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1 S. S ~ ~ l - t a y  Notas 

Th is  research  was conducted f o r  t h e  U n i v e r s i t y  o f  M ich igan  
Rehabi 1 i t a t i o n  Eng ineer ing  Center  

i 

This i n t e r i m  r e p o r t  documents p re l im ina ry  i nves t i ga t i ons  on the m o d i f i a b i l i t y  o f  d r i v i n g -  
r e l a t e d  pe rcep tua l / cogn i t i ve  s k i l l s  i n  persons w i t h  b r a i n  damage. The f i r s t  p a r t  o f  the  r e p o r t  
c r i t i c a l l y  reviews past research on remediat ion o f  pe rcep tua l / cogn i t i ve  d e f i c i t s  i n  adu l ts  w i t h  
b r d i n  damage; the  second p a r t  describes the methods, f i nd ings ,  and imp l i ca t i ons  o f  a  p i l o t  
experiment on m o d i f i a b i l i t y  o f  d r i v i n g  performance o f  persons w i t h  b r a i n  damage v i a  r e t r a i n i n g  
o f  t h e i r  perceptua l lcogn i  t i v e  s k i  11s. 

The l i t e r a t u r e  review showed t h a t  the  systemat ic study o f  r e h a b i l i t a t i o n  o f  perceptual  and 
c o g n i t i v e  d e f i c i t s  i n  adu l t s  w i t h  b r a i n  darnage i s  i n  i t s  i n fancy .  Frequent ly,  a r t i c l e s  o f f e r  
suggestions f o r  therapy w i thou t  adopt ing an exper imental  approach t o  assess i t s  e f fec t iveness,  
o r  present on ly  case s tud ies  as opposed t o  we1 1 -con t ro l  l e d  experiments. Reassur ingly,  however, 
the few w e l l - c o n t r o l l e d  experiments suggest t h a t  pe rcep tua l / cogn i t i ve  d e f i c i t s  o f  persons w i t h  
b r d i n  damage might be amenable t o  improvement v i a  t r a i n i n g .  

The r e s u l t s  of the  p i  l o t  experiment i n d i c a t e  t h a t  1  aboratory t r a i n i n g  sessions designed t o  
improve under ly ing  pe rcep tua l / coyn i t i ve  s k i  11s had a  subs tan t i a l  e f f e c t  on subsequent d r i v i n g  
performance. The magnitude o f  the  dr iv ing-perfotmance improvement was comparable t o  t h a t  
obtained by l abo ra to ry  t r a i n i n g  sessions designed t o  d i r e c t l y  f o s t e r  improvements i n  d r i v i n g  
performance. These f i nd ings  are  discussed and the necessary fo l low-up research i s  out1 ined. 

I f  the present p re l im ina ry  f ind ings are corif irmed by a  l a r g e r  study, and the re levan t  
issues (e.g., the  opt imal t r a i n i n g  content,  t r a i n i n g  l eng th ,  d u r a b i l i t y  o f  the e f f e c t s ,  and 
t r a n s f e r  of the e f f ec t s )  are resolved, the present approach cou ld  prove t o  be a  valuable thera- 
peu t i c   neth hod i n  re tu r t l i ng  persons w i t h  b r a i r ~  darnaye t o  the mainstrea~n o f  soc ie t y .  
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INTRODUCTION 

Brain damage often i m p a i r s  psycho log ica l  f u n c t i o n s  t h a t  a r e  

c r i t ica l  in a range of daily act ivi t ies .  For example, there i s  evidence 

t h a t  brain damage affects perceptual/cognitive sk i l l s ,  a n d  t h a t  t h e s e  

sk i l l s ,  in turn, affect driving performance (Sivak e t  al . ,  1980). 

Being able t o  provide personal t r a n s p o r t a t i o n  f o r  o n e s e l f  i n  

today's society i s  often a necessity and not a privilege. Furthermore, 

the ab i l i ty  t o  drive allows freedom of action, f l e x i b i l i t y ,  a n d  s e l f -  

re1 iance. I n  contrast, what frequently follows af te r  brain damage i s a 
reliance on 1 imi t e d  and r i g i d  p u b l i c  t r a n s p o r t a t i o n  systems o r  

dependence on others for  i ndi vidual transportation. I t  follows from the 

foregoing that rehabili tation t e c h n i q u e s  c a p a b l e  of improving t h e  

affected dri vi ng-re1 ated capabili t ies of persons with brain damage would 

contribute t o  t he i r  physical and psychological well-being. 

The f i r s t  part of th i s  interim r e p o r t  c r i t i c a l l y  rev iews  p a s t  

research on remediation of perceptual/cogniti ve def ic i t s  in adults with 

brain damage; the second part describes t h e  methods, f i n d i n g s ,  a n d  

implications of a p i l o t  exper iment  on  m o d i f i a b i l i t y  of d r i  ving 

performance of persons with b r a i n  damage v ia  r e t r a i n i n g  of t h e i r  

perceptual/cogniti ve ski1 1s. 



REMEDIATION OF PERCEPTUAL/COGNITIVE DEFICITS I N  ADULTS 
WITH BRAIN DAMAGE: A CRITICAL REVIEW OF RESEAFCH 

Background 

As noted r e c e n t l y  by severa l  r e s e a r c h e r s  (e. g., D i l  l e r ,  1 9 6 8 ;  

D i l l e r  and W e i n b e r g ,  1 9 7 7 ;  G o l d e n ,  1 9 7 6 ) ,  d e s p i t e  a  v o l u m i n o u s  

l i t e r a t u r e  on t h e  d e f i c i t s  i n  pe rcep t i on  and c o g n i t i o n  w h i c h  f o l l o w  

b r a i n  damage i n  a d u l t s ,  l i t t l e  w o r k  h a s  b e e n  a d d r e s s e d  t o  t h e  

p o s s i b i l i t i e s  o f  sys temat i c  r e m e d i a l  t r a i n i n g  f o r  t h e s e  d e f i c i t s .  

Perhaps t h i s  s i t u a t i o n  r e f l e c t s  a  be1  i e f  t h a t  t o  t h e  e x t e n t  t h a t  

recovery  i s  poss ib le ,  a  p a t i e n t ' s  normal envi  ronment should  be adequa te  

t o  induce it, w i t h o u t  t h e  need f o r  s p e c i a l  t r a i n i n g .  However ,  t h i s  

seems an u n j u s t i f i a b l e  stance t o  take, g iven  t h e  number o f  persons whose 

l i v e s  m igh t  be p o s i t i v e l y  a f f e c t e d  i f  i n  f a c t  t h e i r  p r o b l e m s  c o u l d  b e  

a l l e v i a t e d  by some form of i n t e r ven t i on .  

Th i s  s e c t i o n  presents  a  b r i e f  overview o f  t h e  l i t e r a t u r e  on  t h e  

t o p i c  o f  remed ia t ion  of pe r cep tua l / cogn i t i ve  d e f i c i t s  i n  b r a i  n -damaged 

adul ts .  Several  a l l i e d  areas t h a t  may have re levance t o  t h e  t o p i c  h a v e  

no t  been i n c l  uded. These compri se: 

1. Animal research. The most r e l e v a n t  s t ud ies  would be t h o s e  on  

t h e  e f f e c t s  o f  p o s t - l e s i o n  enyironment on p r o b l e m - s o l v i n g  a b i l i t i e s  

(e.g.,. W i l l ,  Su t te r ,  and O f f e r l i n ,  1977), a n d  t h o s e  w h i c h  seek  t h e  

neurophys io log ica l  mechanisms i n v o l v e d  i n  recovery  f rom b r a i n  1  e s  i ons. 

Because o f  t h e  d i f f i c u l t i e s  o f  e x t r a p o l a t i n g  f rom animals t o  humans i n  

t h e  domains o f  i n t e r e s t ,  t h i s  research was no t  included. 

