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1.0 INTRODUCTION 

Phys ica l  l i m i t a t i o n s  a re  g e n e r a l l y  n o t  t h e  o n l y  consequence of 

b r a i n  damage. F requen t l y ,  o t h e r  f unc t i ons  a r e  impa i red  as w e l l ,  

i n c l  ud ing  severa l  psycho log ica l  f unc t i ons  be1 i eved  t o  be impor tan t  t o  

d r i v i n g .  These i n c l  ude perceptua l  s k i  11 s  ( p e r c e i v i n g  and r e a c t i n g  

a p p r o p r i a t e l y  t o  one 's  environment and o b j e c t s  i n  i t )  and c o g n i t i v e  

s k i  11s ( reasoning,  judgment, and o t h e r  mental capab i l  i t i e s ) .  For 

example, Bardach (1971) notes severa l  f r equen t  perceptua l  and cogni  - 
t i v e  d e f i c i t s  i n  hemip leg ia ,  such as l i m i t a t i o n s  o f  t h e  v i s u a l  f i e l d ,  

con fus ion  between l e f t  and r i g h t  d i r e c t i o n s ,  i n a b i l  i t y  t o  s h i f t  a t t e n -  

t i o n ,  inadequate scanning of  t h e  environment, and d i s t r a c t , i b i  1  i t y  . 
Furthermore, t h e r e  i s  a1 so some exper imenta l  evidence (Sul 1 i van e t  a1 . , 
1973) t h a t  perceptua l  and c o g n i t i v e  s k i l l s  are  r e l a t e d  t o  d r i v i n g  

p o t e n t i a l  i n  persons w i t h  b r a i n  damage. I f ,  

(1) persons w i t h  b r a i n  damage s u f f e r  impairment i n  t h e i r  

pe rcep tua l  and/or c o g n i t i v e  s k i 1  l s  , and 

( 2 )  perceptua l  and c o g n i t i v e  s k i l l s  a re  c r i t i c a l  t o  d a i l y  

a c t i v i t i e s  such as d r i v i n g  , 

then t a k i n g  care  o f  t h e  phys i ca l  l i m i t a t i o n s  i s  go ing o n l y  part-way 

towards r e t u r n i n g  i n d i v i d u a l s  w i t h  b r a i n  damage t o  normal 1  i f e .  

F u l l  r e h a b i l  i t a t i o n  would i n v o l v e  r e s t o r i n g  t h e i r  psycho log ica l  func-  

t i o n s  t o  t h e  p r e - i n j u r y  l e v e l  as we1 1 .  

The p resen t  s tudy was designed t o  p rov i de  i n f o r m a t i o n  rega rd i ng  

t h e  f o l  l ow ing  issues : 

a I s  d r i v i n g  performance c o r r e l a t e d  w i t h  percep tua l  and 
c o g n i t i v e  s k i l l s ?  

a Does b r a i n  damage r e s u l t  i n  impai red perceptua l  and/or 

c o g n i t i v e  s k i  11 s ?  

a Does b r a i n  damage r e s u l t  i n  impai red d r i v i n g  p o t e n t i a l ?  

a What i s  t he  r e l a t i o n  between s u b j e c t i v e  e v a l u a t i o n  o f  

d r i v i n g  by a d r i v e r  educator  and an eval  u a t i o n  of se l ec ted  

d r i v i n g  a c t i o n s ?  



Given positive answers to a l l  four preceding questions, two 

additional considerations are of interest :  

a Tests of the relevant perceptual and/or cognitive ski 11 s can 
then be incorporated into a screening procedure t o  evaluate 
driving potential of persons w i t h  brain damage. If  valid, 
such a screening procedure would be less expensive, less  
time-consuming, and less dangerous ( fo r  both the prospective 
driver and driver educator) than the current practice of 
taking a drive in actual t r a f f i c .  

a Can the driving problems experienced by some persons with 
brain damage be explained, a t  leas t  in par t ,  by the i r  im- 
pai red perceptual and/or cognitive ski 11 s?  



2.0 BACKGROUND 

2.1 Driving Record of Persans with Brain Damage and with 
Physical Lirni tations 

Research on the accident involvement of drivers with brain 
damage i s  vir tual ly  nonexistent. One of the few studies where 

such drivers were considered was by Crancer and McMurray (1968). 
I n  th i s  investigation a group of drivers with medical licensing res t r ic -  

tions were divided into thc following categories : diabetes, epilepsy , 
heart disease, vision deterioration, fa int ing,  as well as a category 
"other condl tions ," which included psycho1 ogi cal and neurological 

conditions, stroke, hypertension, alcoholism, drug addiction, e tc .  
The group of  interest  here--other condi tions--had a s t a t i s t i ca l  ly 
higher accident rate  than the non-restri cted (general ) popul a t i  o n .  
However, since this  group was a mixture of people with brain damage as 
well as people with no brain damage, i t  i s  unclear how relevant ( for  
the present purposes) th is  finding i s .  

