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Simple animations for organizing diagrams

Abstract

Despite ageneralbelief among multimediadesignersthere islittle evidencethat animation improvesisers'
cognitive processingOnereasonwhy animation has not metesignersexpectations ighat animations are
usually complexanddifficult to process. Irthis research we usedsimple animatiordevice toguide users in
their processing of complex diagrams. The dedaled sequentiadlisplay, consisted okuccessively displaying
portions of the diagramshere theportions were either meaningfullyclustered orandom. Intwo experiments,
learning fromsequentiallyorganizeddisplays wadasterfrom sequentiallyrandomdisplays.However, learning
sequential displays was not significantly better than the static display. In all three experaments) recall in
the sequential conditions followed the presentation ordénelithird experiment, processings fasterand more
accurateusing theorganization ofthe sequentialdisplays. Thus, theway in which spatial information is
temporally clusteredand arrayediffectsthe organizatiorof elements in the mentakpresentation. The simple
animation deviceof meaningfulsequentiapresentation oEomponents of @omplexgraphic displaycan guide

construction of a mental model of the graphic as well as facilitate memory for it.

1. Introduction

Under the assumption that "a diagram is wititfusand words", computer educatiomaterials make extensive
use of graphics and diagranuse of graphics haiscreasedvith the growingdevelopment otomputerized and
multimedia documents. Graphics, aated orstatic, arewidely used ininterfacesand in softwareapplications,
including web browsers, helps prograamsl instructional materials. lkaddition totheir attractivenesgraphics
are often believed tofacilitate comprehension, memorgnd inference.Designersfrequently use diagrams to
embellish, reinforce, elaborate, summarize and compluater, Crismore, & Pearson, 1987). Bate graphics
as effective as designers believe? Graphics can be coamuleconfusing. In contrast text, thatis linear, there
is no standard way of processing diagrams.

Research comparing learning from illustrated teith learning fromtext aloneprovides encouragemefur the
use of graphics. Overalgraphics facilitate comprehensiandmemory(Levie & Lentz, 1982; Denis, 1984).
Graphics are thought to serve a number of functibhey do so for ateast fourreasonsattentional,affective,
cognitive, andcompensatoryLevie & Lentz, 1982; Myer, 1989;Winn, 1989; Tversky, to appear).First,
graphics attracanddirect attention tocertainpoints in thetext. They nake learning morenjoyable. On the
cognitive side, they improve the processing of contentpaodde additionalnformation. Finally, they offer a
non verbal alternative representation.

Nevertheless, there arean-negligible numbeof caseswvheregraphicsarenot only unhelpful, but sometimes
detrimental.For instancejrrelevantillustrations have a negativeeffect (Levin, Anglin, & Carney, 1987;
Gyselink & Tardieu, 1994). Moreover, graphics that facilitate one task maefiective foranother (Mwyer &
Gallini, 1990). More important, many graphics may tail to benefit, eltbeauseeaders dmot attend tothem
(Peek, 1993) or anenable toprocesghem (Filippatou & Pumfrey, 1996). The usearfimatedillustration is
even more questionable, since the cognilbaa required toprocesghem isgreater(Lowe, 1996). Up tonow,

previousresearcthas notconverged orconsistent resultsegardingthe actual efficiency of animated displays



(Morrison, Tverky, & Betrancourt,2000; Rieber, 1990Scaife & Rogers, 1996). For examplanimated
displays have not facilitated learning software applications (Palmiter & Elkerton, 1993).

In contrast to graphics, language is sequencetdhria, presenting onéeaafter another. Thdinear structure of
language encourages speakers and writers to structure inforratido select areffective order to conveythis
structure(e.g. Levelt, 1989). Orthe comprehension sidghe order in which information ismentioned has
affects on thenentalrepresentatiorfe.g. Denis, 1996)For example, Deniand Denhiére(1990) compared the
processing oftwo versions of a textlescribing aspatial configurationOne versionfollowed a linear and
coherentorder, whereashe otherfollowed anincoherentorder, rarelyobserved inspontaneouslescriptions.
Readingtimes were shorterand recall better forthe coherentorder. These findingsshow that mentioning
information in a relevant order improves cognitive processing. One explanatithisfeffect is that acoherent
orderenableshe immediateintegration of informationnto a mentalmodel (Mani & Johnson-Laird,1982).
Order of nention alsoserves as a guidir later retrieval ofinformation. Forexample, Taylorand Tversky
(1992) found that participantswho had read adescription ofan environmentdrew the elements of the
environment in the order they had been described.

