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In this paper we outline the first steps of an investigation of the nature of representations of 
information ,  a n investigatio n tha t  use s a s a  startin g poin t  th e variou s way s i n whic h peopl e ten d 
t o communicat e differen t  kind s o f  information .  Ou r  hop e i s tha t  b y identifyin g th e regularitie s o f 
presentation ,  i n particula r  b y finding  ou t  whe n peopl e decid e t o switc h presentatio n modalitie s 
and wha t  the y tlie n ten d t o do ,  w e wil l  b e abl e t o she d ligh t  o n th e natur e o f  th e underlyin g 
representation s an d processe s o f  communicatio n betwee n people . 

1 Introduction: The Use of Multiple Modalities 

In extended discussions of a technical nature, there invariably comes a point when someone reaches 

fo r  a  pe n an d draw s a  diagra m o r  figure .  Why ? Whe n an d wh y doe s language ,  whic h i s afte r 

al l  th e mos t  powerfu l  mean s o f  communicatio n availabl e t o humankind ,  fal l  shor t  i n expressiv e 

power ? Wha t  additiona l  feature s d o othe r  modalitie s o f  communicatio n have ? Ho w d o ou r  cognitiv e 

abilitie s manag e al l  th e disparat e kind s o f  information ,  splittin g the m apar t  durin g communicatio n 

and allocatin g the m t o variou s modalities ,  an d the n integratin g the m again ? W h y i s translatin g t o 

anothe r  "visualization "  no t  a  simpl e proces s — fo r  example ,  wh y d o som e problem s see m unsolvabl e 

when presente d i n on e wa y (say ,  i n language )  an d straightforwar d whe n presente d i n anothe r  (say , 

diagrammaticaJly) ? Wha t  doe s i t  mea n fo r  som e peopl e t o b e mor e "visual "  tha n others ? 

Question s suc h a s thes e ar e interestin g t o th e cognitiv e scientis t  becaus e the y ma y she d ligh t 

bot h o n ou r  interna l  representation s an d o n ou r  manipulation s o f  them ,  a s reflecte d b y th e nature s 

of  th e modalitie s w e hav e develope d t o communicat e ideas .  Thi s i s a  dee p issue :  human s nee d 

multipl e medi a whe n the y communicate .  Yo u canno t  spea k normall y i f  restricte d i n han d gestur e 

and facia l  expression .  I t  i s  a  rar e nonfictio n boo k tha t  doe s no t  contai n photographs ,  illustrations , 

or  charts .  Speaker s i n mos t  workshop s woul d conside r  themselve s severel y handicappe d i f  denie d 

use o f  overhea d o r  slid e projectors .  An d s o forth . 

The proble m o f  displa y desig n ha s no t  ye t  bee n give n a  thoroug h computationa l  analysi s else -

where .  Ther e doe s exis t  a  genera l  theor y o f  graphica l  presentation ,  aime d a t  th e huma n prac -

titione r  ([Breti n 83]) ,  a s wel l  a s computationa l  treatment s o f  certai n subclasse s o f  presentation s 

([Mackinla y 86 ,  Feine r  88]) . 

Whil e w e d o no t  preten d t o hav e a  theor y t o explai n th e phenomena ,  w e believ e tha t  a  carefu l 

stud y o f  th e type s o f  modalitie s peopl e use ,  an d th e type s o f  informatio n the y typicall y utiliz e the m 

for ,  wil l  singl e ou t  characteristic s o f  th e underlyin g cognitiv e representation s an d she d ligh t  o n peo -

ple' s communicativ e processes .  Wit h thes e issue s i n mind ,  initiatin g a  stud y o f  th e characteristic s 

of  representatio n a s expresse d throug h communication ,  w e decide d t o examin e first  tw o aspects : 

'Thi s autho r  wa s supporte d i n par t  b y th e Rome Ai r  Developmen t  Cente r  unde r  RADC contrac t  FQ7619-89 -
03326-0001 . 

