrieval system: a menu interface whigfinimised navigation and whiclconstrained the
dialogue -'like a motorist in a one-wagystem'(Canter et al., 1986) - andcammand style
interface which allowed aopen andlexible dialogue -'like a ship'scaptaingiving detailed
directions to the helmsman' (Canter et al., 1986).

Users' previous experience with using interfaces akthedwo types oftestsystem interface
was considered in the experimestenthough no effects of previous experience were found
in the preliminarystudy. The three point ratirsgale used ithe preliminary experiment had
proved too coarse-grained to ascertain any effects of experience.

Method

Subjects

Thirty subjects, eighteenateand twelve femalgyarticipated in this study. The subjects were
graduates, aged between 25 d@0d who used computers as partlodir everydaywork for
various tasks from word processing to programming. The subjects were paid volunteers.

Test system

An information retrieval system containing informatiimoutstaff and students working at a
university was constructed as thest system. The command interface was based on a
restricted version of SQLlthe de factostandard information retrieval query language. The
interface supported queries of the form:

SELECT <attribute>FRoM <relation>WHERE <condition1>AND <condition2>

SQL reserved words are showndapitals, usersupplythe parameters (indicated by angle
brackets), thevHERE clause being optional. For example,

SELECT nameFROM staff
lists the names of all members of staff
SELECT nameFROM staff WHERE course = 'EnglislND position ='lecturer’



lists all members ofstaff who teach theEnglish course and whdave the position of
lecturer

The interface allowed users to retrieve, edit and re-use presdoumnandstatements. Aelp
system was providegdiving the syntaxfor the SQL statements, and the users were provided
with relation and attribute headings.tép level system commandas required to movigom

the help system to the SQL interface and back.

The menu interface providedsers withmenus ofoptions fromwhich to selecthe relation
and attribute they were interested andprompted the user to entany conditions,clearly
giving the user théorm for entering these. The interface for¢kd user to go through a set
sequence starting from the top level choice each time.

Both interfaces were designed to be as clear arghsy touse as possiblef-or example, for
themenu interface, menu headingsre designed to be asambiguous as possiblerpwded

menu screenwere avoided (Davisl989), and users were always proviggth an escape to
thetop level (vanHoe etal., 1990). For theommand interfacehe lineediting system used
meaningful keys, foexamplecontrol-F for moving the cursor forwards and control-B for
moving it backwards. So thatny differences imsers' performances on timterfaces could

be attributed to dialogustyle all other aspects of thmterfaces weréeld constant. For
example, both interfaces supported exactly the same range of queries sard¢hierms were
used for database items and operations. Both interfaces operated using keyboard input only.

The information retrieval system wasiplemented inKEE on a SUN workstation. The
information retrieval interfacesere displayed orthe left hand side othe SUN workstation
screen. On the rightand side othe screen the querieghich the subject was required to
answer using the information retrieval system were displayed.

Design and procedure

Each subject used both interfaces. Tdreler of presentation of theiterfaces was
counterbalancedjalf the subjectseceivingthe command interface first, angalf the menu
interface first. For each interface, subjects wageen apractice session followed bytast
session. For the practicesession, subjects wegeven a series of queries to answer using the
databasewhich were comparable tthe queriesvhich theywould be asked to answer in the
testsession. The experimenter provided the subjectanthnecessary helpnd the practice
session was complete wh#re subject was confident thidiey had learnetiow to use the
interface to answethe queries, and wabkappy to move on tdhe testsession. No
measurements were taken durihg practicesession and subjects could spend as lorgeys
pleased practising. This was to ensure #ibsubects had achieved lavel of competence
with the system equivalent to their completing@ftwaretraining exercise. Wevere keen to
exclude learning effects from this study.

In the testsessiorthe subject was required to answer the queries on their own withiput
from the experimenter. The completession lasted approximateype hour,indicatingthat
there were no excessively large differences between users during practice and test.

Subjects received differeiut equivalent queries to answer usitige information retrieval
system for the practice and test sessions for the two interfaces, to reduce practice l@féects w



maintaining comparability. The queries were balanced in terms of the amount and the
complexity of the information which had to be extracted from the information retrieval system.
A typical querywas:'list the names of althe members of stafivho are lecturers on threaths
course'.

To assess subjects’ performancetba two interfaces, theimes which subjectsook to
complete thetest sasions with each of thewo interfaces wergecorded. Subjects were
required to complete 12 queries. They were also given five point rating scalbgchriorate
how easy they found each tifeinterfaces to use, and were askeddioy comments they had
about whatthey liked or dislikedabout theinterfaces. To measure the required user
characteristics, subjects wagiwen a spatiahbility test to corplete (Saville andHoldsworth),
and weregiven five point rating scales owhich to rate their levels of previous experience
with using command and menu interfaces. The spaiibty testwas a twenty minute written
test, which required subjects to determinehich of several drawings of cubesuld be
produced from given patterned cube nets.