The data regarding drivers with physical limitations (with or 
without brain damage) are also rather limited. Most of the studies 
suggest that persons with physical handicaps, as a group, do  n o t  
have a higher accident rate than the general population ( e .g . ,  Domey & 

Duckworth, 1963; Dreyer , 1973; Kl ingberg, 1979; Ysander , 1966). 
However, several studies that included a more detailed classif ica-  
tion of  drivers with various physical handicaps report that 

certain categories have worse accident records than the general popu- 

lation (e.g. ,  drivers with loss of function in the right arm or leg 
[Ysander, 19661, and drivers requiring full  hand controls [Negri & 

Ibisen, 19791 ) . 
I n  summary, the relevant accident studies are rather sparse and 

do not provide separate information regarding drivers having physical 
handicaps with and without brain damage, which i s  c r i t ica l  in assess- 
ing the impact of brain damage per se on the accident involvement. 



2 . 2  The Functional Asymmetry of the Human Brain 
1 

The functional differences between the two hemispheres of the 

human brain have been known for over a century. Dax (1836) observed 

t h a t  language disturbances were associated with damage t o  the 1 e f t  hemi- 

sphere (cited in Cri tchley, 1962). Ever since the original observation 

of Dax, evidence has been accumulating t h a t  the hemispheres differ  in 

performance of a variety of tasks. On the basis of this  evidence 

several investigators postulate a basic dichotomy in the type of infor- 

mation processing by the two hemispheres (see Table 2.1).  

Tab1 e 2.1. Postulated Hemispheric Differences in Information 
Processing. 

One of  the best-documented dichotomies i s  the dominance of the 

l e f t  hemisphere for verbal and language-re1 ated ski1 l s , and the 

dominance of the right hemisphere for nonverbal , perceptual ski 11s. 

The research evidence for this  dichotomy comes from three types of 

populations: persons with brain damage primarily t o  one hemisphere, 

persons with s p l i t  brain, and the general population. 

Authors 

Zangwi 11 (1961) 

Levy-Agres t i  & 
Sperry (1968) 

D$Renzi, Scot t i ,  
& Spinnler (1969) 

Bogen (1969) 

Cohen (1979) 

2.2.1 Persons with Brain Damage. Damage t o  the l e f t  hemi- 

sphere i s  more 1 i kely t o  lead t o  impairments in speech and in 

l ~ h e  material in  this  section has been abstracted primarily from 
A1 lard,  1972; Mountcastl e ,  1962; Mi lner,  1975; Nebes, 1974; and Pol ich, 
1978. The interested reader i s  directed for a more detailed discussion t o  
these works as well as t o  the following reviews: Dimond, 1972; Dimond 
& Beaumont, 1974; Gazzaniga, 1970; Blakemore e t  a1 . , 1972; Kinsbourne, 
1978; Kinsbourne & Smith, 1974. 

- - r 
HEI4ISPHERE 

Left 

symbol ic  

analytic 

associational 

propositional 

verbal 

I 

Right 

visual-spatial 

ges ta l  t 

apperceptive 

appos i t i  ona 1 

visuospatial 



r e t e n t i o n  o f  v e r b a l  m a t e r i a l  (e.g. ,  Blakemore & Fa lconer ,  1967; 

Cors i  , 1972; K i m ,  1976; Landsde l l ,  1968; Meyer & Yates, 1955; M i l n e r ,  

1967, 1971; Fagl  i o n i  , S p i n n l e r ,  & V igno lo ,  1970; Fagl  i o n i  , S c o t t i ,  

& S p i n n l e r ,  1969). Damage t o  t h e  r i g h t  hemisphere i s  more l i k e l y  

t o  l e a d  t o  problems i n  p e r c e p t i o n  and p r o p r i o c e p t i o n  (e .g . ,  Carmon 

& Bechfold, 1969; Cohen , 1959 ; Di 1  l e r  & Weinberg, 1965; DeRenzi , 
Fagl i o n i  & S p i n n l e r ,  1968; E t t l  i n g e r  , 1960; G a i n o t t i  & T i a c c i  , 
1971; Kimura, 1963; Landsdel l  , 1968; Mi1 ner ,  1967, 1971 ; Zangwi 11, 

1  960).  