2. Remedial i n t e r v e n t i o n  i n  n e u r o l o g i c a l  l y  i m p a i  r e d  c h i  1  d r e n .  

Wh i le  t h i s  research has an apparent s i m i l a r i t y  t o  t h e  c u r r e n t  t o p i c ,  i t  

i s  no t  c l e a r  t h a t  t h e  l e a r n i n g  processes a re  s u f f i c i e n t l y  s i  m i  1 a r  f o r  

t h e  two cases, s i n c e  ( a )  t h e r e  i s  evidence t h a t  c h i l d r e n  may h a v e  m o r e  

p o t e n t i a l  f o r  p l a s t i c  r eo rgan i za t i on  o f  t h e  b r a i n  t h a n  a d u l t s  (e.  g. , 
Walsh, 1978 ), and (b )  t h e  impairments have preceded i n i t i a l  l e a r n i n g  i n  

t h e  c h i  1  dren, whereas t h e  a d u l t s  have accumulated many years  o f  "normal " 
w o r l d  e x p e r i e n c e  a n d  e d u c a t i o n ,  a n d  s t i l l  r e t a i n  much o f  t h i s  

in fo rmat ion .  



3. The work of A. R. Lu r ia .  An e a r l y  advocate o f  r e t r a i  n i  n g  o f  

persons w i t h  b r a i n  damage, L u r i a  r e p o r t s  p o s i t i v e  r e s u l t s  i n  overcomi n g  

perceptua l  and c o g n i t i v e  d e f i c i t s  (e.g., L u r i a ,  1 9 6 3 ) .  Howeve r ,  h e  

re1  i es on case h i s t o r i e s ,  r a t h e r  than  exper imenta l  work. 

4. Therapy f o r  memory d e f i c i t s .  S e v e r a l  r e c e n t  s t u d i e s  h a v e  

repo r t ed  success i n  t h e  r e t r a i n i n g  o f  memory i n b r a i  n-damaged p a t i e n t s .  

Techniques have i n c l u d e d  con t ingen t  re in fo rcement  (Do1  a n  and  N o r t o n ,  

1977), v i sua l  imagery ( G a s p a r r i n i  a n d  S a t z ,  1 9 7 9 ) ,  a n d  mnemon i c  

e l a b o r a t i o n  (Gianutsos and Gianutsos, 1979). 

5. Aphas ia  t h e r a p y .  A p h a s i a  i s  p e r h a p s  t h e  m o s t  s t u d i e d  

consequence o f  b r a i n  damage, and t h e r a p e u t i c  a t tempts  t o  t r e a t  a p h a s  i a 

go back a t  l e a s t  t o  t h e  t u r n  of t h e  cen tu r y  (e. g., M i l l s ,  1904). Though 

aphasia f a l l s  o u t s i d e  t h e  range o f  d e f i c i t s  under cons i  d e r a t i  on  h e r e ,  

s t r ong  evidence o f  t h e  e f f i cacy  of aphasia the rapy  would be encourag i  ng  

t o  t h e  view t h a t  p e r c e p t u a l l c o g n i t i  ve d e f i c i t s  might  a l s o  be s u s c e p t i b l e  

t o  remedi a t  i on ;  however, t h e r e  i s  a  shor tage o f  we1 1 - c o n t r o l  1  ed research 

i n  t h i s  area. 

Met hod01 o g i c a l  Cons iderat  i ons  

I n  a  c r i t i c a l  rev iew of t h e  l i t e r a t u r e  on aphasia t he rapy ,  D a r l e y  

(1972) cons iders  t h e  requirements o f  research t o  e s t a b l i s h  t h e r a p e u  t i c 

e f f i cacy .  These  r e q u i r e m e n t s  a p p l y  e q u a l l y  w e l l  t o  s t u d i e s  o f  

p e r c e p t u a l l c o g n i t i  ve r e t r a i n i n g :  

1. The need f o r  accura te  d e s c r i p t i o n  o f  t h e  k i n d s  o f  p a t i e n t s  

t reated.  Dar ley  was r e f e r r i n g  here  t o  t h e  coex is tence o f  a  number  o f  

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

amb igu i t y  o f  nomenclature. W i t h  r e s p e c t  t o  p e r c e p t u a l / c o g n i t i  ve 

pathology, t h e  s i t u a t i o n  i s  even l e s s  c lea r .  The known s e t  o f  poss i b 1 e  

d e f i c i t s  i s  extensive,  and c l u s t e r i n g  among t h e s e  d e f i c i t s  i s  n o t  

s u f f i c i e n t  t o  a l l o w  a parsimonious c l a s s i f i  c a t i o n  o f  p a t i e n t  t y p e s .  

Thus, s p e c i f y i n g  t h e  " k i nds  o f  p a t i e n t s  t r e a t e d "  w i  11  i n  t h e  p r e s e n t  

con tex t  mean p r o v i d i n g  neuropsychologi  c a l  measures f r o m  a va  r i  e t y  o f  

t e s t s  t app ing  a broad spectrum o f  a b i l i t i e s .  



2. The need f o r  emp i r i ca l  da ta  on t h e  t i m e  course o f  s p o n t a n e o u s  

recovery, and on t h e  t i m e  p e r i o d  du r i ng  w h i c h  t r e a t m e n t  p r o v e s  m o s t  

b e n e f i c i a l .  Dar ley  does no t  ment ion t h e  p o s s i b l e  importance o f  e t i o l o g y  

as a  f a c t o r  here, bu t  i t  seems l i k e l y  t h a t  d i f f e r i n g  e t i o l o g i e s  w o u l d  

r e s u l t  i n  d i f f e r e n t  recovery  pa t te rns .  F u r t h e r m o r e ,  we m i  g h t  we1 1  

expect t h e  t ime  course f o r  s p o n t a n e o u s  r e c o v e r y  t o  v a r y  w i t h  t h e  

p a r t i c u l a r  p a t t e r n  o f  pe rcep tua l / cogn i  t i  ve d e f  i c i  t s  e x h i  b i  t e d  b y  a  

pa t i en t .  F i n a l l y ,  t h e r e  i s  t h e  i s sue  o f  whether t rea tment  i s  e f f e c t  i ve 

on ly  a t  a  c e r t a i n  s tage  i n  recovery. 

3. The need f o r  accurate  and o b j e c t i v e  measurement  o f  b e h a v i o r  

change. Research must be "more than an i n t e r e s t e d  c l i n i c i a n ' s  a r t i  s t  i c  

and i n t u i t i v e  r e p o r t i n g  o f  change observed i n  h i s  p a t i e n t s .  R e l i a b l e  

q u a n t i t a t i v e  da ta  must be gathered w i t h  r i g o r o u s  o b j e c t i v i t y "  ( D a r l  ey ,  

1972, p. 11). 

4. The need f o r  " s p e c i f i c a t i o n  o f  t h e  nature, i n t e n s i t y ,  d u r a t  i on 

and q u a l i t y  o f  t h e  the rapy"  (Darley, 1972, p. 14). 

5. The need f o r  assessing and c o n t r o l l i n g  f o r  t h e  e f f e c t s  o f  

var ious p a t i e n t  parameters. These parameters  i nc 1  u  de age  a t  o n s e t ,  

educat iona l  l e v e l ,  i n t e l l i g e n c e ,  c u r r e n t  h e a l t h  s ta tus,  soc ia  1  m i  1  i eu, 

e t i o l o g y  o f  t h e  d isorder ,  s i t e  and ex ten t  o f  t h e  les ion ,  and p e r s o n a l i t y  

c h a r a c t e r i  s t i  cs. 

To t h e  cons idera t ions  d e a l t  w i t h  by Dar ley  we migh t  add: 

6. The necess i t y  o f  c o n t r o l l i n g  f o r  t h e  " H a w t h o r n e  E f f e c t "  

( e x e r t i n g  e x t r a  e f f o r t  because o f  t h e  f e e l i n g  o f  b e i n g  i n v o l v e d  i n  

something new and/or spec ia l ) .  I f  measured improvement i s  m e r e l y  t h e  

r e s u l t  o f  m o t i v a t i o n a l  f a c t o r s ,  t h e r e  i s  no  need  f o r  e l a b o r a t e ,  

c a r e f u l l y  designed therapy. To adequately c o n t r o l  f o r  t h i  s  f a c t o r  i s  

d i f f i c u l t .  The approach o f  us ing  a  c o n t r o l  group engaged i n  s t a n d a r d  

occupat iona l  therapy i s  perhaps t h e  bes t  so f a r  employed, bu t  e v e n  so, 

exper imental  sub jec t s  might  be aware o f  be ing i n  a  s e l e c t  group and may 

e n t e r t a i n  h i g h e r  expec ta t ions  o f  themsel ves. 

