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Abstrac t 

Most graphic and tabular displays are relational information 
displays—display s tha t  represen t  relationa l  information , 
whic h i s a  relatio n o n a  se t  o f  dimensions .  I n thi s paper ,  w e 
argu e tha t  relationa l  informatio n display s ar e distribute d rep -
resentations—representation s tha t  ar e distribute d cros s th e in -
terna l  min d an d th e externa l  environment ,  an d display-base d 
task s ar e distribute d cognitiv e tasks—task s tha t  requir e th e 
interwove n processin g o f  interna l  an d externa l  information . 
The basi c component s o f  relationa l  informatio n display s ar e 
dimensions .  Throug h a  theoretica l  analysi s o f  dimensiona l 
representations ,  w e identifie d fou r  majo r  factor s tha t  affec t 
th e representationa l  efficiencie s o f  relationa l  informatio n 
displays :  th e distribute d representatio n o f  scal e information , 
th e relatio n betwee n psychologica l  an d physica l  measure -
ments ,  th e interactio n betwee n dimensions ,  an d th e visua l  an d 
spatia l  propertie s o f  dimensions .  Base d o n th e rep -
resentationa l  analysi s o f  relationa l  informatio n displays ,  w e 
propose d a  representationa l  taxonom y o f  relationa l 
informatio n displays .  Thi s taxonom y ca n classif y mos t  type s 
of  relationa l  informatio n displays .  I n addition ,  i t  ca n b e use d 
as a  theoretica l  framewor k t o stud y th e empirica l  issue s o f 
relationa l  informatio n display s i n a  systemati c way . 

Most  graph s an d tabula r  display s ar e relationa l  informatio n 
displays—display s tha t  represen t  relationa l  information . 
Relationa l  informatio n i s a  relatio n o n a  se t  o f  dimensions . 
I f  A i ,  A 2 ,  ... .  A n ar e N  dimension s an d eac h dimensio n A j 

i s a  se t  wit h Cjj ,  element s (aii ,  ai2 ,  &i 3 aic^) •  t̂ ^ n a 
relatio n R  o n thes e N  dimension s i s a  subse t  o f  th e Cartesia n 

produc t  A  =  A i X A 2 X . . . X A n .  Eac h elemen t  i n th e relatio n 

set  R  i s a  n-tuple .  Le t  u s conside r  a n example .  Tabl e I 
show s th e director y informatio n o n a  Macintos h computer . 
I t  ha s five  dimensions :  N a m e =  (data ,  final,  record ,  work) . 
Siz e =  (I20K ,  lOOK ,  70K ,  55K) .  T y p e =  (Draw ,  Excel , 
W o r d ) ,  Labe l  =  (hot ,  warm ,  cold) ,  T i m e =  (2:40pm , 
3:35pm ,  4:30pm ,  6:20pm) .  Th e relatio n Director y o n thes e 
five  dimension s i s a  subse t  o f  th e Cartesia n produc t 
NamexSizexTypexLabelxTime : 

Directory = ((final, 120K, Wtwd, hot, 2:40pm), 
(work ,  70K ,  Word ,  warm ,  6:20pm) , 
(record ,  55K ,  Draw ,  warm ,  3:35pm) , 
(data ,  lOOK ,  Excel ,  cold ,  4:30pm) ) 

Tabl e 1 .  A  Simplifie d Director y (Folder )  Displa y o n a 
Macintos h Compute r 

Name 
final 
wor k 
recor d 
dat a 

Siz e 

I20 K 
70K 
55K 
lOOK 

Typ e 

W o rd 
W o rd 
D ra w 
Exce l 

Labe l 

hot 
w a r m 
wa r m 
col d 

T i m e 

2:40p m 
6:20p m 
3:35p m 
4:30p m 

I n additio n t o th e tabula r  displa y show n i n Tabl e 1 ,  othe r 
type s o f  tabula r  display s an d a  variet y o f  graphi c display s 
ca n represen t  th e sam e relationa l  informatio n Directory . 
Differen t  representation s o f  th e sam e informatio n hav e 
differen t  representationa l  efficiencie s an d ca n caus e 
differen t  cognitiv e behaviors .  Thi s effec t  i s  calle d repre -
sentationa l  effect ,  whic h ha s bee n th e focu s o f  man y studie s 
on graphic s (e.g. ,  Bertin ,  1983 ;  Carswel l  &  Wickens ,  1988 ; 
Cleveland ,  1985 ;  Schmid ,  1983 ;  Tufte ,  1990) . 

