
SAN FRANCISCO JULY 22-26 Volume 19, Number 3, 1985 

Issues  and Techniques  in 
Touch-Sens i t ive  Tablet  Input 

William Buxton  
Ralph  Hill 

P e t e r  Rowley 

C o m p u t e r  Sys t ems  R e s e a r c h  I n s t i t u t e  
U n i v e r s i t y  of Toron to  

Toronto ,  On ta r io  
Canada  M5S 1A4 

(416) 978-6320 

A b s t r a c t  

T o u c h - s e n s i t i v e  t a b l e t s  a n d  t h e i r  u s e  i n  h u m a n -  
c o m p u t e r  i n t e r a c t i o n  a r e  d i s c u s s e d ,  I t  is  s h o w n  
t h a t  s u c h  d e v i c e s  h a v e  s o m e  i m p o r t a n t  p r o p e r t i e s  
t h a t  d i f f e r e n t i a t e  t h e m  f r o m  o t h e r  i n p u t  d e v i c e s  
( s u c h  as  m i c e  a n d  j o y s t i c k s ) .  The  a n a l y s i s  s e r v e s  
two  p u r p o s e s :  (1) i t  s h e d s  l i g h t  o n  t o u c h  t a b l e t s ,  
a n d  (2) i t  d e m o n s t r a t e s  how  o t h e r  d e v i c e s  m i g h t  b e  
a p p r o a c h e d .  T h r e e  s p e c i f i c  d i s t i n c t i o n s  b e t w e e n  
touch tablets a n d  one button mice are drawn. These 
c o n c e r n  t h e  signaling of e v e n t s ,  m u l t i p l e  p o i n t  
s e n s i n g  a n d  t h e  u s e  of t e m p l a t e s .  T h e s e  d i s t i n c -  
t i o n s  a r e  r e i n f o r c e d ,  a n d  p o s s i b l e  u s e s  of t o u c h  
t a b l e t s  a r e  i l l u s t r a t e d ,  i n  a n  e x a m p l e  a p p l i c a t i o n .  
P o t e n t i a l  e n h a n c e m e n t s  t o  t o u c h  t a b l e t s  a n d  o t h e r  
i n p u t  d e v i c e s  a r e  d i s c u s s e d ,  as  a r e  s o m e  i n h e r e n t  
p r o b l e m s .  The  p a p e r  c o n c l u d e s  w i t h  r e c o m m e n d a -  
t i o n s  f o r  f u t u r e  w o r k .  
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1. Introduction 

Increasingly, research in human-computer interac- 
tion is focusing on problems of input [Foley, Wallace 
&Chan 1984; Buxton 1983; Buxton £985]. Much of 
this attention is directed towards input technolo- 
gies. The ubiquitous Sholes keyboard is being 
replaced and/or complemented by alternative tech- 
nologies. For example, a major focus of the market- 
ing strategy for two recent personal computers, the 
Apple Macintosh and Hewlett-Packard 150, has been 
on the input devices that they employ (the mouse 
and touch-screen, respectively). 

Now that the range of available devices is expand- 
ing, how does one select the best technology for a 
particular application? And once a technology is 
chosen, hove can it be used most effectively? These 
q u e s t i o n s  a r e  i m p o r t a n t ,  f o r  as  B u x t o n  [ 1983] h a s  
a r g u e d ,  t h e  ways  i n  w h i c h  t h e  u s e r  physiccdty 
i n t e r a c t s  w i t h  a n  i n p u t  d e v i c e  h a v e  a m a r k e d  e f f e c t  
o n  t h e  t y p e  of u s e r  i n t e r f a c e  t h a t  c a n  b e  e f f e c t i v e I y  
s u p p o r t e d .  

In t h e  g e n e r a l  s e n s e ,  t h e  o b j e c t i v e  of  t h i s  p a p e r  is 
t o  h e l p  i n  t h e  s e l e c t i o n  p r o c e s s  a n d  a s s i s t  i n  
e f f e c t i v e  u s e  of a s p e c i f i c  c l a s s  o:F d e v i c e s .  Our  
a p p r o a c h  is  to  i n v e s t i g a t e  a s p e c i f i c  c l a s s  of d e v -  
i c e s :  t o u c h - s e n s i t i v e  t a b l e t s .  We wil l  i d e n t i f y  t o u c h  
t a b l e t s ,  e n u m e r a t e  t h e i r  i m p o r t a n t  p r o p e r t i e s ,  a n d  
c o m p a r e  t h e m  t o  a m o r e  c o m m o n  i n p u t  d e v i c e ,  t h e  
m o u s e .  We t h e n  go  o n  t o  g ive  e x a m p l e s  of t r a n s a c -  
t i o n s  w h e r e  t o u c h  t a b l e t s  c a n  be  u s e d  e f f e c t i v e l y .  
T h e r e  a r e  t w o  i n t e n d e d  b e n e f i t s  f o r  t h i s  a p p r o a c h .  
F i r s t ,  t h e  r e a d e r  wi l l  a c q u i r e  a n  u n d e r s t a n d i n g  of 
t o u c h  t a b l e t  i s s u e s .  S e c o n d ,  t h e  r e a d e r  wil l  h a v e  a 
c o n c r e t e  e x a m p l e  of how t h e  t e c h n o l o g y  c a n  b e  
i n v e s t i g a t e d ,  a n d  c a n  u t i l i z e  t h e  a p p r o a c h  as  a 
m o d e l  f o r  i n v e s t i g a t i n g  o t h e r  c l a s s e s  of d e v i c e s .  

2. T o u c h - S e n s i t i v e  T a b l e t s  

A t o u c h - s e n s i t i v e  t a b l e t  ( t o u c h  t a b l e t  f o r  s h o r t )  is  a 
f l a t  s u r f a c e ,  u s u a l l y  m o u n t e d  h o r i z o n t a l l y  o r  n e a r l y  
h o r i z o n t a l l y ,  t h a t  c a n  s e n s e  t h e  l o c a t i o n  of a f i n g e r  
p r e s s i n g  o n  i t .  T h a t  is,  i t  i s  a t a b l e t  t h a t  c a n  s e n s e  
t h a t  i t  is  b e i n g  t o u c h e d ,  a n d  w h e r e  i t  is  b e i n g  
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t o u c h e d .  T o u c h  t a b l e t s  c a n  v a r y  g r e a t l y  i n  s i z e ,  
f r o m  a f ew  i n c h e s  o n  a s i d e  t o  s e v e r a l  f e e t  o n  a s i d e .  
The  m o s t  c r i t i c a l  r e q u i r e m e n t  is t h a t  t h e  u s e r  is  
n o t  r e q u i r e d  p o i n t  w i t h  s o m e  m a n u a l l y  h e l d  d e v i c e  
s u c h  as  a s t y l u s  o r  p u c k .  

W h a t  we h a v e  d e s c r i b e d  i n  t h e  p r e v i o u s  p a r a g r a p h  
is  a simple t o u c h  t a b l e t .  0 n l y  o n e  p o i n t  of c o n t a c t  
is s e n s e d ,  a n d  t h e n  o n l y  i n  a b i n a r y ,  t o u c h / n o  t o u c h ,  
m o d e .  One  w a y  t o  e x t e n d  t h e  p o t e n t i a l  of a s i m p l e  
t o u c h  t a b l e t  is  t o  s e n s e  t h e  d e g r e e ,  o r  p r e s s u r e ,  of 
contact. Another is to sense multiple points of con- 
tact. In this case, the location (and possibly pres- 
sure) of several points of contact would be 
reported. Most tablets currently on the market are 
of the "simple" variety. However, Lee, Buxton and 
S m i t h  [ 1985],  a n d  N a k a t a n i  [ p r i v a t e  c o m m u n i c a -  
t i o n ]  h a v e  d e v e l o p e d  p r o t o t y p e s  of m u l t i - t o u c h ,  
m u l t i - p r e s s u r e  s e n s i n g  t a b l e t s .  

We w i s h  t o  s t r e s s  t h a t  we wil l  r e s t r i c t  o u r  d i s c u s -  
s i o n  of t o u c h  t e c h n o l o g i e s  t o  t o u c h  t a b l e t s ,  w h i c h  
c a n  a n d  s h o u l d  b e  u s e d  i n  ways  t h a t  a r e  d i f f e r e n t  
f r o m  t o u c h  s c r e e n s .  R e a d e r s  i n t e r e s t e d  i n  t o u c h -  
s c r e e n  t e c h n o l o g y  a r e  r e f e r r e d  t o  H e r o t  & W e i n s a p -  
f e l  [1978] ,  N a k a t a n i  & R o h r l i c h  [1983]  a n d  M i n s k y  
[1984].  We a c k n o w l e d g e  t h a t  a f i a t  t o u c h  s c r e e n  
m o u n t e d  h o r i z o n t a l l y  is  a t o u c h  t a b l e t  as  d e f i n e d  
a b o v e .  Th i s  is  n o t  a c o n t r a d i c t i o n ,  as  a t o u c h  s c r e e n  
h a s  e x a c t l y  t h e  p r o p e r t i e s  of t o u c h  t a b l e t s  we 
d e s c r i b e  be low,  as  l ong  as  t h e r e  is  n o  a t t e m p t  t o  
m o u n t  a d i s p l a y  b e l o w  (o r  b e h i n d )  i t  o r  t o  m a k e  i t  
t h e  c e n t e r  of t h e  u s e r ' s  v i s u a l  f o c u s .  

S o m e  s o u r c e s  of t o u c h  t a b l e t s  a r e  l i s t e d  i n  A p p e n -  
d i x  A. 

