
 A #is&eye #ollow-up/ 
#urt&er 2eflections on #ocus 6 Conte8t 

 

 

 

 
A9ST2ACT 

I#$or'()*o# +or,-. co#)*#01 )o 2ro+, 4o.*#2 -(0#)*#2 

c5(,,1#21. $or *#)1r$(c1.6 T5*. 4(41r )r*1. )o *#cr1(.1 o0r 

0#-1r.)(#-*#2 o$ (44ro(c51. )o )51 4ro8,1', 80*,-*#2 o# 

)51 91#1r(,*:1- ;*.51<1 =*1+ $r('1+or>6  T5r11 *..01. (r1 

-*.c0..1-6 ;*r.) ( #0'81r o$ 1?*.)*#2 )1c5#*@01. (r1 0#*$*1- 

8< )51 co''o#(,*)< o$ what )51< .5o+, c1r)(*# $*.51<1A

r1,()1- .08.1)., +*)5 )51 )1c5#*@01. -*$$1r*#2 o#,< *# how 

)51< .5o+ )5o.1 .08.1).6  T51# )51 1,1B()1- *'4or)(#c1 o$ 
)51.1 .08.1)., (#- )51*r 21#1r(,*)<, *. 0.1- )o -*.c0.. )51 

4o..*8*,*)< o$ #o#AB*.0(, $*.51<1AB*1+., )o ())(c> 4ro8,1'. 

#o) .o ('1#(8,1 )o B*.0(,*:()*o#6  ;*#(,,<, .1B1r(, 'o-1,. 

(r1 2*B1# $or +5< )51.1 .08.1). '*25) 81 *'4or)(#) *# 0.1r 

*#)1r(c)*o#., +*)5 )51 2o(, o$ 81))1r *#$or'*#2 -1.*2# 

r()*o#(,1.6 

Aut&or <eywords 

I#$or'()*o# =*.0(,*:()*o#, ;oc0.CCo#)1?), ;*.51<1 =*1+., 

EFI, Goo', H*$oc(, ,1#., GUI, =*1+CFB1rB*1+ 

ACM Classification <eywords 

J6 I#$or'()*o# S<.)1'. J6L I#$or'()*o# I#)1r$(c1. (#- 

4r1.1#)()*o# MI6NO J6L62 U.1r I#)1r$(c1. ME6262, J6162, I6R6SO 

S08T1c).U  T51or< (#- '1)5o-.  

@AT2BCUCT@BA 

T+1#)< <1(r. (2o, CJIVS 408,*.51- ( 4(41r W11X (--r1..*#2 
( 2ro+*#2 4ro8,1' AA )5() *#$or'()*o# +or,-. +1r1 21))*#2 

,(r21, +5*,1 o0r +*#-o+. *#)o )5o.1 +or,-. +1r1 @0*)1 

.'(,,6  T51 4(41r 4ro4o.1-   ( 21#1r(, (44ro(c5 )o '(>*#2 

0.1$0, .'(,, B*1+. o$ ,(r21 *#$or'()*o# +or,-., c(,,1- 

Generalized Fisheye Views. T51.1 B*1+. 4roB*-1 -1)(*, () 

)51 c0rr1#) $oc0. o$ )51 B*1+1rY. ())1#)*o#, 80) .5o+ o#,< 

*#cr1(.*#2,< *'4or)(#) $1()0r1. $0r)51r (#- $0r)51r (+(<6 

T5*. $or'0,()*o# +(. *#.4*r1- 8< ;*.51<1 Z1#. B*1+. *# 

45o)o2r(45< +5*c5 -()1 8(c> )o 1[0S, +51# ]oo- W2VX 

*#B1.)*2()1- 5o+ )51 (1r*(, +or,- (8oB1 )51 +()1r^. .0r$(c1 
+o0,- (441(r )o ( $*.5 .08'1r21- 81,o+6 H1c(0.1 o$ 

r1$r(c)*B1 1$$1c). 2oB1r#1- 8< S#1,,^. ,(+, ,*25) r(<. 'or1 

-*r1c),< oB1r51(-, 81*#2 (,'o.) #or'(, )o )51 .0r$(c1, (r1 

,(r21,< 0#81#), +5*,1 )5o.1 co'*#2 *# () ( .5(,,o+ (#2,1 (r1 

.08.)(#)*(,,< 81#)6 A. ( r1.0,) )51 c1#)1r o$ )51 B*1+ *. 

,(r21,< 0#-*.)or)1-, .5o+# $0,, .*:1, +5*,1 )51 1-21. o$ )51 

B*1+ (r1 *#cr1(.*#2,< co'4r1..1-6 T51 '1)(45or c(4)0r1. 

.o'1)5*#2 B1r< *#)0*)*B1, )5() 41o4,1 #11- ( +(< )o 4(< 

())1#)*o# )o 4(r)*c0,(r -1)(*,. )51< (r1 $oc0.1- o#, <1) (,.o 

#11- .o'1 .0rro0#-*#2 co#)1?)6 

S*#c1 CJIVS1 '(#< -o:1#. o$ .41c*$*c co'40)1rA8(.1- 
)1c5#*@01. 5(B1 811# 4ro4o.1- )o 4roB*-1 ( 8(,(#c1 o$ 

`$oc0. (#- co#)1?)a, 4(r)*c0,(r,< *# )51 $*1,- o$ I#$or'()*o# 

=*.0(,*:()*o#6  ]5*,1 )51 (cc0'0,()1- 8o-< o$ +or> *. 51,- 

)o21)51r 8< ( -*$$0.1 *-1( )5() ( 8(,(#c1 o$ $oc0.Cco#)1?) *. 

#11-1-, )51r1 5(. 811# r1,()*B1,< ,*)),1 0#*$*1- 

0#-1r.)(#-*#26  ]1 -o #o) 5(B1 2oo- (#.+1r. )o @01.)*o#. 

,*>1U  b0.) +5() -o +1 '1(# 8< $oc0. (#- co#)1?)c  ]5() 

*#$or'()*o# -o +1 r1(,,< #11- )o .5o+ *# )51.1 B*1+.c ]5< 

-o 0.1r. r1(,,< #11- )5() *#$or'()*o#c T5*. ,(c> o$ 

0#-1r.)(#-*#2 *. ( 4ro8,1' 81c(0.1 *# )51 ,(.) 20 <1(r. )51 
.*)0()*o# 5(. o#,< 2o))1# +or.1, +*)5 '0,)*A)1r(8<)1 

-()(8(.1., '0,)*A'12(A,*#1 .o$)+(r1 .<.)1'., (#- )51 '0,)*A

2*2(A4(21 +186  I) *. (r20(8,< )*'1 $or ( -1141r ,oo>6   

T5r11 4r*#c*4(, *..01. +*,, 81 1?('*#1- *# )5*. 4(41r6  T51 

$*r.) +*,, $oc0. o# )51 -*.)*#c)*o# 81)+11# co#)1#) (#- 

4r1.1#)()*o#, )5() *., what )51.1 )1c5#*@01. (r1 )r<*#2 )o 

.5o+ (. o44o.1- )o how )51< )r< )o .5o+ *)6 S1B1r(, c,(..1. 

o$ B*.0(, )1c5#*@01. +*,, 81 (#(,<:1- *# )1r'. o$ +5() 

*#$or'()*o# )51< (c)0(,,< .5o+6 T5() )51< .11' )o r1B1(, ( 
.41c*$*c co''o# .1) o$ *#$or'()*o# ,1(-. )o (# *#.)r0c)*B1 

-1co'4o.*)*o# o$ )51 .4(c1 o$ )1c5#*@01. *# )1r'. o$ 

B(r*()*o#. o$ how )51< .5o+ )5() co''o# *#$or'()*o#, (#- 

)51 corr1.4o#-*#2 )r(-1Ao$$.6 

T51 what vs. how -*.c0..*o# +*,, co#c1#)r()1 o# 1?('4,1. 

-r(+# $ro' )51 *#$or'()*o# B*.0(,*:()*o# ,*)1r()0r1, 81c(0.1 

)5() *. +51r1 'o.) o$ )51 +or> r12(r-*#2 $oc0.Cco#)1?) 5(. 