I n thi s paper ,  w e stud y th e representationa l  propertie s o f 
relationa l  informatio n display s fro m th e perspectiv e o f 
distribute d representation s (Zhang ,  1992 ;  Zhan g &  Norman , 
1994) .  W e argu e tha t  relationa l  informatio n display s ar e 
disuibute d representations—representation s tha t  ar e dis -
tribute d cros s th e interna l  min d an d th e externa l  envi -
ronment ,  an d display-base d task s ar e distribute d cognitiv e 
tasks—task s tha t  requir e th e interwove n processin g o f 
interna l  an d externa l  information . 

Relationa l  informatio n i s represente d i n th e dimension s 
of  a  relationa l  informatio n display .  Thus ,  th e representation , 
perception ,  interaction ,  an d natur e (whethe r  visua l  o r 
spatial )  o f  thes e dimension s ar e th e critica l  factor s o f  th e 
representationa l  effec t  o f  relationa l  informatio n displays .  I n 
th e first  par t  o f  thi s paper ,  w e analyz e thes e fou r  factors . 
Then ,  base d o n th e analysi s o f  dimensiona l  representations , 
we propos e a  representationa l  taxonom y o f  relationa l 
informatio n displays . 

D i m e n s i o n a l  Represen ta t i on s 

The Distributed Representation of Scale Information 

Every dimension is on a certain type of scale, which is the 
abstrac t  measuremen t  propert y o f  th e dimension .  Steven s 
(1946 )  identifie d fou r  type s o f  psychologica l  scales :  ratio , 
interval ,  ordinal ,  an d nominal .  Eac h typ e ha s on e o r  mor e o f 
th e followin g propertie s (Table  2) :  category ,  magnitude . 
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equa l  interval ,  an d absolut e zero .  Categor y refer s t o th e 
propert y tha t  th e instance s o n a  scal e ca n b e distinguishe d 
fro m eac h another .  Magnitud e refer s t o th e propert y tha t 
one instanc e o n a  scal e ca n b e judge d greate r  than ,  les s lh<ui , 
or  equa l  t o anothe r  instanc e o n th e sam e scale .  Equa l  in -
terva l  refer s t o th e propert y tha t  th e magnitud e o f  a n 
instanc e represente d b y a  uni t  o n th e scal e i s th e sam e 
regardles s o f  wher e o n th e scal e th e uni t  falls .  A n absolut e 
zer o poin t  i s  a  valu e whic h indicate s tha t  nothin g a t  al l  o f 
th e propert y bein g represente d exists . 

Tabl e 2 . 

categor y 
magnitud e 
equa l  interna l 
absolut e zer o 

exampl e 

Propertie s o f  Psychologica l  Scale s 

rati o 

ye s 
ye s 
ye s 
ye s 

lengt h 

interva l 

ye s 
ye s 
ye s 
n o 

tim e 

ordina l 

ye s 
ye s 
n o 
n o 

sofdies s 

nomina l 

yes 
no 
n o 
n o 

shap e 

Fro m Tabl e 2  w e ca n se e tha t  th e fou r  type s o f  scale s 
hav e a n orde r  o f  representationa l  power :  rati o >  interva l  > 
ordina l  >  nominal .  A  highe r  scal e (e.g. ,  ratio )  possesse s 
mor e informatio n tha n a  lowe r  scal e (e.g. ,  nominal) .  Th e 
scal e informatio n o f  a  dimensio n ca n b e distribute d acros s 
interna l  an d externa l  representation s (Figur e 1) .  W h e n a 
highe r  dimensio n i s represente d b y a  lowe r  dimensio n (e.g. , 
a rati o dimensio n "length "  represente d b y a  nomina l 
dimensio n "shape" ;  se e Figur e lA) ,  th e extr a informatio n o f 
th e highe r  dimensio n eithe r  ha s t o b e represente d internally , 
or  no t  represente d a t  all ,  becaus e i t  i s  no t  embedde d i n th e 
physica l  propertie s o f  th e lowe r  dimension .  W h e n a  lowe r 
dimensio n i s represente d b y a  highe r  dimensio n (e.g. ,  a 
nomina l  dimensio n "type s o f  fruits "  represente d b y a  rati o 
dimensio n "length" ;  se e Figur e IB) ,  th e extr a informatio n o f 
th e highe r  dimensio n m a y caus e misperceptio n o n th e lowe r 
dimensio n (Mackinlay ,  1986 ;  Norman ,  1993) .  Thus ,  i n 
orde r  fo r  a  representatio n t o b e efficien t  an d accurate ,  th e 
scal e type s o f  th e represente d an d th e representin g 
dimension s shoul d matc h (e.g. ,  a  rati o dimensio n "length " 
represente d b y a  rati o dimensio n "length" ;  se e Figur e IC) . 