487 

mailto:ARENS@ISI.EDU
mailto:HOVY@ISI.EDU


•  communication-relate d characteristic s o f  informatio n 

•  mode s o f  human-huma n an d human-compute r  communicatio n 
We decide d t o tak e int o accoun t  mode s tha t  ar e use d i n interaction s wit h computer s a s well ,  i n 

orde r  eventuall y t o tes t  th e rule s w e develo p an d implemen t  o n a  compute r  agains t  th e displa y 

decision s mad e b y people . 

When identifyin g characteristic s salien t  t o th e displa y o f  information ,  th e vocabular y should : 
•  describ e al l  feature s o f  th e informatio n tha t  ar e salien t  fo r  presentatio n purposes , 

•  describ e al l  feature s o f  presentatio n modalitie s tha t  ca n b e utilize d t o conve y informa -

tion , 

•  b e genera l  enoug h t o allo w comparison s an d specifi c  enoug h t o differentiat e betwee n 

differen t  modalitie s an d information . 
We first  defin e som e usefu l  terms ,  an d the n provid e characterization s o f  medi a an d information . 

The pape r  end s wit h a n example . 

2 Characterization of Modalities 

2.1 Definition of Terms 

The followin g term s ar e use d t o describ e presentation-relate d concepts .  W e tak e th e poin t  o f  vie w 

of  th e communicato r  (indicatin g wher e th e consumer' s subjectiv e experienc e ma y differ) . 

1.  Consumer :  A  perso n interpretin g a  communication . 

2.  Modality :  A  singl e mechanis m b y whic h t o expres s information .  Examples :  spoke n an d 

writte n natura l  language ,  diagrams ,  sketches ,  graphs ,  tables ,  pictures . 

3.  Exhibit :  A  comple x exhibi t  i s  a  collection ,  o r  composition ,  o f  severa l  simpl e exhibits .  A 

simpl e exhibi t  i s  wha t  i s  produce d b y on e invocatio n o f  on e modality .  Example s o f  simpl e exhibit s 

ar e a  paragrap h o f  text ,  a  diagram ,  a  compute r  beep .  Simpl e exhibit s involv e th e placemen t  o f  on e 

or  mor e Informatio n Carrier s o n a  backgroun d Substrate . 

4.  Carrie d Item :  Tha t  piec e o f  informatio n represente d b y th e carrier ;  th e 'denotation '  o f 

th e carrier . 

For  purpose s o f  rigor ,  i t  i s  importan t  t o not e tha t  a  substrat e i s simpl y on e o r  mor e informatio n 

carrier(s )  superimposed .  Thi s i s becaus e th e substrat e carrie s informatio n a s welP .  I n addition ,  i n 

m a ny case s th e substrat e provide s a n interna l  syste m o f  semantic s whic h m a y b e utilize d b y th e 

carrie r  t o conve y information .  Thus ,  despit e it s name ,  no t  al l  informatio n i s transmitte d b y th e 

carrie r  itsel f  alone ;  it s positionin g (tempora l  o r  spatial )  i n relatio n t o th e substrat e m a y encod e 

informatio n a s well .  Thi s i s discusse d furthe r  below . 

5.  Channe l :  A n independen t  dimensio n o f  variatio n o f  a  particula r  informatio n carrie r  i n a 

particula r  substrate .  Th e tota l  numbe r  o f  channel s give s th e tota l  numbe r  o f  independen t  piece s o f 

informatio n th e carrie r  ca n convey .  Fo r  example ,  a  singl e mar k o r  ico n ca n conve y informatio n b y 

it s shape ,  color ,  an d positio n an d orientatio n i n relatio n t o a  backgroun d map .  Th e numbe r  an d 

natur e o f  th e channel s depen d o n th e typ e o f  th e carrie r  an d o n th e exhibit' s  substrate . 