3.  P r o p e r t i e s  o f  T o u c h - S e n s i t i v e  T a b l e t s  

A s k i n g  " W h i c h  i n p u t  d e v i c e  is  b e s t ? "  i s  m u c h  l i k e  
a s k i n g  "How l o n g  s h o u l d  a p i e c e  of s t r i n g  b e ? "  The  
a n s w e r  t o  b o t h  is :  i t  d e p e n d s  o n  w h a t  y o u  w a n t  t o  
u s e  i t  fo r .  Wi th  i n p u t  d e v i c e s ,  h o w e v e r ,  we a r e  l i m -  
i t e d  i n  o u r  u n d e r s t a n d i n g  of t h e  r e l a t i o n s h i p  
b e t w e e n  d e v i c e  p r o p e r t i e s  a n d  t h e  d e m a n d s  of a 
s p e c i f i c  a p p l i c a t i o n .  We wil l  i n v e s t i g a t e  t o u c h  
t a b l e t s  f r o m  t h e  p e r s p e c t i v e  of i m p r o v i n g  o u r  
u n d e r s t a n d i n g  of t h i s  r e l a t i o n s h i p .  Our  c l a i m  is 
t h a t  o t h e r  t e c h n o l o g i e s  w a r r a n t  s i m i l a r ,  or  e v e n  
m o r e  d e t a i l e d ,  i n v e s t i g a t i o n .  

T o u c h  t a b l e t s  h a v e  a n u m b e r  of p r o p e r t i e s  t h a t  d i s -  
t i n g u i s h  t h e m  f r o m  o t h e r  d e v i c e s :  

• They  h a v e  n o  m e c h a n i c a l  i n t e r m e d i a t e  d e v i c e  
( s u c h  as  s t y l u s  or  p u c k ) .  H e n c e  t h e y  a r e  u s e f u l  
i n  h o s t i l e  e n v i r o n m e n t s  (e.g.,  c l a s s r o o m s ,  p u b l i c  
a c c e s s  t e r m i n a l s )  w h e r e  s u c h  i n t e r m e d i a t e  d e v -  
i c e s  c a n  g e t  l o s t ,  s t o l e n ,  o r  d a m a g e d .  

• H a v i n g  n o  p u c k  to  s l i d e  o r  g e t  b u m p e d ,  t h e  t r a c k -  
i ng  s y m b o l  " s t a y s  p u t "  o n c e  p l a c e d ,  t h u s  m a k i n g  
t h e m  wel l  s u i t e d  f o r  p o i n t i n g  t a s k s  in  e n v i r o n -  
m e n t s  s u b j e c t  t o  v i b r a t i o n  o r  m o t i o n  (e.g.,  f a c -  
t o r i e s ,  c o c k p i t s ) .  

. They  p r e s e n t  n o  m e c h a n i c a l  or  k i n e s t h e t i c  r e s -  
t r i c t i o n s  o n  o u r  a b i l i t y  t o  i n d i c a t e  m o r e  t h a n  o n e  
p o i n t  a t  a t i m e .  T h a t  is ,  we  c a n  u s e  t w o  h a n d s  o r  
m o r e  t h a n  o n e  f i n g e r  s i m u l t a n e o u s l y  o n  a s i n g l e  
t a b l e t .  ( R e m e m b e r ,  we c a n  m a n u a l l y  c o n t r o l  a t  

m o s t  t w o  m i c e  a t  a t i m e :  o n e  i n  e a c h  h a n d .  G i v e n  
t h a t  we  h a v e  t e n  f i n g e r s ,  i t  is  c o n c e i v a b l e  t h a t  w e  
m a y  w i s h  t o  i n d i c a t e  m o r e  t h a n  t w o  p o i n t s  s i m u l -  
t a n e o u s l y .  An e x a m p l e  of s u c h  a n  a p p l i c a t i o n  
a p p e a r s  b e l o w ) .  

• U n l i k e  j o y s t i c k s  a n d  t r a c k b a l l s ,  t h e y  h a v e  a v e r y  
low p r o f i l e  a n d  c a n  b e  i n t e g r a t e d  i n t o  o t h e r  
e q u i p m e n t  s u c h  as  d e s k s  a n d  l o w - p r o f i l e  k e y -  
b o a r d s  (e.g., t h e  Key T r o n i c  T o u c h  P a d ,  s e e  
A p p e n d i x  A). Th i s  h a s  p o t e n t i a l  b e n e f i t s  i n  p o r t -  
able systems, and, according to the Keystroke 
model of Card, Newell and Moran [19S0], reduces 
homing time from the keyboard to the pointing 
device. 

• They can be molded into one-piece constructions 
thus eliminating cracks and grooves where dirt 
can collect. This makes them well suited for very 
clean environments (eg. hospitals) or very dirty 
o n e s  (eg.,  f a c t o r i e s ) .  

• T h e i r  s i m p l e  c o n s t r u c t i o n ,  w i t h  no  m o v i n g  p a r t s ,  
l e a d s  t o  r e l i a b l e  a n d  l o n g - l i v e d  o p e r a t i o n ,  m a k i n g  
t h e m  s u i t a b l e  f o r  e n v i r o n m e n t s  w h e r e  t h e y  wi l l  
b e  s u b j e c t e d  t o  i n t e n s e  u s e  o r  w h e r e  r e l i a b i l i t y  
is  c r i t i c a l .  

T h e y  do, of c o u r s e ,  h a v e  s o m e  i n h e r e n t  d i s a d v a n -  
t a g e s ,  w h i c h  wil l  b e  d i s c u s s e d  a t  t h e  c l o s e  of t h e  
p a p e r .  

In  t h e  n e x t  s e c t i o n  we  wil l  m a k e  t h r e e  i m p o r t a n t  
d i s t i n c t i o n s  b e t w e e n  t o u c h  t a b l e t s  a n d  m i c e .  T h e s e  
a r e :  

• Mice  a n d  t o u c h  t a b l e t s  v a r y  i n  t h e  n u m b e r  a n d  
t y p e s  of e v e n t s  t h a t  t h e y  c a n  t r a n s m i t .  The  
d i f f e r e n c e  is  e s p e c i a l l y  p r o n o u n c e d  w h e n  c o m -  
p a r i n g  t o  s i m p l e  t o u c h  t a b l e t s .  

• T o u c h  t a b l e t s  c a n  b e  m a d e  t h a t  c a n  s e n s e  m u l t i -  
p l e  p o i n t s  of c o n t a c t .  T h e r e  is  n o  a n a l o g o u s  p r o -  
p e r t y  f o r  m i c e .  

• The  s u r f a c e  of a t a b l e t  c a n  b e  p a r t i t i o n e d  i n t o  
r e g i o n s  r e p r e s e n t i n g  a c o l l e c t i o n  of i n d e p e n d e n t  
" v i r t u a l "  d e v i c e s .  Th i s  is  a n a l o g o u s  t o  t h e  p a r t i -  
t i o n i n g  of a s c r e e n  i n t o  " w i n d o w s "  or  v i r t u a l  
d i s p l a y s .  Mice,  a n d  o t h e r  d e v i c e s  t h a t  t r a n s m i t  
" ' r e l a t i v e  c h a n g e "  i n f o r m a t i o n ,  do  n o t  l e n d  t h e m -  
s e l v e s  t o  t h i s  m o d e  of i n t e r a c t i o n  w i t h o u t  c o n -  
s u m i n g  d i s p l a y  r e a l  e s t a t e  f o r  v i s u a l  f e e d b a c k .  
Wi th  c o n v e n t i o n a l  t a b l e t s  a n d  t o u c h  t a b l e t s ,  
g r a p h i c a l ,  p h y s i c a l  o r  v i r t u a l  t e m p l a t e s  c a n  b e  
p l a c e d  o v e r  t h e  i n p u t  d e v i c e  t o  d e l i m i t  r e g i o n s .  
Th i s  a l l o w s  v a l u a b l e  s c r e e n  r e a l  e s t a t e  t o  b e  
p r e s e r v e d .  P h y s i c a l  t e m p l a t e s ,  w h e n  c o m b i n e d  
w i t h  t o u c h  s e n s i n g ,  p e r m i t  t h e  o p e r a t o r  t o  s e n s e  
t h e  r e g i o n s  w i t h o u t  d i v e r t i n g  t h e  e y e s  f r o m  t h e  
p r i m a r y  d i s p l a y  d u r i n g  v i s u a l l y  d e m a n d i n g  t a s k s .  

A f t e r  t h e s e  p r o p e r t i e s  a r e  d i s c u s s e d ,  a s i m p l e  
f i n g e r  p a i n t i n g  p r o g r a m  is  u s e d  t o  i l l u s t r a t e  t h e m  
i n  t h e  c o n t e x t  of a c o n c r e t e  e x a m p l e .  We w i s h  t o  
s t r e s s  t h a t  we do  n o t  p r e t e n d  t h a t  t h e  p r o g r a m  
r e p r e s e n t s  a v i a b l e  p a i n t  p r o g r a m  or  a n  o p t i m a l  
i n t e r f a c e .  I t  is  s i m p l y  a v e h i c l e  t o  i l l u s t r a t e  a 
v a r i e t y  of t r a n s a c t i o n s  i n  a n  e a s i l y  u n d e r s t a n d a b l e  
c o n t e x t .  
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F i n a l l y ,  we  d i s c u s s  i m p r o v e m e n t s  t h a t  m u s t  b e  
m a d e  to c u r r e n t  t o u c h  t a b l e t  t e c h n o l o g y ,  m a n y  of 
w h i c h  we  h a v e  d e m o n s t r a t e d  i n  p r o t o t y p e  f o r m .  
Also ,  we  s u g g e s t  p o t e n t i a l  i m p r o v e m e n t s  t o  o t h e r  
d e v i c e s ,  m o t i v a t e d  b y  o u r  e x p e r i e n c e  w i t h  t o u c h  
t e c h n o l o g y .  