Figur e 2  show s example s o f  th e mappin g betwee n 
represente d an d representin g dimension s o f  relationa l 
informatio n displays .  Th e represente d dimension s ar e th e 
dimension s o f  th e relatio n Director y (se e Tabl e 1) :  siz e 
(ratio) ,  tim e (interval) ,  labe l  (ordinal) ,  an d typ e (nominal) . 
The representin g dimension s ar e th e physica l  dimension s 
use d t o represen t  th e represente d dimensions :  lengt h (ratio) , 
orientatio n (interval) ,  densit y (ordinal ,  se e nex t  sectio n fo r 
explanations) ,  an d shap e (nominal) .  I n th e fou r  display s o n 
th e diagona l  i n Figur e 2  (A ,  F ,  K ,  P) ,  th e scal e type s o f  th e 
represente d dimension s matc h th e scal e type s o f  th e 
representin g dimensions .  I n thes e displays ,  th e scal e infor -
matio n o f  th e represente d dimension s i s represente d effec -
tivel y an d accurately .  I n th e si x display s abov e th e 
diagonal ,  th e representin g dimension s hav e mor e 
informatio n tha n th e represente d dimensions .  Th e extr a 
informatio n m a y caus e misperceptio n o n th e represente d di -
mensions .  Fo r  example ,  i n Figur e 2C ,  a  "warm "  file  m a y b e 

perceive d a s twic e a s activ e a s a  "cold "  file .  Thi s i s a 
misperception ,  becaus e "hot" ,  "warm" ,  an d "cold "  onl y 
indicat e th e relativ e activitie s o f  th e files:  the y hav e n o rati o 
and interva l  information .  I n th e si x display s belo w th e 
diagonal ,  th e representin g dimension s hav e les s informatio n 
tha n th e represente d dimensions .  I n thes e displays ,  th e extr a 

! •  •  • 

4 fee t  2fee t 1 foo t 
I 

• ^ c e l S — Q i a D S & ^actL . 
Exlema l Interna l Externa l Interna l 

"aiegor y rmrfnr Y 
Mapiimd e 

•  Equa l  Ihterva f 
AbloTuTeVM) ' 

ual  Inlervi l 

Rati o Scal e 

C'Uto n 
Macnitud e 

uat  Interva l 
AITSOlUt e ££T 0 

Rati o Scal e omina l  Sea l 

Abstrac t Abstrac t 
(B) 

4 fee t 

a^gor v 
Magnitud e 
uiua l  Interva l 

Rati o Scal e 

aifrnr y 
Magnitud e 
:.qua l  Interva l 
Absolut e ̂ er c 

Rati o Scal e 

Abstrac t 

Figur e 1 .  Th e distribute d representatio n o f  scal e infor -
mation .  Th e scal e informatio n o f  a  dimensio n i s i n th e 
abstrac t  representationa l  space ,  whic h ca n b e decompose d 
int o a n interna l  an d a n externa l  representationa l  space . 
Interna l  representation s ar e i n th e mind ,  an d externa l 
representation s ar e i n th e environment .  (A )  A  nomina l 
dimensio n represent s a  ratio  dimension .  Th e extr a infOTma -
tio n o f  th e rati o dimensio n eithe r  ha s t o b e represente d i n th e 
interna l  representationa l  spac e o r  no t  represente d a t  aU .  (B ) 
A rati o scal e represent s a  nomina l  scale .  Th e extr a infor -
matio n o f  th e rati o scal e m a y caus e misperceptio n o n th e 
nomina l  scale .  (C )  A  rati o scal e represent s a  rati o scale . 
Thi s  i s a n efficien t  an d accurat e representation . 
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Rati o (Size ) 