It is oftenpresumedhat adiagram is processedmediately, as a whole.However, most diagramsrequire
cognitively demanding processing of the detaitsl relationshipsbetweenelements inorder torevealthe entire
meaning. Eye movementsvealthat processing issequentialFor diagrams,usershave todiscoverthe best
order to process the information. This may partly acctarthe finding that userdo not always takadvantage
of graphics. In some cases, usars providedwith auxiliary text that guidesthem in processingdiagrams
(Hegarty & Just, 1993). We propose a way that diagrams can do that themselves.
Becauseanimations,like languagechangeover time, simpleanimations may baised to guidaisers to an
effective order of processing graphic information. Here we investigate the efficiengjnople animateddevice,
called sequential display, in facilitating cprehension ofyraphics. In asequentiadisplay, subgroupsf items
are displayedne after another. The subgroumse either neaningfully grouped omot. A similar display was
used by Wright, Hull, & Black (1990). Participam&ad a texillustrated wth a complexdiagramthat appeared
eithergradually orall at once. Wenthe diagramappearedyradually,participantstook less timeto study the
document, for equivalent performance. However, #idigantagedisappeared ifnspection of thediagramwas up
to the users.

Evidence from the literature on expertise (e.g. Chase &&ih976; Ega& Schwartz, 1992) hashown that
experts’ memory for graphic displays is better than noieeause of their ability tgroup items inrmeaningful
configurations. Spatiatlustering by semanticategoriesalso improvesmemory forword lists (e.g.Bower &
Clark-Meyers,1980). Similarly, we predict that displaying aconfiguration using a meaningful temporal
clustering of items will ipprove memory fodiagramscompared tarandomtemporal clustering. lgreover, on
the basis of Taylor and Tversky's (1992) findingsale® predict that displagrder will not onlyorganizeinput
but alsoact as aecall guide. Inotherwords, participants whaexperience apatial configuration sequentially
will retrieve items of the configuration in the order in which they appeared.

A preliminary experimentising a mapof a library (Bétrancourt,Bisseret, & Faure, toappear)compared
sequentiabisplaysbased ormeaningful or spatiatriteria to astatic display. Althoughparticipants in the

sequential conditions did not leahe diagranfaster, theydid recall the diagramusing theclusteringdisplayed.



Moreover, participantsvere faster recognizing parts of thediagram that were consistent with thelearned
clustering. In that experiment, clustering was conveyed through a makkiiog,that exposed aingle cluster
of 6 items afa time. In the threeexperiments we repolttere, weuse a purely temporal display. The first two
experiments aim to assess whether a meanisgijlientiadisplay of aspatial configuration inproveslearning
and memory compared toa random sequentialdisplay and a static display. Thethird experimentfurther
investigated whethethe temporalordering of elements of adiagram affectg¢he organizatiorof the mental

representation.

2. Experiment 1. Sequential display of a small Library

To study the effects of sequential display of meaningful or rarots of a graphic, wehose a rap of library

for severalreasons. A library idaliliar to our participantsand it consists ofequal parts of undifferenciated
elements except by content. Thus it represents a broad class of diagrams, including computer Bliéss \aadh
potential customers. In theequentialdisplay conditions, meaningful orandom clusters of parts,were

sequentially highlighted. In the static condition, thdiagram was presented as ahole. We expect that

meaningful temporal clustering should be superior to random clustering in speed of leachexgpunt recalled
and that the order of cluster presentation should affect mental organizatieaveaed in order aralustering of
recall.

2.1. METHODS

Participants
Fifty-three undergraduates, 2#nale and 29 ferale, from anintroductive psychology course at Stanford
University participatedindividually in this experiment forcourse creditsThey were randomly assigned to
conditions.

Material

The library map consisted of 20 rectangle-shaped bookcases labeled by academic discipline (see Figure 1).
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Figure 1. Map of the 20-bookcase library. Spatial clusters indicate the organization conveyed by sequential
display: the meaningful organization appears in the upper diagram and the random organization appears in the
lower diagram.

There werehree displayconditions. In the statidisplay, thebookcasesippearedill at once, as irtraditional
diagrams.In the two sequentialdisplays, elementsvere displayedyradually,one cluster at dime, for 10
seconds. Once displayed, the clusters remained on the SClesterswere displayedoughly from left to right
and top to bottom in boteequentiadisplays. In the meaningful display, elemewexe clustered bycademic
disciplines(humanities, sociasciencesmedicineand engineering). Irnthe randomdisplay, the clustering was
obtained byflipping the meaningful clustering along theertical axis. The items ofeach randoncluster
belonged to at least 2 different meaningful clusters.
Two spatial layouts of the same library were designed by flipping along the vertical axis, to insuredfiattthe
of clustering was not due the spatialdisplay ofthe clustersEachphysical clustering waasedeither for the
meaningful or theandomconditions,depending orthe layout.In otherwords, the spatial clustering of the
meaningful condition in layout 1 is the spatial clustering of the random condition in layout 2 and vice versa
Design
The designwas a 3 x2 between-subjects factorigesign,with the two factors ofdisplay condition(static,
meaningful and random) and layout (layout 1 and 2)
Procedure



Participantswere stationedin front of a computeand wereasked tofill out a simple form(age,gender and
major). All participants were acquainted with computers.