4 .  T h r e e  D i s t i n c t i o n s  B e t w e e n  T o u c h  T a b l e t s  a n d  
M i c e  t 

The  d i s t i n c t i o n s  we  m a k e  i n  t h i s  s e c t i o n  h a v e  t o  do  
w i t h  s u i t a b i l i t y  of d e v i c e s  f o r  c e r t a i n  t a s k s  o r  u s e  
in certain configurations. We a r e  only interested in 
showing that there are some uses for which touch 
tablets are not suitable, but other devices are, and 
vice versa. We make no quantitative claims or com- 
parisons regarding performance. 

S i g n a l s  

C o n s i d e r  a r u b b e r - b a n d  l i n e  d r a w i n g  t a s k  w i t h  a o n e  
b u t t o n  m o u s e .  T he  u s e r  w o u l d  f i r s t  p o s i t i o n  t h e  
t r a c k i n g  s y m b o l  a t  t h e  d e s i r e d  s t a r t i n g  p o i n t  of t h e  
l i n e  b y  m o v i n g  t h e  m o u s e  w i t h  t h e  b u t t o n  r e l e a s e d .  
T h e  b u t t o n  w o u l d  t h e n  b e  d e p r e s s e d ,  t o  s i g n a l  t h e  
s t a r t  of t h e  l i n e ,  a n d  t h e  u s e r  w o u l d  m a n i p u l a t e  t h e  
l i n e  b y  m o v i n g  t h e  m o u s e  u n t i l  t h e  d e s i r e d  l e n g t h  
a n d  o r i e n t a t i o n  w a s  a c h i e v e d .  T he  c o m p l e t i o n  of t h e  
l i n e  c o u l d  t h e n  b e  s i g n a l e d  b y  r e l e a s i n g  t h e  b u t t o n f i  

F i g u r e  1 i s  a s t a t e  d i a g r a m  t h a t  r e p r e s e n t s  t h i s  
i n t e r f a c e .  N o t i c e  t h a t  t h e  b u t t o n  p r e s s  a n d  r e l e a s e  
a r e  u s e d  t o  s i g n a l  t h e  b e g i n n i n g  a n d  e n d  of t h e  
r u b b e r - b a n d  d r a w i n g  t a s k .  Al so  n o t e  t h a t  i n  s t a t e s  
1 a n d  2 b o t h  m o t i o n  a n d  s i g n a l i n g  ( b y  p r e s s i n g  o r  
r e l e a s i n g  t h e  b u t t o n ,  a s  a p p r o p r i a t e )  a r e  p o s s i b l e .  

release 
{anchor, end} 

sta.rt.tag point ~ point 

state 1 - button up 
state 2 - button down 

F i g u r e  l .  S t a t e  d i a g r a m  f o r  r u b b e r - b a n d i n g  w i t h  
a o n e - b u t t o n  m o u s e .  

Now c o n s i d e r  a s i m p l e  t o u c h  t a b l e t .  I t  c a n  b e  u s e d  
t o  p o s i t i o n  t h e  t r a c k i n g  s y m b o l  a t  t h e  s t a r t i n g  
p o i n t  of t h e  l i n e ,  b u t  i t  c a n n o t  g e n e r a t e  t h e  s i g n a l  
n e e d e d  t o  i n i t i a t e  r u b b e r - b a n d i n g .  F i g u r e  2 i s  a 
s t a t e  d i a g r a m  r e p r e s e n t a t i o n  of t h e  c a p a b i l i t i e s  of 
a s i m p l e  t o u c h  t a b l e t .  In  s t a t e  0, t h e r e  i s  n o  c o n t a c t  
w i t h  t h e  t a b l e t f l  I n  t h i s  s t a t e  o n l y  o n e  a c t i o n  is  p o s -  

* Al though  we are c o m p a r i n g  t o u c h  t a b l e t s  to o n e  but -  
ton  m i c e  t h r o u g h o u t  t h i s  sec t ion ,  m o s t  of t he  c o m m e n t s  
app ly  equa l ly  t o  t a b l e t s  w i t h  o n e - b u t t o n  p u c k s  or  (wi th  
some caveats) tablets with styli. 

2 This assumes that the interface is designed so that 
the button is held down during drawing. Alternatively, 
the button can be released during drawing, and pressed 
again, to signal the completion of the line. 

S We use state 0 to represent a state in which no loca- 
tion. information is transmitted. There no analogous 
state for mice, and hence no state 0 in the diagrams for 

s i b l e :  t h e  u s e r  m a y  t o u c h  t h e  t a b l e t .  Th i s  c a u s e s  a 
c h a n g e  t o  s t a t e  1. I n  s t a t e  1, t h e  u s e r  is  p r e s s i n g  o n  
t h e  t a b l e t ,  a n d  as  a c o n s e q u e n c e  p o s i t i o n  r e p o r t s  
a r e  s e n t  t o  t h e  h o s t .  T h e r e  i s  n o  w a y  t o  s i g n a l  a 
c h a n g e  t o  s o m e  o t h e r  s t a t e ,  o t h e r  t h a n  t o  r e l e a s e  
( a s s u m i n g  t h e  e x c l u s i o n  of t e m p o r a l  o r  s p a t i a l  c u e s ,  
w h i c h  t e n d  t o  b e  c l u m s y  a n d  d i f f i c u l t  t o  l e a r n ) .  Th i s  
r e t u r n s  t h e  s y s t e m  t o  s t a t e  0. Th i s  s i g n a l  c o u l d  n o t  
b e  u s e d  t o  i n i t i a t e  r u b b e r - b a n d i n g ,  ~s i t  c o u l d  a l s o  
m e a n  t h a t  t h e  u s e r  i s  p a u s i n g  t o  t h i n k ,  o r  w i s h e s  t o  
i n i t i a t e  s o m e  o t h e r  a c t i v i t y .  

release 

state I - contact 
move 

F i g u r e  2. D i a g r a m  f o r  s h o w i n g  s t a t e s  of 
s i m p l e  t o u c h - t a b l e t .  

Th i s  i n a b i l i t y  t o  s i g n a l  w h i l e  p o i n t i n g  is  a s e v e r e  
l i m i t a t i o n  w i t h  c u r r e n t  t o u c h  t a b l e t s ,  t h a t  i s ,  
t a b l e t s  t h a t  do  n o t  r e p o r t  p r e s s u r e  i n  a d d i t i o n  t o  
l o c a t i o n .  ( I t  is  a l s o  a p r o p e r t y  of t r a c k b a l l s ,  a n d  
j o y s t i c k s  w i t h o u t  " f i r e "  b u t t o n s ) .  I t  r e n d e r s  t h e m  
u n s u i t a b l e  f o r  u s e  i n  m a n y  c o m m o n  i n t e r a c t i o n  
t e c h n i q u e s  f o r  w h i c h  m i c e  a r e  w e l l  a d a p t e d  (e.g. ,  
s e l e c t i n g  a n d  d r a g g i n g  o b j e c t s  i n t o  p o s i t i o n ,  
r u b b e r - b a n d  l i n e  d r a w i n g ,  a n d  p o p - u p  m e n u  s e l e c -  
t i o n ) ;  t e c h n i q u e s  t h a t  a r e  e s p e c i a l l y  c h a r a c t e r i s t i c  
of i n t e r f a c e s  b a s e d  o n  L ~ r e e t  Mc~r~ipulat£o~. [ S h n e i d -  
e r m a n  198~]. 

One  s o l u t i o n  t o  t h e  p r o b l e m  is  t o  u s e  a s e p a r a t e  
f u n c t i o n  b u t t o n  o n  t h e  k e y b o a r d .  H o w e v e r ,  t h i s  
u s u a l l y  m e a n s  t w o - h a n d e d  i n p u t  w h e r e  o n e  c o u l d  
do ,  or ,  a w k w a r d  c o - o r d i n a t i o n  i n  c o n t r o l l i n g  t h e  
b u t t o n  a n d  p o i n t i n g  d e v i c e  w i t h  a s i n g l e  h a n d .  An  
a l t e r n a t i v e  s o l u t i o n  w h e n  u s i n g  a t o u c h  t a b l e t  i s  t o  
p r o v i d e  s o m e  l e v e l  of p r e s s u r e  s e n s i n g .  F o r  e x a m -  
p le ,  if  t h e  t a b l e t  c o u l d  r e p o r t  t w o  l e v e l s  of c o n t a c t  
p r e s s u r e  (i .e. ,  h a r d  a n d  s o f t ) ,  t h e n  t h e  t r a n s i t i o n  
f r o m  s o f t  t o  h a r d  p r e s s u r e ,  a n d  v i c e  v e r s a ,  c o u l d  b e  
u s e d  f o r  s i g n a l i n g .  In  e f f e c t ,  p r e s s i n g  h a r d  i s  
e q u i v a l e n t  t o  p r e s s i n g  t h e  b u t t o n  o n  t h e  m o u s e .  The  
s t a t e  d i a g r a m  s h o w i n g  t h e  r u b b e r - b a n d  l i n e  d r a w -  
i ng  t a s k  w i t h  t h i s  f o r m  of t o u c h  t a b l e t  is  s h o w n  i n  
F i g u r e  3. 4 

As a n  a s i d e ,  u s i n g  t h i s  p r e s s u r e  s e n s i n g  s c h e m e  
w o u l d  p e r m i t  u s  t o  s e l e c t  o p t i o n s  f r o m  a m e n u ,  o r  

mice. With conventional  tablets ,  th is  cor responds  to 
"out  of range"  s tate .  
At this  point  the  a ler t  r eader  will wonder about  difficulty 
in dis t inguishing between hard  and soft  pressure ,  and 
f r ic t ion (especially when press ing hard).  Taking the  last  
first, hard  is a relat ive term. in prac t ice  f r ic t ion need 
not  be a problem (see Inheren t  Problems,  below). 