Results and discussion

The meanscore on thespatialability test for thethirty subjects wa$7%, with a minimum
score of 17.5% and maximumscore of 90%. Aparfrom two subjectsvho eachmade one
error, all the subjects answered all the queries correctly using the two interfaces.

Test session times

The subjecgroup wadlivided intotwo according to their spatiability scores: digh spatial
group for the subjects who scorabdove themeanscore in thespatialability test,and a low
spatial ability group for the subjects who scored below the mean in the spatial ability test.
The low spatiagrouptook amean time o#401 seconds to complete ttestsession using the
command interface, antlLO secondssingthe menu interface.The high spatialability group
took amean time o303 seconds to complete ttestsession usinghe command interface,
and 398 seconds using the menu interface. (See Figure 2).

A 2(spatialability group) x 2(type ointerface)analysis of variancehowed that there was a
significant interaction between spatiability group and type of interface (F(1,28)=8.00,
p<0.01). Simple effecttests for the lonandhigh spatialability groups showed that the low
spatialability subjectstook asimilar amount of time to completthe testsession using the
command interface anthe menu interfacgF<1), whereas théigh spatialability subjects
completed theestsessiorsignificantly faster with thecommand interface than withe menu
interface (F(1,28)=21.2, p<0.001).
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(Figure 2) Mean test session times with the command and menu interfaces for subjects in the
low and high spatial ability groups.

The above results dslpport thenypothesis thathe command interface would betberthan
the menu interfacdor the high spatialability subjects, as they did answibe queries quicker
with the command interface.But theresults didnot support théhypothesis thathe menu
interface would be better thahe command interfacéor the low spatialability subjects, the
interfaces provedquallygood. Infact the results suggested tloaty the command interface
would be necessary to suit all the users better or as well as the menu interface.

However,examination ofthe raw data showed thaot all subjectshad similar test session

times for the command and menu interfaces, or alwégsertest session times using the
command interface than using the menu interface. Six subjects in fact took longer to complete
the testsession usinghe command interface thathe menu interface, sthe menu interface

did appear to be morsuitable thanthe command interfacdor these subjects.All these
subjects belonged to the low spatial ability group, and had rated their previous experience with
using command style interfaces as Igve. four orfive on the five point rating scale).
Experience with command style interfaces therefore seemed importaell as spatiahbility

in deciding the more appropriate of the two interfaces for the users.

Six subjects irthe high spatialgroup ratedtheir previous experience with using command
style interfaces as higlne. one ortwo onthefive point scale), andix low (i.e. four orfive).
Similarly six of the subjects in the lowpatialgroup ratedtheir previous experience with
command style interfaces as high, @il aslow. Theremaining six sujects rated their
previous experience as intermediate (heee). Meantestsession timesvere calculated for
each interface fothe six high spatialability and high experiencesubjects, for thesix high
spatial and low experience subjects, thoe six low spatial anchigh experience subjects and
for the six low spatial and low experience subjects. (See Figure 3).

Separate 2(command experience) x 2(type of interfatalyses of variancsere carried out
for the lowspatialability subjectsand thehigh spatiakbility subjects. The low spatiability
subjectsanalysisshowed that there wassgnificantinteraction between previous experience
and interface typ€F(1,10) = 46, p<0.0001).Simple effecttests for the lowand high
experiencegroups showed that the logxperience subjects performsignificantly faster on



the menu interface thathe command interfac€F(1,10) = 22.1, p<0.001)yhile the high
experience subjects performgdnificantlyfaster on theommand interface than dhe menu
interface (F(1,10) = 23.9, p<0.001). Thanalysis of variancdor the high spatialability
subjects showed that there was significant interaction between previous experience and
interface type (F<1)but that there was a am effect of interface typgF(1,10) = 87,
p<0.001), and the main effect of previous experience approaaeficance(F(1,10) = 2.72,

p = 0.13). All thehigh spatiakbility subjectgperformed faster on tr@dmmand interface than
the menu interface, anthe subjects with digh previous experience of commarstyle
interfaces performedlightly faster on bothinterfaces thanthose with a low previous
experience.

1. Tow zpatial ability 2. high spatial ability

w 600 w600
o i
@ i
ha 2

S00 200
< -
o =
E 4100 ﬁ 400
b il
M [
|2 |3
+ z00 + 200
= =
iy m
T ]
= =

200 i 200

Tow I'I'Igh Torw h.lgh
cornrand experience cornmand experience
BH command interface ] rmeny’ interface

(Figure 3) Mean test session times with the command and menu interfaces for low and high
spatial ability subjects with low and high command experience.