811# -o#16  Jo+1B1r, )51 co#c14)0(, .14(r()*o# c,(r*$*1- 

)51r1 .1). )51 .)(21 $or r1'1'81r*#2 )5() B*.0(, 

4r1.1#)()*o#. (r1 o#,< o#1 o4)*o# $or how +1 co#B1< )51 

                                                             

1 d (#- ( $1+ 81$or1, #o)(8,< W2X (#- W[X 

"eor&e '( Furnas 

Sc5oo, o$ I#$or'()*o#, U#*B1r.*)< o$ M*c5*2(# 
A## Ar8or, M*c5*2(#, USA 

$0r#(.f0'*c561-0 

 
P1r'*..*o# )o '(>1 -*2*)(, or 5(r- co4*1. o$ (,, or 4(r) o$ )5*. +or> $or 

41r.o#(, or c,(..roo' 0.1 *. 2r(#)1- +*)5o0) $11 4roB*-1- )5() co4*1. (r1 
#o) '(-1 or -*.)r*80)1- $or 4ro$*) or co''1rc*(, (-B(#)(21 (#- )5() co4*1. 
81(r )5*. #o)*c1 (#- )51 $0,, c*)()*o# o# )51 $*r.) 4(216 To co4< o)51r+*.1, 

or r1408,*.5, )o 4o.) o# .1rB1r. or )o r1-*.)r*80)1 )o ,*.)., r1@0*r1. 4r*or 
.41c*$*c 41r'*..*o# (#-hor ( $116  
 

CHI 2006, A4r*, 22<2N, 200S, Mo#)ri(,, j0i81c, C(#(-(6  
Co4<r*25) 200S ACM 1AL[L[RA1NVARh0Sh000k666lL6006  



 

!"#$%&'(!$") '"+ (,'() &$%-$.-%) (,- /%$01-& $# &'2!"3 

!"(-%#'4-5 ($ 1'%3- 6$%1+5 ,'5 !&/$%('"( #$%&5 6,-%- (,- 

4$"4%-(- $/(!4'1 &-('/,$%) '"+ .!57'1 '//%$'4,-5 !" 

3-"-%'1) &'8 "$( 0- '//%$/%!'(-.  :$!"3  ;!eyon& 

(isu,-i.,tion0 6!11 (,-%-#$%- 0- (,- 5-4$"+ !557- +!54755-+ 

!" (,!5 /'/-%.  

T,- (,!%+ !557- ($ 0- '++%-55-+ !5 ;1hy304 (,'( !5) /7%57!"3 
' +--/-% 7"+-%5('"+!"3 $# 6,8 75-%5 &!3,( '4(7'118 "--+ ' 

0'1'"4- $# #$475 '"+ 4$"(-=( !"#$%&'(!$". >$55!01- '"56-%5 

/%$.!+- 4%!(!4'1 !"5!3,( #$% ('52 '"'185-5 !" (,- 7/5(%-'& 

5('3-5 $# +-5!3"?  @# 6- 2"$6 6,'( 75-%A"--+5 574, 

#$475B4$"(-=( 0'1'"4-5 5'(!5#8) (,-" 6- 6!11 2"$6 0-((-% 

6,'( 75-%A"--+5 ($ 0- $" (,- 1$$2A$7( #$% '"+ ,$6 ($ 5,'/- 

$7% +-5!3"5 '44$%+!"318. T$6'%+5 (,!5 -"+) (,- 1hy 5-4(!$" 

6!11 /%-5-"( ' 5-%!-5 $# /$55!01- (,-$%!-5) 75!"3 -=!5(!"3 

1!(-%'(7%- #%$& 5-.-%'1 #!-1+5. 

@" '++%-55!"3 (,-5- (,%-- !557-5) (,!5 /'/-% 6!11 +%'6 
,-'.!18 $" (,- $%!3!"'1 3-"-%'1!C-+ #!5,-8- #$%&'1!5& DEFG 

DEEG) #$% %-'5$"5 (,'( %-H7!%- 5$&- #'&!1!'%!(8 6!(, (,- 

0'5!45 $# (,- #$%&'1!5&.  I7%"'5 5733-5(-+ (,'( 75-#71 5&'11 

.!-65 4'" 0- 3-"-%'(-+ 08 5!&/18 /%-5-"(!"3 (,- &$5( 

;!"(-%-5(!"3J 5705-( (,'( 1!&!(-+ %-5$7%4-5 6!11 '11$6 $# (,- 

1'%3- 6$%1+.  T,'( 5733-5(!$" (7%"-+ (,- /%$01-& $# 

3-"-%'(!"3 ' 5&'11 .!-6 !"($ $"- $# -5(!&'(!"3 ' 75-%K5 

De6ree o8 Interest LDOIM !" .'%!$75 #-'(7%-5 $# (,- 6$%1+) 
3!.-" (,-!% 47%%-"( '4(!.!(8.  @( 6'5 (,-" /%$/$5-+ (,'( (,- 

NO@ ('2- !"($ '44$7"( 0$(, (,- ; <riori I=>ort,n?e L;<IM 

$# #-'(7%-5 !" (,- 6$%1+) '"+ (,-!% Dist,n?e LDM #%$& (,- 

75-%K5 47%%-"( #$475. @" !(5 &$5( 3-"-%'1 #$%& DEFG) (,- 

:-"-%'1!C-+ I!5,-8- N-3%-- $# @"(-%-5( #7"4(!$" '( 5$&- 

/$!"() @) 3!.-" (,- 47%%-"( #$4'1 /$!"() ;.J) 6'5 +-#!"-+ ($ 0- 

DOIFB C @ D . E F F C ;<IC @ E4 DC .4 @ E E4            PH".E 

6,-%- F !5 5$&- 4$&0!"!"3 #7"4(!$" (,'( !5 &$"$($"- 
!"4%-'5!"3 !" (,- #!%5( '%37&-"() '"+ +-4%-'5!"3 !" (,- 

5-4$"+. T,'( !5) (,- +-3%-- $# !"(-%-5( !" @ !"4%-'5-5 6!(, !(5 

31$0'1 !&/$%('"4- '"+ +-4%-'5-5 6!(, !(5 +!5('"4- #%$& (,- 

47%%-"( #$475.  Q5!"3 (,- 3-"-%'1 NO@ 5(%'(-38) '" !"(-%#'4- 

6$71+ /%-5-"( '11 /$!"(5) @4 (,'( '( 1-'5( &--( 5$&- &!"!&'1 

4%!(-%!$") ?) $# !"(-%-5(!"3"-55) !.-.) (,- 5-( $# '11 /$!"(5) @) 

574, (,'(  

DOIFB C @ D  .E G ?.                           PH".R   

W- 6!11 4'11 574, ' 5-( $# /$!"(5 ' FisheyeIDOI subset LIPA
NO@ subsetE.   T,- (,%-5,$1+) ?) 6$71+ 0- 4,$5-" ($ 0- 

%-5(%!4(!.-18 ,!3, !# #-6 %-5$7%4-5 6-%- '.'!1'01-) '"+ 

3-"-%$7518 1$6 !# %-5$7%4-5 6-%- /1-"(!#71. T,- %-571( !5 ' 

/%-5-"('(!$" (,'( 5,$65 -.-" &!"$% +-('!15 "-'% (,- /$!"( $# 

#$475) '"+ $"18 !"4%-'5!"318 &$%- !&/$%('"( (,!"35 (,'( '%- 

#7%(,-% '6'8. 

T,!5 #$%&71'(!$" +!##-%5 !" (,%-- !&/$%('"( 6'85 #%$& !(5 

!"5/!%!"3 "'&-5'2-) ' #'4( $#(-" $.-%1$$2-+. I!%5() 6,!1- (,- 
$/(!4'1 I!5,-8- T-"5 !5 '11 '0$7( +!5($%(!$") (,- I7%"'5 

.-%5!$" 6'5 '0$7( 5-1-4(!$" AA 6,'( !5 ($ 0- !"417+-+ L(,- 

&$%- !"(-%-5(!"3 5(7##M !" (,- .!-6 '"+ 6,'( !5 ($ 0- 1-#( $7( 

L(,- 1-55 !"(-%-5(!"3 5(7##M. T,!5 5-1-4(!$"U+!5($%(!$" 4$"(%'5( 

6!11 0- ,-1/#71 !" +!54755!"3 Kh,t !5 5,$6" vs. hoK !( !5 

5,$6". S-4$"+) 6,!1- $/(!4'1 I!5,-8- T-"5-5 6$%2 !" (,- 

#'&!1!'% 6$%1+ $# 1$6 +!&-"5!$"'1 P741!+-'" 5/'4-) (,- 

NO@ .-%5!$" 6'5 +-1!0-%'(-18 '3"$5(!4 '0$7( 3-$&-(%8) ($ 

'11$6 !( ($ 3-"-%'1!C- ($ $(,-% 2!"+5 $# 6$%1+5.   T,!5 

'05(%'4(A3-"-%'1 .5. 4$"4%-(-A$/(!4'1 4$"(%'5( 6!11 0- 
/'%(!471'%18 75-#71 #$% &$.!"3 !eyon& (isu,-i.,tion.  

I!"'118) (,- NO@ #$%&'1!5& %-+-#!"-+ (,- /%$01-& 75!"3 

(-%&5 1!2- ;!"(-%-5(J) ;!&/$%('"4-J '"+ ;+!5('"4-J. T,-5- 

'%- 4$"4-/(5 6!(, 5/-4!#!4 %-1-.'"4- ($ 75-%5 '"+ ('525) 

(,-%-08 /%$.!+!"3 ' 75-#71 $%!-"('(!$" #$% (,- #!"'1) 

M1hy304 +!54755!$". 

WHAT VS. HOW 

T,- (,-&- $# /%$.!+!"3 WI$475 B X$"(-=(W LIBXM .!-65) 

,'5 3-"-%'(-+ ' 1'%3- "7&0-% $# (-4,"!H7-5) /'%(!471'%18 !" 