The above-mentioned requirements a re  d i f f i c u l t  t o  meet. As D a r l e y  

commented, "obv ious ly ,  i t  w i l l  be d i f f i c u l t  t o  des ign adequate s t u d i e s  

o f  t h e  e f f i c a c y  o f  therapy. ... Perhaps t h e r e  w i l l  never be one compl e t e ,  



defini te  study .... A t  least  professionals can be h igh ly  aware of t h e  

complexity of the issue and sensitive t o  some of the components of t h a t  
complexity" (p. 19). 

Overview of Re1 evant Studies 

I n  the ear l ies t  (and most pessimistic) study t o  be reviewed he re ,  

Carroll (1958) examined t e s t  performance of a group of left-hemiplegic, 
post-CVA (cerebrovascular accident) patients. They were r e p o r t e d  t o  

have a "set of problems concerned with a d e f i c i t  i n  judgment about  
visuomotor, temporal and spatial  concepts which do not respond t o  any 

known therapy because these patients appear unabl e t o  genera1 i ze  i n 
relearning" (p. 14). However, the exact form of therapy attempted was 
not described, so i t  i s  not c lear  what to  infer  about t h e  " s i n g u l a r l y  
di scouragi ng" (p. 14) results. 

In an attempt t o  ascribe to  somesthetic imbalance t h e  d e f e c t i v e  

visual verticali ty judgments made by 1 e f t  hemi pl e g i c s ,  Birch e t  

a1. (1962) compared performance when a ten pound weight was attached t o  
the subject 's  right o r  l e f t  shoulder. They found tha t  "when somesthetic 

imbalance i s  aggravated, there i s  a worsening of judgment, whereas an 
increased input to  t h e  a f f e c t e d  s i d e  causes  some s l i g h t  [though 
s t a t i s t i c a l l y  no t  significant] degree of improvement i n capac i  t y  t o  
judge the visual upright correctly" (p .  556). 

A study with similarly narrow scope was a (reportedly) s u c c e s s f u l  
attempt by Goldman (1966) t o  improve hemiplegics' performance on the DSS 

(double simultaneous stimulation) t e s t .  The t r a i  ni n g  cons i  s t e d  of 
presenting the stimuli in order of increasing diff icul ty ,  and giving the 

patient immediate feedback about mistakes, with patients repea t ing  any 
i ncorrect t r i  a1 s (extinct ions) w i t h  eyes open. Whi 1 e the imp ro  veme n t s 
reported ( a f t e r  two weeks' training) were c o n s i d e r a b l e ,  t h e  a u t h o r  
reports that these patients were typically depressed a t  the outset, and 
"seemed t o  look forward t o  the short teaching sessions and subsequently 

became more attentive to  the task and eager t o  please" (p. 685). Si nce 
there was no adequate control group, i t  i s  not  possible t o  rule o u t  t h e  
possibility that increased cooperation and motivation of the part of the 
subjects accounted for  the i r  improved performance,  r a t h e r  t h a n  a n y  

sensory learni ng. 



Several  a r t i c l e s  o f f e r e d  s u g g e s t i o n s  f o r  t h e r a p y  f o r  v a r i o u s  

p a t i e n t  groups, w i t hou t  adopt ing an exper imental  approach t o  assess i t s 

ef fect iveness.  F o r s t e r  and Shie lds (1959) discussed presumed p a r i  e t a  1 

l obe  f u n c t i o n s  and emphasized " t h e  need f o r  c a r e f u l  sensory e va 1 u a t  i on 

and s p e c i f i c  therapy aimed a t  r e t r a i n i n g  t h e  p a t i e n t  i n  t h e  s e n s o r y  

aspects' '  (p. 56). T h e y  recommended p r a c t i c e  on  s p e c i f i c  manua l  

man ipu la t i on  tasks  w i t h  v i sua l  f e e d b a c k  a t  t h e  o u t s e t ,  t o  i m p r o v e  

p o s i t i o n  sense, weight d i  s c r im i  nat ion,  and stereognos is. They rep0 r t  e d  

"encouraging" (p. 60) p r e l i m i n a r y  r e s u l t s  ( b u t  no d a t a )  w i t h  a s m a l l  

number o f  pa t ien ts ,  and presented a case h i s t o r y .  

Adams (1966) discussed a v a r i e t y  o f  s e n s o r y  d e f i c i t s  s e e n  i n  

hemiplegia, and suggested how phys io therapy should be m o d i f i e d  t o  s u i t  

these  cases. He emphasized t h e  need t o  make t h e  p a t i e n t  a w a r e  o f  h i s  

problems, drawing a t t e n t i o n  t o  t h e  " b a d  s i d e "  t h r o u g h  t h e  u s e  o f  

exerc ises  be fo re  a l a r g e  m i r r o r ,  c u t a n e o u s  s t i m u l a t i o n ,  a n d  v i s u a l  

feedback o f  passive movement. The aim o f  t h e r a p y  h e r e  was i m p r o v e d  

motor  performance, r a t h e r  t h a n  improved perceptua l  s k i  11s p e r  se. 

A t h i r d  a r t i c l e  propos ing therapy  i n  a nonexperimental ve in  i s  t h a t  

by P i g o t t  and B r i c k e t t  (1966), d e a l i n g  w i t h  t h e  s y n d r o m e  o f  v i  s u a l  

neglect .  S p e c i f i c  a c t i v i t i e s  recommended inc lude :  p r a c t i c e  i n  s h i f t i n g  

t h e  eyes toward t h e  hemianopic s ide;  t h e  use o f  v i sua l  guides (marker o r  

f i n g e r )  w h i l e  scanning o r  reading; s c a n n i n g  e x e r c i s e s  i n  w h i c h  t h e  

p a t i e n t  c a l l s  ou t  l e t t e r s  o r  ob jec t  names i n  a r i g h t - t o - l e f t  d i r e c t  i on;  

o r a l  reading; and i n c i d e n t a l  v i s u a l  a c t i v i t i e s  (games, w r i t i n g ,  

drawing). Again, no da ta  on t h e  e f f ec t i veness  o f  these  techniques w e r e  

presented. 

An exper imental  s tudy by T a y l o r  e t  al. (1971) examined t h e  e f f e c t  

o f  perceptua l  t r a i n i n g  on ADL ( a c t i v i t i e s  of d a i l y  l i v i n g )  r a t i  ngs  and  

PCMF (perceptual-concept-motor f u n c t i  o n )  t e s t  b a t t e r y  s c o r e s .  A1 1 

sub jec ts  had a h i s t o r y  of r ecen t  (14-180 d a y s  p r i o r )  C V A ,  and  w e r e  

randomly assigned t o  e i t h e r  t h e  exper imental  (N=25) o r  c o n t  r o 1  ( N = 2 1 )  

group. Each exper imental  sub jec t  r e c e  i ved  20  d a y s  o f  i n d i  v i  d u a l  1 y 

p rescr ibed  t r a i n i n g  d i r e c t e d  t o  h i s / h e r  p e r c e p t u a l l c o g n i t i  ve d e f  i c i  t s, 

as revealed by p r e t r a i  n i  ng PCMF scores. T r a i  n i  ng procedures inc luded:  



1. Gait training, emphasizing verticali ty and  position sense. 

2. Map following (within the treatment area). 

3. Visual tracking of a moving light. 

4. Tactile object recognition. 

5. Assembly tasks. 

Each control subject recei ved physici an-prescri bed treatment directed t o  
hislher motor deficit.  Results showed equal improvement fo r  both groups 
on 14 o u t  of 14 ADL ratings and on 11 o u t  of 24 PCMF measures ; o n  none 
of the ratings or measures d i d  the experimental g roup  improve more t h a n  

the control group. An interesting observation was t h a t  " a 7  1 of t h e  
improved PCMF variables had some relation t o  vision or visual concept .  
This would suggest that,  of the various deficits tested, visual problems 
were most susceptible t o  t r a i n i n g  and r e l e a r n i n g  o r  spontaneous 
recovery. Non-vi sual functions such as manual perception, ki nesthes i s ,  
and proprioception showed no change" (p.  163). 