2.2.2 Persons w i t h  S p l i t  B r a i n .  - I n  an e f f o r t  t o  c o n t r o l  

e p i l e p t i c  s e i s u r e s ,  a  smal l  number o f  p a t i e n t s  have undergone a  su r -  

g i c a l  s e c t i o n  o f  t h e  corpus calosum and t h e  a n t e r i o r  commisure, which 

e l  i m i  nates d i  r e c t  cross-communi c a t i o n  between t h e  two heni  spheres 

b u t  l eaves  t h e  hemispheres r e l a t i v e l y  i n t a c t  and f u n c t i o n i n g  indepen- 

d e n t l y .  The l e f t  hemisphere o f  such s p l i t - b r a i n  p a t i e n t s  was found 

t o  be s u p e r i o r  i n  tasks  i n v o l v i n g  speech and w r i t i n g  (e .g . ,  

Gazzaniga, 1970; Gazzaniga & Sperry  , 1967; Levy & T revar ten ,  1976; 

Sperry ,  1975).  Analogous ly ,  t h e  r i g h t  hemisphere o f  t h e  s p l i t - b r a i n  

p a t i e n t s  was found t o  be s u p e r i o r  i n  p e r c e p t u a l / s p a t i a l  t a s k s  ( e  .g., 

Arri goni  & DeRenzi , 1964; Bogen, 1969 ; Bogen & Gazzani g a y  1965 ; 

Gazzaniga, 1965; ~ g c a e n ,  1962; Nebes , 1973 ) . 
2.2.3 General Popu la t ion .  Tach is toscop ic  p r e s e n t a t i o n s  o f  v i s u a l  

m a t e r i a l  and d i c h o t i c  p r e s e n t a t i o n s  o f  a u d i t o r y  m a t e r i a l  can be used t o  

p r e s e n t  s t i m u l i  so t h a t  they  a r e  p r o j e c t e d  f i r s t  t o  one o f  t h e  two hemi- 

spheres o f  ab le-bod ied sub jec ts .  The s t u d i e s  u s i n g  these techn iques 

i n d i c a t e  t h a t  t h e  l e f t  hemisphere i s  more e f f i c i e n t  on ( v i s u a l  and 

a u d i t o r y )  tasks  c o n t a i n i n g  ve rba l  components ( e  .g., Broadbent & 

Gregory, 1964; Bryden, 1965, 1966, 1967, 1969; Gef fen e t  a1 . , 1971, 

1972; Hines e t  a1 . , 1973; Hannay & Malone, 1976; I s e r o f f  e t  a1 . , 1974; 

Kimura , 1961, 1966; McKeever & G i  11 , 1972a, 1972b; Moscowi t c h  , S c u l l  i o n ,  
& C h r i s t i e ,  1976; Spr inger ,  1971 ; b io r ra l  & Col'es, 1976). On t h e  o t h e r  

hand, t h e  r i g h t  hemisphere i s  more e f f i c i e n t  on ( v i s u a l  and a u d i t o r y )  

nonverbal  pe rcep tua l  tasks  ( e  .g  . , Broadbent, 1971 ; Chaney & Webster , 



1965; Curry,  1967; Dee & Fentenot,  1973; Geffen e t  a1 . , 1971, 1972; 

H i l l i a r d ,  1973; Kimura, 1964; Murphy & Venables, 1970; R i z z o l a t t i  

e t  a1 . , 1971; Young & Ell i s ,  1976). 

2 . 2 . 4  Conclusions. On the  bas i s  of t he  apparent s p e c i a l i z a t i o n  of 

t he  hemispheres, i t  would be expected t h a t  most persons w i t h  damage t o  
t h e i r  l e f t  hemisphere w i  11 show impairment on tasks i n v o l v i n g  ve rba l /  

c o g n i t i v e  (language-based) components, w h i l e  those w i t h  damage t o  

t h e i r  r i g h t  hemisphere w i l l  show impairment on tasks depending on 

v i suo -spa t i a l  (1  anguage-free) capabi 1 i t i e s .  These expec ta t ions  app ly  

t o  l a b o r a t o r y  tasks,  where t he  degree o f  t he  r e l e v a n t  involvement o f  

language can be manipulated. To t h e  e x t e n t  t h a t  d r i v i n g  i nvo l ves  

language-free b u t  a1 so language-based a c t i v i t i e s  (e  .g. , obeying 

speed s igns,  making t u rns  on request ,  e t c . ) ,  t he  p r e d i c t i o n s  here a re  

n o t  s t r a i g h t f o r w a r d .  