(,- !"#$%&'(!$" .!57'1!C'(!$" 1!(-%'(7%-. O"- 3%$7/) &$%- 

+!%-4(18 !"5/!%-+ 08 (,- 3-$&-(%!4 +!5($%(!$" $# (,- I!5,-8- 

T-"5 &-('/,$%) &!3,( 0- 4'11-+ ;N!5($%(!$"J .!-65. S$&- 
$# (,-5- ,'.- #$11$6-+ 7/ -=/1!4!(18 $" (,- :-"-%'1!C-+ 

I!5,-8- N-3%-- $# @"(-%-5( #$%&'1!5&) 1!2- DRYG 6,$ 75-+ ' 

IPANO@) "$( -=/1!4!(18 ($ 5-1-4( 6,'( 5,$71+ 0- 5,$6") 07( 

($ +-(-%&!"- ,$6 &74, 5/'4- 5,$71+ 0- 3!.-" ($ 6,'( !5 

5,$6") 6!(, &$%- !"(-%-5(!"3 (,!"35 5,$6" 1'%3-%. O(,-% 

+!5($%(!$" (-4,"!H7-5 ,'.- 75-+ .'%!$75 3-$&-(%!4 

'//%$'4,-5 L/-%5/-4(!.- 6'11 DEZG) +$47&-"( 1-"5 DRRG) 

,8/-%0$1!4 (%-- 0%$65-% DE[GM ($ /%$.!+- (,- IBX 0'1'"4-.  

A"$(,-% 5-( $# '//%$'4,-5 75-+ -=/1!4!( +!5($%(!$") 

+!##-%-"(!'1 &'3"!#!4'(!$" DRGDZGDE]GDE^G '"+ 5(%-(4,!"3 

#7"4(!$"5 DR_G ($ '11$4'(- 5/'4- /%-#-%-"(!'118 ($ (,- #$475.  

A 5-4$"+ 3%$7/ ,'5 75-+ "$"A+!5($%(!"3 &'3"!#!4'(!$" 
(-4,"!H7-5 ($ &'2- #$475 '"+ 4$"(-=( '44-55!01-. S$&- 

(-4,"!H7-5 '%- H7!(- $1+) 75!"3 5-/'%'(- +!5/1'8 %-3!$"5 #$% 

+!##-%-"( &'3"!#!4'(!$"5) -.3.) &'/5 (,'( ,'.- ' 5-/'%'(- 

!"5-%( #$% -!(,-% ' 41$5-A7/ $% '" $.-%.!-6.  O(,-% &-(,$+5 

$# (,!5 3%$7/ '%- H7!(- "-6) 1!2- (,$5- 75!"3 +8"'&!4 

!"(-%'4(!.- C$$&!"3 D]G.  

A (,!%+) .-%8 5/'%5- 3%$7/ ,'5 5!&/18 75-+ +!##-%-"(!'1 
%-5$17(!$" #$% #$475 .5. 4$"(-=( %-3!$"5 $# ' +!5/1'8 DYGD_G) 

-='&/1-5 $# ' 5-1-4(!$" (-4,"!H7-) 6!(,$7( '"8 5!C- 4,'"3-5 

$% +!5($%(!$".  

T,- 1!5( $# 3$$+ 6$%2 3!.-" ,-%- #$% '11 (,%-- 3%$7/5 !5 08 

"$ &-'"5 4$&/1-(-` 5-- D[GD^GDaGDE^GDR[G #$% #7%(,-% %-.!-6 

'"+ +!54755!$". A1(,$73, 4$.-%!"3 ' 5!&!1'% 57!(- $# 4'5-5 

($ 5$&- $# (,-5- $(,-% %-.!-65) (,- 3$'1 ,-%- !5 5$&-6,'( 

+!##-%-"( (,'") 5'8) 7"!#8!"3 (,-& 7"+-% ' 3-"-%'1!C!"3 

&'3"!#!4'(!$" #7"4(!$". H-%- (,- 7"!#8!"3 -&/,'5!5 !5 ' 

41'!& (,'( 6,'( !5 &$5( !&/$%('"( '0$7( '11 (,-5- 
'//%$'4,-5 !5 Kh,t (,-8 4$".-8. Q5-%5 ,'.- ('525 ($ +$ '"+ 

"--+ 4-%('!" !"#$%&'(!$" ($ +$ (,-&.  NoK 6- /%$.!+- (,'( 

!"#$%&'(!$" !5 ' 5-4$"+'%8 4$"5!+-%'(!$" 4$&/'%-+ ($ Kh,t 

6- /%$.!+-.  

Fisheye DOI Subsets vs. Fisheye Lens Distortion  

T$ 3-( ' 0-((-% !"(7!(!.- 7"+-%5('"+!"3 $# (,- +!##-%-"4- 

0-(6--" 6,'( !5 /%-5-"(-+ .5. ,$6 !( !5 /%-5-"(-+) 4$"5!+-% 



the famous cartoon example of a Fisheye Lens distortion 

presentation in popular culture, 7oel Steinberg;s much 

imitated !"# %&'("' magazine cover, caricaturing a >ew 

@ork citizenBs view of the world. It shows local details of 

parking garages and mail boxes on Eth Avenue while 

Ghicago and LA are Hust shown as dots in the distance, with 
the Iocky Mountains as a few bumps somewhere in 

between.  Khe Pacific Ocean is a stripe further off in the 

distance, and then Ghina, 7apan and Iussia are featureless 

blobs away at the horizon. )*+, this cartoon shows is, for 

example, details of mailboxes and parking from the local 

neighborhood.  It has filtered out those details from regions 

further away, showing only much higher-level information 

from regions further away, like that there is a city called 

Los Angeles on the Oest Goast.  Khe small subset of 

information actually included, i.e., #*+, is shown, is 

actually fairly sensible for the >ew @ork resident P there is 

no need to know the location of mailboxes in LA.  -&# this 
set of information was shown, i.e., the humorous distortion 

of sizes and distances, was a design choice of Steinberg as 

cartoonist. 

A simple example will help further with this #*+,Q*&# 

distinction, and also allow us to bring the generalized 

fisheye formalism to bear.  Gonsider trying to make a small 

view of a long, ordered list.  Rere, for example, we take the 

schematic case of a list of the letters of the alphabet. Figure 

1 shows the successive construction of a FE-DOI for this 
list (a).  In the A Priori Importance graph of (b), the first 

and last few items are given special importance, reflecting 

well-known primacy and recency effects. Khe graph in (c) 

simply shows the Distance from the focus. Gombining these 

two components in an additive way creates a simple FE-

DOI (d). Khe filtered list can be shown with items in their 

original locations (un-distorted, e) or can be compressed 

(eliding empty space, f). In the former case it is easy to see 

true distances between list itemsX the latter takes up less 

display space. Khese represent design trade-offs whose 

value depends on the demands of a task, but in both views, 

all but the “most interesting” information has been deleted. 
Oe will discuss such tradeoffs later. For now it is sufficient 

to understand that one can talk about #*+, is shown P the 

information indicated to be of interest by the generalized 

fisheye DOI P separately from *&# it is shown.   

The Fisheye Subset in Information 4isualization 

Khe underlying FE-DOI subset is central to a broad variety 

of F[G information visualization techni\ues.  At a 

metaphorical level that is to be expected because the FE-

DOIs are intended to capture Hust what the phrase “Focus [ 

Gontext” is trying to capture.  Rowever the connection is 

deeper than thatX at a formal level it provides a tighter 

unification of many of the methods.  It is useful to begin 
exploring that unification by analyzing what some people 

think of as the canonical Fisheye views P those that, like 

Oood;s photographic lens, use distortion to magnify the 

center and compress the surroundings.  

Distortion views and the FE-DOI 

Khe list example in Figure 1(a)-(f) uses the logic of filtering 

first, then distorting the placements so as to conserve space. 

Khis distinction between filtering or selecting information, 

and distorting the information deserves further examination. 

Khere has been much research over the past two decades on 
various “fisheye” and other F[G distortion presentation 

techni\ues that never make explicit any notion of filtering. 

Rowever, such ./0,&',/&10 do indeed 2/3,"' information, 

because any real transmission medium (the display, the 

retina) has finite resolution. As a result distortion, with its 

associated differential magnification, implies a filtering of 

information in the spatial fre\uency domain.  Most 

obviously, as the rendered size of features of a world 

decrease below the pixel size in the display, they are 

filtered out. In fact, the ability to resolve those features gets 

worse way before that.  Khus, while distortion based F[G 
techni\ues certainly change the displayed position of 

various items in the world, the associated magnifications 

and demagnifications are also really altering what 

information is available about those items. One could take 

the magnification function of any distortion transformation 

and use it as a variable blurring function, a space-varying 

spatial fre\uency filter, and run it over an undistorted 

version to get a clearer understanding of the filtering going 
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on.  Places given high magnification in the distorted view 

get a higher spatial frequency cutoff (essentially a smaller 

blur radius).   The distortion-only and blurred-only 

renderings contain the same subset of localized information 

about items throughout the space.  