REPRESENTED DIMENSIONS 

Interva l  (Time )  Ordina l  (Label ) Nomina l  (Type ) 

I 

Z 
o 

Q 
O 
Z 
H 
Z 
u 
u 

B 
1 
e 

Z 

IWarm-

X Cold -

Drawl  • 

final  wor k recor d dat a 
Fil e Names 

Fil e Siz e (K ) Tim e 

Fil e Name s 
fina l 

-  •  -  •  recor d 

~~ ~  worl c 

final  wor k recor d dat a 
Fil e Name s 

(B ) 

Fil e Names 
final 

2 "  •  • •  recor d 
— • — dat a 
^  -  wor k 

final  wor k recor d da u 
Fil e Name s 

( Q 

Labe l  (AcUvity ) 

Cold/' if "NJot File Names 

Fil e Siz e =  Densit y Tim e =  Densit y 

•  — recor d 

Labe l  =  Densit y 

final  wor k recor d dat a 
Fil e Name s 

(D ) 

Fil e Type s 
Word 

Excci y yvpra w pil e Names 
final 

... .  f  ecor d 
da U 
wor k 

Fil e Type s =  Densit y 
Word Wor d 

l i i  i l l i f 

ira w Exce l 
^ 

final  wor k recor d dat a 
Fil e Name s 

(D 

Fil e Siz e =  Shap e 
120 K 70 K 55 K lOO K 

final  wor k recor d dat a 
Fil e Name s 

(J) 

Tim e =  Shap e 
2:40p m 6:20pi n 3:35p m 4:30p m 

final  wor k recor d dat a 
Fil e Name s 

(K) 

Labe l  (AcUvlty )  =  Shap e 
Hot  War m War m Col d 

final 

70 K 55 K lOO K 2:40p m 6:20p m 3:35p m 4:30p m Ho t  War m War m Col d 

A o ^  d A o z j  n o o z 7 
wor k recor d dat a final  wor k recor d dat a final  wor k recor d dat a 

final  wor k recor d dat a 
Fil e Name s 

(L ) 

Fil e Type s =  Shap e 
Word Wor d Dra w Exce l 

D O 
wor k recor d dat a 
ni e Name s 

(M) 

final  wor k recor d dat a 
Fil e Name s 

(N ) 

wor k recor d 
Fil e Name s 

(O) 

final woi k recor d 
Fil e Name s 

(P) 

dat a 

Figur e 2 .  T h e mapp in g betwee n represente d an d representin g dimensions .  T h e representin g dimension s i n th e fou r  display s 
o n th e diagona l  hav e th e s a m e amoun t  informatio n a s th e represente d dimensions .  T h e representin g dimension s i n th e si x 
display s abov e th e diagona l  hav e to o m u c h information .  T h e representin g dimension s i n th e si x display s belo w th e diagona l 
hav e insufficien t  information . 

informatio n o f  th e represente d dimension s eithe r  ha s t o b e 
represente d internall y o r  no t  represente d a t  all .  Fo r 
example ,  i n Figur e 2 M ,  th e shape s posses s n o ratio ,  interval , 
an d ordina l  informatio n o f  th e size s o f  th e fou r  files .  Thes e 
type s o f  informatio n ar e represente d b y th e numer i c 
symbols ,  wh ic h hav e t o b e rea d int o th e m i n d an d ge t 
interpreted . 

Psycholc^ical vs. Physical Measurements 

The dimensions in relational information displays can be 
measure d eithe r  psychologicall y (e.g. ,  comparin g th e are a 
rati o o f  tw o circle s b y visua l  perception )  o r  physicall y (e.g. , 
measurin g th e lengt h o f  a  ba r  b y a  ruler) .  Becaus e th e scal e 
typ e o f  a  dimensio n i s determine d b y th e measuremen t  pro -

cesses ,  th e s a m e dimensio n m a y s h o w differen t  scal e 
propertie s unde r  psychologica l  an d physica l  measurements . 