3.0 METHOD 

3 .1  Ove ra l l  Design o f  t he  Study 

O f  t he  4 1  people who were t es ted ,  24 had b r a i n  damage, 8 had 

s p i n a l  -cord damage, and 10 were ab le-bodied c o n t r o l s .  Each person 's  

performance was eva lua ted  us i ng  t h r e e  se ts  o f  t e s t s :  

( 1 )  A s e t  o f  12 t e s t s  o f  pe rcep tua l  and c o g n i t i v e  s k i l l s .  

( 2 )  A s e t  o f  f i v e  d r i v i n g  tasks performed i n  a  p a r k i n g  

l o t  ( c l  osed-course d r i v i n g  measures) . 
( 3 )  Ac tua l ,  i n - t r a f f i c  d r i v i n g .  

To c o n t r o l  f o r  exper imenter  b i as ,  the  exper imenters i n v o l  ved i n  

t he  d r i v i n g  eva lua t i on  d i d  n o t  know the  r e s u l t s  o f  t he  percep tua l  and 

c o g n i t i v e  t e s t s ,  which were. admin is te red  by a  d i f f e r e n t  examiner. 

3.2 Subjects  

Three groups o f  sub jec t s  were i nc l uded  i n  t h e  s tudy .  The f i r s t  

(exper imenta l )  group was composed o f  persons w i t h  a  minimum one-year 

h i s t o r y  o f  b r a i n  damage, t h e  second group o f  o r t hoped i ca l  l y  handi - 
capped persons w i t h  sp i na l - co rd  damage, and t h e  t h i r d  group o f  i n d i -  

v i dua l s  w i t h  no s i g n i f i c a n t  phys i ca l  d i s a b i l i t i e s  o r  h i s t o r y  o f  b r a i n  

damage. The group o f  persons w i t h  sp i na l - co rd  damage was i n c l u d e d  t o  

c o n t r o l  f o r  some o f  t he  e f f e c t s  o f  phys i ca l  d i s a b i l i t i e s  common t o  

persons w i t h  sp i na l - co rd  damage and persons w i t h  b r a i n  damage, such 

as decreased m o b i l i t y  and s t r e n g t h  as we1 1  as t h e  emot ional  concomi- 

t a n t s  o f  long- term phys i ca l  d i s a b i  1  i t i e s .  

The sub jec t s  f o r  t he  f i r s t  two groups were r e c r u i t e d  f rom var ious  

h e a l t h - s e r v i c e  agencies i n  the  l o c a l  area.  Th is  i n c l u d e d  a  speech and 

communication d i so rde rs  c l  i n i  c ,  a  u n i v e r s i t y  h o s p i t a l  department of 

phys i ca l  medic ine and r e h a b i l  i t a t i o n ,  l o c a l  v o c a t i o n a l - r e h a b i l  i t a t i o n -  

s e r v i c e  agencies,  a  cen te r  f o r  independent l i v i n g ,  a  community h o s p i t a l  

phys i ca l  medic ine and r e h a b i l i t a t i o n  c l i n i c ,  and a  s t r o k e  c l u b .  The 

ab le-bodied sub jec t s  were r e c r u i t e d  from a pool  o f  s tuden t  vo l  un- 

t ee r s .  A d e s c r i p t i o n  of each group by age, sex, and n a t u r e  o f  t h e  



disabi l i ty  i s  included in Table 3.1. (Among the persons with brain 

damage there were 13 who had suffered a stroke, 7 with traumatic 
head injury, and 3 with cerebral palsy.) 

3 .3  Procedure 

During the f i r s t  contact with subjects, they were given instruc- 
tions regarding the purpose of the study, experimental procedures, 
amount of time required, possible r isks .  The types of ac t iv i t i e s  the 

subjects would be doing was described, Subjects were then asked i f  
they would l ike t o  participate in the study. They read or had read t o  

them an informed consent form (see Appendix A ) .  An appointment was 

then scheduled for perceptual /cogni t ive evaluation. This testing was 

conducted individually in a small, quiet office by the same examiner 
for a1 1 subjects. During test ing,  the subjects were provided with 

auditory instructions read by the examiner, and were also given written 
instructions t o  read, i f  they chose. The written instructions were 

printed in a large type so they could easily be read. The examiner 
simultaneously presented the subjects with both the auditory and 
printed instructions. The t e s t  examiner had several years of experi- 
ence administering neuropsychol ogical t e s t s  t o  physically and cogni - 
t ively impaired patients.  The testing took approximately two hours t o  
compl ete .  