These results suggested that the command interface was more suitabie thanu interface

for all subjectswith high spatial abilitywhatever their previous experience, and for subjects
with low spatialability but high experience of command stytéerfaces. Whereas tmenu
interface was more suitable th#me command interfacéor subjects with both lovgpatial
ability and low command experience.

The results showed thatany limitations orsubjects' performance dhe command interface,
which related to their spatialbility, could be overcome with experience. Howevescatter
plot of subjects' spatial ability scores against ttestsession timefor thecommand interface
which gives their command experiensbhpwsclearly thatnot all the limitations oflow spatial
ability are overcome bhigh experience. (Figurd). Forjust thehigh experience subjects,
there is asignificantPearson produechoment correlation coefficient between subjects' spatial
ability scores and thetestsession times (r =0.69, df = 10, p<0.02)xhowing that even for
subjects with a higlevel of experience their performance wrse the lower theispatial
ability.
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Figure 4 Subjects' test session times for the command interface against their spatial ability
scores, giving their command experience

Ease ratings

Mean ease ratings were calculated for each interfacéndaix high spatiakbility and high
command experience subjedts; the six high spatiabnd low experience subjects, the six
low spatial andhigh experience subjec@snd for thesix low spatial and lowcommand
experience subjects. (See Figure 5).

1. low spatial ability

2. high spatial ability

Lo Figh
command EHPErEnce command experience

below )
below )

high, S
high, 5

=]

rean ease rating

01
rean ease rating

8!

B command interface [0 menu interface

Figure 5 Mean ease ratings for the command menu interfaces for low and high spatial ability
subjects with low and high command experience.

To examinghe ease ratings, separate 2(command experience) x 2(type of intarfalyses
of variancewere carriedout for the low spatial ability subjectsand thehigh spatialability
subjects. The low spatial subjecsialysisshowed that there was significant interaction
between previous experience and interface $B(#,10) = 5.87, p<0.05)Simple effect tests
for the low anchigh experiencgroups showed that the ease ratings fortweeinterfaces did
not differ significantly for the lowexperience subjec($(1,10) = 1.29, p>0.1); but th#tey
did differ significantlyfor the high experience subjects(1,10) = 5.17, p<0.05). Thanalysis
of variancefor the high spatial ability subjects, showed that there was significant



interaction between previous experience and interface type, asigniftcant maineffects of
previous experience or interface type (all Fs<1).

The directions of theneans ofthe ease ratings (Figure fllowed the samepattern as the
meandor the testsession times (Figure 3)r each interface, in terms of thathin-subjects

results. Although only one of the differences actually reached significance in thithedset

that the directions were tlsamesuggested that this qualitatidata lentsomesupport to the
conclusions drawn fromthe quantitativetest session timeslata. Thebetween-subjects
comparison of ease ratings for theerfaces wasunreliable for this qualitativedata, as

different subjects interpreted the points on the rating scales differently.

Comments

Subjects whdiked the menu interfacemore than theeommand interface, made comments
such as the following about the menu interface:

* 'needs very little thought'

* 'no need to remember syntax’'

« 'didn't let you make mistakes as much'
* '‘prompted at each stage'

and comments such as the following about the command interface:

* 'instructions have to be committed to memory'
* 'involved translating from natural language into programming language'
* 'had to learn the structure of the query’

Subjects whdiked the command interface more thdahe menu interface, made comments
such as the following about the command interface:

* ‘compact ... short cuts available ...’
* 'able to request information in a single step'
* ‘could recall and edit commands'

and comments such as the following about the menu interface:

* 'slow and repetitive, frustrating’
* 'laborious’
» 'tedious, starting from beginning each time'

These comments suggested that it waes degree ofavigation andthe openness and
flexibility of the dialogueallowed withthe two interfaces whichwas determining whether
subjects likedone interface more thahe other. References t@aving to remember syntax
and being able to recall and edit commafatsthe command interface, and tihe menu
interface prompting at eacétage andnot allowing mistakes as muclall relate to the
constraints of the dialogueCommentsabouthaving tostartfrom the beginningeach time to
access a new piece of information with the menu interface relate to the degree of navigation.
Discussion



The results of this experiment suggest that an interface with a diagdbgeevhichminimises
navigation and constraine dialogue, such as thmenu interface in this experiment, is
suitablefor users with both a lowpatialability and low experience of using commastsile
interfaces. Whereas an interface with a dialogue style which allovepem andflexible
dialogue, such as th@ommand interface in this study, is suitafide all users with ahigh
spatial ability,whatever their previous experience, and for users with a low salailigt but
high experience of using command styleerfaces. According to these resultsscemmand
style interface onlywould suitall users, ifall users with a low spatiability could gain
experience of using command style interfaceldowever, although frequent users of a
computersystemmay be able to dthis, it isunlikely thatoccasional users would lable to
gain enough experience, and the menu style interface would be necessary for this user group.