The information that they make available is exactly a FE-
DOI subset. The distortion fisheye views decrease 

magnification as a function of distance from the current 

focus.  The relationship of this decreasing magnification to 

a DOI can be understood formally by referring back to the 

definition of the FE-DOI. After introducing the most 

general form of the FE-DOI, Furnas [10][11] went on to 

explore a simple additive class of examples, letting 

DOI ( x, . ) = API(x) - D( ., x ). Distortion fisheyes can be 

seen as a very similar, multiplicative class. Their distortion 

rule renders an object or visual feature, x, according to a 
rule like: RenderedSize(x) = TrueSize(x) * Mag( D( ., x )), 

where Mag(D) is a monotone decreasing function of 

distance. Interpreted as a FE-DOI formula, RenderedSize 

becomes DOI and TrueSize becomes API. That 

RenderedSize corresponds to the Degree of Interest would 

not be surprising to Sarkar and Brown [23], who set up their 

distortion FE explicitly in this way (“render with size 

proportional to interest”), but it applies to the broader class 

generally.  More instructive is that TrueSize corresponds to 

A Priori Importance – that is, the distortion techniques can 

be interpreted as acting as though big things are more 
important, a priori.  If the assumption, that low spatial 

frequency information is more important than high spatial 

frequency information, is correct, then the distortion 

techniques are exactly Fisheye DOI filters, operating on 

spatial frequency.  Insofar as the assumption is wrong, then 

they will not be reasonable FE-DOI filters, and probably 

correspondingly less useful.  For example, the Document 

Lens [22] used reduced magnification to show pages of a 

document surrounding the current focal page.   One of the 

drawbacks was that the large-scale features visible after 

such reduction were things like paragraph breaks and 

associated indents, features not more important, a priori, 
than a few small key phrases in the paragraph.  In this way 

the technique was not showing a meaningful FE-DOI 

subset, and was probably less useful accordingly. 

All magnification-based presentation techniques, including 

the zoom techniques of the next section, essentially 

constitute design as if size is what really matters:  as if 

larger things are a priori more important and as if things of 

any a priori size should be shown larger if you are 

interested in them, and neither assumption is always true.2 
One virtue of the FE-DOI formulation is that it casts these 

visual techniques back in terms of user/task parameters, like 

importance and interest, a deconstruction that reminds us of 

such mismatches.   

                                                             

2 Semantic zooming, in which the appearance of an item changes 
non-geometrically with size so as to stay meaningful, was devised 
(e.g., [5]) to solve exactly this suite of problems. 

!oo# %iews 

The FE-DOI also captures what goes on in the variable 

zoom techniques, often called Zoomable User Interfaces 

(ZUI) [5]. In a ZUI, there is typically a viewing window of 

fixed width, v, and fixed resolution, r (e.g., in pixels per 
cm). This is used to show a world region of variable width, 

W. In zooming, the magnification, m=v/W, is varied to look 

at larger or smaller world regions in the same fixed-size 

viewing window.  

As the magnification changes the view’s extent, it makes a 

corresponding change in the world-size of the smallest 

details that are visible. If you zoom out to see more breadth, 

you lose details. Formally, the world-width, W, seen in a 

given view is rendered by rv pixels, and so nothing smaller 
than size w = W/rv = 1/rm can be resolved. Therefore, in 

zooming, these two will always move together: if w is the 

world-size of the smallest feature visible when viewing a 

world-region of width W, then !w will be the world-size of 

the smallest feature when viewing a region of world-width 

!W.  

Consider the following question: When can a feature i of 

size wi and location xi, be seen in a view of world-size W, 

centered at a point, “.”? The location xi will only be 

included when a view centered at c gets large enough: 

W ! 2D( xi, . ). But then, to be visible, the feature must be 

of a size: 

wi ! W/rv =2D( xi , . )/rv .                   Eqn.3 

That is, if you have a fixed center-point, the further away 
something is, the more zoomed out you will have to be to 

see it, and hence the larger it must be to be seen. Put 

another way, consider the information available from a 

series of concentric zooms (i.e., views related by changing 

the magnification, m, only, without panning the center, “.”, 

of the views). In aggregate, the whole set of concentric 

zooms will show features whose size must increase with 

distance from the center.  

If this sounds like a subset dictated by a fisheye DOI, that is 
exactly what it is.  Recall the use of a threshold to generate 

the DOI subsets (combining Eqns. 1&2), and what it would 

look like in the multiplicative case:  

                      General:    f ( API(x) , D( x, . ) ) " c 

            Multiplicative:        API(x) / D( x, . )   " c 

Now, returning to the analysis of zoom, if we make the 
assumption that the size of a feature is its A Priori 

Importance (the implicit visual assumption in any 

magnification based technique), then rearranging Eqn.3 

yields the formula for what can be seen in a set of con-focal 

zooms:  

                wi  / D( xi, . )    !    2 / (rv) 

         API(xi) / D( xi, . )    !      c  

That is, the union of concentric zooms yields exactly a FE-

DOI subset. Thus the family of general fisheye DOI 



f"n$tions des$ri-es ./at feat"res are 1isi-2e -ot/ in t/e 

fis/e3e distortion 4resentations and $on$entri$56ooms 

4resentation of t/e information8 T/is e:"i1a2en$e of t/e 

te$/ni:"es e;tends e1en to a detai2 of design $ontro28 =e$a22 

t/at t/e D?@ t/res/o2dA !A is often a$$essi-2e to t/e interfa$e 

designer for adB"sting t/e 1ie. to t/e e;isting dis42a3 
reso"r$es8  Cs t/e form"2ation a-o1e indi$atesA t/e 6oom 

designerA 2iDe t/e fis/e3e distortion designer in genera2A $an 

nat"ra223 $ontro2 /o. dee4 to go in t/e fis/e3e D?@ s"-setsE 

s/o.ing sma22er t/ings f"rt/er a.a3 from t/e $enter of 

fo$"s -3 eit/er in$reasing t/e 4i;e2 reso2"tionA "A or t/e si6e 

of t/e 1ie.ing .indo.A #8 

!"#$%&'#('"#$)*+,)!"#$%-./0#12))

T.o $2ose23 re2ated magnifi$ation5-ased FGH te$/ni:"esA 
I1ie.Go1er1ie.J and I1ie.G$2ose"4JA emerged 2ong ago 

in t/e .or2d of 4a4er dis42a3s8  Kot/ s/o. B"st t.o dis$rete 

2e1e2s of fo$"s and $onte;t8 T/e I1ie.Go1er1ie.J 1ariant 

/as a 2arge detai2 1ie. and .it/ a sma22 o1er1ie.A inserted 

in a -o; t34i$a223 off in one $orner8  T/e I1ie.G$2ose"4J 

1ariantA in $ontrastA /as a 2arge and e;tensi1e 1ie. .it/ t/e 

sma22 insert s/o.ing a $2ose5"4 of some s4e$ia2 regionA e8g8A 

a ma4 of Fran$e .it/ a sma22er $2ose5"4 of Laris8 Cs in a 

MN@A -ot/ 1ariants s/o. different I6oomJ 1ie.sA -"t 

sim"2taneo"s23A instead of 4resenting t/em o1er time8  

K3 4resenting on23 t.o 2e1e2sA fo$"s and $onte;tA t/ese 
differ from t/e ri$/er range of trading off one against t/e 

ot/er re4resented in t/e $anoni$a2 FO5D?@8  T/is differen$e 

m"st "2timate23 4ro1e 4ro-2emati$ for tr"23 2arge .or2ds 

./ere t/ere is im4ortant str"$t"re at man3 s$a2es8 T/ere t/e 

"ser .i22 need more t/an one 2a3er of $onte;t8  

T/is 4oint $an -e :"antified fair23 sim4238 Pet $ -e t/e 
s$a2e -and.idt/ of t/e 4resentation te$/no2og3A defined as 

$ &'(t*+t , -"a/+ Qe8g8A 4i;e25.idt/ of t/e dis42a3 R si6e of 

dis42a3 S si6e of 4i;e2T8 Pet 0 -e t/e s$a2e range of 3o"r 

information .or2dA defined as 0 & Wo"345/6* , 

57a33*8t9*ta/35/6*8  H2ear23A if t/e s$a2e range of t/e .or2d 

does not e;$eed t/at of t/e 4resentation te$/no2og3A i8e8A 

0 ! $A t/ere is no 4ro-2em8  Uo.e1erA if 0 V $A s4e$ia2 

te$/ni:"es are needed to s/o. an3 4oint of interest in its 

f"22 $onte;t8  Nsing 6oomA for e;am42eA .e .o"2d need 

a:3o;0,3o;$ 1ie.s to s/o. t/e fo$"s and $onte;t of an3 

s4e$ifi$ detai2 4oint8W For e;am42eA "sing a XY dis42a3 to 

1ie. a 4oint in a XZeg .or2dA .o"2d re:"ire at t/e a-so2"te 

minim"m [ 1ie.sE one XY 1ie. s/o.ing a $2ose5"4 of t/e 

detai2sA a se$ond XY 1ie. s/o.ing an o1er1ie. .it/ a 

/ig/2ig/ted 4i;e2 s/o.ing ./ere t/e detai2 1ie. fits into t/e 

o1er1ie.8  C X\ig .or2d .o"2d re:"ire at 2east W 1ie.s8 

T/e 4oint is t/at ./i2e a sing2e fo$a2 reso2"tion and a sing2e 
I$onte;tJ o1er1ie. ma3 -e eno"g/ for moderate si6ed 