2.2 Internal Semantic Systems 

Some information carriers exhibit an internal structure that can be assigned a 'real-world' denota-

tion ,  enablin g the m subsequentl y t o b e use d a s substrate s agains t  whic h othe r  carrier s ca n acquir e 

'Not e tha t  fro m th e informatio n consumer' s poin t  o f  view ,  Carrie r  an d Substrat e ar e subjectiv e terms ;  tw o peopl e 
lookin g a t  th e sam e exhibi t  ca n interpre t  it s  component s a s carrie r  an d substrat e i n differen t  ways ,  dependin g o n 
what  the y alread y know . 
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informatio n b y virtu e o f  bein g interprete d withi n th e substrate .  Fo r  example ,  a  m a p use d t o de -

scrib e a  regio n o f  th e worl d possesse s a n interna l  structur e — point s o n i t  correspon d t o point s i n 

th e regio n i t  charts .  W h e n use d a s a  backgroun d fo r  a  shi p icon ,  on e m a y indicat e th e locatio n 

of  th e shi p i n th e worl d b y placin g it s ico n i n th e correspondin g locatio n o n th e m a p substrate . 

Example s o f  suc h carrier s an d thei r  interna l  semanti c system s are : 

Carrie r 

Pictur e 

NL sentenc e 

Tabl e 

Grap h 

Map 
Ordere d lis t 

Interna l  Semanti c Syste m 

'real-world '  spatia l  locatio n base d o n pictur e denotatio n 

'real-world '  sentenc e denotatio n 

categorizatio n accordin g t o ro w an d colum n 

coordinat e value s o n grap h axe s 

'real-world '  spatia l  locatio n base d o n ma p denotatio n 

ordina l  sequentialit y 

Othe r  informatio n carrier s exhibi t  n o interna l  structure .  Examples :  icon ,  compute r  beep ,  an d 

unordere d list . 

An interna l  semanti c syste m o f  th e typ e describe d i s alway s intrinsi c t o th e ite m carried . 

2.3 Characteristics of Modalities 

In addition to the internal semantics listed above, modalities differ in a number of other ways 

whic h ca n b e exploite d b y a  presente r  t o communicat e effectivel y an d efficiently .  Th e value s o f 

thes e characteristic s fo r  variou s modalitie s ar e show n i n Tabl e 1 . 

Carrie r  D imens ion :  Values :  OD,  ID ,  2D .  A  measur e o f  th e numbe r  o f  dimension s usuall y 

require d t o exhibi t  th e informatio n presente d b y th e modality . 

Interna l  Semant i c Dimension :  Values :  OD,  ID ,  2D ,  > 2 D ,  3D ,  # D ,  ooD .  Th e numbe r  o f 

dimension s presen t  i n th e interna l  semanti c syste m o f  th e carrie r  o r  substrate . 

Tempora l  Endurance :  Values :  permanent ,  transient .  A n indicatio n whethe r  th e create d 

exhibi t  varie s durin g th e lifetim e o f  th e presentation . 

Granularity :  Values :  continuous ,  discrete .  A n indicatio n o f  whethe r  arbitraril y  smal l  varia -

tion s alon g an y dimensio n o f  presentatio n hav e meanin g i n th e denotatio n o r  not . 

M e d i u m T y p e :  Values :  aural ,  visual .  W h a t  typ e o f  mediu m i s necessar y fo r  presentin g th e 

create d exhibit . 

Defaul t  Detectability :  Values :  low ,  medlow ,  medhigh ,  high .  A  defaul t  measur e o f  ho w 

intrusiv e t o th e consume r  th e exhibi t  create d b y th e modalit y wil l  be . 

Baggage :  Values :  low ,  high .  A  gros s measur e o f  th e amoun t  o f  extr a informatio n a  consume r 

must  proces s i n orde r  t o becom e familia r  enoug h wit h th e substrat e t o correctl y interpre t  a  carrie r 

on it . 

2. 4 H o w Carr ier s C o n v e y I n fo rma t i o n 

As part of an exhibit, a carrier can convey information along one or more channels. For example, 

wit h a n ico n carrier ,  on e ma y conve y informatio n b y th e icon' s shape ,  color ,  an d possibl y throug h 

it s positio n i n relatio n t o a  backgroun d map .  Th e numbe r  an d natur e o f  th e channel s depend s o n 

th e typ e o f  carrie r  an d th e substrate . 