Related t o  t h i s  observation a b o u t  susceptibil i ty of visual problems 
t o  improvement are several recent studies which have r epor t ed  s u c c e s s  
with various eye-movement training procedures. I n  a c a s e  h i  s t o r y  by 

Block (1978), biofeedback from EOG (electroocul ogram) monitors was used 
in training designed t o  improve reading in a cerebral -palsied adolescent 

boy. In the f i r s t  phase of treatment, the goal was to  improve f i x a t i o n  
by turning the head while eyes remained fixed. Reading rate i n c r e a s e d  
from 5 t o  1 7  pageslhour during two months o f  t h i s t ra  i n i ng.  In t h e  
second phase (1-1/2 years l a t e r ) ,  the goal was t o  track with t h e  eyes ,  
while the head remained s t i l l .  After eleven months of t h i s  t r a i n i n g ,  
the reading ra te  was 40 pages/hour, and the EOG tracings had acquired a 
highly regular pattern. The treatment program also included anc i  1 l a ry  
instruction in reading, b u t  t h i s  type of i n s t r u c t i o n  a 1  one h a d  been 

i n s u f f i c i e n t  t o  i n s t i l l  adequa te  r ead ing  p r i o r  t o  t h e  use of 
bi of eed ba ck. 

A dissertation study by Dunning (1977) used the "Gaeke-Smith Visual 
Tracking Program" t o  improve reading in aphasic  a d u l t s  ( s i x  o r  more 
months post-CVA, r e s t r i c t e d  t o  l e f t  hemisphere damage). The 
dissertation abstract reported "significant temporary gains in the r a t e  



of l e t t e r  discrimination and s i l en t  reading rate.. . associated with more 

stable reductions in error frequency" (p.  2625), and noted t h a t  " t h i s  

contrasts with the commonly held view t h a t  s i g n i f i c a n t  performance 
[improvements] in adult aphasics cannot be expected a f t e r  a six-month 
recovery period" (p .  2625). 

Zihl (1980) has examined the effect of practice on the "blindsight" 

phenomenon (i.e., ab i l i ty  t o  detect and localize visual targets loca ted  
within a portion of cort ical ly  blind visual f ie ld,  and b e l i e v e d  t o  be 
medi ated by the extrastr ia te  ret i  notectal pathway). Three patients with 
large scotomas resulting from CVAs were tested fo r  accuracy of saccadi c 
eye movements to  a small visual ta rge t  p r e s e n t e d  b r i e f l y  a long t h e  
horizontal meridian in the blind hemif i e l d .  Accuracy was found t o  

increase a f t e r  ten practice sessions, despite the absence of any d i r e c t  
feedback. In speculating as to  the mechanism of the fac i l i ta t ion ,  Zih l  
stated, "systematic practice migh t  f a c i l i t a t e  the use of the capacity t o  

detect and l o c a l i z e  t a r g e t s  i n  our  p a t i e n t s  wi thou t  consc ious  
perception. If the pat ient ' s  attention i s  focussed on th i s  capacity his 
eye movements are directed towards the stimul i presented in the 'bl i nd'  

hemifield" (p.  76). I t  remains t o  be seen whether greater improvernent 
would result from giving the subject direct feedback, and whether or not  

t h i s  capacity i s  of functional value to  the patients. 

A common element in the preceding t h r e e  s t u d i e s  (Block ,  1978;  

Dunning, 1977; Zi hl, 1980) i s  the suggestion that  visual motor beha vi o r  
i s  amenable t o  training in patients wi th  v a r i e d  h i s t o r i e s  of b r a i n  
damage. This element i s  again present in the extensive work of D i l l e r  
and Weinberg and t h e i r  colleagues a t  the Ins t i tu t e  of R e h a b i l i t a t i o n  
Medicine, New York University Medical Center. On the hypothesis t h a t  a 
number of perceptua l  d e f i c i t s  seen  i n  hemiplegia  a r e  due t o  an 
underlying problem in visual scanning, a series of studies were c a r r i e d  
o u t  t o  see i f  scanning could be improved by systematic training, and i f 

so, whether the improvement would carry over t o  related tasks. 

The basic task used by Diller e t  al. t o  measure visual scanning i s 
a cancellation task in which the subject i s  presented with an a r r a y  of 

d ig i t s  or l e t t e r s  and must make a mark through a1 1 i n s t a n c e s  of a 
specified target  d ig i t  or l e t t e r  in the array. The measures of interest  



are number of errors and time to  complete the task. Good perfotmance i s  
thought to  reflect "well-regulated visual search of t h e  en vi ronment" 
(Dil ler  e t  al . ,  1974, p. 87). When tested on the visual c a n c e l l a t i o n  
task, l e f t  hemiplegics were found t o  make significantly more e r r o r s  of 
omission than normals o r  right hemiplegics. I t  was found that sub jec t s  
could be usefully c l a s s i f i ed  i n t o  subgroups r e f 1  e c t i  n g  degree  of 
impairment (mild t o  severe) based on t he i r  combined performance o n  a 
cancellation task and a visual confrontation task ( the l a t t e r  being a 
screening t e s t  for  visual neglect or f ie ld  defect). 

To evaluate the effectiveness of therapy fo r  post-CVA patients, a l l  

subjects were administered an extensive t e s t  battery before  and a f t e r  
the training period. Tests included b o t h  t h o s e  t h o u g h t  t o  invol  ve 
scanning (such as reading, picture i d e n t i f i c a t i o n ,  a n d  WAIS P i c t u r e  
Completion) and those considered non-scanni ng t e s t s  (e. g. , WAI S D i gi t 
Span Forward, Purdue Pegboard). The therapy consisted of daily sessions 
for  subjects in the exper imenta l  group ( i  n a d d i t i o n  t o  s t a n d a r d  
occupational therapy received by experimental and c o n t r o l  s u b j e c t s  
alike),  with training o n  the following tasks: 

1. Digit cancel l a t i  on. 

2. Visual tracking of a moving target. 

3. Visual search (responding when target l ights were detected). 

O n  a l l  three tasks, diff icul ty  was progressively increased by varyi  n g  

stimulus parameters, in accordance with each pat ient ' s  improvement. 

In a preliminary study using th i s  design (Diller e t  al., 1974), 1 5  

experimental subjects received ten 40-minute training s e s s i o n s .  They 
exhibited significantly greater pre/post gains than 16 control subjects, 
b o t h  on cancellation tasks and on o ther  t e s t s  judged t o  t a p  v i sua l  
scanning. 

A l a te r ,  expanded study (Weinberg e t  al., 1977) used more sub jec t s  

(25 in the experimental group and 32 in the control group) and extended 
the training b o t h  in i t s  duration (20  one-hour sessions over a one-month 
period) and in content (by including reading exercises). Again, greater 
overall gains on the t e s t  battery were made by the experimental group 
than by the control group, in b o t h  mild and severe subgroups,  t h o u g h  



" t h e  e f f e c t s  o f  t rea tment  a re  m o r e  s t r i k i n g  i n  t h e  c a s e  o f  s e v e r e  

p a t i e n t s "  (p. 482). 

Weinberg e t  al.  (1979), n o t i n g  t h a t  c e r t a i n  t e s t  measures h a d  n o t  

improved f o l l o w i n g  t rea tment  i n  t h e  p rev ious  study, h y p o t h e s i z e d  t h a t  