Sudy phase. The participantsvere given written instructions stating that thesuld have to memorize the
map of a library that would be displayed for about 40 secionaisler to recall the names the bookcases on a
blank sheet. In the sequential conditions, they were told that themmag be gradually displayedhey knew
that they would have no more than four trialsr¢éoall asmany items agpossible. The totadlisplaytime for a
session was 42 seconds (2 s for the blank frame plus 40 seconds) equal in all conditions.

Test phase. After the mapdisappearedparticipantsweretold to write as manyiames agossible. Thefirst
recallwas afree recall, whereparticipantshad tolist the names without locating them ispace.Immediately
after, the experimenter toaway their free recall and participantsperformed a locatececall task. A blankgrid
4x5 was provided and they had to recallbenes in theight location. Participants werhrough fouridentical
sessions (studyfree recall andlocated recall) ountil their recall was complete. Theexperimenterecorded the

order in which the participants drew the items.

2.2. RESULTS

Memory performance
Table 1 displayshe mean number of trialseeded ineachcondition to recall the library (all twenty items
accurately located). A score of 5 wassigned tdhe 9 subjects whosecall wasincomplete at the finalourth

trial.

Table 1- Mean number of trials needed in each condition to recall the library (SD are indicated into parentheses).

Meaningful Random Static

Mean (SD) 3.39 (.85) 3.94 (.80) 3.71 (.69)

An analysis of variance wasmputed orthe number of trials with the type dfsplay andlayout asbetween-
subjects variables. Theffect ofthe layout was not significarfF(1,49) = 2.75,NS), nor was thénteraction
betweenthe twofactors(F(5,47) = 1.43,NS). Theeffect of the display condition wasot significantoverall
(F(2,50) = 2.27, NS). However, planned comparison betweeseitpgentiaconditionsshowed aradvantage of
the meaningful groups (F(1,35) = 4.52<05). The advantagaf meaningfulclusteringover randomone was
corroborated in detailed analyses of trial-by-trial performance and location errors.
Recall order

To determine whethesrder of presentatioraffected order ofecall, Kendall's rank correlation coefficientda{s)
were computed between the order participaetalledthe itemsandthe display orders (randonand meaningful)
for free and located recallhese appear ifiable 2.For 10 ormoreitems, thesignificanceof tau can betested

using Fisher and Yates’ table

i reproduced in Johnson, Neind Leone, FG1964). Statisticsand experimental desigin Engineeringand the
physical sciences, John Wiley & Sons: New York, London, Sydneys.



Table 2. Kendall's coefficient correlation (tau) between recall orders and display orders

Meanirgful Random
Free recall Meanigful order .23 .02
Random order .20 .03
Located recall ~ Meanirgful order .48 .23
Random order .37 .23

Note: Since theanalysisrequiredvalues for allitems, weusethe order datafrom the last trial for eachsubject. We
eliminated from the analysis data ofparticipantswith morethan threemissing items (Freerecall Locatedrecall: 1
subject fromthe Staticcondition, andtwo participantsfrom the Randontondition). When therewere three missing
values or less, they were allocated the last rank.

None of the correlation coefficientswas significant for free recall. For locatedrecall, there wassignificant
agreement between participants’ recall ordertaedfunctiondisplay orderonly for the meaningful condition as

expected.

Clustering in recall
A hierarchicalcluster analysis ofecall ordersrevealdetails onthe recall’'s clustering. This analysisxamined
whether participantdrew the items of asame cluster successivehggardless othe order ofitems within and
between clusters. The resulting trees are displayed in Figure 2 and 3. Because there were no effectslathlayout,

were collapsed across layout types for each display condition.
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Figure 2. Trees resulting from the hierarchical analysis of drawing order in free recall for, from top to bottom:
meaningful condition; random condition; static condition.

Free recall. As expected,clustering for participants in the meaningful conditioorresponded toorder of
sequentiabisplay (Figure 2). In contrast, clusterirfgr participants in theandomconditiondid not resemble
any of thedefinedtypes of clusteringlnstead,clusteringseemed tdollow spatial criteria, but the distinction
betweenclusters was not aglear as inthe meaningfulcondition. Similarly, for the static conditions, the

clustering seemed to follow spatial criteria more strictly than in the random conditions, but was not clear either.
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Figure 3. Trees resulting from the hierarchical analysis of drawing order in located recall for a) meaningful
condition; b) random condition; c) static condition.

Located recall. In the meaningful conditiomarticipants’ recalfollow the learningorder,exceptthat one of the
clusters(Engineering) wasplit in two, presumablybecause ofpatial constraints (Figure 3). In tmandom
conditions, two spatial clusters were distinguishable (thecliister corresponded to thieee firstcolumns, and
the remaining clustetorresponded tohe fourthandfifth column). But theaggregationlevel wasvery high,

suggesting that the clustering was noisy. The clustering in the static congigéemed taesult from atradeoff



between meaningful and spatial critefar example, thé&ocial Sciencestems were clusteredogether,except

that “economics” was clustered with its right-hand side neighbor, “Computers”.