The semantic s o f  a  channe l  m a y b e derive d fro m th e carrier' s spatia l  o r  tempora l  relatio n t o 

a substrat e whic h possesse s a n interna l  semanti c structure ;  e.g. ,  placemen t  o n a  m a p o f  a  carrie r 

representin g a n objec t  whic h exist s i n th e charte d area .  Otherwis e w e sa y th e channel s i s free . 
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Generi c 

Modalit y 

Beep 

Ico n 

Map 

Pictur e 

Tabl e 

For m 

Grap h 

Ordere d 

lis t 

Unordere d 

lis t 

V̂ritte n 

sentenc e 

Spoke n 

sentenc e 

Animate d 

materia l 

Musi c 

Carrie r 

Diiiieii -

sioi i 

OD 

OD 

2D 

2D 

2D 

2D 

2D 

I D 

OD 

I D 

I D 

2D 

I D 

Int .  Se -

manti c 

Dim. 

2D 

3D 

2D 

>2D 

2D 

# D 

# D 

ooD 

ooD 

3D 

7 

Tempora l 

Endur -

anc e 

transien t 

permanen t 

permanen t 

permanen t 

permanen t 

permanen t 

permanen t 

permanen t 

permanen t 

permanen t 

transien t 

transien t 

transien t 

Gramdar -

it y 

N/ A 

N/ A 

continuou s 

continuou s 

discret e 

discret e 

continuou s 

discret e 

N/ A 

discret e 

discret e 

continuou s 

continuou s 

Medi -

u m 

Tyi) e 

aura l 

visua l 

visua l 

visua l 

visua l 

visua l 

visua l 

visua l 

visua l 

visua l 

aura l 

visua l 

aura l 

Defaul t 

Detect -

ahilit y 

hig h 

lo w 

lo w 

lo w 

lo w 

lo w 

lo w 

lo w 

lo w 

lo w 

medhig h 

hig h 

med 

Baggag e 

hig h 

hig h 

hig h 

hig h 

hig h 

lo w 

lo w 

lo w 

lo w 

hig h 

lo w 

Tabl e 1 :  Modalit y characteristics . 

Among free channels we distinguish between those whose interpretation is independent of the 

carrie d ite m (e.g. ,  color ,  i f  th e carrie r  doe s no t  represen t  a n objec t  fo r  whic h colo r  i s  relevant) ;  an d 

thos e whos e interpretatio n i s  dependen t  o n th e carrie d ite m (e.g. ,  shape ,  i f  th e carrie r  represent s 

an objec t  whic h ha s som e shape) . 

Most  o f  th e carrie r  channel s ca n b e mad e t o var y thei r  presente d valu e i n time .  T im e variatio n 

ca n b e see n a s a n additiona l  channe l  whic h provide s ye t  anothe r  degre e o f  freedo m o f  presentatio n 

t o mos t  o f  th e othe r  channels .  Th e mos t  basi c variatio n i s th e alternatio n betwee n tw o states ,  i n 

othe r  words ,  a  flip-flop ,  becaus e thi s guarantee s th e continue d (thoug h intermittent )  presentatio n 

of  th e origina l  basi c channe l  value . 

3 Characterization of Information and Its Presentation 

In this section we develop a vocabulary of presentation-related characteristics of information. 

Broadl y speaking ,  a s show n i n Tabl e 2 ,  thre e subcase s mus t  b e considere d whe n choosin g 

a presentatio n fo r  a n ite m o f  information :  intrinsi c propertie s o f  th e specifi c  item ;  propertie s 

associate d wit h th e clas s t o whic h th e ite m belongs ;  an d propertie s o f  th e collectio n o f  item s tha t 

wil l  eventuall y b e presented ,  an d o f  whic h th e curren t  ite m i s a  member .  Thes e characteristic s ar e 

explaine d i n th e remainde r  o f  thi s section . 