F o r  rati o d imens ions ,  th e relatio n be twee n 
psychologica l  an d physica l  measurement s follow s Stevens ' 

L a w (Stevens ,  1957) :  \| /  =  k S " ,  wher e y  i s th e psychologica l 
measurement ,  S  i s th e physica l  measurement ,  k  i s a 
constant ,  an d n  i s th e p o w e r  inde x determine d b y th e 
propertie s o f  th e stimulu s an d th e measuremen t  process . 
Clevelan d &  McGil l  (1984 )  showe d tha t  rati o judgment s fo r 
dimension s wit h n  =  1  (e.g. ,  length ,  n  =  1 )  ar e eas y an d 
accurate ,  whil e thos e fo r  dimension s wit h n * \  (e.g. ,  area ,  n 
= .6~.9 )  ar e difficul t  an d distorted .  A n informa l  observatio n 
fro m Figur e 2  m a k e s u s speculat e tha t  interva l  judgment s 
on thes e dimension s ar e als o difficul t  an d distorted .  Fo r  ex -
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ample ,  i t  i s m u c h harde r  t o judg e th e differenc e betwee n tw o 
densitie s tha n betwee n tw o lengths .  Thus ,  rati o physica l  di -
mension s wit h n  9 ^  1  (e.g. ,  area ,  volume ,  brightness ,  density , 
etc. )  shoul d no t  b e use d t o represen t  rati o an d interva l 
infcMination .  Howevo' ,  jus t  becaus e o f  thes e difnculiie s an d 
distortions ,  the y ca n b e use d t o represen t  ordina l  informatio n 
effectively .  Fo r  example ,  densit y  i s considere d a s a n ordina l 
dimensio n i n Figur e 2 . 

The Interaction between Dimensions 

The dimensions of a multidimensional stimulus can be 
eithe r  separabl e o r  integra l  (e.g. ,  Gamer ,  1974) .  Separabl e 
dimension s ar e thos e whos e componen t  dimension s ca n b e 
directl y an d automaticaU y separate d an d perceived .  Integra l 
dimension s ca n onl y b e perceive d i n a  holisti c fashio n an d 
ca n no t  b e separate d withou t  a  secondar y proces s tha t  i s no t 
automaticall y executed .  Relationa l  informatio n display s ar e 
multidimensiona l  stimuli .  Therefore ,  th e sq>arabilit y o f  di -
mension s ca n affec t  th e perceptio n o f  relationa l  information . 
I f  th e dimension s o f  a  relationa l  informatio n displa y ar e 
integral ,  i t  i s  difficul t  t o separat e an d perceiv e th e 
informatio n o n eac h dimension .  I n addition ,  integra l  dimen -
sion s m a y produc e emergen t  propertie s tha t  ca n caus e 
misperception .  Fo r  example ,  i n Figur e 3 ,  th e horizonta l 
distanc e betwee n "final "  an d "record "  i s th e sam e a s tha t 
betwee n "record "  an d "data" ,  bu t  th e forme r  m a y b e 
perceive d longe r  tha n th e latter .  Thi s i s becaus e horizonta l 
and vertica l  distance s betwee n dots ,  whic h ar e integral ,  pro -
duc e a n emergen t  property—th e absolut e distance s betwee n 
dot s (Game r  &  Felfoldy ,  1970) .  Fo r  som e informatio n 
integratio n tasks ,  however ,  integra l  dimension s ar e bette r 
tha n separabl e dimension s (e.g. ,  Carswel l  &  Wickens , 
1988) . 