40ne would conjec ture  tha t  in the  absence  of bu t ton  
clicks or o ther  feedback,  p re s su re  would be difficult to 
regulate  accurately.  We have found two levels of pres-  
sure  to be easily dis t inguished,  but  this  is a r ipe  a rea  for 
research.  For example, Stu  Card [private  communica-  
tion] has suggested tha t  the  th resho ld  between soft and 
hard  should be reduced (become " 'softer")  while ha rd  
p ressu re  is being maintained.  This suggestion, and oth- 
ers, wa r ran t  formal  exper imenta t ion.  
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~igh~ 
release {anchor- end) 

state 0 - no contact move to select ~ to select- 
state I - light oontact startln 9 Font ~ point 
state 2 - 'hard' contact 

Figure 3. State diagram for rubber-banding with 
pressure sensing touch tablet. 

a c t i v a t e  l i gh t  b u t t o n s  by p o s i t i o n i n g  t h e  t r a c k i n g  
s y m b o l  o v e r  t h e  i t e m  and " p u s h i n g " .  This is con-  
s i s t e n t  w i t h  t he  g e s t u r e  u s e d  wi th  a mouse ,  and the  
m o d e l  of " p u s h i n g "  b u t t o n s .  With c u r r e n t  s i m p l e  
t o u c h  t a b l e t s ,  one does  j u s t  t h e  oppos i t e :  p o s i t i o n  
over  t h e  i t e m  and t h e n  l i f t  off, or  " p u l l "  t he  bu t t on .  

F r o m  the  p e r s p e c t i v e  of t he  s igna ls  s e n t  to  t h e  h o s t  
c o m p u t e r ,  th i s  t o u c h  t a b l e t  is c a p a b l e  of d u p l i c a t -  
ing t h e  b e h a v i o u r  of a o n e - b u t t o n  mouse .  This is no t  
to  say  t h a t  t h e s e  dev i ce s  a r e  e q u i v a l e n t  or i n t e r -  
changeab l e .  They a r e  not .  They a r e  p h y s i c a l l y  and 
k i n e s t h e t i c a l l y  v e r y  d i f fe ren t ,  and shou ld  be u s e d  in  
ways t h a t  m a k e  use of t he  un ique  p r o p e r t i e s  of 
each.  F u r t h e r m o r e ,  s u c h  a t o u c h  t a b l e t  can  gen-  
e r a t e  one pa i r  of s igna ls  t h a t  t h e  o n e - b u t t o n  m o u s e  
c a n n o t  -- spec i f ica l ly ,  p r e s s  and r e l e a s e  ( t r a n s i t i o n  
to  and f r o m  s t a t e  0 in t he  above  d i a g r a m s ) .  These  
s igna ls  (which  a re  also ava i l ab le  wi th  m a n y  c o n v e n -  
t i ona l  t a b l e t s )  a r e  v e r y  u se fu l  in i m p l e m e n t i n g  c e r -  
t a i n  t ypes  of t r a n s a c t i o n s ,  s u c h  as t h o s e  b a s e d  on 
c h a r a c t e r  r e c o g n i t i o n .  

An obvious  e x t e n s i o n  of t h e  p r e s s u r e  s ens ing  con- 
c e p t  is to  allow c o n t i n u o u s  p r e s s u r e  sens ing .  That  
is, p r e s s u r e  s ens ing  w h e r e  s o m e  l a rge  n u m b e r  of 
d i f f e r e n t  l eve l s  of p r e s s u r e  m a y  be r e p o r t e d .  This 
e x t e n d s  the  c a p a b i l i t y  of t he  t o u c h  t a b l e t  b e y o n d  
t h a t  of a t r a d i t i o n a l  one b u t t o n  m o u s e .  An e x a m p l e  
of t h e  u se  of th i s  f e a t u r e  is p r e s e n t e d  below. 

Multiple P o s i t i o n  Sens ing  

With a t r a d i t i o n a l  m o u s e  or t a b l e t ,  only one p o s i t i o n  
can  be  r e p o r t e d  p e r  dev ice .  One can  i m a g i n e  us ing  
two m i c e  or p o s s i b l y  two t r a n s d u c e r s  on a t a b l e t ,  
b u t  t h i s  i n c r e a s e s  cos t s ,  and two is t h e  p r a c t i c a l  
l i m i t  on t h e  n u m b e r  of m i c e  or t a b l e t s  t h a t  can  be 
o p e r a t e d  by a s ing le  u s e r  (w i thou t  us ing  fee t ) .  How- 
eve r ,  whi le  we have  only two hands ,  we have  t e n  
f ingers .  As p lay ing  t h e  p iano  i l l u s t r a t e s ,  t h e r e  a r e  
s o m e  c o n t e x t s  w h e r e  we m i g h t  wan t  to  use  s eve ra l ,  
or  e v e n  all of t h e m ,  a t  once.  

Touch  t a b l e t s  n e e d  no t  r e s t r i c t  us in  t h i s  r e g a r d .  
Given  a l a rge  enough  s u r f a c e  of t h e  a p p r o p r i a t e  
t e chno logy ,  one cou ld  use  all f ingers  of bo th  hands  
s i m u l t a n e o u s l y ,  t hus  p r o v i d i n g  t e n  s e p a r a t e  un i t s  
of inpu t .  Clearly,  th i s  is wel l  beyond  the  d e m a n d s  of 
m a n y  a p p l i c a t i o n s  and  t h e  c a p a c i t y  of m a n y  people ,  
however ,  t h e r e  a r e  e x c e p t i o n s .  E x a m p l e s  i nc lude  
c h o r d i n g  on b u t t o n s  or  s w i t c h e s ,  o p e r a t i n g  a s e t  of 
s l ide  p o t e n t i o m e t e r s ,  and s i m p l e  key  r o l l - o v e r  w h e n  
t o u c h  typ ing .  One e x a m p l e  (using a s e t  of s l ide  
p o t e n t i o m e t e r s )  will  be i11ust ra ted  below. 

Multiple Virtual Devices and Templates 

The power of modern graphics displays has been 
enhanced by partitioning one physical display into a 
number of virtual displays. To support this, display 
window managers have been developed. We claim 
(see Brown, Buxton and Murtagh [ 1985]) that similar 
benefits can be gained by developing an input win- 
dow manager that permits a single physical input 
device to be partitioned into a number of virtual 
input devices, Furthermore, we claim that multi- 
touch tablets are well suited to supporting this 
approach. 

Figure 4a shows a thick cardboard sheet that has 
holes  cu t  in spec i f ic  p laces .  When i t  is p l a c e d  o v e r  a 
t o u c h  t a b l e t  as shown in F i g u r e  4b, t h e  u s e r  is r e s -  
t r i c t e d  to  t o u c h i n g  only c e r t a i n  p a r t s  of t h e  t a b l e t .  
More i m p o r t a n t l y ,  t h e  u s e r  can  f e e / t h e  p a r t s  t h a t  
a r e  t o u c h a b l e ,  and t h e i r  shape .  Each  of t h e  " t o u c h -  
a b l e "  r eg ions  r e p r e s e n t s  a s e p a r a t e  v i r t u a l  dev ice .  
The d i s t i n c t i o n  b e t w e e n  th i s  t e m p l a t e  and t r a d i -  
t i ona l  t a b l e t  m o u n t e d  m e n u s  ( such  as s e e n  in  m a n y  
CAD s y s t e m s )  is i m p o r t a n t .  

T rad i t iona l ly ,  t h e  op t ions  have  been:  

a) Save  d i sp l ay  r e a l  e s t a t e  by m o u n t i n g  the  m e n u  
on the  t a b l e t  s u r f a c e .  The c o s t  of t h i s  o p t i o n  is 
eye  d i v e r s i o n  f r o m  t h e  d i sp l ay  to  t he  t a b l e t ,  t h e  
i n a b i l i t y  t o  " t o u c h  t y p e " ,  and t i m e  c o n s u m i n g  
m e n u  changes .  

b) Avoid eye d i v e r s i o n  by p lac ing  t h e  m e n u s  on t h e  
d isp lay .  This a lso  m a k e  i t  e a s i e r  to  c h a n g e  
m e n u s ,  b u t  s t i l l  does  n o t  allow " t o u c h  t yp ing" ,  
and c o n s u m e s  d i sp lay  space .  

Touch t a b l e t s  allow a new opt ion :  

c) Save  d i sp l ay  s p a c e  and avoid  eye  d i v e r s i o n  by 
us ing  t e m p l a t e s  t h a t  can  be  fe l t ,  and  hence ,  al low 
" t o u c h  t y p i n g "  on a v a r i e t y  of v i r t u a l  i n p u t  dev-  
ices .  The c o s t  of th i s  o p t i o n  is t i m e  c o n s u m i n g  
m e n u  ( t e m p l a t e )  changes .  

It  m u s t  be  r e m e m b e r e d  t h a t  for  e a c h  of t h e s e  
op t ions ,  t h e r e  is an  a p p l i c a t i o n  for  wh ich  i t  is b e s t .  
We have  c o n t r i b u t e d  a new opt ion ,  w h i c h  m a k e s  pos-  
s ib l e  new i n t e r f a c e s .  The new p o s s i b i l i t i e s  i n c l u d e  
m o r e  e l a b o r a t e  v i r t u a l  d e v i c e s  b e c a u s e  t h e  
i m p r o v e d  k i n e s t h e t i c  f e e d b a c k  allows t h e  u s e r  to  
c o n c e n t r a t e  on p r o v i d i n g  inpu t ,  i n s t e a d  of s t ay ing  
in  t he  a s s i g n e d  reg ion .  We will  a l so  show (below) 
t h a t  i t s  m a i n  c o s t  ( t i m e  c o n s u m i n g  m e n u  changes )  
can be reduced in some applicatio~ts by eliminating 
t he  t e m p l a t e s .  