Dimensionality :  Some singl e item s o f  information ,  suc h a s a  dat a bas e record ,  ca n b e decom -

pose d a s a  vecto r  o f  simple ;  components ;  others ,  suc h a s a  photograph ,  hav e a  comple x interna l 

structur e whic h i s no t  decomposable .  W e defin e th e dimensionalit y o f  th e latte r  a s complex ,  an d o f 

th e forme r  a s th e dimensio n o f  th e vector . 
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Typ e 

Intrinsi c 

Proi)ert y 

Clas s 

Propert y 

Set 

Propert y 

Characteristi c 

Dimensionalit y 

Transienc e 

Urgenc y 

Order 

Densit y 

Volum e 

Value s 

OD,  ID ,  2D ,  >2D ,  oo D 

live ,  dea d 

urgent ,  routin e 

ordered ,  nomina l 

dense ,  discrete ,  N/ A 

singular ,  little ,  muc h 

Tabl e 2 :  Informatio n characteristic s b y type . 

Sinc e al l  th e informatio n mus t  b e represente d i n som e fashion ,  th e followin g mus t  hol d (wher e 

simpl e dimensionalit y ha s a  valu e o f  0 ,  singl e th e valu e 1 ,  an d s o on ,  an d comple x th e valu e oo) : 

T h e Basi c Dimeiisionalit y Rul e o f  Presentation s 

H Rule :  Dim(hifo )  <  Dim(Carrier )  +  Fre e Channels(Carrier )  +  hiterna l  Semanti c Dim(Substrate ) 

I n addition ,  w e hav e foun d tha t  differen t  rule s appl y t o informatio n o f  differin g dimensions . 

Wit h respec t  t o dimensionality ,  w e divid e informatio n int o fou r  classe s a s follows : 

• Simple: Simple atomic items of information, such as an indication of the presence or 

absenc e o f  email . 

•  Rule :  A s carrier ,  us e a  modalit y wit h a  dimensio n valu e o f  OD. 

D Rule :  N o specia l  restriction s o n substrate . 

•  Single :  Th e valu e o f  som e mete r  suc h a s th e amoun t  o f  gasolin e left .  Associate d rul e is : 

D Rule :  N o specia l  restriction s o n substrate . 

•  Double :  Pair s o f  informatio n components ,  suc h a s coordinate s (graphs ,  m a p locations) , 

or  domain-rang e pair s i n relation s (automobil e x  satisfactio n rating ,  etc.) . 

•  Rule :  A s substrate ,  us e modalitie s wit h interna l  semanti c dimensio n o f  2D . 

•  Rule :  A s substrate ,  us e modalitie s wit h discret e granularit y (e.g. ,  form s an d tables ) 

i f  information-clas s o f  bot h component s i s discrete . 

D Rule :  A s substrate ,  us e modalitie s wit h continuou s granularit y (e.g. ,  graph s an d 

maps)  i f  information-clas s o f  eithe r  componen t  i s dense . 

D Rule :  A s carrier ,  us e a  modalit y wit h a  dimensio n valu e o f  OD . 

•  Multiple :  Mor e comple x informatio n structure s o f  highe r  dimension ,  suc h a s hom e ad -

dresses .  I t  i s  assume d tha t  informatio n o f  thi s typ e require s mor e tim e t o consum e 

(henc e th e las t  rul e i n thi s group) . 

D Rule :  A s substrate ,  us e modalitie s wit h discret e granularit y  i f  information-clas s o f  al l 

component s i s discrete . 

a Rule :  A s substrate ,  us e modalitie s wit h continuou s granularit y i f  th e information-clas s 

of  som e componen t  i s dense . 

D Rule :  A s carrier ,  us e a  modalit y wit h a  dimensio n valu e o f  a t  leas t  ID . 

D Rule :  A s substrat e an d carrier ,  d o no t  us e modalitie s wit h th e tempora l  enduranc e 

valu e transient . 
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•  Complex :  Informatio n wit h interna l  structur e tha t  i s  no t  decomposable ,  suc h a s pho -

tographs . 