I50 i 

glOO 

fina l 

wor k 

dat a 
reccH- d • 

Visua l  vs .  Spatia l  Dimension s 

Visual (such as size, texture, shape, and color) and spatial 
(suc h a s position )  rqnesentation s ar e differen t  anatomicall y 
and functionally .  Visua l  informatio n processin g follow s a 
pathwa y fro m th e occipita l  t o th e tempora l  lobe ,  whil e 
spatia l  informatio n processin g follow s a  pathwa y fro m th e 
occipita l  t o th e parieta l  lob e (e.g. ,  Mishkin ,  Ungerleider ,  & 
M a c k o ,  1983) .  I n perceptua l  tasks ,  visua l  an d spatia l 
representation s ar e processe d differentl y an d positio n in -
formatio n i s  require d fo r  th e integratio n o f  visua l  feature s 
(Treisma n &  Gelade ,  1980) .  Ther e i s  als o evidenc e 
showin g tha t  spatia l  representation s ar e superio r  t o visua l 
representation s fo r  a  variet y o f  cognitiv e tasks ,  includin g th e 
Tower  o f  Hano i  proble m (Kotovsky ,  Hayes ,  &  Simon , 
1985 ;  Zhan g &  No rman ,  1994) ,  numbe r  representation s 
(Zhan g &  Norman .  1993) ,  an d cockpi t  instrumen t  display s 
(Zhang ,  1992) ,  jus t  t o lis t  a  few .  Therefore ,  whethe r  th e di -
mension s i n a  relationa l  informatio n displa y ar e visua l  o r 
spatia l  i s  anothe r  importan t  facto r  o f  th e representationa l 
effec t  o f  relationa l  informatio n displays . 

A Representationa l  T a x o n o m y o f  Relationa l 

In format io n Display s 

The Hierarchical Structure 

Relational information displays can be analyzed at three 
level s i n term s o f  th e fffopertie s o f  thei r  dimension s (Figur e 
4) .  A t  th e leve l  o f  dimensionality ,  differen t  display s ca n 
hav e differen t  number s o f  dimensions ,  e.g. ,  2-D ,  3-D .  4-D , 
etc .  A t  th e leve l  o f  scal e types ,  th e dimension s o f  a  displa y 
can hav e differen t  scal e types :  rati o (R) ,  interva l  (I) ,  ordina l 
(O) ,  an d nomina l  (N )  scales .  A  n-dimensiona l  displa y ca n 

hav e (n+3)(n+2)(n+l)/ 6 combination s o f  scal e type s 1 .  Fo r 
example ,  a  2- D displa y ca n hav e (2+3)(2+2)(2+l)/ 6 =  1 0 
combinations :  R-R .  R-I ,  R-O ,  R-N ,  I-I ,  I-O ,  I-N .  O-O .  0-N , 
N-N .  A t  th e leve l  o f  dimensiona l  representations ,  eac h 
scal e typ e ca n b e implemente d b y differen t  physica l 
dimensions .  Fo r  exampl e (se e Figur e 4) ,  th e scal e typ e R- R 
ca n b e represente d b y length-lengt h (Rectangle ,  Cross , 
etc.) ,  length-angl e (Coxcomb ,  Pola r  Plot ,  etc.) ,  distance-dis -
tanc e (Lin e Graph ,  Cartesia n Plot ,  etc.) .  an d s o on . 

3:0 0 4:0 0 5:0 0 

Tim e (pm ) 

6:0 0 

Figur e 3 .  Th e horizonta l  an d vertica l  distance s betwee n 
dot s ar e integral .  Th e emergen t  propert y (th e absolut e 
distance s betwee n dots )  m a y caus e misperception :  th e 
horizonta l  distanc e betwee n "fmal "  an d "record "  i s th e sam e 
as tha t  betwee n "record "  an d "data" ,  bu t  th e forme r  m a y b e 
perceive d longe r  tha n th e latter . 

^  I n th e sequence :  R"...•!••...•0"...»N»»...» ,  th e number s of'' s  afte r 
R,  I ,  O ,  an d N  ar e th e number s o f  dimension s o n ratio ,  interval . 
ordinal ,  an d nomina l  scales ,  respectively .  Th e numbe r  o f 
permutation s o f  thi s sequenc e wit h R  fixe d a t  th e beginnin g i s (n + 
3)! ,  wher e n  i s th e tota l  numbe r  o f  dimension s o f  a  n- D display . 
Becaus e th e n  •' $ an d th e I ,  O ,  an d N  ar e interchangeable ,  thei r 
permutation s (n !  an d 3! ,  respectively )  shoul d b e excluded .  Thus , 
th e numbe r  o f  possibl e scal e type s o f  a  n- D displa y i s ( n +  3)!/n!3 ! 
= (n+3Kn+2Xn+l)/6 . 
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Figur e 4 .  Th e representationa l  taxonom y o f  relationa l  informatio n displays .  A  =  Angle ,  D  =  Distance ,  L  =  Length ,  O  = 
Orientation ,  P  =  Position ,  S  =  Shape ,  T  =  Texture .  Se e tex t  fo r  details . 