5. E x a m p l e s  of  T r a n s a c t i o n s  Where T o u c h  Table t s  
Can Be U s e d  Effect ive ly  

In o r d e r  to  r e i n f o r c e  t h e  d i s t i n c t i o n s  d i s c u s s e d  in  
t h e  p r e v i o u s  s ec t i on ,  and t o  d e m o n s t r a t e  t h e  use  of 
t o u c h  t a b l e t s ,  we will  now work  t h r o u g h  s o m e  e x a m -  
p les  b a s e d  on a t oy  p a i n t  s y s t e m .  We wish  to  s t r e s s  
aga in  t h a t  we m a k e  no c l a i m s  a b o u t  t h e  q u a l i t y  of 
t he  e x a m p l e  as a p a i n t  s y s t e m .  A p a i n t  s y s t e m  is a 
c o m m o n  and eas i ly  u n d e r s t o o d  app l i ca t i on ,  and  
thus ,  we have  c h o s e n  to  use  i t  s i m p l y  as a v e h i c l e  
for  d i s c u s s i n g  i n t e r a c t i o n  t e c h n i q u e s  t h a t  u se  
t o u c h  t a b l e t s .  
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Figure  4a. S a m p l e  t e m p l a t e .  F igure  5. Main d i sp lay  for  pa in t  p r o g r a m .  

F igure  4b. S a m p l e  t e m p l a t e  in use.  

The e x a m p l e  p a i n t  p r o g r a m  allows t h e  c r e a t i o n  oI 
s i m p l e  f inger  pa in t ings .  The l ayout  of t h e  m a i n  
d i sp lay  for  t he  p r o g r a m  is shown in F igure  5. On the  
l e f t  is a l a rge  d rawing  a rea  w h e r e  t he  u s e r  can  draw 
s i m p l e  t r e e - h a n d  f igures.  On the  r i g h t  is a s e t  of 
m e n u  i t e m s .  When the  lowes t  i t e m  is s e l e c t e d ,  t he  
u s e r  e n t e r s  a eo lau r  mixing mode .  In swi tch ing  to 
th is  mode ,  t h e  u s e r  is p r e s e n t e d  wi th  a d i f f e r e n t  
d i sp lay  t h a t  is d i s c u s s e d  below. The r e m a i n i n g  
m e n u  i t e m s  a re  " p a i n t  po t s " .  They a re  used  to  
s e l e c t  the  co lour  t h a t  t h e  u s e r  will  be pa in t ing  with.  

In e a c h  of t h e  fol lowing v e r s i o n s  of t h e  p r o g r a m ,  t h e  
i npu t  r e q u i r e m e n t s  a r e  s l igh t ly  d i f fe ren t .  In all 
cases  an 8 c m x  8 c m  t o u c h  t a b l e t  is u sed  (F igure  6), 
bu t  t h e  p r e s s u r e  s ens ing  r e q u i r e m e n t s  vary .  These  
a re  n o t e d  in e a c h  d e m o n s t r a t i o n .  

5.1.  Paint ing  Without P r e s s u r e  Sens ing  

This v e r s i o n  of t h e  p a i n t  p r o g r a m  i l l u s t r a t e s  t h e  
l i m i t a t i o n  of having  no p r e s s u r e  sens ing .  Cons ider  

F igure  6. Touch t a b l e t  u sed  in d e m o n s t r a t i o n s .  

t he  pa in t  p r o g r a m  d e s c r i b e d  above,  w h e r e  t he  only 
i n p u t  dev ice  is a t ouch  t a b l e t  w i t h o u t  p r e s s u r e  
sens ing .  Menu s e l e c t i o n s  could  be m a d e  by p r e s s i n g  
down s o m e w h e r e  in t h e  m e n u  area ,  moving  the  
t r a c k i n g  symbo]  to  t he  d e s i r e d  m e n u  i t e m  and t h e n  
s e l e c t i n g  by r e l eas ing .  To paint ,  t he  u s e r  would 
s i m p l y  p r e s s  down in the  drawing  a rea  and m o v e  
(see  F igu re  7 for  a r e p r q s e n t a t i o n  of t he  s ignals  
u s e d  for  pa in t ing  wi th  th i s  p r o g r a m ) .  

r e l e a s e  

painti~ 

Figu re  7. S t a t e  d i a g r a m  for  d rawing  p o r t i o n  
of s i m p l e  pa in t  p r o g r a m .  
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There  a r e  s e v e r a l  p r o b l e m s  wi th  th is  p r o g r a m .  The 
m o s t  obvious  is in t r y i n g  to  do d e t a i l e d  d rawings .  
The u s e r  does  no t  know w h e r e  t h e  pa in t  will a p p e a r  
un t i l  i t  a p p e a r s .  This is  l i ke ly  to  be too  la te .  Some  
f o r m  of f e e d b a c k ,  t h a t  shows t h e  u s e r  w h e r e  t he  
b r u s h  is, w i t h o u t  pa in t ing ,  is n e e d e d .  Unfor -  
t u n a t e l y ,  th i s  c a n n o t  be  done  w i t h  th i s  i n p u t  dev ice ,  
as i t  is no t  p o s s i b l e  to s igna l  t h e  change  f r o m  t r a c k -  
ing to  p a i n t i n g  and v i ce  ve r sa .  

The s i m p l e s t  s o l u t i o n  to  th i s  p r o b l e m  is to  use  a 
b u t t o n  (e.g., a f u n c t i o n  key  on t h e  k e y b o a r d )  to s ig-  
nal  s t a t e  changes .  The p r o b l e m  w i t h  th i s  s o l u t i o n  is 
t he  n e e d  to  use  two  hands  on two d i f f e r e n t  d e v i c e s  
to  do one t ask .  This is awkward  and r e q u i r e s  p r a c -  
t i c e  to  deve lop  the  c o - o r d i n a t i o n  n e e d e d  to  m a k e  
s m a l l  r a p i d  s t r o k e s  in t h e  pa in t ing .  It  is a l so  
inef f ic ien t  in i ts  use  of two hands  w h e r e  one cou ld  
(and n o r m a l l y  should)  do. 

A l t e r n a t i v e l y ,  a p p r o a c h e s  us ing m u l t i p l e  t aps  or 
t i m i n g  cues  for  s igna l l ing  cou ld  be t r i e d ,  however ,  
we h a v e  found  t h a t  t h e s e  i n v a r i a b l y  l ead  to  o t h e r  
p r o b l e m s .  It is b e t t e r  to  find a d i r e c t  s o l u t i o n  us ing  
t h e  p r o p e r t i e s  of t he  dev i ce  i t se l f .  

5.2. P a i n t i n g  w i t h  Two Levels  of P r e s s u r e  

This v e r s i o n  of t he  p r o g r a m  uses  a t a b l e t  t h a t  
r e p o r t s  two l eve l s  of c o n t a c t  p r e s s u r e  to  p r o v i d e  a 
s a t i s f a c t o r y  so lu t i on  to  t h e  s igna l ing  p r o b l e m .  A 
low p r e s s u r e  l eve l  (a l i gh t  t o u c h  by t h e  u se r )  is u s e d  
for  g e n e r a l  t r a c k i n g .  A h e a v i e r  t o u c h  is u s e d  to  
m a k e  m e n u  s e l e c t i o n s ,  or to  enab le  p a i n t i n g  (see  
F i g u r e  8 for  t h e  t a b l e t  s t a t e s  u s e d  to  c o n t r o l  pa in t -  
ing w i t h  th i s  p r o g r a m ) .  The two leve l s  of c o n t a c t  
p r e s s u r e  allow us to  m a k e  a s i m p l e  b u t  p r a c t i c a l  
one f inger  p a i n t  p r o g r a m .  

move (to move while 
starting point} painting 

Figure 8. State diagram for painting portion of 
simple paint program using pressure 

sensing touch tablet. 

This v e r s i o n  is v e r y  m u c h  l ike  us ing  the  one b u t t o n  
m o u s e  on t h e  Apple M a c i n t o s h  wi th  MacPa in t  [Willi- 
ams ,  1984]. Thus, a s i m p l e  t o u c h  t a b l e t  is no t  v e r y  
usefu l ,  b u t  one t h a t  r e p o r t s  two  l eve l s  of p r e s s u r e  
is s i m i l a r  in  power  (bu t  no t  f ee l  or  app l i cab i l i t y )  to  
a one b u t t o n  m o u s e .  5 

5.3. P a i n t i n g  w i t h  C o n t i n u o u s  P r e s s u r e  Sens ing  

In t h e  p r e v i o u s  d e m o n s t r a t i o n s ,  we h a v e  only i m p l e -  
m e n t e d  i n t e r a c t i o n  t e c h n i q u e s  t h a t  a r e  c o m m o n  
us ing  ex i s t i ng  t e c h n o l o g y .  We now i n t r o d u c e  a t e c h -  
n ique  t h a t  p r o v i d e s  f u n c t i o n a l i t y  beyond  t h a t  
o b t a i n a b l e  us ing  m o s t  c o n v e n t i o n a l  i n p u t  t e c h n o l o -  

s Also, there is the problem of friction, to be discussed 
below under "Inherent Problems". 

t i e s .  