2.3. DISCUSSION

The utility of sequentially highlighting meaningful portions grphic wador the most partsupported by the

data. Participants in thesequentialmeaningful conditionrequired fewer trials to learn the diagram than
participants inthe staticandrandomconditions, but only thelifference betweenthe meaningfuland random
conditions wassignificant. This advantagewas corroborated bydetailed trial by trial analysis. Thus, a
meaningfulsequentiadisplay improves memoryomparedwith a randomsequentiadisplay, but anorganized
sequential display was not unequivocally superior to static display.

A meaningful sequential display also affected the order and clustdritegns in located recall, in contrast to the
randomdisplay which did not. Thus,a meaningfulsequentialdisplay acts as aecall guide, but a random
organization does not. In the static condition, the clustering seemed to be a compromise between meaningful and

spatial properties.

3. Experiment 2: Sequential display of a large library

In the first experiment, the diagram was simaotel familiar. The advantagé a sequentiadisplay may bemore
apparent for a larger memory load. The second experiment examined a more complex configanadjatjrty-

six less familiar disciplines instead of twenty. The second expatiaiso added spatial memory test tequate
participants’ spatial memory across conditions. Finally, as the layout of the items made no difference in the first

study, only one layout was used in the second experiment.

3.1. METHODS

Population
48 Stanford University undergraduate angraduatestudents fromvarious majors, 19 of whiclvere female,
participated in the experiment for course credits.

Material
Figure 4 displays thenlargedibrary map. The 36 bookshelvegere groupeds: generalworks (monographs,
encyclopedia, dictionaries, periodicals, indexes, almanditiry (civilization, genealogyheraldry,archeology,
chronology, diplomatic)Geographyand Geology (ecology, atlasesartography paleontology,oceanography,
petrology), Technology(aeronauticsbuildings, optics.electronicshydraulics, manufacturesphilosophy and
religion (metaphysics, cosmology, ontology, mythology, etraestheticsand Mathematics (geometrypgic,
arithmetic, statistics, algebra,probabilities). Asbefore, therewere three displayconditions: static, random

sequential and meaningful sequential.
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Figure 4 - Library map used as material in Experiment 2

Procedure
The procedure was the same as the first experiment except for the following changes.
First, participants performed a spatial memory the$bre theexperimentbegan. This test weaadaptedrom the
Kelley's Map Memory test | (Kelley, 1964). Participants studied the map of a town containiagd?barks for
2 minutes. Then they positioned as many landmarks as possible on a sheet wivagsthadhe railroad were
provided. Participantsperformed ajigsaw puzzle onthe computerwhile the experimenterscored their
performance. Three scogeoupswere determinedising aunit normal distribution on the first 1participants’
scores. The test wascoredaccording toKelley's instructions (2points for eachitem correctly recalled and
located, Ipoint for eachitem recalled inanotherlocation). Participantsverethen assigned tmne of thethree
display conditions in such a way that the number of participants in each score group was equal across conditions.
Study time wasdncreased to 6Zeconds (2 seconder the blank frame and then 60 seconds)equal across

conditions. The instructions were changed accordingly.

3.2. RESULTS

Spoatial memory test
In order to assess the validity of the spd#at, a correlation coefficiemtas conputedbetweenthe score on the
spatial memory tesandthe last trialperformancedor the recall of the library . The correlationbetween the
spatial memory test and free regadirformancavas .50 (p<.0005) andthe correlationbetweenthe spatial test
andlocatedrecall was .54 (p<.0001). Thesehigh correlationsshow that the spatial memotgst was agood
indicator ofspatial memory abilityfor this kind of memorytask. Thus, thehree groups (functionrandom,

static) can be considered as equivalent with respect to spatial memory ability.

Recall performance
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A repeated measures analysis of variance ubmtype of displays a betweenparticipants factorandthe type
of recall (free and located) and number of trial®(h) as within-subject factoyselded amain effect of the type
of recall. Unsurprisingly, participants wevetter afree recall thanrecalling atlocatedrecall (F(1,45) = 69.14,
p <.0001).Recall alsoincreasedvith number of trialgF(3,45) = 436.08, p <.0001)Therewas noeffect of
display onthe number of trials to learn. Onfgw participants (5.6%jecalledall items accuratelywithin the
four trials, of which none from theandomcondition. Figure Sisplays the meanumber of itemsaccurately

recalled through the four trials.
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Figure 5. Number of correct items in the located recall test through the four trials.

A repeated measures analysis of variance using the type of display as the between-subjects factor, and the number
of trials (2 to 4) as the within-subjects factor was computed on the number of items correctly eechltadhted

(Figure 5). The first trial was because of a fletiect. The effect of thdisplay factor wasiot significantoverall

(F(2,45) = 2.35, NS). However, planned comparison yielded a significant difference between the meaningful and
the random conditions (F(1, 30) = 4.67, p <.05).

Because of the increased memory load, recall was lower, too low to allow analyses of recall order.

3.3. DISCUSSION

This experiment replicated many of thigects of thefirst experimentinthis experimentusing a more coplex
graphic and equating groups &yspatial memoryest. Therewas asignificant correlationbetweenperformance
at the spatial memory test and performance on free and located recall.