"d is tu rbances  i n  sensory awareness and s p a t i a l  o r g a n i z a t i o n  ( t h e  sk i 11  s  

tapped by t h e  t asks  which were no t  changed b y  t h e  i n i t i a l  t r e a t m e n t  

program) a r e  secondary t o  t h e  v i s u a l  neg lec t  of s p a c e "  ( p .  4 9 2 ) .  I n  

t h i s  study, two tasks  ( i n  a d d i t i o n  t o  t h e  t a s k s  i n  D i l l e r  e t  al., 1 9 7 7 )  

were t h e r e f o r e  i nc l uded  i n  t h e  t r a i n i n g  phase t o  t r e a t  t h i  s  s e c o n d a r y  

d e f i c i t :  ( 1 )  " S e n s o r y  a w a r e n e s s  t r a i  n i  ng. " S u b j e c t s  p r a c t i c e d  

e s t i m a t i n g  t h e  l o c a t i o n  o f  t h e  s p o t  o n  t h e i r  b a c k s  t o u c h e d  b y  t h e  

exper imenter,  responding by p ress ing  t h e  c o r r e s p o n d i n g  b u t t o n  o n  a n  

array.  ( 2 )  "Spa t i a l  organizat ion. "  S u b j e c t s  e s t i m a t e d  1  e n g t h s  o f  

p l e x i g l a s s  rods. Immediate f e e d b a c k  a s  t o  t h e  c o r r e c t n e s s  o f  t h e  

response was g i ven  on b o t h  tasks .  As i n  W e i n b e r g  e t  a1. ( 1 9 7 7 ) ,  

exper imenta l  sub jec t s  showed pre-post  ga ins on more of t h e  t e s t  b a t t e r y  

i tems than c o n t r o l  sub jects ,  and aga in  t h e  severe e x p e r i m e n t a l  g r o u p  

made more ga ins  ( improv ing  on 24 o f  t h e  26 t e s t  b a t t e r y  scores)  than  t h e  

m i l d  exper imenta l  group (which showed i m p r o v e m e n t  on  o n l y  1 5  o f  2 6  

scores). As hypothesized, g r e a t e r  improvement was seen i n  b o t h  s e v e r e  

and m i l d  p a t i e n t s  i n  W e i n b e r g  e t  a l .  ( 1 9 7 9 )  t h a n  i n  W e i n b e r g  e t  

a l .  (1977). The authors  concluded t h a t ,  "a program which i n c o r p o r a  t e s  

t h e  t rea tment  o f  t h e  o r g a n i z a t i o n  o f  s p a t i a l  and s e n s o r y  c u e s  i n t o  a  

v i sua l  scanning t r a i n i n g  program i s  more power fu l  t h a n  one wh i c h  dea  1  s  

w i t h  v i sua l  scanning t r a i n i n g  alone. The e f f e c t s  a re  g r e a t e r  n o t  o n l y  

f o r  nonv isua l  tasks,  b u t  a l s o  f o r  v i s u a l  t asks "  ( p .  495). 

O ther  forms o f  t rea tment  f o r  d e f i c i t s  seen i n  hem i  p l  e g i  a, a s i d e  

f rom those  based on v i s u a l  scanning, have a l s o  been i n v e s t i g a t e d  a t  t h e  

New York U n i v e r s i t y  Medical  Center. D i  1  l e r  e t  a l .  ( 1 9 7 4 )  r e p o r t e d  

success i n  i m p r o v i n g  p e r f o r m a n c e  on  W A I S  E l  ock  D e s i g n s  t h r o u g h  

systemat ic  t r a i n i n g .  The sub jec t s  were aga in  s t r o k e  p a t i e n t s  r e c e i  v i  n g  

s tandard r e h a b i l i t a t i o n  therapy, and w e r e  d i v i d e d  i n t o  c o n t r o l  a n d  

exper imenta l  groups matched f o r  i n i t i a l  competence on B l  ock  Ces i gns. 

The exper imental  group rece i ved  t e n  h o u r l y  s e s s i o n s  o v e r  a  two -week  

i n t e r v a l  i n  which they  were g i v e n  i n d i v i d u a l i z e d  p r a c t i c e  w i t h  g r a d e d  



cueing on va r i an t s  of t h e  WAIS Block Designs. A t  r e t e s t ,  b o t h  

exper imenta l  groups ( r i g h t  a n d  l e f t  hemi pl egi c )  had improved 
significantly more than the i r  respective c o n t r o l  groups on t h e  WAIS 
Block Design task. Significant carryover improvement (again, re1  a t  i ve 
t o  controls) was seen on several t e s t s  involving eye-hand coordi n a t i o n  
(Object Assembly, Motor Impersistence, and parts of the Bender-Gestalt), 
though not on other t e s t s  in the battery (Visual Cancellation, and  WAIS 
Picture Completion, Digit Span, and Simi l a r i t i e s ) .  

S t i l l  other rehabilitation e f f o r t s  by t h e  New York U n i v e r s i t y  
Medical Center group have been designed t o  a m e l i o r a t e  a range of 

problems, b u t  report only case histories t o  support the i r  effect i veness. 
These include procedures for  improving psychomotor alertness, eye-  hand 
coordination, attention, and a b s t r a c t  r eason i  n g  i n b r a i  n-i  n ju red  
patients (New York University Medical Center, 1978, 1979, 1980). 

Concl us i ons 

As can be seen  from t h i s  review, t h e  s y s t e m a t i c  s tudy of 

rehabilitation of perceptual/cognitive defici ts  i n a d u l t s  with b r a i n  
damage i s  in i t s  infancy. Frequently, a r t ic les  offer  s u g g e s t i o n s  f o r  
therapy without adopting an experimental approach t o  assess the therapy 
effectiveness, or present case studies as opposed t o  we1 1 - c o n t r o l  1 ed 
experiments. Reassuringly, however, the f ew  we1 1 -control led experiments 
suggest that perceptual /cogniti ve def ici ts  of persons with brain damage 
might be amenable t o  improvement via training. 



A PILOT EXPERIMENT 

Rationale 

The underlying premises of th is  r e s e a r c h  a r e  ( 1 )  b r a i n  damage 

frequently affects  perceptual/cognitive sk i l l s ,  which i n t u r n  a f f e c t  
driving performance (Sivak e t  a l e ,  1980) ; and ( 2 )  t h e s e  changes i n  

perceptual/cognitive sk i l l s  are n o t  permanent and a r e  amenable t o  
modifications via appropriate training (e. g., Dil l e r  e t  a l e ,  1974). 

Specifically, Sivak e t  al. (1980) have shown t h a t  from among 12 

perceptual and cognitive tes t s ,  the best predictor of i n-traffic dri vi ng 

performance of persons with brain damage was a n  abridged v e r s i  o n  WAIS 

Picture Completion (r=.72). Furthermore, the r e s u l t s  of a n a l y s e s  of 

covariance indicated that  the data were consistent with the hypot hes i s 
that  the driving-related problems encountered by some of t h e  persons  

with brain damage were due t o  impaired sk i l l s  measured by WAIS P i c t u r e  
Completion. Thus, training procedures t h a t  would be s u c c e s s f u l  i n  
improving the sk i l l s  evaluated by WAIS Picture Completion are l ikely t o  
improve the driving performance (and potential)  of persons with b r a i n  
damage. 

Previous research attempts a t  improvi ng perceptual and cogn i t i ve 
sk i l l s  of persons with brain damage a r e  reviewed i n  t h e  preceding  
section. Of special relevance t o  the current research  i s a s tudy  by 
Dil ler  e t  a le  (1974) .  The r e s u l t s  of t h a t  s tudy i n d i c a t e  t h a t  
performance of persons with brain damage on WAIS Picture Completion can 
be improved via t r a i n i n g  des igned t o  enhance v i s u a l  s cann ing  by 
performing the following set  of t a s k s :  d i g i t  c a n c e l l a t i o n ,  v i sua l  
tracking of a moving target,  and target detect ion. 

The current pilot  study was designed t o  evaluate the e f f e c t s  of a 

training module on WAIS-Picture-Completion performance and on in- t raff ic  
dri vi ng performance. The training module included ac t iv i t ies  a i  med a t  
practicing sk i l l s  with face-valid relation t o  WAIS Picture Completion: 
visual scanni ng, visual imagery, and vi sual memory. 



Overall Design of the Study 

The testing involved six persons with brain damage ( f o u r  i n t h e  

experimental group and two in the control g roup) .  The exper imenta l  

subjects participated in the following sequence o f  ac t iv i t ies :  

(1) Evaluation of a range of perceptual and cogni t i ve s k i  1 1  s by 

a d m i n i s t e r i n g  s e v e r a l  t e s t s ,  i n c l u d i n g  WAIS P i c t u r e  
Compl e t  i on. 

(2 )  Evaluation of driving performance on a specially designed and 
validated in- t raff ic  driving course. 

( 3 )  Eight one-hour t r a i n i n g  s e s s i o n s  des igned t o  improve 
perceptual/cognitive ski1 1s in general and the ski 11s measured 
by Picture Completion in particular. 

( 4 )  The same as in (1). 

(5 )  The same as in ( 2 ) .  

The control subjects participated in the same a c t  i vi t i  es  except  
that the training was replaced by eight one-hour sessions consisting of 
presentation of standard dr iver-educat  i o n  mater i  a1 vi a sound f i 1 m 

strips. 