In th i s  t e c h n i q u e ,  we u t i l i z e  a t a b l e t  c apab l e  of 
s e n s i n g  a c o n t i n u o u s  r a n g e  of t o u c h  p r e s s u r e .  With 
th i s  a d d i t i o n a l  s ignal ,  t h e  u s e r  can  c o n t r o l  b o t h  t h e  
w i d t h  of t he  pa in t  t r a i l  and i t s  pa th ,  us ing  only one  
f inger .  The new signal ,  p r e s s u r e ,  is u s e d  to  c o n t r o l  
wid th .  This is a t e c h n i q u e  t h a t  c a n n o t  be  u s e d  w i t h  
any m o u s e  t h a t  we a re  aware  of, and t o  o u r  
knowledge ,  is ava i l ab le  on only one  c o n v e n t i o n a l  
t a b l e t  ( the  GTCO Digipad w i t h  p r e s s u r e  p e n  [GTCO 
~9aa]). 
We have  found  t h a t  us ing  c u r r e n t  p r e s s u r e  s e n s i n g  
t a b l e t s ,  t h e  u s e r  can  a c c u r a t e l y  supp ly  two to  t h r e e  
b i t s  of p r e s s u r e  i n f o r m a t i o n ,  a f t e r  a b o u t  15 
m i n u t e s  p r a c t i c e .  This is suf f ic ien t  fo r  s i m p l e  doo- 
dl ing and m a n y  o t h e r  a p p l i c a t i o n s ,  b u t  i m p r o v e d  
p r e s s u r e  r e s o l u t i o n  is r e q u i r e d  fo r  h igh  qua l i t y  
pa in t ing .  

5 . 4 .  " W i n d o w s "  o n  t h e  T a b l e t :  C o l o u r  S e l e c t i o n  

We now d e m o n s t r a t e  how the  s u r f a c e  of t h e  t o u c h  
t a b l e t  can  be dyTzarnieally p a r t i t i o n e d  i n t o  "'win- 
dows"  on to  v i r t u a l  i n p u t  dev ices .  We use  t h e  s a m e  
bas i c  t e c h n i q u e s  as d i s c u s s e d  u n d e r  t e m p l a t e s  
(above) ,  b u t  show how to  u se  t h e m  w i t h o u t  t e m -  
p l a t e s .  We do th i s  in t he  c o n t e x t  of a e o l o u r  s e l ec -  
t i o n  m o d u l e  for  our  p a i n t  p r o g r a m .  This m o d u l e  
i n t r o d u c e s  a new d isp lay ,  shown in F i g u r e  9. 

F igu re  9. C o l o u r ' m i x i n g  display.  

In th i s  d i sp lay ,  t he  l a rge  l e f t  s ide  c o n s i s t s  of a 
co lou r  p a t c h  s u r r o u n d e d  by a n e u t r a l  g r e y  b o r d e r .  
This is t h e  p a t c h  of co lour  t he  u s e r  is w o r k i n g  on. 
The r i g h t  s ide  of t he  d i sp l ay  c o n t a i n s  t h r e e  ba r  
g r a p h s  wi th  two l igh t  b u t t o n s  u n d e r n e a t h .  The p r i -  
m a r y  f u n c t i o n  of t h e  ba r  g r a p h s  is to  p r o v i d e  f eed -  
back ,  r e p r e s e n t i n g  r e l a t i v e  p r o p o r t i o n s  of red ,  
g r e e n  and b lue  in t h e  co lou r  pa t ch .  Along wi th  t h e  
l i gh t  b u t t o n s  below, t h e y  a lso  s e r v e  to  r e m i n d  the  
u s e r  of t h e  c u r r e n t  l a y o u t  of t h e  t o u c h  t a b l e t .  

In th i s  m o d u l e ,  t h e  t o u c h  t a b l e t  is u s e d  as a " 'v i r tua l  
o p e r a t i n g  c o n s o l e " .  I ts  l ayou t  is shown (to sca le )  in  
F i g u r e  10. There  a r e  3 v a l u a t o r s  ( c o r r e s p o n d i n g  to  
t h e  ba r  g r a p h s  on t h e  s c r e e n )  u s e d  to  c o n t r o l  
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colour ,  and two b u t t o n s :  one,  on the  r igh t ,  to  b r ing  
up a pop -up  m e n u  u s e d  to  s e l e c t  t h e  co lou r  to be 
modif ied ,  and a n o t h e r ,  on t h e  le f t ,  to  exi t .  

• " - ~ 3  v a l u a t o r s  

. . . . . .  i 
- -  ~ " / / 8 c m  x 8 cm 

t a b l e t  s u r f a c e  

Figu re  10. Layout  of v i r t u a l  dev i ce s  on t o u c h  t a b l e t .  

The s ing le  m o s t  i m p o r t a n t  po in t  to  be m a d e  in  th i s  
e x a m p l e  is t h a t  a s ing le  physica2 d e v i c e  is be ing  
u s e d  to  i m p l e m e n t  5 v ir tual  dev i ce s  (3 v a l u a t o r s  
and 2 b u t t o n s ) .  This is ana logous  to  t h e  use  of a 
d i sp l ay  window s y s t e m ,  in  i t s  goals ,  and i t s  i m p l e -  
m e n t a t i o n .  

The s e c o n d  m a i n  po in t  is t h a t  t h e r e  is no th ing  on 
the  t a b l e t  to  d e l i m i t  t he  r eg ions .  This d i f fers  f r o m  
the  use  of phys i ca l  t e m p l a t e s  as p r e v i o u s l y  dis-  
cussed ,  and shows how, in t he  a b s e n c e  of t he  n e e d  
for  a phys i ca l  t e m p l a t e ,  we can  i n s t a n t l y  change  the  
"windows"  on t h e  t a b l e t ,  w i t h o u t  sac r i f i c ing  t h e  
ab i l i t y  to  t o u c h  type .  

We have  found t h a t  w h e n  t h e  t a b l e t  s u r f a c e  is smal l ,  
and the  p o r t i o n i n g  of t h e  s u r f a c e s  is no t  too  c o m -  
plex,  t he  u s e r s  v e r y  qu ick ly  ( t yp i ca l l y  in  one or  two 
m i n u t e s )  l e a r n  the  p o s i t i o n s  of t h e  v i r t u a l  dev i ce s  
r e l a t i v e  to  t h e  edges  of t he  t ab l e t .  More i m p o r -  
t an t ly ,  t h e y  can  use  t h e  v i r t u a l  dev ices ,  p r a c t i c a l l y  
e r r o r  f r ee ,  w i t h o u t  d i v e r t i n g  a t t e n t i o n  f r o m  t h e  
display.  (We have  r e p e a t e d l y  o b s e r v e d  th i s  
b e h a v i o u r  in t he  use  of an  a p p l i c a t i o n  t h a t  uses  a l0 
c m  s q u a r e  t a b l e t  t h a t  is d iv ided  in to  3 s l i d e r s  w i th  a 
s ingle  b u t t o n  a c r o s s  the  top).  

B e c a u s e  no t e m p l a t e  is needed ,  t h e r e  is no n e e d  for  
t h e  u s e r  to  p a u s e  to  change  a t e m p l a t e  w h e n  e n t e r -  
ing t h e  eo lour  mix ing  m o d u l e .  Also, at  no po in t  is  
t he  u s e r ' s  a t t e n t i o n  d i v e r t e d  f r o m  the  display.  
These  a d v a n t a g e s  c a n n o t  be a c h i e v e d  w i t h  any o t h e r  
dev ice  we know of, w i t h o u t  c o n s u m i n g  d i sp lay  r e a l  
e s t a t e .  

The eo lour  of t h e  co lour  p a t c h  is m a n i p u l a t e d  by 
dTagg£r~g t he  red ,  g r e e n  and b lue  va lues  up and 
down wi th  t h e  v a l u a t o r s  on t h e  t o u c h  t ab l e t .  The 
v a l u a t o r s  a r e  i m p l e m e n t e d  in r e l a t i v e  m o d e  (i.e., 
t h e y  a re  s e n s i t i v e  to  changes  in pos i t ion ,  no t  abso-  
l u t e  pos i t ion) ,  and a r e  m a n i p u l a t e d  l ike  one d i m e n -  
s iona l  m ice .  For  e x a m p l e ,  to  m a k e  t h e  p a t c h  m o r e  
red ,  t h e  u s e r  p r e s s e s  n e a r  t h e  l e f t  s ide  of t h e  
t a b l e t ,  abou t  half  way to  t he  top,  and s l ides  the  
f inger  up (see  F i g u r e  i i) .  For  l a r g e r  changes ,  t h e  
d e v i c e  c a n  be  r e p e a t e d l y  s t r o k e d  ( m u c h  l ike  s t r o k -  
ing a mouse ) .  F e e d b a c k  is p r o v i d e d  by chang ing  t h e  
l eve l  in t h e  ba r  g r a p h  on t h e  s c r e e n  and the  co lou r  

of t h e  pa tch .  

F igu re  11. I n c r e a s i n g  r e d  c o n t e n t ,  by p r e s s i n g  on 
r e d  v a l u a t o r  and s l id ing  up. 

Using a m o u s e ,  t h e  above  i n t e r a c t i o n  cou ld  be  
a p p r o x i m a t e d  by p lac ing  t h e  t r a c k i n g  s y m b o l  ove r  
t h e  b a r s  of co lour ,  and d ragg ing  t h e m  up or  down. 
However ,  if t h e  b a r s  a r e  na r row,  th i s  t a k e s  a c u i t y  
and c o n c e n t r a t i o n  t h a t  d i s t r a c t s  a t t e n t i o n  f r o m  t h e  
p r i m a r y  t a s k  -- m o n i t o r i n g  t h e  co lou r  of t h e  pa t ch .  
F u r t h e r m o r e ,  n o t e  t h a t  t h e  t o u c h  t a b l e t  i m p l e m e n -  
t a t i o n  does  n o t  n e e d  t h e  ba r s  to  be d i s p l a y e d  a t  all, 
t h e y  a r e  only a c o n v e n i e n c e  to  t h e  use r .  The re  a re  
i n t e r f a c e s  where ,  in t h e  i n t e r e s t s  of m a x i m i z i n g  
ava i l ab le  d i sp lay  a rea ,  t h e r e  will be no i t e m s  on t h e  
d i sp lay  ana logous  to  t h e s e  ba r s .  That  is,  t h e r e  
would  be no th ing  on t h e  d i sp l ay  to  s u p p o r t  an 
i n t e r a c t i o n  t e c h n i q u e  t h a t  al lows va lues  to  be m a n i -  
p u l a t e d  by a m o u s e .  