In free recall, there were no differencebetweenconditions. However, inlocated recall, participants in the
meaningful sequentialdisplay conditiondid significantly better thanparticipants in therandom sequential
condition. Sincemost participantsdid not recall all the names, therderingand clustering of names imecall

could not be analyzed in this experiment.
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Despite aarger, morecomplex displayperformance insequentiaineaningful conditions wagmot superior to

performance inthe static conditionHowever,the meaningfulsequentialcondition was superior tgandom

sequential condition.

4. Experiment 3: Sequential display of a geographic map

The recall order inthe fisrt experimentstrongly suggestedhat meaningfubequentiabresentatioraffected the
way thegraphic materialvas mentallyrepresented. Othe presentexperiment, weevaluate(it?) more directly
using aricher graphic, a mapandtwo uncorrelatedneaningful organizationsf the towns,hystoric or size,
across participants.

4.1. METHODS

Participants
59 undergraduateparticipated inthe experiment forcourse creditsThe data of one subjectwere eliminated
because of poor recall of the map (7 elements out of 27). There were 15 participgaths@equentiakondition
and 14 in each static condition, randomly assigned.
Material
The material was thenap of a fictitiousisland with 9 towns (seeFigure 6)characterized bysize (Small,
Medium andLarge) and the era in which it had been established (Ancient aNd, Pioneer Ageand Modern
World). The two dimensions were ordered and crossed in a matrix organization, so that the each town realized one
of the nine factorial combinations.

Modern

Ancient
Greenwood Small

Grandfalls Medium Modern
Large

Riverton

Ancient

Pineridge
Modern Large
Dakbluff Medium
O
Ancient
Middleport Small
Pioneer *

Newfield |arge

Pioneer
Redfork [ Small

@

Pioneer
Forestville Medium

Figure 6. Geographic map used as material in Experiment 3
The townswere located othe map so that the totdistance betweethe threetowns of acluster wasequal
across clusters for botlimensionsThus, the spatiabrganization wasot correlatedwith either ofthe matrix
features. Each town was indicated by a dot that conveyed the size and era dimension in a graphic way (dot size for

size and gray shades for the era).

13



Four typesof displaywere designed. Ithe Sequential Era display, the townswere clusteredccording to era,
and appeared insteps from anci@ntnodernin the Sequential Sze display, the townswere clusteredccording
to size,and appearethsteps from small tdarge. Finally, in the Satic Era and Satic Size displays, all
information was available at once.

In both sequentialdisplays, the clusterappearednsteps withthe nameand relatednformation of the towns
within a clusterappearingsimultaneously.Once displayedthe information remined onthe screenuntil all

clusters were displayed. The thiteps of thesequentiadisplay ran twice a&ession. Thepatial configuration
was the samacross displaysxcept forthe relative spatial location of theera andsize information. In both
sequentialdisplays, the information in thaighlighted dimensionwas spatially displayed above the other
information for every town. Thus, two static displays were designed as coatatsding tothe relative spatial

location of size and era information —size above era (Static Size) or era above size (Static Era).

Procedure
Sudy phase. Participantswere presentedith the materialandtheir tasks.They weretold to study the map
carefully “in order to be able to answer questions relatehtbtown —name, location, size era”. Study time
was four minutes in all conditions.
Recall of the map information. After the mapdisappearedharticipantswere provided wh a blank map with
dots indicating the location of towns (the dots were all of the sameusizmlor). Theywere asked to indicate
in the appropriate places the names of the town, theimasidera. Theorder inwhich participantgecalledeach
piece of information was recorded by the experimenter.
Verification test. In the verification test, two townswere displayedndthe participantsndicated ifthe towns
were either of the same size or of the same Ena. dimension according to whithwns were compared (size or
era) was callefbcus of the test. They were asked to answer as quiahdtly asaccurately apossible. Theowns
were indicated either verbalbyr visually. In the verbaltest, thenames of the townappearedrertically aligned
and horizontally centered on thereen. In thevisual testvisual, dots indicatingthe location of the townsrere
displayed on the outline of the map, but the names of the teweresnot provided.Participantsperformedboth
the verbal and visual tests successively in counterbalanced order across participants.
Twenty-seven pairs of towns were chosen as stimuli: 9 era pairs (towns of theragn®size pairs (towns of
the same size) and 9 both-features pairs (different sizedifferént eras). The $oth-featuregairs were chosen
among the 18 possible pairs, in such a way that the total distance between the towns in these 9 qupies was
to thedistancebetweentowns of the size pairand ofthe erapairs (distanceequalacrosssize and erapairs by
construction of the material). The 27 paigpearedwice, once foreachfocus. For theverbal test, the two
names in each pair were presented in reverse locatiaadbifocus (e.g. “Pineridge Redfork” for the sizefocus
and “Redfork Pineridge” for the era focus). The ré4ulting trialswere blocked inseries of saméocus (size or
era) with 9 trials each, immndomized ordeacrossparticipants. The same 58dals were usedor the verbal and
visual test.
A verbal cue was displayed on the screen to indicatiotius (era or size), followed kthe names of two towns
for the verbal test and by tineap with two dotdor the visual test. Thecue appearedor 5 seconds beforeach

block of trials and for 2 secontietween each trialhe testitems remained orthe screenuntil the participants
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responded. Participants were told to press the “same” key if they thought the towns belong to ttetegpme

and “different” otherwise. There was no time limit.