Subjects 

The subjects were selected based on the recommendation of a d r i  ver 
educatorwho has worked extensively with handicapped d r i v e r s .  The 

c r i t e r i a  for  selection of subjects were: ( 1 )  a h i s t o r y  of k n o w n  o r  
suspected brain-damage, and ( 2 )  marked diff icul ty  in learning t o  dr i  ve, 

which was judged by the dri ver educator to  be primarily t h e  r e s  u 1 t of 
perceptual, rather than physical, problems. 

The f i r s t  four subjects referred c o n s t i t u t e d  t h e  exper imenta l  
group; the las t  two, the control group. Personal  h i s t o r y  d a t a  a r e  
summarized in Table 1 fo r  a l l  six subjects. 

All subjects were t o l d  t h a t  t h e  purpose of  t h e  s tudy  was t o  

investigate ways of improving driving potential, b u t  that as t h e  s tudy  
was of an exploratory nature, there was no guarantee t h a t  they  woul d 



TABLE 1 

SUBJECT CHARACTER1 STICS 

....................................................................... 
I  I  I  YENS I I  

S I AGE 1 SEX I  EDUCATION I DIAGNOSIS I  PRIOR DRIVING EXPERIENCE 
--+---+---+---------+-------------------+------------------------------ 

I l l  I  I  
1 1 1 7 1 F 1  10 ISpina b i f i d a  IThree D r i v e r  Educat ion Classes 

I l l  I  I 
2  118 1 F 1 10 I  Premature, anoxia lTwo D r i v e r  Educat ion Classes 

I l l  I  I  
3 1 1 8 1 M I  11 1 Cerebral  pa l sy  IThree D r i v e r  Educat ion Classes 

I I  I  I  I  
4 125 1 M 1 12.5 IClosed head i n j u r y  IL icensed d r i v e r  f o r  t h r e e  

I l l  I l years  p r i o r  t o  t h e  i n j u r y  
I l l  I I  

5 1 1 7 1 M I  11 I  Premature, 1 Four Dri ver  Educat ion Classes 
I l l  1 " lea rn ing  d isab led"1 - 
I I  I  I I 

6 1 1 6 1  F I  11 1 Cerebral  pa lsy  lTwo D r i v e r  Educat ion Classes 

b e n e f i t  d i r e c t l y  f rom t h e i r  p a r t i c i p a t i o n .  Each sub jec t  was p a i d  $50.00 

p l u s  a  mi leage al lowance upon complet ing t h e  study. 

Perceptual  /Cogni t i ve Tes t i ng  

The p s y c h o l o g i c a l  t e s t i n g  ( b o t h  p r i o r  t o  a n d  f o l l  o w i n g  t h e  

t r a i n i n g )  was admin is te red  by  a  s c h o o l  p s y c h o l o g i s t ,  who was n o t  

in fo rmed as t o  s u b j e c t s i  group membership ( e x p e r i m e n t  a1 or c o n t r o l  ). 

The t e s t i n g  was conducted i n d i v i d u a l l y  i n  a  small,  q u i e t  o f f i c e ,  and i t  

took approx imate ly  45 m i  nutes t o  complete. The f o l l o w i n g  psycho log i  ca  1  

t e s t s  were admi n i  s te red :  

1. P i c t u r e  Completion (based on a sub tes t  o f  t h e  W e c h s l e r  A d u l t  

I n t e l l i g e n c e  Scale  [Wechsler, 19551.) Th is  i s  a  t e s t  o f  p e r c e p t u a l  

d i s c r im ina t i on ,  i n  which t h e  sub jec t  must i d e n t i f y  t h e  m o s t  i m p o r t a n t  

m iss ing  element i n  each o f  a  s e r i e s  o f  s k e t c h e d  f i g u r e s .  A 1 3 - i  tern 

ve rs ion  o f  t h e  WAIS was u s e d  ( i t e m s  # 1 - 7 ,  10 ,  12 ,  1 5 - 1 8 ) .  T h i s  

abr idged vers ion  had been found t o  b e  a g o o d  p r e d i c t o r  o f  d r i v i n g  

performance among sub jec t s  w i t h  b r a i n  damage (S i  vak e t  al., 1 9 8 0 ) ,  a n d  

t o  be s e n s i t i v e  t o  b r a i n  damage ( Sivak e t  al., 1 9 8 0 ) .  The s t a n d a r d  

procedure was used. 



2 .  P i c t u r e  Arrangement ( a  s u b s e t  of t h e  Wechsler A d u l t  

Intelligence Scale [Wechsler, 19551). This t e s t  involves eight s e t s  of 

pictures t h a t  subjects arrange in proper sequence so t h a t  each s e r i e s  

wi 11 t e l l  a story. According t o  Zimmerman and Woo-Sam (1973), P i c t u r e  

Arrangement measures factors such as "visual perception, synthesis i n t  o 
wholes through planni ng, and abi 1 i ty t o  see cause-effect relationsh i ps " 
(p. 154). Picture Arrangement had been shown t o  correlate signif ica n t  l y  

with driving performance among subjects with brain damage (Sivak, et  a l ,  

1980), and t o  be sensitive t o  brain damage (e.g., Sivak e t  a l .  , 1980) .  

The standard procedure was used. 

3. Symbol Digit Modalities Test (Smith, 1973). The task in t h i s  

t e s t  i s  t o  subs t i tu te  a number f o r  a randomized p r e s e n t a t i o n  of 

geometric figures. The substitution i s  performed accord i  n g  t o  a key 

t h a t  pairs different figures with numbers from one t o  nine. S ince  t h e  

language symbols (d ig i t s )  are presumably processed primarily by the l e f t  

hemi sphere, and  language-free symbols (figures) by the right hemi sphere, 

the substitution of numbers for  geometric figures tes t s  "the e f f ic iency  

of many different central mechanisms in the two hemispheres"  [Smith, 

1973, p e l ) .  This t e s t  has been shown t o  be sensit ive t o  b r a i n  damage 

(e. g., Smith, 1968; Sivak e t  a l . ,  1980). The s tandard  procedure  was 

used for  b o t h  written and oral response administrations of the test .  

4. Reitan's Trail Making Test (Reitan, 1956) .  In form A ,  t h e  

numbers 1 through 25 appear in randomly distributed circles  on the page. 

The subject 's  task i s  t o  draw connecting l ines between t h e  c i  r c l  es  i n 
numerical order (as in a "do t - to -do t "  puzzle). I n  form B ,  the encircled 

numbers 1 through 13 and encircled le t te rs  A th rough t a r e  randomly 

arranged o n  t h e  page. The s u b j e c t  i s  t o  connect  t h e  c i r c l e s ,  

alternating between numbers and l e t t e r s  as follows: 1, A ,  2 ,  B ,  3,  C ,  

etc. This tes t ,  which taps visual scanning and short-term memory, i s  

sensitive t o  brain damage (Walsh, 1978). Times t o  complete parts A a n d  

B were recorded in seconds. 

5. Cancellation Task. An array of l e t t e r s  ( s e e  F igure  1 )  was 

presented t o  the subject. The subject was told t o  draw a l i n e  through 

each " H , "  working quickly b u t  trying t o  avoid mistakes. This t a s k  has 

been used by Diller e t  al. (1974) as a measure of v i sua l  scanning  



performance. The t ime t o  complete t h e  task  and number o f  e r r o r s  w e r e  

recorded. 

I n  a d d i t i o n  t o  t h e  above-mentioned psycho log ica l  t es t s ,  b i n o c u l a r  

a c u i t y  and s tereodepth were a l s o  eva luated us ing  a  Titmus V i s i o n  t es te r .  

Th i s  screening was inc luded  t o  ensure t h e  adequacy o f  sub jec t s '  v i s i o n ,  

and was no t  expected t o  be a f f e c t e d  by e i t h e r  expe r imen ta l  o r  c o n t r o l  

t r a i n i n g .  