Final ly ,  we can  t a k e  the  e x a m p l e  one s t e p  f u r t h e r  by 
i n t r o d u c i n g  the  use  of a t o u c h  t a b l e t  t h a t  can  s e n s e  
m u l t i p l e  p o i n t s  of c o n t a c t  (e.g., [Lee, e t  el. 1985]). 
With th i s  t echno logy ,  all  t h r e e  co lou r  v a l u e s  cou ld  
be c h a n g e d  a t  t h e  s a m e  t i m e  (for e x a m p l e ,  fad ing  to  
b lack  by d rawing  all  t h r e e  s l i d e r s  down t o g e t h e r  
w i t h  t h r e e  f ingers  of one hand).  This s i m u l t a n e o u s  
a d j u s t m e n t  of co lours  cou ld  n o t  be  s u p p o r t e d  by a 
m o u s e ,  no r  any s ing le  c o m m e r c i a l l y  ava i lab le  i n p u t  
d e v i c e  we know of. Con t ro l l ing  s e v e r a l  v a l u a t o r s  
w i t h  one hand  is c o m m o n  in  m a n y  o p e r a t i n g  con- 
soles ,  for  e x a m p l e :  s t u d i o  l igh t  con t ro l ,  audio  
m i x e r s ,  and t h r o t t l e s  fo r  m u l t i - e n g i n e  v e h i c l e s  (e.g., 
a i r c r a f t  and boats) .  Hence ,  th i s  e x a m p l e  d e m o n -  
s t r a t e s  a c o s t  e f f ec t i ve  m e t h o d  for  p rov id ing  func-  
t i o n a l i t y  t h a t  is c u r r e n t l y  u n a v a i l a b l e  (or ava i l ab le  
only a t  g r e a t  cos t ,  in t h e  f o r m  of a c u s t o m  fabr i -  
c a t e d  console) ,  b u t  has  wide app l i cab i l i ty .  

5.5. Szlmmary of Examples 

Through  t h e s e  s i m p l e  e x a m p l e s ,  we have  d e m o n -  
s t r a t e d  s e v e r a l  th ings :  

* The ab i l i ty  t o  s e n s e  a t  l e a s t  two  l eve l s  of p r e s -  
s u r e  is a v i r t u a l  n e c e s s i t y  for  t o u c h  t a b l e t s ,  as 
w i t h o u t  it,  a u x i l i a r y  d e v i c e s  m u s t  be used  for  
s ignal ing ,  and  " d i r e c t  m a n i p u l a t i o n "  i n t e r f a c e s  
c a n n o t  be e f f ec t i ve ly  s u p p o r t e d .  

• The e x t e n s i o n  to  c o n t i n u o u s  p r e s s u r e  s e n s i n g  
opens  up new p o s s i b i l i t i e s  in  h u m a n - c o m p u t e r  
i n t e r a c t i o n .  
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• Touch t a b l e t s  a r e  s u p e r i o r  to m i c e  and t a b l e t s  
when  m a n y  s i m p l e  dev i ce s  a re  to  be s i m u l a t e d .  
This is b e c a u s e :  (a) t h e r e  is no n e e d  for  a 
m e c h a n i c a l  i n t e r m e d i a r y  b e t w e e n  the  f ingers  
and the  t a b l e t  s u r f a c e ,  (b) t h e y  allow the  use  of 
t e m p l a t e s  ( inc lud ing  t h e  edges  of t he  t ab l e t ,  
wh ich  is a t r i v i a l  bu t  u s e f u l  t e m p l a t e ) ,  and (e) 
t h e r e  is no n e e d  fo r  p o s i t i o n a l  f e e d b a c k  t h a t  
would  c o n s u m e  va luab l e  d i sp l ay  space .  

• The ab i l i t y  to  s e n s e  m u l t i p l e  po in t s  of c o n t a c t  
r a d i c a l l y  changes  t he  way in wh ich  u s e r s  m a y  
i n t e r a c t  w i t h  t h e  s y s t e m .  The c o n c e p t  of m u l t i -  
p le  po in t s  of c o n t a c t  does  n o t  e x i s t  for,  nor  is i t  
a pp l i c ab l e  to, c u r r e n t  c o m m e r c i a l l y  ava i l ab le  
m i c e  and t a b l e t s .  

6.  I n h e r e n t  P r o b l e m s  w i t h  T o u c h  T a b l e t s  

A p r o b l e m  w i t h  t o u c h  t a b l e t s  t h a t  is annoying  in t h e  
long t e r m  is f r i c t i o n  b e t w e e n  t h e  u s e r ' s  f inger  and 
t h e  t a b l e t  s u r f a c e .  This can  be a p a r t i c u l a r l y  s e v e r e  
p r o b l e m  if a p r e s s u r e  s e n s i t i v e  t a b l e t  is used ,  and 
t h e  u s e r  m u s t  m a k e  long m o t i o n s  a t  h igh  p r e s s u r e .  
This p r o b l e m  can  be  a l l e v i a t e d  by c a r e f u l  s e l e c t i o n  
of m a t e r i a l s  and c a r e  in  t h e  f a b r i c a t i o n  and ca l i b r a -  
t i o n  of t h e  t a b l e t ,  e Also, t h e  u s e r  i n t e r f a c e  can  be  
d e s i g n e d  to avoid  e x t e n d e d  p e r i o d s  of h igh  p r e s -  
su re .  

P e r h a p s  t he  m o s t  diff icul t  p r o b l e m  is p r o v i d i n g  
good f e e d b a c k  to t he  u s e r  w h e n  us ing  t o u c h  t a b l e t s .  
For  e x a m p l e ,  if a s e t  of p u s h - o n / p u s h - o f f  b u t t o n s  
a r e  be ing  s i m u l a t e d ,  the  t r a d i t i o n a l  f o r m s  of feed-  
b a c k  ( i l l u m i n a t e d  b u t t o n s  or  d i f f e r e n t  b u t t o n  
h e i g h t s )  c a n n o t  be used.  Also, b u t t o n s  and o t h e r  
c o n t r o l s  i m p l e m e n t e d  on t o u c h  t a b l e t s  l ack  the  
k i n e s t h e t i c  fee l  a s s o c i a t e d  wi th  r e a l  s w i t c h e s  and 
knobs .  As a r e s u l t ,  u s e r s  m u s t  be m o r e  a t t e n t i v e  to  
v i sua l  and aud io  f e e d b a c k ,  and i n t e r f a c e  d e s i g n e r s  
m u s t  be f r e e r  in p r o v i d i n g  th i s  f eedback .  (As an 
e x a m p l e  of how th i s  m i g h t  be  e n c o u r a g e d ,  t h e  i n p u t  
"window m a n a g e r "  cou ld  a u t o m a t i c a l l y  p r o v i d e  
aud ib l e  c l i cks  as f e e d b a c k  for  b u t t o n  p r e s s e s ) .  

7. P o t e n t i a l  E n h a n c e m e n t s  t o  T o u c h  T a b l e t s  (and  
o t h e r  d e v i c e s )  

The f i r s t  p r o b l e m  t h a t  one n o t i c e s  w h e n  us ing  t o u c h  
t a b l e t s  is " j i t t e r "  w h e n  the  f inger  is r e m o v e d  f r o m  
t h e  t a b l e t .  That  is, t h e  l a s t  few l o c a t i o n s  r e p o r t e d  
by t h e  t a b l e t ,  b e f o r e  i t  s e n s e s  loss  of c o n t a c t ,  t e n d  
to  be v e r y  u n r e l i a b l e .  

This p r o b l e m  can  be  e l i m i n a t e d  by m o d i f y i n g  t h e  
f i r m w a r e  of t h e  t o u c h  t a b l e t  c o n t r o l l e r  so t h a t  i t  
k e e p s  a s h o r t  FIF0 queue  of t he  s a m p l e s  t h a t  have  
m o s t  r e c e n t l y  be s e n t  to t h e  hos t .  When the  u s e r  
r e l e a s e s  p r e s s u r e ,  t he  o l d e s t  s a m p l e  is r e -  
t r a n s m i t t e d ,  and the  queue  is e m p t i e d .  The l e n g t h  
of t he  queue  d e p e n d s  on t h e  p r o p e r t i e s  of t h e  t o u c h  
t a b l e t  (e.g., s e n s i t i v i t y ,  s a m p l i n g  ra t e ) .  We have  
found  t h a t  d e t e r m i n i n g  a s u i t a b l e  va lue  r e q u i r e s  

e As a bad example, one commercial "touch" tablet re- 
quires so much pressure for reliable sensing that the 
finger cannot be smoothly dragged across the surface. 
Instead, a wooden or plastic stylus must be used, thus 
loosing many of the advantages of touch sensing. 

only  a few m i n u t e s  of e x p e r i m e n t a t i o n .  