•  Rule :  Chec k fo r  th e existenc e o f  specialize d modalitie s fo r  thi s clas s o f  information . 

Transience: Transience refers to whether the information to be presented expresses some 

curren t  (an d presumabl y changing )  stat e o r  not .  Presentation s diffe r  accordin g to : 

• Live: The information presented consists of a single conceptual item of information (that 

is ,  on e carrie d item )  tha t  varie s wit h tim e (o r  i n general ,  alon g som e linear ,  ordered , 

dimension) ,  an d fo r  whic h th e histor y o f  value s i s no t  important .  Example s ar e th e 

amount  o f  mone y owe d whil e pumpin g gasolin e o r  th e loa d averag e o n a  computer . 

Most  appropriat e fo r  liv e informatio n i s a  singl e exhibit . 

D Rule :  A s carrier ,  us e a  modalit y wit h th e tempora l  enduranc e characteristi c transien t 

i f  th e updat e rat e i s comparabl e t o th e lifetim e o f  th e carrie r  signal . 

•  Rule :  A s carrier ,  us e a  modalit y wit h th e tempora l  enduranc e characteristi c perma -

nent  i f  updat e rat e i s muc h longer . 

n Rule :  A s substrate ,  unles s th e informatio n i s alread y par t  o f  a n existin g exhibit ,  us e 

th e neutra l  substrate . 

•  Dead :  Th e othe r  case ,  i n whic h informatio n doe s no t  reflec t  som e curren t  state ,  o r  i n 

whic h i t  doe s bu t  th e histor y o f  value s i s important .  A n exampl e i s th e histor y o f  som e 

stoc k o n th e stoc k market ;  thoug h onl y th e curren t  pric e m a y b e importan t  t o a  trader , 

th e histor y o f  th e stoc k i s o f  impor t  t o th e buyer . 

•  Rule :  A s carrier ,  us e one s tha t  ar e marke d wit h th e valu e permanen t  tempora l  en -

durance . 

Urgency: Some information may be designated urgent, requiring presentation in such a way 

tha t  th e consumer' s attentio n i s drawn .  Thi s characteristi c take s th e value s urgen t  an d routine : 

• Urgent: This situation is exemplified in emergencies, whether they be imminent melt-

downs o r  a  warnin g t o a  perso n crossin g th e roa d i n fron t  o f  a  car .  Rule s o f  modalit y 

allocatio n are : 

•  Rule :  I f  th e informatio n i s no t  ye t  par t  o f  a  presentatio n instance ,  us e a  modalit y 

whose defaul t  detectabilit y  ha s th e valu e hig h (suc h a s a n aura l  modality )  eithe r 

fo r  th e substrat e o r  th e carrier . 

n Rule :  I f  th e informatio n i s alread y displaye d a s par t  o f  a  presentatio n instance ,  us e 

th e presen t  modalit y bu t  switc h on e o r  mor e o f  it s  channel s fro m fixed  t o th e 

correspondin g temporall y varyin g stat e (suc h a s flashing,  pulsating ,  o r  hop -

ping) -

•  Routine :  Th e norma l  case . 

•  Rule :  Choos e a  modalit y wit h lo w defaul t  detectabilit y  an d a  channe l  wit h n o tem -

pora l  variance . 

Density: The difference between information that is presented equally well on a graph and a 

histogra m an d informatio n tha t  i s no t  wel l  presente d o n a  histogra m i s a  matte r  o f  th e densit y o f 

th e clas s t o whic h th e informatio n belongs .  Th e forme r  cas e i s discret e information ;  a n exampl e i s 

th e variou s type s o f  ca r  mad e i n Japan .  Th e latte r  i s  dens e information ;  a n exampl e i s th e price s 

of  car s m a d e i n Japan . 
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•  Dense :  A  clas s i n whic h arbitrar y smal l  variation s alon g a  dimensio n o f  interes t  carr y 

meaning .  Informatio n i n suc h a  clas s i s bes t  presente d b y a  modalit y tha t  support s 

continuou s change : 

D Rule :  A s substrate ,  us e a  modalit y wit h granularit y characteristi c continuou s (e.g. , 

graphs ,  maps ,  animations) . 