Dri v i  nq Performance Eva1 ua t  i on 

D r i v i n g  performance was eva lua ted  on  a  s p e c i  a1 l y  d e s i g n e d  a n d  

va l i da ted  i n - t r a f f i  c  d r i v i n g  c o u r s e  ( S i  vak e t  a l e ,  1 9 8 0 ) .  Each  

s u b j e c t ' s  i n - t r a f f i c  d r i v i n g  was t es ted  on t h e  same 10.4 m i l e  course  i n  

t h e  nor theas t  s e c t i o n  o f  Ann Arbor. The t r a f f i c  on t h e  r o u t e  du r i ng  t h e  

t e s t i n g  was l i g h t - t o - m o d e r a t e  w i t h  l i g h t  p e d e s t r i a n  t r a f f i c .  

Approximately h a l f  o f  t h e  r o u t e  has a  speed 1  i m i  t o f  25 mph; addi t i  ona 1  

sec t ions  have a  l i m i t  o f  30, 35, and 40 mph. Approximately t w o - t h i  r d s  

o f  t he  r o u t e  i s  a  two- lane  r o a d  ( w i t h  s e c t i o n s  o f  one-way  o n l y ) ;  

a d d i t i o n a l  sec t ions  a re  fou r -1  anes wide (bo th  d i  v i  ded and undi vided) and 

f i ve - l anes  wide ( w i t h  a  cen te r  t u r n  lane).  A l l  d r i v i n g  was done d u r i  n g  

t h e  daytime. 

Each sub jec t  drove a  c a r  equipped w i t h  d u a l  - b r a k e  s y s t e m ,  h a n d  

c o n t r o l s  f o r  a c c e l e r a t o r  and brakes, and ( i f  des i red)  a  s t e e r i  n g  k nob. 

A d r i  ve r  educator ( i n  t h e  f r o n t  sea t )  and a  performance e  va 1  u a  t o r  ( i n  

t h e  r e a r  sea t )  accompanied each subject .  The performance eva lua to r  was 

charged w i t h  r a t i n g  t h e  performance o f  each sub jec t  on 144 p r e d e t e m i  ned 

ac t ions  along t h e  route. F i gu re  2  i l l u s t r a t e s  t h e  r o u t e  w i t h  a l l  o f  t h e  

t e s t  ac t i ons  and t h e i r  l o c a t i o n s  o n t h e  r o u t e .  (Due  t o  t h e  t r a f f i c  

cond i t i ons  t h e  ac tua l  number o f  t h e  e v a l u a t e d  a c t i o n s  v a r i e d  f r o m  

sub jec t  t o  sub jec t :  t h e  mean was 120.5 w i t h  a  s t a n d a r d  d e v i a t i o n  o f  

8.7. ) 

The r a t i n g  was done us i ng  a  2 -po in t  sca le :  Wel l  executed a n d  n o t  

w e l l  executed. The evaluated ac t i ons  belonged t o  one o f  t h e  f 01 1  o w i  n g  

f i v e  ca tegor ies :  
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Figure 1. Cancel 1 a t i o n  "H" t ask .  
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Gap Acceptance. Did the driver, in merging into t ra f f ic ,  accept a 

gap of a safe s ize as opposed t o  accepting a gap t o o  short or r e j ec t ing  
a gap long enough? 

Limit Line. Did the driver position himself (herself)  correctly a t  

a stop sign, yield sign, or a t r a f f i c  l ight?  

Observation. Did the d r ive r  make t h e  necessa ry  o b s e r v a t i o n s  

(directly or via a mirror) a t  a stop or yield sign, prior t o  a requested 
change of lanes, and o n  turns? (Observations on turns and on s t  r a i  g h t  

port ions were tabul ated separately. ) 

Path. Did the driver stay within h i s l h e r  l a n e  wi thou t  unsa fe  - 
deviations from the intended direction? (Paths on turns and s t r a i g h t  

portions were tabul ated separately. ) 

Speed. Did the driver stay within - + 5 mph from t h e  speed l i m i t ?  

Did the  driver maintain a smooth speed p r o f i l e  in  t u r n s  and d u r i n g  
acceleration? (Speeds on turns and straight port ions were t a b u l a t e d  
separately. ) 

Neither the driver educator nor t h e  performance e v a l u a t o r  was 

i nformed as t o  the subject 's  group membership (experimental or control ). 

As a global index of the driving performance, a Composite Dri vi n g  

Index was computed, which was the mean of the percent correct of each of 
the category of driving actions. Thus, a n  obtained Composite Dr iv ing  
Index could be between 0 and 100. 

Ex~erimental Trai ni na 

Subjects in the experimental group were seen i ndi vidual ly for  eight 

one-hour training sessions (with t h e  excep t ion  of one s u b j e c t  who 
completed only five sessions). A variety of training tasks were used, 
including: 

1. Cancel lation tasks. Approximately one-ha 1 f of t h e  t ra i n i  n g  

time was spent on th i s  type of task. The f o l l o w i n g  parameters  were 
varied: (1) size of the array (single, double, or t r i p l e  s h e e t s ) ,  ( 2 )  
size of the stimuli, ( 3 )  stimulus type ( l e t t e r s ,  arrows, percent si  gns, 
brackets, pictures) ( 4 )  t a r g e t l n o n t a r g e t  r a t i o ,  ( 5 )  di r e c t  i o n  of 
scanning requested ( l e f t  t o  right, right t o  l e f t ,  upldown), ( 6 )  mode of 



response (mostly written [requiring only a check mark], b u t  some oral  ) ,  

and  ( 7 )  d i f f i c u l t y  of di  s c r imi  n a t i  n g  t a r g e t s  from n o n - t a r g e t s .  
Immediate feedback (experimenter pointed o u t  omitted i t ems)  was gi ven 
beginning on the second day of training. 

The sk i l l s  involved in performing these cancellation tasks include 
di rected scanning, visual di scrimi nation, and lef t / r ight  differentiation 
( for  example, I vs. [). 

2. Pathfinding tasks. The s u b j e c t  was shown e i t h e r  a small  

display (8.5" x 11" sheet, placed on a table)  or a large display ( 2 '  x 
3 ' ,  suspended on the wall) each containing randomly a r ranged  c i  r c l  ed 
le t te rs  with associated arrows t o  direct the gaze from one circle  t o  the 

next (see Figure 3). The subject was given a s tar t ing point and asked 
t o  read the l e t t e r s  within the circles,  following the order given by the 
arrows. 

This task was devised t o  practice directed visual scanning as well  

as short-term memory and visual imagery (the subject must e x t r a p o l  a t e  
the lines of the arrows to  reach each successive target).  

These tasks were incorporated in the training on two of t h e  e i g h t  

days. 

3. Pattern visual ization/identificati  on. A regu 1 a r  ma t r ix  of 

c ircles  containing le t te rs  and/or numbers was shown t o  the subject ( s e e  
Figure 4) .  The subject 's  task was t o  l is ten t o  a short sequence ( 3 - 6 )  
of the l e t t e r s  and/or numbers read aloud by t h e  expe r imen te r  and t o  
visualize the pattern which would be formed i f  a 1 i  ne were drawn 
connecting the corresponding circles  i n  the sequence read. This t a r g e t  
pattern was either a simple geometr ic  shape  (diamond, squa re ,  o r  
rectangle) or a l e t t e r  of the alphabet. 

If a subject had difficulty w i t h  correctly identifying the p a t t e r n  

in th i s  way, the task was made easier by a 1  lowing him/her  t o  t r a c e  
connecting lines with a finger. 

This task was designed t o  gi ve practice on visual scanning, vi sua l  
imagery, and visual memory; i t  was included in 2 of the 8 sessions. 
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F i g u r e  4. P a t t e r n  v i s u a l  i z a t i o n l i d e n t i f i c a t i o n  task .  
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4. Embedded f i q u r e s .  S u b j e c t s  were f i r s t  given s t a n d a r d  
administration of selected plates from the Southern Californi a F igure -  

Ground Visual Perception Test (Ayres, 1966). The task in thi  s t e s t  i s 
t o  identify which three of six p a t t e r n s  a r e  embedded i n  a complex 
pattern. The t e s t  was then made e a s i e r  by a l lowing  t h e  s u b j e c t  t o  
overlay transparencies of the six alternatives on the text plates, t h u s  

a1 lowi ng for  a direct perception of whether each was or was not embedded 
in the complex pattern. Successful performance on t h i s  t a s k  e n t a i  1 ed 
f igurelground di scrimi nation, pattern perception, vi sua 1 i ma ge ry , a nd  

mental rotation. 

