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ABSTRACT 

In t h i s  s t u d y ,  we i n v e s t i g a t e d  t h e  rela- 
t i o n s h i p  b e t w e e n  t h e  d e v e l o p m e n t a l  a g e  o f  v e r y  
y o u n g  ab le-bodied  c h i l d r e n  a n d  their i n t e r -  
a c t i o n  w i t h  t h e  Hero 2000 robot. T h i s  s t u d y  
will b e  u s e d  t o  d e s i g n  a p r o t o c o l  f o r  d i s a b l e d  
c h i l d r e n  u s i n g  t h e  Hero 2000 robot. E x c e p t i o n -  
al c h i l d r e n  are a t  a much h i g h e r  risk o f  d e v e l -  
o p m e n t a l  d e l a y s  b e c a u s e  o f  t h e i r  i n a b i l i t y  t o  
c o n t r o l  t h e  world a r o u n d  them.  We a n t i c i p a t e  
t h a t  r o b o t i c s  c a n  b e  u s e d  t o  assist i n  t h e  
c o g n i t i v e  d e v e l o p m e n t  o f  m o t o r i c a l l y  d i s a b l e d  
c h i l d r e n  f r o m  o n e  t o  three y e a r s  of age. 

INTRODUCTION 
I n f a n t s  l e a r n  by  i n t e r a c t i n g  w i t h  t h e i r  

s u r r o u n d i n g s .  V e r y  y o u n g  m o t o r i c a l l y  d i s a b l e d  
c h i l d r e n  are a t  a d e v e l o p m e n t a l  d i s a d v a n t a g e  
b e c a u s e  o f  their i n a b i l i t y  t o  m a n i p u l a t e  t h e  
world a r o u n d  them. T h e s e  c h i l d r e n  are a t  t h e  
risk o f  ' l e a r n i n g '  t h a t  t h e y  are h e l p l e s s  a n d  
u n a b l e  do  f o r  t h e m s e l v e s  ( B r i n k e r  a n d  Lewis ,  
1982). T e c h n o l o g y  c a n  b e  u s e d  w i t h  e a r l y  in-  
t e r v e n t i o n  p r o g r a m s  t o  c i r c u m v e n t  t h e  p r o c e s s  
o f  " l e a r n e d  h e l p l e s s n e s s " .  I t  is known t h a t  
d i s a b l e d  c h i l d r e n  as y o u n g  as 3 m o n t h s  c a n  make 
u s e  of c o m p u t e r s  ( B r i n k e r  a n d  Lewis, 1982), a n d  
those o f  7-8 m o n t h s  d e v e l o p m e n t a l  a g e  will u s e  
a robotic arm (Cook e t  al., 1988). T h e s e  s t u d i e s  
i n d i c a t e  t h a t  a mobile, t a l k i n g  robot w i t h  a 
robotic arm may b e  o f  a s s i s t a n c e  i n  t h e  d e v e l -  
o p m e n t  o f  v e r y  y o u n g  d i s a b l e d  c h i l d r e n .  

P i a g e t  a n d  o t h e r  e x p e r t s  i n  c h i l d  d e v e l o p -  
men t  h a v e  o u t l i n e d  a s e q u e n c e  of c o g n i t i v e  
l e v e l s  f o r  i n f a n t s  a n d  v e r y  y o u n g  c h i l d r e n  
which are e x e m p l i f i e d  by t h e i r  i n t e r a c t i o n s  w i t h  
the e n v i r o n m e n t  ( B r a i n e r d ,  1978). In t h i s  s t u d y ,  
t h e  Hero 2000 robot was programmed  t o  c a r r y  
o u t  a series of a c t i o n s  which correlate t o  
c o g n i t i v e  d e v e l o p m e n t a l  l e v e l s  of v e r y  y o u n g  
c h i l d r e n .  