Description of the map. The map of the island with the names of the town was provided to the participants. The
era and size information were not provide€ither verbally, nor graphicallgince the dotsvereall of the same

size and color. Participants were asked to veritiescription of this map like one theguld find in a handbook

of geography.

4.2. RESULTS

Recall of the map
Threetypes of informatiorare distinguished: era, sizand name (of thetowns). Theaccuracy of apiece of
information is related toits location, irrespective ofthe accuracy ofthe two otherpieces ofinformation

corresponding to each town. The mean number of elements correctly recalled is displayed in Figure 7.

8.5 Type of_
information:
8
o ere
75 m Size
7 g nhame

Humber of e ments recalled [our of 9)
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Figure 7. Mean recall of the three types of information as a function of display focus

A repeated measurasalysis ofvarianceusing the type oftlisplay as aetween-subjectiactor andthe type of
information recalled as the within-subject factor was computed on the number of elements recalledtl@verall,
was a significant main effect tie information typ€F(2,54)=20.9, p<.0001). Participantsrecalledmore size
and era information (respectively 7.3 and 7.5 in averagef®)tthan namesf the town (5.8). Theorrelation
betweenthe recall performanceor size and erainformation was significant (r=.615, §.0001), whereas the
correlationbetweenthe name informatiomand other types of information was n@tamevs. era: r=.252, NS;
namevs. size: r=.076, NS). Asecall of the namedlid not correlatewith recall of other information, we
computed a second analysis of variance using the same factors but without the name information.

The effect ofthe type ofdisplay wasnot significant(F(3,54)=2.83, NS),nor was theeffect of the type of
information (F(1,54)=2.75, NS),nor was the interactiofbetweentype of display and type of information
(F(3,54)= 2.35, NS).

Th main question of interest washether the organizatiasf the display affectedthe mentalorganization of the

material. Todeterminethis, arepeated masuresanalysis ofvariance wascomputedith the two sequential
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conditions as thdetween-subjecttactor andthe sizeand erainformationrecalled aghe within-subjecfactor.
Supporting the hypothesis, thigelded a significant interaction betweenthe condition and the type of
information (F(1,28)=9.03, p <.01).

Ordering of information in recall
We expectedthat participantsin the sequential conditions would recall successively (or clusterjowns
information according tothe dimension that wdasighlighted by thesequentiadisplay. The analysigcludes
only the size and era information that is accurately located.
Kendall's ranks concordance coefficievais computedor eachcondition toevaluatethe similarity acrossrecall

orders within each condition (Table 4).

Table 4 - Kendall's ranks concordance coefficient Recall order

Conditions
Static era Static size Sequential era Sequential size
Kendall'sw .39 .069 .40 .50
Significance p<.05 p=.99 p<.01 p<.0001

As shown inTable 4, thesimilarity betweenorderingwas significantfor all conditionsexceptthe staticsize

condition. In othemwords, participants inboth static esequentiakra and insequentiakize conditiongecalled

items in similar orders. In order to characterzeall order, we computed rankcorrelationcoefficient (Kendall's

tau) between the mean recall ordee#ath condition and thtevo displayorders.Only thethreeconditions vhere

the similarity betweensubjects’ orderingswas significantwere consideredsince the mearordering was
meaningless otherwise.

Therewas asignificant correlationbetweenthe mearrecall order in the SequentialEra condition and the era
display order (t = .61, p <.0005). Similarly, there was a significant correlation between the meaordeca

the SequentialSize conditionand the sizedisplay order (t =.82, p<.0001). In contrast,there was no

correlation between the mean recall order in the static era conditions and either of the display orders.

Clustering of information in recall

As for Experiment 1, we carrieglit a hierarchical analysis on thecall order dataacrossall participantswithin
eachcondition. Thetreesresulting from thehierarchicalanalysis ofrecall orders in sequentialconditions are
provided in Figure 8. The same level of cluster distinction (aggregation level) was chosen for all condition.
In the Sequential Era condition, the informatiefated to towns of the saneea wereclusteredtogether. In the
SequentialSize condition, the information wadustered according tdhe size dimensiongxceptthat the
informationrelated to dargetown (Pineridge)was clusteredtogetherwith informationrelated to redium-size
towns. For the static conditions, clusters waaeely distinguishable #his aggregatiorevel anddid not match
the organization bysize or era.Thus, for both sequential conditions, recall order reflectedsequential

organizations.
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Figure 8. Tree resulting from the hierarchical classification analysis

Description organization
Further evidence that memory organization reflected input organizatiamffiprthe sequentiatconditionscomes
from participants’ descriptions dhe map. Weexpectedhat participantsn the sequentiatonditionswould be
more likely to use the organization induced by the sequential dismatp (cluster theowns in thedescription
according to the highlighted dimension) over any other organization.
Four organizations were distinguisheth, size, spatial (clustering by spatial properties, for example, North to
South and West to East, etc.andindeterminate. Table 5 displaysthe proportion ofdescriptions ineach

condition falling into each of the four categories.