It is notclear whether the results dfis studyare generalizable t@ther subjectgroups. It
may be that anon-graduate subjegroup couldcontain some subjects with lowspatial
abilitiesthan the subjects itis graduate group Subjects with a very low spatiability may
not beable toovercome their performanckfficulties onthe command interface by increasing
their experience, in whichaseall very low spatialability usersmay be betteoff with the
menu interface thathe command interface whatever their experience.fatit, thepositive
correlationwhich was found between performance on twmmand interface and spatial
ability score for thehigh experiencesubjects, supports thdea that very low spatiability
subjects would have performandéficulties on the command interface even when their
experience is high. Thisayresult in their performance on tlkemmand interface actually
beingworse than that on theenu interface, performance ¢ime menu interface appearing
relatively free from effects of spatial ability.

It is alsonot clear whether the results ageneralizable tonore complex uses &QL for the
command interface. Th8QL statementsvhich users were required to formulate for the
command interfacevere relatively simple. None of the statementavolved the subjects

having to linktwo relations. If the use of SQL hdmen more complefor the command
interface, itmay bethe caseagain thatthe low spatialability subjectscould not produce a
goodperformance on this interface whatever their previous command experience. One subject
with a very low spatiahbility but high previous experience, who produced a fastee for

the command interface thafor the menu interface, commented thathe use of SQL had

been more complicated he probably would have preféneechenu interface téhe command
interface.

4. CONCLUSIONS

This study hasuggested thatlifferent users of information retrieval systear® suited to
interfaces with different dialogue styles. There appears to be an intenetdmptay between
cognitive characteristics and personal profil@ta. Inthis experiment command language
experience appeared to have an effieat,experience is dependent other factorssuch as
frequency ofuse. Information retrieval access is oaeplication of computer technology
which must be available to discretionary and intermittent computer users.

This study has spoken of the dialogue stglteaninformation retrieval system interface as if it
can be considered in isolation fraime databasevhich the interface formspart of. Others
(e.g.Reisner, 1980havesuggested that the users conceptoadlel ofthe datamay have an
influence(e.g. ifthey conceptualisthe data as &ierarchy or as a 'fldtle’ database). Data



entry is also an important issue. The typelaaentry which an information retrievalstem
needs tosupportmay in fact limit the interface dialogue styles whicire possiblefor the
system. Similarly, the size and complexity dhe information space is important. Information
retrieval (bibliographic) databasder example, typically daoot have many interlinked files,
allowing a more prescribed interaction than information retrieval systetmsh do have
interlinked files.

The influence of cognitive style isnportant. Althoughother researchersate argued that
cognitive style ismostinfluential during thelearning phase (Ulrich1987; Kottemann and
Remus,1988), it appearfom our own workand that of (Egan, 1988; Vicente avdlliges,
1987) that certain characteristics are important afterlebheing stage. This experiment
confirmed the findings of Vicente andWiliges (1987) concerning spatial dlty; a
characteristic also singled out by Egan (1988) and van der Veer (1990).

This experimentdemonstratesot just thefeasibility of the adaptivemechanismsput the
feasibility of findingand recording cognitive characteristighich effectthe interaction. The
contention is that the usemakes mistakebecausethey have goor spatialability and the
command interface requires them to havgomd one. We arable to inferthe domain
independent characteristic of spaiility because of the characteristics of ttenmand
interface. Since spatial ability is domain independent we can then use this knowledge when the
user interacts with other systems.

There aremany different types and measures of spagéllity (Dillon, 1985; Dillon and
Schmek, 1983) and it is unclear at present which are most relevant tcosipgtersystems.
Clearly further work does need to be done to establish precgselythe relationship between
dialogue styles and cognitive characteristics,. However the amount of navigation demanded by
an interfacedoes appear sigicant. Navigation is of central concern to designers and users of
hypermedia system@.g. Sellen and Nicol1990) andhas been commentagbon in other
systems(Canter, et al., 1986). Theavigation metaphor is also relevant ttee notion of
cognitive maps (Neissel987) where the importance ¢tdndmarks has beestressed.
Although the results presented hehave been expressed in terms thie cognitive
characteristic of spatiability and in terms of thénterface characteristics of openness and
flexibility (since theyare the measureshich weused), theranay befurther insights to be
gained by considering a cognitive characteristic of 'navigati@fulity' and interface
'landmarks' which clearly identify at is achievable at various points the dialogue and
'signposts’ which indicateppropriate directions. Whatever the metaphor, giablem of
different users have differeabilities whichare difficult for the users to change should be
considered by interface designers.
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