EXPERIMENTAL DESIGN 
T h e  s u b j e c t s  f o r  t h i s  e x p e r i m e n t  were o n e ,  

two a n d  t h r e e  y e a r  old ab le-bodied  c h i l d r e n  
r andomly  selected f r o m  t h e  CSUS c h i l d  care 
c e n t e r .  T h e  e x p e r i m e n t  u s e d  a s t a n d a r d  Hero 

2000 robot from H e a t h k i t  Z e n i t h  company.  T h e  
robot was a c t i v a t e d  t o  p e r f o r m  p re -p rogrammed  
tasks by  p r e s s i n g  a s i n g l e  tread s w i t c h  made b y  
Zygo I n d u s t r i e s .  T h e s e  s w i t c h e s  were selected 
b e c a u s e  o f  t h e i r  commercial a v a i l a b i l i t y ,  Safe- 
t y ,  a n d  common u s e  w i t h  t h e  d i s a b l e d  p o p u l a -  
t i o n .  T h e  tread s w i t c h  was c o n n e c t e d  t o  a Na- 
t i o n a l  I n s t r u m e n t s  A I D  board r e s i d e n t  i n  a n  
A T I T  6386 c o m p u t e r .  A p r o g r a m  w r i t t e n  i n  
N a t i o n a l  I n s t r u m e n t s  L a b  Windows Quick  Basic 
m o n i t o r e d  t h e  s t a t u s  o f  t h e  s w i t c h e s ,  t h e n  
s e n t  a message o u t  t o  t h e  Hero 2000 remote 
c o n s o l e  t h r o u g h  t h e  serial p o r t .  T h e  remote 
c o n s o l e ,  i n  t u r n ,  s e n t  a m e s s a g e  o u t  t o  t h e  
Hero robot t o  a c t i v a t e  t h e  p re -p rogrammed  ac- 
t i v i t y  s p e c i f i e d  b y  t h e  s w i t c h  p r e s s .  T h e  
s o f t w a r e  p r o g r a m  w r i t t e n  i n  L a b  Windows col- 
lected real time d a t a  d u r i n g  t h e  e x p e r i m e n t a l  
s e s s i o n  by  r e c o r d i n g  t h e  s w i t c h  p r e s s  w i t h  t h e  
time o f  t h e  s w i t c h  p r e s s  i n  a n  o u t p u t  f i l e .  T h e  
same f i l e  collected data r e g a r d i n g  t h e  r e a c t i o n  
of t h e  c h i l d  t o  t h e  robot. T h e  e x p e r i m e n t e r  
o b s e r v i n g  t h e  c h i l d  p r e s s e d  d i f f e r e n t  k e y s  o f  a 
k e y p a d  when t h e  c h i l d  l o o k e d  a t  t h e  s w i t c h ,  
looked a t  t h e  robot, smiled,  or cried. T h e s e  
k e y s  were m o n i t o r e d  b y  t h e  same L a b  Windows 
p r o g r a m  as t h e  s w i t c h e s  u s e d  t o  c o n t r o l  t h e  
robot a n d  k e y  p r e s s e s  were r e c o r d e d  w i t h  t h e  
time t h a t  t h e  data was collected. 