Table 5: Proportion of descriptions falling into each organization type

Static era Static size Sequential era Sequential size Total
By era 28.6 64.3 73.3 33.3 50%
By size 7.1 7.1 - 53.3 17.2%
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Spatial 35.7 14.3 13.3 - 15.5%
Indeterminate. 28.6 14.3 13.3 13.3 17.2%

As seen in Tabl&, organization byerawas themost frequentlyused,enhanced byhe SequentiaEra display.
Conversely,organization by sizeppearedarely, except inthe SequentialSize condition. Evermore than
participants in the static era conditigrarticipants in thestatic sizeconditionorganized byera. This lastresult
was corroborated by the hierarchical analgéidrawing orderwhich showedthat participantsn the StaticSize
condition clustered items according to the era dimension.

A Chi squareanalysis on the number of participantsuseaghorganizationshowed asignificant difference
overall (2(9)= 27.35, p<.005). Whereashe two sequentialconditionsdiffered ((2(3)= 12.25, p<.01), the

static conditiongdid not (x2(3)= 3.88, NS). Participants in theSequentialSize conditionorganized by size
significantly more often thaparticipants inthe SequentiaEra condition 2cor= 3.84, p <.05), but the two

sequential conditions did not differ in organization by &fd,= 3.35, NS).

Visual and verbal verification tests

In the verification test participants compared the towns (sandéferent) onthe basis of sizer era,the focus

of the test.Participants in thesequentialconditions should bdaster and more accuratewhen thetest focus
matched the dimension highlighted by the display (size or era).

Accuracy. A repeated measures analysis of variancecaagucted on errors usitige between-subjecfactor of

type of display and three within-subjects factors: the type of test (visual or verbal), the type ¢éfacussize)

and the type of pairs (both-featuresa or size pairs).Therewas no maireffect of conditions, norfocustype,

nor pairs type. There was a main effect of type of test (F(1,54)=7.36, p<.01), with more errorsdrbahdnan

in the visual test (31% errors for the verbal test and 26% for the visual test). This factor did not interact with any
other factors, so thdata werecollapsedacrosstests. Figure Qdisplays the mean number efrors in each

condition by test focus (era or size).

3.2 -

Focus

2.8 - O era
@ siz

Number of errors (out of 9)

era size era size
Sequential display Static display

Figure 9. Mean number of errors to the verbal and visual verification tests as a function of the test focus (era or
size).
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As shown in Figure 9, error rates in tha sequentiatlitions depended on the foclike interactiorbetween the
conditionsandthe focus wasignificant (F(3,54)=3.26p<.05). Further analysishowedthat this interaction
was significantfor the sequential conditions (F(1,28)=11.01, p<.01)out not for the static conditions
(F(1,28)=.19, NS). Participants in the Sequential Era condition fiesg errorswith an erafocus thanwith a
size focus (F(1,14)=13.48, p<.005). Conversely, the Sequential Size condition had fewer errors wifbcassize
than with an era focus, but the difference was not statistically significant (F(1,14)=1.84, NS).

Were participants in thesequentialconditions more accuratethan the participantsn the static conditions?
Overall, the contrast between sequential static conditions wasot significant (F(1,56)=1.01\S). However,
as statedabove, thanteractionbetweenthe conditionsand the focus wassignificant, thus the analysis was
conducted separately on edodgus. Participants in thBequentialSize conditionperformedsignificantly better
than participants irStatic Sizecondition when the focuwas size (F(1, 27)=4.41<.05) but notwhen the
focus was era (F(27)= .81,NS). However,the differencebetweenthe SequentiaEra conditionandthe Static
Era condition were not significant either for era (F(1, 27)=.26, NS), or for size (F(1, 27)=.78, NS).
Participants in thestatic Sizecondition mademore errorsthan did the StaticEra condition, but thedifference
was not significant (F(1,27)=1.41, NSSimilarly, there was ndlifferenceoverall betweenthe Sequential Era
and the Sequential Size conditions (F(1,28)=.46, NS).

Verification times. As for accuracy, eepeated measuresmalysis ofvariancewas conducted orthe times using
the between-subjects factor of type of display andhiez within-subject factors: typef test (visual owerbal),
type of focus(era orsize) andtype of pairs. Onlycorrectresponsesvere included inthe analysis, but the
complete analysis gave the same results.