Foll owing the perceptual /cogni t ive eval uati on, each subject was 
scheduled f i r s t  for the cl osed-course a n d  then for the open-road 
driving eval uation , both conducted on the same day. 

3.4 Perceptual and Cognitive Tests 

There i s  a variety of tes t s  on the market claiming t o  evaluate 
various perceptual or cognitive abil i t i e s  (see e .3 . ,  Anastasi , 1968; 

Buros, 1972, 1974; Chun, Cobb, & French, 1975) .  The tes t s  that were 
eventually used were selected primarily on the basis of  the following 
three considerations : 

(1) The tes t s  are designed t o  measure a ski1 1 with a "face" 
validity to  driving. ( I n  general, studies attempting to 

correlate a variety of sk i l l s  w i t h  accident records yield 



Table 3.1. D e s c r i p t i o n  o f  each group o f  sub jec ts  by na tu re  o f  t he  
d i s a b i l i t y ,  age, and sex. 

DESCRIPTIOIi 

7 

Mean 

S.D.  

GROUP 

I Number o f  1 0  6 
1 Sub jects  , 

Range 

L e f t  ~ e m i '  

Les i o n  

7 

5 

2 

Number o f  1 
Sub jects  M 

2 Since b r a i n  damage f r equen t l y  r e s u l t s  i n  motor problems on t h e  c o n t r a l a t e r a l  
s i d e  from the  s i de  o f  the  l e s i o n ,  persons w i t h  damage t o  t he  l e f t  hemisphere 
a r e  f r equen t l y  r e fe r red  t o  as hav ing r i g h t  hemiplegia;  and persons w i t h  
damage t o  the  r i g h t  hemisphere as hav ing l e f t  hemip leg ia .  

I 
R i gh t  ~ e m i "  D i f fuse  Spina l  - / Able- To ta l  

8 

Lesion 

4 1 

2 7 

14 

4 

1 I 10 

2 

4 

4  
by 

Sex 

Lesion 

6 

4  F I 2 -  

Cord Bodied I 
Damage 1 



disappointingly low correlations [e.g . , Goldstein, 1964; 

Henderson & Burg, 19741 . Studies correlating sk i l l s  with 

driving performance are rather sparse [e . g .  , Sul 1 ivan , 
19731 . Thus, the decisions regarding the relevancy t o  
driving was based mainly on suggestions by researchers in 

the f ie ld  of highway safety [e.g. ,  Schlesinger, 1972; 
Shinar, 19781 as well as clinical observations of researchers 

in the f ie ld of rehabilitation [e.g. ,  Bardach, 1963, 1969, 

1971, 1973; Gurgold & Harden, 19781 . ) 
( 2 )  The tests  involve a minimum of motor components. 

(3 )  Clinical experience indicates t h a t  people with brain damage 
are likely t o  be deficient in the sk i l l s  tested. 

The actual 12 tes t s  used are discussed below. 

Ayres Space Test (Ayres, 1962a). According t o  the manual, "the 

major perceptual dimensions involved [in the Ayres Space Test] are 

perceptual speed and space visual i zati on.  The task invol ves deci ding, 

through visual methods only, which of two blocks will f i t  a formboard 

[Ayres , 1962a ,  p. 11. " Ayres (1  962b) has found t h a t  subjects with 

brain damage showed a def ic i t  in performance on this tes t .  A shorter 

version o f  the t e s t  ( a l l  odd items) was used. The original instructions 

were followed. Both the raw and the time-adjusted scores were recorded. 

Motor Free Visual Perception Test (Colarusso & Hammil 1 ,  1972). 

This i s  a multiple-choice t e s t ,  requiring from the subject only a 
pointing response. The t e s t  contains items in five categories of 

visual perception : spatial relationships, visual discrimination, 

figure-ground, visual closure, and  visual memory. Some of these per- 

ceptual functions have been shown t o  be affected by brain damage 

(e .  g . , Bardach , 1369 ; Warrington & James, 1967). The standard pro- 
cedure wa.s used. 

Picture Completion (based on a subtest of the Wechsler A d u l t  

Intelligence Scale [Wechsler, 19551). This i s  a t e s t  of perceptual 

discrimination, requiring the identification of missing elements in 



sketched figures. Research indicates that persons wi t h  brain damage 

perform worse on this  t e s t  than control populations (e .g . ,  Russell, 
1972; Zimmerman & Woo-Sam, 1973). A 13-i tem shorter version of the 
original t e s t  was used (items d 1-7, 10, 12, 15-18) with essentially 
unmodi f i  ed instructions . 