T a x o n o m y 

The hierarchical structure in Figure 4 is a representational 
taxonom y o f  relationa l  informatio n displays .  Thi s 
taxonom y ca n classif y mos t  type s o f  relationa l  informatio n 
displays ,  includin g graphs ,  charts ,  tabula r  displays ,  maps , 
networks ,  etc .  Fo r  example ,  amon g th e display s show n i n 
Figur e 4 ,  th e pi e char t  an d th e tw o ba r  chart s ar e i n th e sam e 
categor y a t  th e leve l  o f  dimensiona l  representations ;  th e lin e 
grap h an d th e pi e char t  ar e i n th e sam e categor y a t  th e leve l 
of  scal e types ;  an d al l  th e display s i n Figur e 4  ar e i n th e 
same categor y a t  th e leve l  o f  dimensionality .  Th e lowe r  th e 
leve l  a t  whic h tw o display s ar e i n th e sam e category ,  th e 
mor e simila r  the y are .  Fo r  example ,  th e pi e char t  an d th e 
vertica l  ba r  char t  ar e mor e simila r  t o eac h othe r  tha n th e pi e 
cha r  an d th e lin e graph ,  becaus e th e forme r  tw o ar e i n th e 
same grou p a t  th e leve l  o f  dimensiona l  representation s 
whil e th e latte r  tw o ar e a t  th e leve l  o f  scal e types . 

Graphi c vs .  Tabula r  Display s 

In alphanumeric tabular displays, the dimensions of 
relationa l  informatio n ar e represente d b y alphanumeri c 
symbol s an d position s o f  tabl e cells .  Alphanumeri c symbol s 
ar e nomina l  dimensions ,  whic h ca n onl y represen t  nomina l 
informatio n externally .  Cel l  position s ar e ordina l 
dimensions ,  whic h ca n onl y represen t  nomina l  an d ordina l 
informatio n externally .  Thus ,  neithe r  alphanumeri c symbol s 
nor  cel l  position s ca n represen t  interva l  an d rati o 
informatio n externally .  I n contrast ,  i n graphi c displays ,  no t 
onl y nomina l  an d ordina l  informatio n bu t  als o interva l  an d 
rati o informatio n ca n b e represente d externall y (e.g. ,  b y 
length ,  distance ,  etc.) .  Thi s i s th e mai n reaso n w h y graphi c 
display s ar e bette r  tha n alphanumeri c tabula r  display s whe n 
interva l  an d rati o informatio n need s t o b e represented .  Fo r 
relationa l  informatio n tha t  onl y ha s nomina l  an d ordina l 
information ,  graphi c an d tabula r  display s d o no t  diffe r  muc h 
i n thei r  representationa l  efficiencies . 
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S u m m a ry an d Conclusio n 

In this paper we identified four major factors of the 
representationa l  effec t  i n relationa l  informatio n displays :  th e 
distribute d representatio n o f  scal e information ,  Ui e relatio n 
betwee n psychologica l  an d physica l  measurements ,  th e 
interactio n betwee n dimensions ,  an d th e visua l  an d spatia l 
propertie s o f  dimensions .  Ou r  majo r  clai m i s tha t  relatio n 
informatio n display s ar e distribute d representation s acros s 
th e interna l  min d an d th e externa l  environment .  Base d o n 
th e representationa l  analysi s o f  relationa l  informatio n 
displays ,  w e als o propose d a  representationa l  taxonom y tha t 
can classif y mos t  type s o f  relationa l  informatio n displays . 
We sugges t  tha t  th e fou r  majo r  factor s an d th e repre -
sentationa l  taxonom y ca n b e use d a s a  theoretica l 
framewor k t o stud y th e empirica l  issue s o f  relationa l 
informatio n display s i n a  systemati c way . 

The focu s o f  ou r  presen t  stud y i s o n th e representationa l 
propertie s o f  relationa l  informatio n displays .  Ove r  10 0 
year s o f  studie s o n graphic s hav e indicate d tha t  ther e i s n o 
universall y bes t  displa y fo r  al l  tasks :  whethe r  a  displa y i s 
efficien t  fo r  a  tas k depend s o n no t  jus t  th e representationa l 
forma t  o f  th e displa y bu t  als o th e structur e o f  th e tas k itself . 
Thus ,  i n orde r  t o understan d th e representatio n an d 
comprehensio n o f  relationa l  information ,  w e nee d t o con -
side r  th e relatio n betwee n representationa l  format s an d tas k 
structures .  Thi s i s a n interestin g issu e wort h o f  furthe r 
studies . 