.or2dsA 2arge .or2ds .o"2d re:"ire se1era2 2a3ers of 

$onte;t8 T/is rea2i6ation .as t/e moti1ation -e/ind t/e 

                                                             

W T/e $onstant a goes "4 4ro4ortiona223 if 3o" .ant to "se more 
t/an one 4i;e2 to s/o. t/e sma22est Idetai2J and t/e 4osition of 
sma22 1ie.s .it/in t/e 2arger ones8 

man3 2a3ers of sim"2taneo"s 6oom "sed -3 Pie-erman in 

/is <ow*"8 o> ?*+ ?hoA8a+4 te$/ni:"e ]X^_ for s/o.ing 

1er3 2arge .or2ds8  

T/e 2esson is t/atA for tr"23 2arge .or2dsA e1en t/e 
`ie.G?1er1ie. met/ods .i22 need to s/o. a f"22er FO5

D?@ s"-setA re:"iring m"2ti42e 2e1e2s of o1er1ie.s8 

31.4")5#0/.14"/+)6"02.*70)

T/e 2ast gro"4 of te$/ni:"es /as no 6ooming or distortionA 

-"t sim423 "ses m"2ti42e reso2"tionsA /ig/ in a $enter region 

of t/e dis42a3A and 2o.er aro"nd it Qe8g8A ]W_]a_T8  T/is 

a44roa$/ is e;42i$it23 a FO5D?@ fi2terA .orDing in e;a$t23 
t/e s4atia2 fre:"en$3 domain t/at is on23 im42i$it in t/e 

distortion and 6oom te$/ni:"es8  QT/e "se of on23 t.o 2e1e2 

means it is s"-Be$t to some of t/e same .or2d5si6e 

2imitations as t/e t.o52e1e2 magnifi$ation a44roa$/esT8 

!"#$ What, &'(($)$*+ 'ow: ,$-'.* /)"&$0((- 

T/e $2aim /ere /as -een t/at what t/ese te$/ni:"es s/o. is 

m"$/ t/e same b a s"-set of t/e origina2 informationA as 

di$tated -3 a FO5D?@8  c/i2e t/is "nifies t/e $2assA t/e 

te$/ni:"es $2ear23 differ8 Z"$/ insig/t into t/e differen$es 

-et.een t/em $omes from $onsidering how t/e3 s/o. t/at 

same s"-set8 @dea223A .e .ant a te$/ni:"e t/at on23 does t/e 
FO5D?@ fi2teringA .it/ no "ndesired side effe$ts8  T/e on23 

.a3 to do t/is is .it/ a reso2"tion5-ased 4resentation b f"22 

si6ed -"t .it/ in$reasing -2"r a.a3 from t/e fo$"s8  ?n t/e 

ot/er /andA often t/e 4oint is to maDe a 4resentation of 

sma22er 4/3si$a2 si6e b and immediate23 t/ere are $/oi$es 

a-o"t ./at to gi1e "4E 1ie.5si6e red"$tionA s/a4e 

4reser1ationA to4o2ogi$a2 $ontin"it3A sim"2taneit3A et$8  @n 

an3 of t/e $/oi$es of How to dis42a3 t/e FO5D?@ t/ere are 

sa$rifi$esA t/o"g/ .a3s /a1e -een de1ised to mitigate t/e 

4ro-2ems8 S4e$ifi$a223A 

! Distortion te$/ni:"es 4resent t/e information 
sim"2taneo"s23A .it/ to4o2ogi$a2 $ontin"it3A -"t 

introd"$e geometri$ distortionA $/anging as4e$t ratios 

in regions o"tside t/e fo$"sA and a2tering s/a4es of 

2arge 4atterns in genera28 T/e "ser m"st "nderstand t/at 

t/ere are distortions in s/a4e and 4ositionA and -e a-2e 

to menta223 "ndo t/em if needed8  ?ne a44roa$/ is to 

gi1e distortion ma4s t/at o1er2a3 t/e $orres4onding23 

distorted 1ersion of a reg"2ar grid8   

! D3nami$ 6ooming te$/ni:"es QMN@sT do not introd"$e 
geometri$ distortionsA -"t 4resent t/e information 

s4read o"t o1er time8 ?ne 4ro-2em is t/at it I"ses "4J 

t/e tem4ora2 dimension b maDing it 4oor for gi1ing a 

FGH rendering of a d3nami$A animated .or2d8 Cnot/er 

$ostA e1en for stati$ .or2dsA is t/at to a44re/end t/e 

./o2e FO5D?@ set t/e "ser m"st integrate o1er timeA 

re:"iring not B"st memor3 for 4re1io"s 1ie.sA -"t a 

reasona-2e tem4ora2 $a2i-ration to Dee4 tra$D of ./ere 

in t/e tem4ora2 se:"en$e Qand /en$e s$a2eT t/e3 are at 

t/e moment8  T/is 4ro-2em $an -e mitigatedA for 

e;am42eA -3 an a";i2iar3 indi$ator of s$a2e Qe8g8A a 

Is$a2e t/ermometerJT8   



 

! !"#t%&#'( )%*"#t+n'o")( .%'/)( +t( 0%11'2'nt( )3+#')4( '5654(

7%'/89.'2.%'/( +n0( 7%'/8:#o)'"&( 0%)&#+;)4( o2(

o.'2#+%0( t2+n)&+2'nt(.%'/)( <=o/'2)(o1(>?4???@(&2')'nt(

tA'( %n1o2*+t%on( )%*"#t+n'o")#;4( /%tAo"t( 6'o*'t2%3(

0%)to2t%on4( B"t( /%tA( to&o#o6%3+#( 0%)3ont%n"%t;( +t( tA'(

'06')(o1(tA'(.%'/)(<CDA'2'(0o')(tA'(2o+0(tA+t(2"n)(o11(
tA'( '06'( o1( tA%)( 3#o)'E"&( .%'/4( +&&'+2( %n( tA'(

o.'2.%'/FG@(H)'2)(*")t(1%n0(3o22')&on0'n3')(B't/''n(

1'+t"2')( +t( tA'( '06'( o1( on'( .%'/4( +n0( %nt'2n+#( to( tA'(

otA'25( ( IA'( &2oB#'*( %)( *%t%6+t'0( B;( +n( %n0%3+to2(

2'3t+n6#'( 0%+62+**%n6( /A'2'( tA'( 3#o)'E"&( 2'6%on( 1%t)(

%n( tA'( o.'2.%'/4( o2( B;( )Ao/%n6( tA'( *o")'( 3"2)o2( %n(

BotA(.%'/)5((

! IA'( J8:( *"#t%E2')o#"t%on( 0%)&#+;)( &2')'nt( tA'(

%n1o2*+t%on( )%*"#t+n'o")#;4( /%tAo"t( to&o#o6%3+#( o2(

6'o*'t2%3( 0%)to2t%on4( B"t( /%tAo"t( 0%)&#+;( )%K'(
2'0"3t%on5(L'2'(tA'(")'2(n''0)(#+26'(0%)&#+;(2')o"23')(M(