T h e  e x p e r i m e n t a l  p r o t o c o l  u s e d  a series of 
i n t e r a c t i o n s  b e t w e e n  t h e  robot a n d  c h i l d  which 
r e q u i r e d  a n  i n c r e a s e  i n  t h e  c o g n i t i v e  a b i l i t y  of 
t h e  chi ld .  T h r e e  q u e s t i o n s  were a s k e d  i n  t h e  
f i v e  s t e p  p r o t o c o l .  First, does t h e  c h i l d  u s e  
t h e  robot t o  do  s o m e t h i n g  i n t e r e s t i n g  f o r  him? 
S e c o n d ,  c a n  t h e  child u s e  s e q u e n c i n g  t o  c a r r y  
o u t  a t a s k ?  And t h i r d ,  will t h e  c h i l d  u s e  a 
series o f  s w i t c h  p r e s s e s  t o  a c h i e v e  t h e  means  
t o  a n  e n d ?  T h e s e  three l e v e l s  o f  a c t i v i t y  
c o r r e s p o n d  t o  P i a g e t i a n  d e v e l o p m e n t a l  l e v e l s  
o f  2-3, 4, a n d  5-6 r e s p e c t i v e l y  ( B r a i n e r d ,  
1978). T h e  f i v e  s t e p s  were as fo l lows :  1) t o  e n -  
s u r e  t h a t  t h e  c h i l d  u n d e r s t o o d  s w i t c h  u s e ,  t h e  
c h i l d  was s h o w n  a b a t t e r y  o p e r a t e d  t o y  ac- 
t i v a t e d  by  p r e s s i n g  a s i n g l e  s w i t c h ,  2) t h e  same 
t y p e  o f  s w i t c h  c a u s e d  t h e  robot t o  dump a t o y  
o u t  o f  a c u p  i n t o  r e a c h i n g  d i s t a n c e  of t h e  
ch i ld ,  3) there were two s w i t c h e s ,  o n e  c a u s e d  
t h e  robot t o  g e t  t h e  t o y ,  t h e  s e c o n d  dumped 
t h e  t o y  f r o m  t h e  c u p ,  4) a t h i r d  s w i t c h  was in-  
t r o d u c e d  which c a u s e d  t h e  robot t o  go across 
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t h e  room whi l e  t h e  s e c o n d  a n d  f i r s t  s w i t c h e s  
o b t a i n e d  t h e  t o y ,  a n d  b r o u g h t  i t  back  t o  t h e  
c h i l d  as b e f o r e ,  a n d  f i n a l l y ,  5) t h e  t h i r d  s w i t c h  
was p r e s s e d  a number  o f  times t o  g e t  t h e  r o b o t  
t o  go all t h e  way across t h e  room as e a c h  
s w i t c h  p r e s s  t o o k  t h e  r o b o t  p a r t  of t h e  way t o  
t h e  t o y .  T h e  last s t e p  r e s e m b l e d  a c o n t i n u o u s  
mode o f  i n t e r a c t i o n  w h e r e  t h e  c h i l d  u s e d  t h e  
r o b o t  as a tool t o  a c h i e v e  a n  end.  To cor- 
relate t h e  c h i l d ’ s  i n t e r a c t i o n  t o  t h e i r  d e v e l o p -  
m e n t a l  a g e ,  t h e  D e n v e r  D i a g n o s t i c  S c r e e n i n g  
T e s t  a n d  P a r e n t a l  D i a g n o s t i c  Q u e s t i o n n a i r e  
were a d m i n i s t e r e d  t o  t h e  c h i l d r e n .  T o  e n s u r e  
o b j e c t i v i t y  f o r  t h e  r o b o t  e x p e r i m e n t ,  t h e  re- 
s u l t s  o f  t h e  DDST a n d  PDQ were b l ind  t o  t h e  ex- 
p e r i m e n t e r s  u n t i l  a f t e r  t h e  r o b o t  e x p e r i m e n t  
was c o n c l u d e d .  A l t h o u g h  d a t a  f r o m  t h i s  s t u d y ,  
c o l l e c t e d  i n  May o f  1990, was u n a v a i l a b l e  f o r  
t h i s  p a p e r ,  e x p e r i m e n t a l  d a t a  f r o m  t h e  i n t e r a c -  
t i o n  of v e r y  y o u n g  c h i l d r e n  w i t h  a r o b o t i c  arm 
i n d i c a t e  t h a t  c h i l d r e n  will u s e  t h e  r o b o t  t o  d o  
s o m e t h i n g  i n t e r e s t i n g  for t h e m  a n d  will u s e  t h e  
r o b o t i c  arm as a tool (Cook et al., 1988). 

SUMMARY 
D e t e r m i n i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  

c o g n i t i v e  a g e  o f  v e r y  y o u n g  c h i l d r e n  a n d  t h e i r  
i n t e r a c t i o n  w i t h  a mobile ,  t a l k i n g  r o b o t  p r o -  
v i d e s  t h e  f r a m e w o r k  n e c e s s a r y  f o r  d e v e l o p i n g  
t h e  p r o t o c o l  which will p r o v i d e  d i s a b l e d  c h i l -  
d r e n  a n  o p p o r t u n i t y  t o  i n d e p e n d e n t l y  i n t e r a c t  
w i t h  t h e i r  e n v i r o n m e n t .  T h e  r o b o t i c  s y s t e m ,  
b e c a u s e  of its a d h e r e n c e  t o  t h e  laws of g r a v -  
i t y  a n d  t h r e e - d i m e n s i o n a l  s p a c e ,  g i v e s  t h e  d i s -  
a b l e d  c h i l d  a n  o p p o r t u n i t y  t o  c o n t r o l  t h e i r  
s u r r o u n d i n g s  while  l e a r n i n g  c o n c e p t s  which may 
assist i n  t h e i r  c o g n i t i v e  d e v e l o p m e n t .  
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