Rod-and-Frame. This portable version of the original Wi tkin 

Rod-and-Frame t e s t  (e .g . ,  Witkin & Asch, 1948) was developed by 
Oltman (1968). The t e s t  evaluates the perception of  ver t ical i ty  in the 
presence of a limited visual f ie ld ,  a sk i l l  known t o  be affected by 
brain damage (e .g . ,  Birch e t  a l . ,  1960, 1961; Bruel e t  a l . ,  1956, 1957; 
De Cenzio e t  a1 . , 1970; Hulicka & Beckstein, 1 9 6 1 ) .  In this t s s t  the 

subject views a rod within a square frame. The frame and the rod are 
pivoted a t  the same point in space which coincides with the center of 
b o t h  the frame and the rod. The subject 's  task i s  t o  s e t  the rod 
( in  the presence of a t i l t e d  frame) t o  the upright position. Witkin 
e t  a l .  (1962) argue that " for  successful performance of this  task the 

subject must extract the rod from the t i l t e d  frame through reference 
t o  body position [p. 361." The subjects unaffected by the frame are 

. - 
- referred t o  as field-independent; those affected by the frame, as 

fie1 d dependent. 

The present study util ized Series 3 of  the three series in the 
original t e s t  of f ie ld  dependence (Wi tkin e t  a l . ,  1962). I n  this  ser ies  
the subject s i t s  erect ( i n  the other two series the subject 's  body i s  
t i l t e d  as well ) .  Two measures of performance were obtained: 

( 1  ) Based on unsigned deviations: mean absolute error  in degrees 
from the true upright for  the eight t r i a l s  of the ser ies .  
Since this  i s  the original measure proposed by Wi tkin ( e .  g .  , 
Wi tkin e t  a l .  , 1962) i t  will be referred t o  here as the 
measure of f ie ld  dependence. 

( 2 )  Based on signed deviations: mean signed error in degrees from 

the true vertical .  I t  wi 11 be referred to here as the measure 



o f  pe rcep t i on  o f  v e r t i c a l i t y .  (The e i g h t  t r i a l s  i n v o l v e  f o u r  

w i t h  the  frame ti 1 t e d  c lockw ise  and four  counterc lockwise.  

Therefore, a  l a r g e  score on t h i s  measure i n  e i t h e r  d i r e c t i o n  

would i n d i c a t e  assymmetry i n  t he  e f f e c t s  o f  t h e  two f r ame- t i  1  t s ,  

p o s s i b l y  due t o  the  assymmetry o f  t he  b r a i n  damage. ) The o r i g i -  

n a l  i n s t r u c t i o n s  by the  apparatus manufacturer ( Darro Products 

Corpora t ion )  were used. 

Southern C a l i f o r n i a  Figure-Ground V isua l  Percep t ion  Tes t  (Ayres,  

1966).  Th is  t e s t  " i s  designed t o  a s s i s t  i n  de te rmina t ion  o f  d e f i c i t s  

i n  v i s u a l  pe r cep t i on  which r e q u i r e  s e l e c t i o n  o f  a  foreground f i g u r e  

f rom a v i s u a l  background [Ayres,  1966, p .  11." Th is  s k i  11 has been 

found t o  be af fec ted by b r a i n  damage (e.g. ,  Do lph in  & Cruickshank, 

1951 ; Harrover  , 1939 ; Wood, 1955) . 
I n  t h i s  t e s t  t he  s u b j e c t  i s  presented w i t h  a s e r i e s  o f  p l a t e s  

c o n s i s t i n g  o f  superimposed o r  embedded p i c t u r e s  of common ob jec t s .  

The t ask  r e q u i r e s  the  s u b j e c t  t o  p o i n t  t o  t h ree  p i c t u r e s  o f  o b j e c t s  

( o u t  of t he  s e t  of s i x  a l t e r n a t i v e s )  t h a t  are con ta ined  i n  the  

p l  a t e .  

The s tandard procedure was used. 

Symbol D i g i t  M o d a l i t i e s  Tes t  (Smith, 1973).  The task  i n  t h i s  

t e s t  i s  t o  s u b s t i t u t e  a  number f o r  a  randomized p resen ta t i on  o f  geo- 

m e t r i c  f i gu res .  The s u b s t i t u t i o n  i s  performed accord ing  t o  a  key 

which p a i r s  n i n e  d i f f e r e n t  f i g u r e s  w i t h  numbers from one t o  n i ne .  