•  Discrete :  A  clas s i n whic h ther e exist s a  lowe r  limi t  t o variation s o n th e dimensio n o f 

interest .  Appropriat e modalitie s ar e a s follows : 

•  Rule :  A s substrate ,  us e a  modalit y wit h granularit y characteristi c discret e (e.g. ,  ta -

bles ,  histograms ,  lists) . 

Volume: A batch of information may contain various amounts of information to be presented. 

I f  i t  i s  a  singl e fact ,  w e cal l  i t  singular ;  i f  mor e tha n on e fac t  bu t  stil l  littl e relativ e t o som e som e 

task -  an d user-specifi c  threshold ,  w e cal l  i t  little ;  an d i f  not ,  w e cal l  i t  much .  Thi s distinctio n i s 

usefu l  becaus e no t  al l  modalitie s ar e suite d t o presen t  muc h information . 

• Much: The relatively permanent modalities such as written text or graphics leave a 

trac e t o whic h th e consume r  ca n refe r  i f  h e o r  sh e get s los t  doin g th e tas k o r  forgets , 

whil e transien t  modalitie s suc h a s spoke n sentence s an d beep s d o not .  Thu s th e forme r 

shoul d b e preferre d i n thi s case . 

O Rule :  A s carrier ,  d o no t  us e a  modalit y th e tempora l  enduranc e valu e transient . 

D Rule :  A s substrate ,  d o no t  us e a  modalit y th e tempora l  enduranc e valu e transient . 

•  Little :  Ther e i s n o nee d t o avoi d th e mor e transien t  modalitie s whe n th e amoun t  o f 

informatio n t o presen t  i s little . 

•  Singular :  A  singl e atomi c ite m o f  information .  A  transien t  modalit y ca n b e used . 

However ,  on e shoul d no t  overwhel m th e consume r  wit h irrelevan t  information .  Fo r 

example ,  t o displa y informatio n abou t  a  singl e ship ,  on e nee d no t  dra w a  map . 

•  Rule :  A s substrate ,  i f  possibl e us e a  modalit y whos e interna l  semanti c syste m ha s lo w 

baggage . 

4 An Example 

We present three simple tasks in parallel. 

Given :  th e tas k o f  presentin g Pari s (a s th e destinatio n o f  a  flight ,  say) . 

Availabl e informatio n (thre e separat e examples) :  th e coordinate s o f  th e city ,  th e nam e Paris. , 

and a  photograp h o f  th e Eiffe l  Tower . 

Availabl e modalities :  maps ,  spoke n an d writte n language ,  pictures ,  tables ,  graphs ,  ordere d lists . 

The modalit y characteristic s ar e liste d amon g thos e i n Tabl e 1 .  Th e informatio n characteristic s 

ar e liste d i n Tabl e 3 . 

The allocatio n algorith m classifie s informatio n characteristic s wit h respec t  t o characteristic s 

of  modalities ,  accordin g t o th e rule s outline d i n Sectio n 3 .  Th e modalit y wit h th e mos t  desire d 

characteristic s i s the n chose n t o for m th e exhibit . 

Handl in g th e coordinates :  A s give n b y th e rule s mentione d i n Section3 ,  informatio n wit h 

a dimensionalit y valu e o f  doubl e i s bes t  presente d i n a  substrat e wit h a  dimensio n valu e o f  2D . 