&'2A+&)('N&'n)%.'(+n0( #'))(&o2t+B#'5( ( IA%)(&2oB#'*( %)(

*%t%6+t'0(B;(+( #+26'('O"%&*'nt(B"06't( +n0(+(&'2)on+#(

&o2t'2(!5(

IA')'( 0')%6n( t2+0'o11)4( '.'n( /A'n( *%t%6+t'04( +2'( )'2%o")(

'no"6A( tA+t( tA'( t'3An%O"')(+2'(not( %nt'23A+n6'+B#'( EE( tA'%2(

+&&2o&2%+t'n'))(0'&'n0)(on( tA'( t+)P)( to(B'(0on'5( (Q( t2"3P(

02%.'2( *%6At( ")'( +( .'2;E/%0'E+n6#'( J%)A';'( *%22o2(

<0%)to2t%on@( to( 6't( +( )*+##( .%'/( o1( 3+2)( 3o*%n6( "&( 12o*(
B'A%n05((IA%)(/o2P)(/'##(B'3+")'(A'(n''0)()%*&#;(to()''(%1(

tA'2'( %)(+n;tA%n6(tA'2'4(+n0()''(%t)(3ont%n"%t;(o1(*o.'*'nt(

to/+20)(A%*5((R1(A%)(SoB(/'2'(to(%0'nt%1;(tA'('N+3t(*+P'(+n0(

*o0'#(o1(tA'(3+2(<+()A+&'()'n)%t%.'(t+)P@(tA%)(/o"#0(not(B'(+(

6oo0( %nt'21+3'5( ( T%*%#+2#;( +( n't/o2P( 'n6%n''2( t;&%3+##;(

3+2')( *o2'( +Bo"t( to&o#o6%3+#( 3ont%n"%t;( tA+n( 6'o*'t2%3(

+33"2+3;4( )o( JU( V%)to2t%on( .%'/)( +2'( O"%t'( 1%n'5( ( DA'n(

6'o*'t2;( *+tt'2)( *o2'4( &'2A+&)( %n( )%t"+t%on)( ")%n6(

W'o62+&A%3( Rn1o2*+t%on( T;)t'*)4( Koo*)( +n0( o.'2.%'/)(

*+;(B'(*o2'(%*&o2t+nt5((IA'(&o%nt(%)(tA+t(tA')'(+2'(+t(tA'%2(

3o2'(+##(t2;%n6(to(A+n6(on(to(tA'(What & n+*'#;(tA'(JUEV9R(

)"B)'t)(M(/A%#'()32+*B#%n6(to(1%6"2'(o"t(How*(

!"#O%D V)*+,-).,/)O% 

IA'( 'N+*&#')( %n( tA'( &2'3'0%n6( +n+#;)')( /'2'( +##( 02+/n(
12o*(tA'(1%'#0(o1(%n1o2*+t%on(.%)"+#%K+t%on4(/A'2'(tA'2'(A+)(

B''n(*"3A(/o2P5((Q)(+(2')"#t(tA'('N+*&#')(+##(A+.'(+()t2on6(

.%)"+#4( o1t'n( +#*o)t( o&t%3+#( 3A+2+3t'25( Lo/'.'24( tA'( JUE

V9R( 1o2*"#+t%on( A'#&'0( '*&A+)%K'( tA'( %n.+2%+nt( 3on3'2n(

1o2( tA'( what %*&#%3%t( %n( tA')'( t'3An%O"')4( tA'%2( 3ont'nt4(

%n)t'+0(o1(tA'(.%)"+#X6'o*'t2%3(&+2t%3"#+2)(o1( tA'(how*  IA'(

%n0'&'n0'n3'(o1(tA'(JUEV9R(12o*(.%)"+#(2'n0'2%n6)(3+n(B'(

t+P'n( 1"2tA'25(IA'(/Ao#'(&o%nt(o1( tA'(JUEV9R( 1o2*"#+t%on(

/+)( to( 0'1%n'(generalized( 1%)A';'( .%'/)4(/A'2'( 1+*%#%+2( Y(

o2(Z(0%*'n)%on+#( U"3#%0'+n(6'o*'t2;(*+;(not(B'( 2'#'.+nt(
+t(+##4(/A'2'(tA'(JUEV9R(what(3+n()t%##(B'(0'1%n'04(B"t(tA'2'(

*+;(B'(no(0%2'3t( #'n)E#%P'(+n+#o6;(to(6%.'(+(how* 9n'(3+n(

6'n'2+#%K'( tA'( geometr44( B';on0( YVXZV4( to( #%)t( )t2"3t"2')(

<+)( %n( J%6"2'( >@4( t2'')4( 62+&A)4( VQW)4( *"#t%t2'')( [>Y\4(

t+B#')4( 't35( ( 9n'( 3+n( 6'n'2+#%K'( tA'( not%on( o1( a 5riori(

im5ortance( B';on0( 6'o*'t2%3( )%K'4( to( *+So2( .)5( *%no2(

3on3'&t"+##;( %*&o2t+nt( +)&'3t)4( #%P'( 7%3'( =2')%0'nt( .)5(

#+Bo2'24(o2(A%6AE#'.'#(0%2'3to2%')(.)5(#o/E#'.'#(1%#')5(J%n+##;4(

on'(3+n(6'n'2+#%K'(tA'(&2')'nt+t%on(2')o"23'4(")%n6(tA'(V9R(

to(+##o3+t'(&'23'&t"+#(+tt2%B"t')(#%P'(3o#o2(o2()o"n0(<%n)t'+0(

o1()%K'(o2(2')o#"t%on@5(

IA'( 6'n'2+#%K+t%on( 3+n( 6o( '.'n( 1"2tA'24( to( &"2'#;(
3on3'&t"+#( 0o*+%n)( +n0( &2')'nt+t%on)5( ( !"3A( o1( tA'(

%n1o2*+t%on( o.'2#o+0%n6( ")( %)( not( &+2t%3"#+2#;( .%)"+#( M(

3on)%0'2( tA'( tAo")+n0)( o1( n'/)( )to2%')4( o2( *%##%on)( o1(

BooP)4( o2( B%##%on)( o1( /'B( &+6')4( on#;( +( 1'/( o1( /A%3A( /'(

*%6At(B'(%nt'2')t'0(%n5(((IA'(%n1o2*+t%on(/o2#0(%)(#+26'4(+n0(

o"2(2')o"23')4( %n( t%*'4( +tt'nt%on4('11o2t4('t35(+2'()*+##5( (D'(

n''0( to( 'N&#o2'( tA'( .+#"'( o1( +( JUEV9R( %n( tA')'( 3+)')( +)(

/'##5((

Q( generalized( JU( )t2+t'6;( %)( &o))%B#'( /A'n'.'2( tA2''(
2'O"%2'*'nt)( +2'(*'t]( <>@( )o*'( 2'+)on+B#;( )t+t%3( )t2"3t"2'(

/%tA( +( not%on( o1( 0%)t+n3'4( <Y@( )o*'( not%on( o1( %n0'&'n0'nt(

#'.'#(o1(0't+%#(o2(a 5riori( %*&o2t+n3'( 1o2(0%11'2'nt(&+2t)(o1(

tA'( )t2"3t"2'4( +n0( <Z@( %nt'2+3t%on( 3+n( B'( 3on)%0'2'0( +)(

1o3")'0( +t( +( &o%nt( <o2( )*+##( 2'6%on4( o2( )*+##( n"*B'2( o1(

&o%nt)@( %n( tA'()t2"3t"2'5(IA'2'(+2'(*+n;(/+;)(to(0'1%n'( tA'(

P%n0( o1( &2oN%*%t;( )t2"3t"2')( o.'2( %n1o2*+t%on( oBS'3t)(

n''0'0(1o2(2'O"%2'*'nt(>5(Jo2('N+*&#'4(t'Nt(oBS'3t)(3+n(B'(

&#+3'0( %n( A%6A( 0%*'n)%on+#( t'2*( )&+3')( ")%n6( )t+n0+20(

t'3An%O"')(%n(.'3to2EB+)'0(%n1o2*+t%on(2't2%'.+#5((IA')'(3+n(

B'( ")'0( to( &2o.%0'( not%on)( o1( 0%)t+n3'( <%n( 1+3t( tA')'( +2'(
3'nt2+#( to( .'3to2( R^@5( Rn0'&'n0'nt( not%on)( o1( a 5riori(

%*&o2t+n3'(3+n(3o*'(12o*(")'2E3o**"n%t;(&o&"#+2%t;(0+t+4(

1o2('N+*&#'5((Q(")'2_)(1o3")(3+n(3o*'(12o*(+(O"'2;4(")%n6(

)t+n0+20( R^( t'3An%O"')( to( *+&( %t( to( +( &o%nt( %n( tA'( A%6A(

0%*'n)%on+#( t'2*( )&+3'5( ( IA'n4( ")%n6( tA'( JUEV9R(/'( 3+n(

2't"2n4(not(S")t(&o%nt)(3#o)'(to(tA'(O"'2;4(B"t(+(J%)A';'(V9R(

T"B)'t( M( 2't"2n%n6( +#)o( &o%nt)( )o*'/A+t( 1"2tA'2( 12o*( tA'(

O"'2;( 1o3+#( &o%nt( %1( tA';( +2'( A%6A#;( 'n0o2)'0( B;( tA'(

3o**"n%t;5(Rn0''04(tA'(Woo6#'(=+6'^+nP(B2'+PEtA2o"6A(%)(

'))'nt%+##;(+(6'n'2+#%K'0(J%)A';'(M(/%tA(2'3"2)%.'(#%nP'0Eto(

/'%6At( 0'1%n%n6( +( P%n0( o1( Q=R4(/A%3A( %)(/'%6At'0( +6+%n)t(

3#o)'n'))(to(tA'(O"'2;5(((

T%*%#+2( %*&#'*'nt+t%on)( )Ao"#0( B'( &o))%B#'( %n(
2'3o**'n0'2( );)t'*)4( )o( tA+t( ;o"( 0o( not( S")t( 6't( tA%n6)(