5. Additional tasks. A number of o the r  p e r c e p t u a l  t a s k s  were 
used, i ncludi ng : 

a)  Immediate memory for  l ine drawi ngs. 

b )  Practice on WAIS Block Designs (Wechsler, 1955). 

c )  Identification of mirror-image pairs of rotated letters.  

These t a s k s  invol  ved v i sua l  memory, v i sua l  imagery, s p a t  i a1  
organization, and mental rotation. 

Control Trai n i  ng 

On each of the eight training days, the two control subjects spent 

approximately one hour viewing two or t h r e e  d r i  ver educa t ion  sound 
filmstrips. A total  of twenty fi lmstrips were used, cove r ing  such 
topics as proper turning, passi n g ,  and emergency maneuvers. This  
"control" training was designed t o  be much more than a "non t rea tmen t"  
condition. I t  might better be regarded as a n  a l t e r n a t i v e  t r a i n i n g ,  
which while not directed a t  underlying p e r c e p t u a l  s k i  1 1  s ,  might be 
expected t o  produce improvement due t o  the "Hawthorne e f f e c t , "  p lus  
improvement in driving sk i l l s  due t o  explicit  driving instruction. 

Results 

Table 2 presents the pre- and post-training perceptual /cogni  t i ve 
and driving scores for  a l l  subjects. 

Discussion 

The data in Table 2 indicate the following: 





Experimental  sub jects .  The c o m p a r i s o n  o f  t h e  p r e -  a n d  p o s t -  

t r a i n i n g  scores shows, i n  general, t h a t  f o l l o w i n g  t h e  t r a i n i n g  sessions, 

t h e  pe rcep tua l / cogn i t i ve  measures ( i n c l u d i n g  P i c t u r e  Compl e t  i on, t h e  

t a r g e t  m e a s u r e )  showed  a n  i m p r o v e m e n t .  F u r t h e r m o r e ,  a n d  m o s t  

impo r tan t l y ,  t h e  d r i  v i  ng-performance measure a1 so showed a  subs  t a n t  i a  1  

improvement f o r  each subject .  

Con t ro l  subjects.  The comparison o f  t h e  p r e -  a n d  p o s t - t r a i  n i  n g  

scores i n d i c a t e s  (as expected) no c l e a r  e f f e c t  o f  t h e  t r a i n i n g  sess i ons  

on t h e  p e r c e p t u a l / c o g n i t i  ve measures. The on l y  cons i s t en t  e f f e c t s  f o r  

b o t h  c o n t r o l  sub jec t s  were t h e  improvements on t h e  e r r o r  measure o f  t h e  

c a n c e l l a t i o n  task,  P i c t u r e  Completion, and T r a i l s  A. S i  n c e  t h e  f i l m  

s t r i p s  (which c o n s t i t u t e d  t h e  c o n t r o l  t r a i  n i  n g )  i n v o l  ved f r e q u e n t  

r e f e r e n c e s  t o  v i s u a l  s c a n n i n g  a n d  s e a r c h ,  t h i s  f i n d i n g  i s  n o t  

unexpected. The dr iv ing-performance m e a s u r e s  showed a  s u b s t a n t i a l  

improvement f o r  each o f  t h e  two c o n t r o l  subjects.  Again, t h i  s f i n d i  n g  

i s  no t  su rp r i s i ng ,  s i n c e  t h e  f i l m  s t r i p s  w e r e  d e s i g n e d  t o  i m p r o v e  

d r i  v i  ng performance. 

The p resen t  p i l o t  s tudy was performed w i t h  a  1  i m i  t e d  number  o f  

subjects.  N e v e r t h e l e s s ,  t h e  r e s u l t s  a r e  e n c o u r a g i  ng, s i n c e  t h e  

l a b o r a t o r y  t r a i n i n g  s e s s i o n s  d e s i g n e d  t o  t o  i m p r o v e  u n d e r l y i n g  

pe rcep tua l / cogn i t i ve  s k i l l s  had a  s u b s t a n t i a l  e f f e c t  o n  s u b s e q u e n t  

d r i v i n g  per fo rmance .  T h e  m a g n i t u d e  of  t h e  d r i  v i  n g - p e r f o r m a n c e  

improvement was comparable t o  t h a t  o b t a i n e d  by  1  a b o r a t o r y  t r a i n i n g  

s e s s i o n s  d e s i g n e d  t o  d i r e c t l y  f o s t e r  i m p r o v e m e n t s  i n  d r i v i n g  

p e r f  o  rma nce. 

The p resen t  f i  nd i  ngs r a i s e  a  range o f  impor tan t  issues, i n c  1  u d i  n g  

t h e  f o l l o w i n g :  

1. I s  t h e  observed improvement o f  d r i  v i  n g  p e r f  o r m a n c e  d u e  t o  

"Hawthorne e f f e c t " ?  The answer t o  t h i s  q u e s t i o n  w o u l d  come f r o m  an  

experiment us i ng  a  non-t  reatment c o n t r o l  group. 

2. Is t h e  observed improvement o f  d r i  v i  ng  p e r f o r m a n c e  d u e  t o  

a d d i t i o n a l  d r i v i n g  p r a c t i c e ?  Th i s  i s  u n l i k e l y  i n  view o f  t h e  f o l l o w i n g  

ana l ys i s  performed on t h e  c u r r e n t  data:  The da ta  f rom t h e  f i r s t  h a l f  o f  

t h e  p r e - t r a i n i n g  d r i v i n g  course were combined w i t h  t h e  d a t a  f r o m  t h e  



f i r s t  h a l f  o f  t h e  p o s t - t r a i n i n g  d r i v i n g  cou rse .  T h i s  a g g r e g a t e  was 

compared t o  t h e  combined da ta  f rom t h e  second h a l f  o f  t h e  p r e - t  r a  i n i  n g  

d r i v i n g  course and t h e  second h a l f  o f  t h e  p o s t - t r a i n i n g  d r i v i n g  cou rse .  

Th i s  a n a l y s i s  showed no improvement on t h e  second ha1 ves i n  c o m p a r i  s o n  

t o  t h e  f i r s t  ha1 ves o f  t h e  d r i v i n g  courses. The corresponding pre- a n d  

p o s t - t r a i n i n g  Composite D r i v i n g  Indexes were as f o l l ows :  73 vs. 71, 5 2  

vs. 35, 74 vs. 68, 79 vs. 85 (exper imenta l  s u b j e c t s )  ; 8 8  vs. 75, 5 7  

vs. 33 ( c o n t r o l  sub jec ts ) .  

3. Which o f  t h e  var ious d r i v i n g - r e 1  a t e d  p e r c e p t u a l / c o g n i t i  ve 

s k i 1  1s a re  amenable t o  t r a i n i n g ?  

4. What a re  t h e  op t ima l  t r a i n i n g  t e c h n i q u e s  f o r  i m p r o v i n g  t h e  

amenable s k i  1  I s ?  

5. What a re  t h e  t ime  courses o f  t h e  t r a i n i n g  p r o c e s s e s ?  Can 

c e r t a i n  d r i v i n g - r e l a t e d  p e r c e p t u a l / c o g n i t i v e  s k i l l s  b e  i m p r o v e d  

s u b s t a n t i a l l y  f a s t e r  t han  o t h e r  s k i l l s ?  

6. Do t h e  improvements on a  g iven  s k i l l  t r a n s f e r  t o  o t h e r  re1  a t e d  

s k i  1 l s ?  

7. What a re  t h e  long- term b e n e f i t s  o f  t h e  t r a i n i n g ?  Do t h e  

b e n e f i t s  p e r s i s t  l o n g  a f t e r  t h e  t r a i n i n g  i s  completed? 

8. I s  t h e  e t i o l o g y  o f  b r a i n  damage impor tan t  i n  d e t e r m i  n i  n g  t h e  

success o f  t h e  t r a i n i n g ?  

The answers t o  t hese  i ssues  w i l l  de termine whether t h e  p r o m i s i n g  

r e t r a i  n i  ng approach used i n t h e  c u r r e n t  s tudy w i  11 prove t o  be a v i  a  b 1  e  

and e f f i c i e n t  m e t h o d  t o  m a x i m i z e  t h e  a c c e s s i b i l i t y  o f  p e r s o n a l  

t r a n s p o r t a t i o n  f o r  persons w i t h  b r a i n  damage. 
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