There was amain effect ofthe type of theest (F(1,54)=38.1p<.0001).The verbaltest took longer than the
visual test(mean verbal 4.7 s,and nean visual =3.5 s). There were nanain effects ofdisplay condition,
focus type, or pairs typdatawere collapsedacrossthe two tests (visuandverbal), sincethis factor did not

interact with any other factors. Figure 10 displays the mean response times as a function of the focus of the test.
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Figure 10. Response times to the verbal and visual verification test as a function of the test focus (era or size).
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Participants’responsdimes in sequentialconditionsvaried as aunction of the focuswhereasparticipants’
response times in stattonditions didnot. Theinteractionbetweenfocus and condition wassignificantfor the
sequentialconditions (F (1,28)=30.23, p<.0001) but not for the static conditions(F(1,26)=.33., NS).
Participants inthe SequentiaEra condition were significantly faster forthe era focus than for the sizéocus
(F(1,14)=22.59p<.0005). Conversely participants inthe SequentialSize conditiorwere significantly faster
for the size focus than for the era focus (F(1,14)=10.73, p<.01).

Overall, participants irsequentialconditionswere fasterthan participants irstatic conditions. Theontrast
analysis between sequentald static conditiondailed to reachthe statisticakignificance(F(1.56)=1.28NS),
but the interaction between condition and focus was significant (F(1,56)=13.7, p J.668ffore the analysis
was computed foreachfocus separately. Asvidencedfrom Figure 10, participants inthe Sequential Era
condition were faster than the participants in the Static Era condition when the test focus was era (F(1, 27)=4.71,
p<.05), but notwhen the focus was si#g1, 27)=.042NS). However,the differencebetweenthe Sequential
Size andthe Static Sizeconditions wasiot significant,eitherfor era (F(1, 27)=2.91, NS), ofor size (F(1,
27)=.76, NS).

4.3. DISCUSSION

The results of this experiment support the hypothesis#tptential display of diagraguides the processing of

diagrams and affects the organization of them.

Sequential display and organization of the mental representation
First, participants in thesequentiakonditionsrecalledthe information from the map using tloedering and
clustering in which it hadbeen displayed-urthermoredescriptionsof the apmatchedhe inputorganizationfor
both sequential conditions. In the judgment test, in which participants compared pairs of town, either on size, or
on era.The criterionaccording towhich townswere compareavas calledfocus of thetest, participants in the
sequential condition were faster and more accurate (significaytfor SequentiaEra) when thejudgement was

the dimension highlighted by the sequential display. None of these effects was obtained for the static conditions.

Satic vs. sequential display for memory performance
Results provide partial suppdor an overalladvantage osequentiadisplay tostatic display. Fopresentation
by size, the organization less preferred spontaneously, sequential display led tocietterancehan the static
display. Thissuggests thasequentiadisplay may beespeciallyimportantwhan there is noobvious way of
organizing a diagram. Similar findings were obtainedBéyrancourtand Bisseret(1995). When an organization

schema is obvious, presentation by parts may interfere with participants’ own organization.

5. General discussion
Threeexperimentsnvestigatedhe effects of asimple animation on memomnd informationretrievalfrom a

graphicdisplay. Thedevice,sequentialdisplay, entailssuccessively displayingarts of aspatial configuration
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where the parts are either meaningfutaardom clusters. Like languagesquential displagystematicallydirects
users’ attention to parts of a complex graphic, thereby organizing the graphic for the users.

In the first two experiments, forthe sequentialdisplay, memoryfor the diagram was better when the
organization was meaningful than when the organizatesrandom. Irthe third experimentwheretherewere
two meaningful organizations, participants in #eguentiatonditionswerebetter at reremberinginformation
on the dimensiorof organization. In allexperiments, participant® the sequentialconditions recalled the
elements of theonfiguration in the organization which the configuration wasdisplayedfor a meaningful
organization but not for a random organizatiemally, in thethird experiment, participants ihoth sequential
conditions were faster andore accuratemaking judgments on théasis ofsequentiabresentatiorthan on the
other basis. Together these findings suggest that displpsitg of aconfiguration successively oncamputer
screen has a substancial effect on the organization of users’ mental representation of the graphic display.
Despite the unequivocaffects ofsequentialdisplay onmemoryorganizationsequentiadisplay did not lead to
overall improvmntin memory relative to static display. Recall that for the static condition, all of the graphic was
available to users for the entire presentation time, allop@rticipants to impose thedwn organization on the
graphic. Previousesearcthas sometimes shown thatesentation byarts has aleletoriouseffect on recall,
presumablybecause itdisrupts people’s naturarganization(e.g. Tulving, 1967). Sora supportfor this
account comes frome third experimenivheresequentialdisplay was infact superior tostatic display for the
subtle organization scheme. However the diagrma lusedwere relatively simpl@hat suggests thasequential
display should be especially effective émnplex graphics whosstructure isnot immediatelyapparentGraphic
displays on computers, in manuals and in text baokdecoming more amdore complexThe presenstudies
have shown that computetanfacilitate users’ processing ¢fiem using a simple animatiatevice borrowed
from language: Organizingndintegratingrelevantparts ofthe graphic byhighlighting the parts thatbelong
together.
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