A r e l a t e d  p r o b l e m  wi th  m o s t  c u r r e n t  t a b l e t  con-  
t r o l l e r s  (not  j u s t  t o u c h  t a b l e t s )  is t h a t  t h e y  do no t  
i n f o r m  the  h o s t  c o m p u t e r  w h e n  t h e  u s e r  has  c e a s e d  
p r e s s i n g  on t h e  t a b l e t  (or m o v e d  the  p u c k  o u t  of 
range) .  This i n f o r m a t i o n  is e s s e n t i a l  t o  t h e  deve lop -  
m e n t  of c e r t a i n  t ypes  of i n t e r f a c e s .  (As a l r e a d y  
m e n t i o n e d ,  th i s  s ignal  is no t  ava i l ab le  f r o m  mice ) .  
C u r r e n t l y ,  one is r e d u c e d  to  d e d u c i n g  th i s  e v e n t  by 
t i m i n g  the  i n t e r v a l  b e t w e e n  s a m p l e s  s e n t  by t h e  
t ab l e t .  S ince  the  t a b l e t  c o n t r o l l e r  can  eas i ly  d e t e r -  
m i n e  w h e n  p r e s s u r e  is r e m o v e d  (and m u s t  if i t  is to  
apply  a d e - j i t t e r i n g  a l g o r i t h m  as above) ,  i t  shou ld  
s h a r e  th i s  i n f o r m a t i o n  w i t h  t he  hos t .  

Clear ly,  p r e s s u r e  s ens ing  is an a r e a  open  to  
d e v e l o p m e n t .  Two p r e s s u r e  s e n s i t i v e  t a b l e t s  have  
b e e n  d e v e l o p e d  a t  t h e  U n i v e r s i t y  of Toron to  [Sasaki ,  
e t  al. 1981; Lee, e t  al. 1985]. One has  b e e n  u s e d  to  
deve lop  s e v e r a l  e x p e r i m e n t a l  i n t e r f a c e s  and was  
found  to  be a v e r y  p o w e r f u l  tool.  They have  r e c e n t l y  
b e c o m e  ava i lab le  f r o m  E log raph i c s  and Big B r i a r  
(see  Appendix  A). P r e s s u r e  s ens ing  is no t  only  fo r  
t o u c h  t a b l e t s .  Mice, t a b l e t  p u c k s  and s ty l i  cou ld  all  
bene f i t  by  a u g m e n t i n g  s w i t c h e s  w i t h  s t r a i n  gauges ,  
or  o t h e r  p r e s s u r e  s ens ing  i n s t r u m e n t s .  GTCO, for  
e x a m p l e ,  m a n u f a c t u r e s  a s t y lu s  w i t h  a p r e s s u r e  
s ens ing  t ip  [GTCO 1982], and th is ,  l ike  our  p r e s s u r e  
s e n s i n g  t o u c h  t a b l e t s ,  has  p r o v e n  v e r y  useful .  

8.  C o n c l u s i o n s  

We have  shown t h a t  t h e r e  a r e  e n v i r o n m e n t s  for  
wh ich  s o m e  dev i ce s  a re  b e t t e r  a d a p t e d  t h a n  o t h e r s .  
In p a r t i c u l a r ,  t o u c h  t a b l e t s  have  a d v a n t a g e s  in 
m a n y  hos t i l e  e n v i r o n m e n t s .  For  th i s  r e a son ,  we 
s u g g e s t  t h a t  t h e r e  a re  e n v i r o n m e n t s  and app l i ca -  
t i ons  w h e r e  t o u c h  t a b l e t s  m a y  be  t h e  m o s t  
a p p r o p r i a t e  i n p u t  t echno logy .  

This be ing  t h e  case ,  we have  e n u m e r a t e d  t h r e e  
m a j o r  d i s t i n c t i o n s  b e t w e e n  t o u c h  t a b l e t s  and one 
b u t t o n  m i c e  ( a l t hough  s i m i l a r  d i s t i n c t i o n s  e x i s t  for  
m u l t i - b u t t o n  m i c e  and c o n v e n t i o n a l  t a b l e t s ) .  These  
a s s i s t  in i d e n t i f y i n g  e n v i r o n m e n t s  and a p p l i c a t i o n s  
w h e r e  t o u c h  t a b l e t s  would  be  m o s t  a p p r o p r i a t e .  
These  d i s t i n c t i o n s  c o n c e r n :  

• l i m i t a t i o n  in t h e  ab i l i t y  to  s igna l  e v e n t s ,  

• s u i t a b i l i t y  for  m u l t i p l e  po in t  sens ing ,  and 

• t h e  a p p l i c a b i l i t y  of t a c t i l e  t e m p l a t e s .  

These  d i s t i n c t i o n s  have  b e e n  r e i n f o r c e d ,  and  s o m e  
s u g g e s t i o n s  on how t o u c h  t a b l e t s  m a y  be u s e d  h a v e  
b e e n  given,  by d i s c u s s i n g  a s i m p l e  u s e r  i n t e r f a c e .  
F r o m  th i s  e x a m p l e ,  and t h e  d i s c u s s i o n  of t h e  dis-  
t i n c t i o n s ,  we have  i den t i f i ed  s o m e  e n h a n c e m e n t s  
t h a t  can  be  m a d e  to  t o u c h  t a b l e t s  and o t h e r  i n p u t  
dev ices .  The m o s t  i m p o r t a n t  of t h e s e  a r e  p r e s s u r e  
s ens ing  and the  ab i l i ty  to  s e n s e  m u l t i p l e  po in t s  of 
c o n t a c t .  

We hope  t h a t  t h i s  p a p e r  m o t i v a t e s  i n t e r f a c e  
d e s i g n e r s  to  c o n s i d e r  t h e  u se  of t o u c h  t a b l e t s  and  
shows s o m e  ways to  use  t h e m  ef fec t ive ly .  Also, we 
hope  i t  e n c o u r a g e s  d e s i g n e r s  and m a n u f a c t u r e r s  of 
i n p u t  dev i ce s  to  deve lop  and m a r k e t  i n p u t  dev i ce s  
wi th  t he  e n h a n c e m e n t s  t h a t  we have  d i s c u s s e d .  
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The c h a l l e n g e  f o r  t h e  f u t u r e  is t o  d e v e l o p  t o u c h  
t a b l e t s  t h a t  s e n s e  c o n t i n u o u s  p r e s s u r e  a t  m u l t i p l e  
p o i n t s  of c o n t a c t  a n d  i n c o r p o r a t e  t h e m  in  p r a c t i c a l  
i n t e r f a c e s .  We b e l i e v e  t h a t  we h a v e  s h o w n  t h a t  t h i s  
is w o r t h w h i l e  a n d  h a v e  s h o w n  s o m e  p r a c t i c a l  ways  
t o  u s e  t o u c h  t a b l e t s .  However ,  i n t e r f a c e  d e s i g n e r s  
m u s t  s t i l l  do a g r e a t  dea l  of w o r k  t o  d e t e r m i n e  
w h e r e  a m o u s e  is b e t t e r  t h a n  a t o u c h  t a b l e t  an d  
v i c e  v e r s a .  

F ina l ly ,  we h a v e  i l l u s t r a t e d ,  by  e x a m p l e ,  a n  
a p p r o a c h  t o  t h e  s t u d y  of i n p u t  d e v i c e s ,  s u m m a r i z e d  
by  t h e  c r e d o :  "Know t h e  i n t e r a c t i o n s  a d e v i c e  is 
i n t e n d e d  to  p a r t i c i p a t e  in, a n d  t h e  s t r e n g t h s  a n d  
w e a k n e s s e s  of t h e  d e v i c e . "  This a p p r o a c h  s t r e s s e s  
t h a t  t h e r e  is no s u c h  t h i n g  as  a "good  i n p u t  d e v i c e , "  
on ly  good i n t e r a c t i o n  t a s k / d e v i c e  c o m b i n a t i o n s .  

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

The s u p p o r t  of t h i s  r e s e a r c h  b y  t h e  N a t u r a l  Sci-  
e n c e s  a n d  E n g i n e e r i n g  R e s e a r c h  Counci l  of C a n a d a  
is g r a t e f u l l y  a c k n o w l e d g e d .  We a r e  i n d e b t e d  to  
Kev in  M u r t a g h  a n d  Ed B r o w n  for  t h e i r  w o r k  on  v i r -  
t u a l  i n p u t  d e v i c e s  a n d  w i n d o w i n g  on i n p u t .  Also, we 
a r e  i n d e b t e d  to  E l o g r a p h i c s  C o r p o r a t i o n  for  h a v i n g  
s u p p l i e d  us  w i t h  t h e - h a r d w a r e  on  w h i c h  s o m e  of t h e  
u n d e r l y i n g  s t u d i e s  a r e  b a s e d .  

We would  l ike  t o  t h a n k  t h e  r e f e r e e s  who p r o v i d e d  
m a n y  u s e f u l  c o m m e n t s  t h a t  h a v e  h e l p e d  us  w i t h  t h e  
p r e s e n t a t i o n .  
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t a b i e t  
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(515)-48Z-4100 
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(5o9)-92s-sooo 

K o a l a P a d  Techno log ies :  Approx.  5 by  7 i n c h  t o u c h  t a b l e t  
for  m i c r o - c o m p u t e r s  

Koala Techno log i e s  
3100 P a t r i c k  H e n r y  Drive 
S a n t a  Clara,  Ca l i fo rn ia  
95050 

Sp i ra l  S y s t e m s :  T r a z o r  Touch  Pane l ,  3 by  3 i n c h  t o u c h  
tablet 

Spiral System I n s t r u m e n t s ,  Inc.  
4853 CordelI Avenue, Suite A-10 
B e t h e s d a .  M a r y l a n d  
20814 

TASA: 4 by  4 i n c h  t o u c h  t a b l e t  ( r e l a t i v e  s e n s i n g  only) 

Touch  A c t i v a t e d  Swi t ch  A r r a y s  Inc. 
1270 L a w r e n c e  Sin.  Road. Su i te  G 
Sunnyvale. California 
94089 
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