3#o)'( to( ;o"2( &'2)on+#( 1+.o2%t'4( B"t( tA%n6)( 1"2tA'2( +/+;( %1(

tA';(+2'(o1(3o*&'n)+t%n6#;(62'+t'2(6#oB+#(&o&"#+2%t;5(<U5654(

tA'();)t'*()+;)4('11'3t%.'#;](CR(Pno/(;o"(0on_t(")"+##;(#%P'(

Ao22o2( *o.%')4( B"t( tA%)( on'( %)( &+2t%3"#+2#;( A%6A#;( 2+t'0( %n(

tA'(6'n2'4()o(;o"(*%6At(/+nt(to(3A'3P(%t(o"t5G@((T"3A(+(nonE

.%)"+#( 1%)A';'( )t2+t'6;( /o"#0( not( on#;( 6%.'( &'o&#'( *o2'(

tA%n6)(tA';(*%6At(2'+##;(#%P'(<'.'n(tAo"6A()o*'(+2'(o"t)%0'(
tA'%2( ")"+#( &2'1'2'n3'( #o3+#%t;@4( B"t( +#)o( &2'.'nt( tA'(

B+#P+n%K+t%on(o1(tA'(/o2#0(%nto()'#1E)'#'3t'04(n+22o/(%nt'2')t(

62o"&)5(='o&#'(/o"#0('n0("&(6'tt%n6(*o2'(o.'2#+&(/%tA(tA'(

2')t(o1(tA'(/o2#04(*o2'(3ont'Nt(to(6o(/%tA(tA'%2(1o3")5(

IA'2'(+2'(*+n;(otA'2(&o))%B%#%t%')5(:ont'Nt(+/+2'n'))4(BotA(

%n(:T:D(+n0(%n(&o2t+B#'(+n0('*B'00'0(+&&#%3+t%on)(*%6At(

B'n'1%t( 12o*( 2'&2')'nt%n6( +( JUEV9R( )"B)'t( o1( tA'%2(

2')&'3t%.'(/o2#0)5(I'Nt(6'n'2+t%on();)t'*)(*%6At(")'(+(JU(

)t2+t'6;( to( )'#'3t(/A+t( to( )+;](Q( O"')t%on( #%P'( CDA+t( %)( +(



!"#$%&'()* ,-./0/12 3454-645 0 748 1024-5 .7 945:43 

;.9;4,:<01 ;.9:4=: >9 :?4 09584-@ 

!"#$%"&$'()"&#&$*+($),-)&%$./%%&0)$

A?>5 ,0,4- 5. 70- ?05 ?03 0 1.: .7 4B,?05>5 .9 :?4 "#$%&'@  

': 805 5?.89 :. /4 ;49:-01 :. C<>:4 0 748 >9:<>:>6412 ;-40:43 

093 4774;:>64 6>5<01>D0:>.9 345>E95@ F.-4.64-G :?4 60->.<5 

4B,>->;01 5:<3>45 3.94 >9 :?4 B>3 HIJK(5 .9 90:<-0112 
.;;<-->9E "# L>485 M544 NHHOP >93>;0:43 :?0: 8?0: B0::4-43 

84-4 :?4 "# 5</54:5 ;?0-0;:4->D43 /2 :?4 "#$%&'Q :?4 

5:<3>45 84-4 0E9.5:>; 0/.<: 60->0:>.95 >9 :?4 5,4;>7>; 

>9:4-901 ,-4549:0:>.9R-4,-4549:0:>.9 .7 :?454 5</54:5@ 

S<5: 8?2 0-4 :?454 "#$%&' 5</54:5 5. >B,.-:09:) A?>5 >5 

B<;? B.-4 :?09 09 0;034B>; C<45:>.9@ T..3 UV' 345>E9 

-4C<>-45 <934-5:093>9E 8?0: -401 <54-5 9443 8?49 3.>9E 

:?4>- -401 :05W5G 093 :?49 :-2>9E :. 5414;: 093 5?0,4 

:4;?9.1.E2 .,:>.95 0;;.-3>9E12@  A?>5 >9 :<-9 -4C<>-45 
<934-5:093>9E :?4 7<9;:>.9 .7 60->.<5 345>E9 0::->/<:45 X 

8?0: 0-4 :?42 E..3 7.- X 5. :?0: :?4 .,:>.95 ;09 /4 5414;:43 

093 :<943 0,,-.,->0:412@ A?<5G <934-5:093>9E 8?2 "#$%&' 

5</54:5 B>E?: /4 >B,.-:09: 7.- 60->.<5 ,<-,.545 5?.<13 ?41, 

345>E94-5 W9.8 8?0: :. ;.95>34- 8?49 :<9>9E :?4>- 345>E95 

:. 60->43 05,4;:5 .7 <54-5( :05W5@  

Y47.-4 ,-4549:>9E ?2,.:?4545 0/.<: :?4 >B,.-: .7 "#$%&' 

5</54:5G :?4-4 0-4 :8. ;0640:5@  ">-5:G :?4 ?2,.:?4545 0-4 

<9:45:43@ A45:>9E :?4B 8.<13 /4 705;>90:>9E /<: 9.9$:->6>01@ 

A?42 0-4 ,-4549:43 05 ?2,.:?4545 >9 :?4 ?.,4 :?0:G 4649 >7 
:?4 5,4;>7>; .945 ?4-4 0-4 70154G :?42 8>11 49;.<-0E4 

345>E94-5 :. :-2 :. :?>9W B.-4 344,12 0/.<: 8?0: >5 E.>9E .9 

>9 :?4>- "ZV 345>E95G ?.8 093 8?2 :?42 8.-W 7.- ,4.,14@  

A?454 ?2,.:?4545G :?4-47.-4G 0-4 B409: :. /4 ,10<5>/14 

5:0-:>9E ,10;45 7.- 5<;? 3>5;<55>.95@  [4;.93G 0 5>9E14 

<9:45:43 ;.9\4;:<-4 ;09 /4 543<;:>6412 309E4-.<5] :.. 4052 

:. 0;;4,: 05 :-<4G 093 /1>93>9E 05 0 -45<1:@  ': >5 <547<1 

:?4-47.-4 :. ?064 B<1:>,14 ?2,.:?4545G :. 5?0W4 .945417 .<: 

.7 5>B,14 90^64:_ >9 :?4 0/549;4 .7 30:0@  ': >5 >9 :?>5 5,>->: 
:?0: 5464-01 ?2,.:?4545 0-4 E>649@ A?42 0-4 9.: 94;4550->12 

B<:<0112 4=;1<5>64 .- 1.E>;0112 >9;.95>5:49:Q >9 60->.<5 -401 

8.-13 5>:<0:>.95G 5464-01 .7 :?4B B02 /4 .,4-0:>9E@  

%12$)312425$67$(879:28;2$.6<29$

A?4 7>-5: B.341 7.- <934-5:093>9E :?4 ,.55>/14 >B,.-:09;4 
.7 :?4 7>5?424 5</54: /4E>95 8>:? 0 8.-13 ,.,<10:43 /2 

49:>:>45 .7 3>774-49: B0E9>:<345G 093 ;.95>34-5 8?>;? .7 

:?.54 8.<13 ?064 >971<49;4 .9 09 ./54-64-@ ">E<-4 `M0P 

5?.85 0 H$3>B495>.901 64-5>.9 .7 5<;? 0 8.-13@ a4: <5 

5<,,.54 :?0: 5.B4 .7 :?454 49:>:>45 0-4 bE-40:4-bG .:?4-5 

b14554-bG >9 :?4 54954 :?0: :?42 ?064 5,?4-45 .7 >971<49;4 .7 

E-40:4- .- 14554- 5>D4@ ".- 4=0B,14G >9 0 E4.E-0,?>; 8.-13 
7.- 906>E0:>.9G :?454 B>E?: /4 1093B0-W5 :?0: ;09 /4 5449G 

093 ?49;4 54-64 :. E<>34G 7-.B E-40:4- .- 14554- 3>5:09;45@ 

&- :?4 49:>:>45 B>E?: /4 -03>. 5:0:>.95 8>:? :-095B>::4-5 .7 

60-2>9E 5:-49E:?5 093 ;.--45,.93>9E -40;?45@ A?42 B>E?: 

/4 ;.BB4-;>01 ;49:4-5 8>:? :-03>9E -03>> .7 B.-4 .- 1455 

5>D4@ A?42 B>E?: /4 74<301 ;05:145 8>:? B.-4 .- 1455 ,.84-@  

A?42 B>E?: /4 ,-430:.- :?-40: D.945G .- 7..3 5.<-;45 .7 

60-2>9E B0E9>:<345@  

">E<-4 `M/PcM;P 5?.85 09 influence map 7.- :?4 8.-13G 

;-40:43 /2 3-08>9E 0 d5,?4-4 .7 >971<49;4* .7 0,,-.,->0:4 
5>D4 0-.<93 40;? 49:>:2@ U4-4 :?42 0-4 3-089 05 5>B,12 