Since t he  1 anguage symbols ( d i g i t s )  a re  presumably processed p r i m a r i l y  

by t h e  l e f t  hemisphere, and language-free symbols ( f i g u r e s )  by the  

r i g h t  hemisphere, the  s u b s t i t u t i o n  o f  numbers f o r  geometr ic f igures 

t e s t s  " the  e f f i c i e n c y  o f  many d i f f e r e n t  c e n t r a l  mechanisms i n  t he  two 

hemisphere [Smith, 1973, p. 11." Smith (1968, 1969, 1971, 1972) has 

shown t h a t  t h i s  t e s t  i s  s e n s i t i v e  t o  b r a i n  damage. 

The s tandard procedure was used. 



Picture Arrangement (a subtest of the Wechsler Adult Intelligence 
Scale [Wechsler, 19551 ) . This t e s t  requires arranging pictures in 
each of eight series in proper sequence so that each series wi 11 t e l l  
a story.  According t o  Zimmerman and Woo-Sam (1973), Picture Arrange- 
ment measures factors such as "visual perception, synthesis into 
wholes through planning, and abi 1 i t y  to see cause-effect relationships 

[p. 1541." Visual perception and planning were observed t o  be impaired 
in persons w i t h  brain damage (Bardach, 1971) .  No modification of  the 
instructions from the Wechsler Adult Intel 1 igence Scale was made. 

Porteus Maze (Porteus, 1933). This i s  a nonverbal task of tracing 
a path through a printed maze. The Porteus Maze was developed to meas- 

ure aspects of intelligence which involve foresight, planning, anticipa- 
t ion,  and rehearsal (Lezak, 1976; Porteus , 1959). Research indicates 
that  the Porteus Maze i s  sensit ive to the effects  of head injury 
(Riddle & Roberts, 1974). The original testing procedure was used; how- 
ever, the scoring method was based on the procedures of the University 

of Minnesota Neuropsychol ogical Laboratory (Meier & Thomas, i 9 7 6 )  . 
Abstract Reasoning Test. The abstract reasoning t e s t  i s  a part 

of the Differential Aptitude Tests (Bennett, Seashore, & Wesman, 1947). 
I t  i s  designed t o  measure how eas i ly ,  c lear ly,  and well one can under- 
stand ideas a n d  their  relation t o  one another when problems are pre- 
sented in terms of s ize ,  shape, position, quantity , or other non-verbal , 
non-numerical forms. Compared t o  a verbal reasoning t e s t ,  the abstract 
reasoning t e s t  does n o t  require a high level of verbal ab i l i ty  such as 
reading comprehension or vocabulary and thus i s  suitable for  those who 
are limited in their  verbal ab i l i t y  because of e i ther  traumatic brain 
damage, stroke, or congeni ta1 cognitive impairment. A modified ver- 

sion of  the abstract reasoning t e s t  was assembled by selecting only 
some of the items. This was done in order t o  decrease the overall 
length of the testing battery to make i t  more l ikely that  a n  eventual 
clinical version of the t e s t  would be of suitable length for routine 
use. I t  was decided t o  select  items that  were representative of the 
original t e s t  in terms of diff icul ty  level ,  patterns,  shapes, and form 
of the problems. Fifteen items ( #  1, 4 ,  6 ,  19, 21, 22, 2 3 ,  26,  27, 32, 



34, 38, 39, 42, 47)  were compi led f o r  t h e  s h o r t  ve r s i on  o f  t h e  t e s t ,  

b u t  t h e  same t e s t  i n s t r u c t i o n s  were used as i n  t he  o r i g i n a l  ve r s i on .  

A r i t h m e t i c  (based on t he  A r i t h m e t i c  sub tes t  o f  t he  Wechsler Adu l t  

I n t e l  1 igence Scale [Wechsler, 19551 ) . As Zirnmerman and Woo-Sam 

(1973, p.  84) p o i n t  ou t ,  t h i s  t e s t  "prov ides c lues  t o  memory and con- 

c e n t r a t i o n ,  p a r t i c u l a r l y  when p a i r e d  w i t h  D i g i t  Span [another  subset  

o f  t he  Wechsler A d u l t  I n t e l  1 igence Scale] . " The a r i t h m e t i c  sub tes t  

can a l s o  be cons idered as a  measure o f  concen t ra t i on  and freedom f rom 

d i s t r a c t i b i l  i ty.  