Gamer,  W .  R .  &  Felfoldy ,  G .  L .  (1970) .  Integralit y o f 
stimulu s dimension s i n variou s type s o f  informatio n 
processing .  Cognitiv e Psychology ,  1 ,  225-241 . 

Mackinlay ,  J .  D .  (1986) .  Automatin g th e desig n o f  graphica l 
presentation s o f  relationa l  information .  A C M Transaction s 
on Graphics ,  5  (2) ,  110-141 . 

Mishkin ,  M. ,  Ungerleider ,  L .  G .  an d Macko ,  K .  A .  (1983) . 
Objec t  visio n an d spatia l  vision :  T w o cortica l  pathways . 
Trend s i n Neurosciences ,  6,414-417 . 

Norman ,  D .  A .  (1993) .  Thing s tha t  mak e u s smart . 
Reading ,  M A :  Addison-Wesley . 

Schmid ,  C .  F .  (1983) .  Statistica l  Graphics .  N e w York : 
Joh n Wile y &  Sons . 

Stevens ,  S .  S .  (1946) .  O n th e theor y o f  scale s o f 
measurement .  Science ,  10 3 (2684) ,  677-680 . 

Tufte ,  E .  R .  (1990) .  Envisionin g information .  Cheshire , 
Connecticut :  Graphic s Press . 

Zhang ,  J .  (1992) .  Distribute d representation :  Th e 
interactio n betwee n interna l  an d externa l  information . 
Ph.D .  Dissertation .  Sa n Diego :  Universit y o f  California , 
Departmen t  o f  Cognitiv e Science . 

Zhang ,  J .  &  Norman ,  D .  A .  (1993) .  A  cognitiv e taxonom y 
of  numeratio n systems .  Proceeding s o f  th e Fifteent h 
Annua l  Conferenc e o f  th e Cognitiv e Scienc e Society . 
Hillsdale ,  NJ :  Erlbaum . 

Zhang ,  J .  &  Norman ,  D .  A .  (1994) .  Representation s i n 
distribute d cognitiv e tasks .  Cognitiv e Science ,  18 ,  87 -
122. 

A c k n o w l e d g m e n t 

This research was supported by a grant to Donald Norman 
and Edwi n Hutchin s fro m th e Ame s Researc h Cente r  o f  th e 
Nationa l  Aeronautic s &  Spac e Agency ,  Gran t  N C C 2-59 1 i n 
th e Aviatio n Safety/Automatio n Program ,  technica l  monitor , 
Everet t  Palmer .  Additiona l  suppor t  wa s provide d b y fund s 
fro m th e Appl e Compute r  Compan y an d th e Digita l 
Equipmen t  Corporatio n t o th e Affiliate s o f  Cognitiv e 
Scienc e a t  U C S D,  an d a  See d Ciran t  fro m Th e Ohi o Stat e 
Universit y t o Jiaji e Zhang . 

Reference s 

Berlin, J. (1983). Semiology of graphics. Madison, WI: 
Universit y o f  Wisconsi n Press . 

Carswell ,  C .  M .  &  Wickens ,  C .  D .  (1988) .  Comparativ e 
graphics :  Histor y an d application s o f  perceptua l 
integralit y theor y an d th e proximit y compatibilit y 
hypothesi s (T R ARL-88-2/AHEL-88-1) .  Aviatio n 
Researc h Laboratory ,  Universit y o f  Illinoi s a t  Urbana -
Champaign . 

Cleveland ,  W .  S .  (1985) .  Th e element s o f  graphin g data . 
Monterey ,  C A :  Wadsworth . 

Cleveland ,  W .  S .  &  McGiU ,  R .  (1985) .  (Graphica l  perceptio n 
and graphica l  method s fo r  analyzin g scientifi c  data . 
Science ,  828-833 . 

Gamer,  W .  R .  (1974) .  Th e processin g o f  informatio n an d 
structure .  Potomac ,  Md. :  Lawrenc e Erlbau m Associates . 

957 


	cogsci_1994_952-957