Thi s mean s tha t  candidat e substrate s fo r  th e exhibi t  ar e maps ,  pictures ,  tables ,  an d graphs .  Sinc e 

th e volum e i s little ,  transien t  modalitie s ar e no t  rule d out .  Th e valu e dens e fo r  th e characteristi c 
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Tabl e 3 :  Exaiupl o iiifornialio n cliaractoristics . 

densit y rule s ou t  tables .  T h e value s fo r  transienc e an d urgenc y hav e n o furthe r  effect .  Thi s leave s 

tables ,  m a p s ,  an d graph s a s possibl e modalities .  Next ,  takin g int o accoun t  th e rule s dealin g wit h 

th e interna l  semantic s o f  modalities ,  immediatel y everythin g bu t  m a p s ar e rule d ou t  ( m a p s '  interna l 

semantic s denot e spatia l  locations ,  whic h matche s u p wit h th e denotatio n o f  th e coordinates) .  I f 

n o othe r  informatio n i s  present ,  a  m a p modalit y i s selecte d t o displa y th e locatio n o f  Paris . 

H a n d l i n g t h e n a m e :  T h e n a m e Paris ,  bein g a n atomi c entity ,  ha s th e valu e singl e fo r  th e 

<ftmen5iona/t<t/characteristic .  B y th e appropriat e rul e (se e Sectio n 3 ) ,  th e substrat e shoul d b e th e 

neutra l  substrat e o r  natura l  languag e an d th e carrie r  on e wit h dimensio n o f  O D .  Sinc e th e volum e 

i s singular ,  a  transien t  modalit y i s no t  rule d out .  N o n e o f  th e othe r  characteristic s hav e an y effect , 

leavin g th e possibilit y o f  communica t in g th e singl e wor d Pa r i s o r  o f  speakin g o r  writin g a  sentenc e 

suc h a s "Th e destinatio n i s  Paris" . 

Handl in g th e photograph :  Th e photograp h ha s a  dimensionalit y valu e complex ,  fo r  whic h 

appropriat e rule s specif y modalitie s wit h interna l  semanti c dimensio n o f  3D ,  an d wit h densit y o f 

dens e (se e Sectio n 3 )  — animatio n o r  pictures .  Sinc e n o othe r  characteristi c play s a  role ,  th e 

photograp h ca n simpl y b e presented . 

5 Conclusion 

We realize full well that this paper does not present an actual cognitive theory of how people 

represen t  an d communicat e informatio n t o highligh t  variou s characteristics .  However ,  base d o n th e 

pervasivenes s an d regularitie s i n th e us e o f  multipl e modalitie s i n communication ,  w e believ e tha t 

any adequat e cognitiv e theor y wil l  hav e t o includ e th e type s o f  consideration s an d characteristic s w e 

discuss .  T h a t  i s t o say ,  w e believ e tha t  notion s suc h a s dimensionality ,  urgency ,  an d granularit y hav e 

a n irrefutabl e cognitiv e reality ,  thank s t o thei r  essentia l  rol e i n th e cognitiv e proces s o f  in terhuma n 

communica t ion .  Futur e refinement s o f  thes e term s an d identification s o f  other s wil l  hel p t o uncove r 

s o me o f  th e w a y s i n whic h peopl e represen t  an d manipulat e variou s type s o f  information . 

References 

[Bretin 83] Bretin, J. Semiology of Graphics, trans, by J. Berg. University of Wisconsin Press, 1983. 

[Feine r  88 ]  Feiner ,  S .  A n Architectur e fo r  Knowledge-Base d Graphica l  Interfaces .  A C M / S I G C H I  worksho p 

on Architecture s fo r  Intelligen t  Interfaces :  Element s an d Prototypes ,  Monterey ,  C A ,  1988 . 

[Hov y &c Aren s 90 ]  Ilovy ,  E .  k .  Y .  Arens .  W h e n i s a  Pictur e Wort h a  Thousan d Words?—Allocatio n o f  Mod -

alitie s i n Multimedi a Communication .  A A A I  Symp .  o n Human-Compute r  Interaction ,  Stanfor d U. ,  1990 . 

[Mackiiila y 86 ]  Mackinlay ,  J .  Automati c Desig n o f  Graphica l  Presentations .  Ph.D .  dissertation .  Departmen t 

of  Compute r  Science ,  Stanfor d University ,  1986 . 

494 


	cogsci_1990_487-494