7011>9E .77 1>940-12 8>:? 3>5:09;4G :?.<E? .7 ;.<-54 :?42 

B>E?: ?064 B.-4 0-/>:-0-2 7.-B M4@E@G 710: <, :. 0 7>=43 

-03><5G ?2,4-/.1>;G 4=,.949:>01G B.9.:.94P@ A?454 5,?4-45 

.7 >971<49;4 .64-10,G 1403>9E C<>:4 90:<-0112 :. :?4 ;49:-01 

C<45:>.9 .7 :?4 B.341]  e?0: >5 :?4 54: .7 :?>9E5 :?0: 

>971<49;4 092 E>649 ,.>9:)  A. 09584- :?0: 84 >9:-.3<;4 09 

b./54-64-b 0: 5.B4 0-/>:-0-2 ,.>9: M">E<-4 `M3PPG 093 :?49 

05W 8?0: 5,?4-45 .7 >971<49;4 7011 .64- >:@ A?4 -45<1:G 

>11<5:-0:43 ">E<-4 `M4PG >5 4=0;:12 0 ">5?424 [</54: .7 

49:>:>45@  

A?<5 >9 092 5<;? 8.-13G >7 :?4 9.:>.95 .7 >971<49;4 0-4 
B409>9E7<1 :. :?4 0;:>6>:2 .7 .<- ./54-6>9E 0E49:G :?49 092 

8411 345>E943 0E49: 8.<13 ?064 :. :0W4 >9:. 0;;.<9: 0 

7>5?424 5</54: .7 >:5 8.-13@ A?4 60->.<5 4B,>->;01 -45<1:5 

-4,.-:43 >9 NHHO 0/.<: ,4.,14 -4,-4549:>9E 7>5?424 5</54:5 

.7 :?4>- 8.-135 B02 \<5: -4714;: 09 030,:>64 -45,.954 :. :?4 

9443 :. -4,-4549: :?.54 :?>9E5 8?>;? B0::4- >9 0 8.-13 8>:? 

49:>:>45 .,4-0:>9E 0: 3>774-49: 5;0145@ '7 UV' :4;?9>C<45 0-4 

E.>9E :. 0<EB49: ?<B09 >9:411>E49;4 5<;;4557<112 :. ?41, 

<54-5 3401 8>:? 10-E4 8.-135 ;.9:0>9>9E 49:>:>45 ?06>9E 
5,?4-45 .7 >971<49;4 .7 60-2>9E 5>D45G :?42 B<5: ?41, :?4 

<54- -4,-4549: :?>5 "# 5</54:@  

">E<-4 ` >11<5:-0:43 0 H$3>B495>.901 5,0:>01 5:-<;:<-4G /<: 

;140-12 :?4 0901.E2 ?.135 7.- .:?4- 5.-:5 .7 5:-<;:<-45 05 

8411G >9;1<3>9E 9.9$5,0:>01 3>B495>.901 5:-<;:<-45G 1>W4 

:>B4G 093 9.9$3>B495>.901 5:-<;:<-45 1>W4 :-445 M4@E@G 

 

Figure 2. The Spheres of Influence Model. (See text.) 
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corporate hierarchies, file systems, structured programs) 

and graphs - as long as there are notions of structure at 

different scale that have domains of influence of different 

sizes. :ll these would require agents to have FE-DOI 

representations of some sort to deal with those parts of their 

world that influence them.  

There is an important duality here. Figure 2(b) shows the 
has!"nfluence!upon set for a given entity in the world. 

Figure 2(e) shows the is!"nfluenced!,- set for a given 

observer. The former helps answer the question, "What 

views should this object be present in?", the latter, the 

question, "What should be in an observerJs view from a 

given point?" The FE subset results, by this duality, from 

the simple fact that entities have influence at different 

scales. The dual questions are useful to remember in design.  

When making a focus+context viewer, think about what it 
implies about which views any given feature of the domain 

should be seen in, and ask if it makes sense. 

!e#$e% !ea(l* +ec-mp-#a0le 1*#$em# 2-%el 

In the Spheres of Influence model, more remote items made 
it into the observer’s view only if they had a larger sphere 

of influence. Items were otherwise not relevantly 

distinguished. It is not that some were aggregates of smaller 

ones, or some were abstractions of sets of others. They were 

just bigger, in some sense.  

: fisheye interest set can arise in a multiscale world of 
aggregates via an extension of a process described by Herb 

Simon in Sc"ences of 1he Ar1"f"c"5l6 in his discussion of 

Qearly Decomposable Systems [2S]. Simon described a 

system as a set of elements that interact with one another. : 

fully decomposable system is one whose elements can be 

divided into disjoint subsets where there are no interactions 

between elements in different subsets. In such a system, by 

definition, the behavior of any particular element is only 

affected by those in its subset.   

Simon [2S] analyzed a somewhat more complicated 
situation, where the system can be divided up into subsets 

such that couplings within subsets are strong, and couplings 

between subsets, while not non-existent, are weak.  Such 

7e5rl- Deco9pos5,le S-s1e9s :7DS; obey a theorem that,  

(1) the behavior of an individual element is determined in 

the short run only by those within its own component, and 

(2) elements in other components do have impact, but at a 

slower time scale and only in aggregate. If one defines, as 

Simon does, a hierarchical nesting of such QDSs with 

successively looser couplings at higher levels, the QDS 

theorem implies that the behavior of any element is 
influenced by a fisheye subset of the whole.  That is, details 

matter nearby, but only successively more aggregate 

behavior matters further away.V  

                                                             

V  The QDS theory actually results in a FE in both space and time,  
with lower spatial 5nd temporal resolution for remote components. 

2eanin5 f(-m 7-n$e8$ 

One of the basic purposes of any presentation of an 

information structure is to help a user extract meaning, to 

unders15nd something about the structure. But the meaning 

of any token in the structure almost always depends on the 
context in which it appears.  Thus an individual letter has 

no meaning except by virtue of the letters around it that 

together form a word. :n individual word gets much of its 

meaning by virtue of the other words in its sentence. : 

sentence gets meaning from the paragraph, a paragraph 

from the surrounding section, and so on. Similarly in 

computer code, the significance of a variable depends on 

where it sits in the nested contexts around it. 

This becomes a Fisheye phenomenon via the Spheres Of 
Influence and the QDS mechanisms: the surrounding 

entities at different scales of aggregation exert a semantic 

influence on any given item of interest. Thus the meaning 

of a word depends on the words around it in a detailed way, 

but only in an aggregate way on the words in other 

paragraphs.  

!a9i5a$i-nal 1upp-($ 

Context is not only needed to interpret a static view of an 

item, providing meaning. It is also a critical for moving 

around effectively.  

In [1Z] it was pointed out that one basic need for moving 
efficiently through large information worlds is the ability to 

get from any one point to another with a small number of 

steps, each chosen from a small set (i.e., presentable in a 

small view). The judicious use of a relatively small number 

of long distance links can be of great advantage here, 

decreasing the traversal diameter of the structure. The result 

is that the set of choices available at any moment tends to 

involve some short local links as well as some increasingly 

long distance ones -- essentially a FE subset.  : FE-DOI 

subset thus tends to give good traversal:  Successively 

larger distances can be traversed efficiently by following a 
direct link to successively more remote things.  Various 

traversal schemes -- FE Lens movement, ]^I, etc shorten 

the time to get to remote things by presenting direct access 

to a FE subset. 

:ctually the pattern of increasingly long distance links that 

enables efficient traversal does not itself yield a generalized 

fisheye view because nothing has been said yet about what 

information is provided about those links. : link to a 

remote place is valuable because it provides quick access to 
a large set of otherwise hard to reach locations. In order for 

a navigating user to know that such a link exists and is 

worth following, there must be information associated with 

that link that efficiently indicate the set the link leads to.  If 

the links are set up to provide efficient traversal, the further 

away the links lead the larger the set of things they provide 

access to.  The information associated with these links will 

therefore have to indicate the content of sets that are 

increasingly larger as they get further away. Thus, to make 

navigation of the structure effective, the total navigational 
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C"#C$%&I"# 

To enhance efforts to deal with the problems posed by ever 

growing information worlds, this paper has used the 

!enerali(e) Fisheye View formulation to put more depth 

behind the concept of focus ; context.  It was argued that 
the formulation’s value has little to do with the specific 

distortion metaphor of a photographic fisheye lens. What 

really matter are the Fisheye DOI subsetsC these are what 

guarantee *+at is shown (details near the current focus but 

only increasingly important features further away) 

regardless of +o* it is shown. It was demonstrated that, in a 

rigorous sense, a variety of focus;context techniques, 

including distortion, zoom, and closeup;overview, all show 

these FE subsets, differing mostly in how they make other 

ancillary design tradeoffs.  The generality of the idea of the 

FE-DOI was then reiterated, highlighting its possibilities for 
non-visualization uses in dealing with our increasingly 

large information worlds. Finally, several theories were 

offered that rationalize the importance of the FE-DOI 

subsets.  These theories provide possible substance for 

design rationales, as designers try to understand the user’s 

needs in tasks that must deal with large information worlds.  

Future work awaits to explore various non-visual fisheye 

presentations, and to validate empirically any of the 

theories about *+y the FE-DOI is useful in various 

circumstance of importance to HCI.   
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