Considerat ions were g iven  t o  t h e  p o t e n t i a l  d i f f i c u l t y  aphasics 

m igh t  have w i t h  t h e  ve rba l  express ive  component o f  t h i s  t e s t .  I t  was 

dec ided t o  p rov i de  sub jec t s  w i t h  a  number board i n  o r d e r  t o  a l l o w  them 

t o  communicate t h e i r  answers by p o i n t i n g  t o  t he  c o r r e c t  number on t h e  

number board. The t e s t  i n s t r u c t i o n s  were mod i f i ed  t o  accommodate t h e  

o p t i o n  of p o i n t i n g  t o  t h e  c o r r e c t  answer. Despi te  t he  concerns, t he  

examiner l a t e r  found t h a t  even aphasic p a t i e n t s  i n  our  sample d i d  n o t  

show any d i f f i c u l t y  i n  responding. As a  r e s u l t ,  i t  was decided t o  

d i s c a r d  t h i s  o p t i o n  a f t e r  a few severe ly  aphasic sub jec t s  were t e s t e d  

and found n o t  t o  need o r  use t he  number board. 

D i g i t  Span (a sub tes t  o f  t h e  Wechsler A d u l t  I n t e l  1  i gence Scale 

[Wechsler , 19551 ) . D i g i t  Span i s  a1 so r e p o r t e d  t o  be a  good measure 

o f  a t t e n t i o n  and freedom from d i s t r a c t i b i l i t y  (Zimmerrnan & Woo-Sam, 

1973). I n  t he  p resen t  s tudy,  bo th  the  fo rward  and backward d i g i t  

span was admin is te red  accord ing  t o  the  o r i g i n a l  i n s t r u c t i o n s  

(Wechsler, 1955), except  t h a t  t he  number board (descr ibed  i n  t h e  

A r i t h m e t i c  t e s t )  was i n i t i a l l y  o f f e r e d  t o  sub jec t s ,  b u t  was n o t  u t i -  

l i z e d  by even the  more seve re l y  impa i red  aphasic sub jec t s .  

Vocabulary.  The vocabulary  t e s t  adopted f o r  use i n  t he  p resen t  

s tudy  i nvo l ves  matching words t o  p i c t u r e s  and thus does n o t  r e q u i r e  

a  ve rba l  response. Ten i tems were taken from var ious  sub tes ts  o f  the 

Boston D iagnos t i c  Aphasia Examinat ion (Goodglass & Kaplan, 1972) and 

these were used t o  c o n s t r u c t  a  new s e t  o f  word -p ic tu re  matching p a i r s .  



Goodgl ass and Kapl an (1972) i n d i c a t e  th.at  word -p ic tu re  matching 

i nvo l ves  comprehension o f  t h e  meaning o f  w r i t t e n  words. The o r i g i n a l  

i n s t r u c t i o n s  f o r  t he  Boston t e s t  were used w i t h o u t  m o d i f i c a t i o n .  

F i ve  o f  t h e  above t e s t s  a re  p r i m a r i l y  perceptua l  t e s t s  (Ayres 

Space Test,  Motor Free V isua l  Percep t ion  Test,  P i c t u r e  Completion, 

Rod-and-Frame, and Southern C a l i f o r n i a  F igure  - Ground V isua l  Per- 

cep t i on  T e s t ) ,  fou r  a re  p r i m a r i l y  c o g n i t i v e  t e s t s  (Abs t rac t  Reasoning, 

A r i t h m e t i c  , D i g i t  Span, and Vocabulary ) , and t h r e e  i n v o l v e  1 arge 

components o f  both percep t ion  and c o g n i t i o n  ( P i c t u r e  Arrangement, 

Porteus Maze, and Symbol D i g i t  M o d a l i t i e s  T e s t ) .  TThis d i v i s i o n  i s  
obv ious l y  n o t  c l e a r - c u t ,  s i nce  a l l  t e s t s  i n v o l v e  bo th  perceptua l  and 

c o g n i t i v e  aspects.  ) 

I n  a d d i t i o n  t o  the  e v a l u a t i o n  o f  pe r cep tua l / cogn i t i ve  s k i l  I s ,  

each s u b j e c t  was t e s t e d  us ing  a  Titmus V i s i o n  Tes te r  ( p r i m a r i l y  t o  

determine v i s u a l  a c u i t y )  and a  cho ice - reac t ion - t ime task  ( t o  

o b t a i n  a  measure o f  pe rcep tua l -cogn i t i ve -moto r  coo rd i na t i on  and 

speed). I n  t he  r e a c t i o n  t ime task ,  t h e  s u b j e c t  was asked t o  press 

one of t h e  two response keys depending on which of two numbers 

was f lashed. The dependent v a r i a b l e  measured t h e  combined p e r i o d  o f  

t ime  i t  took t he  s u b j e c t  t o  make a  dec i s i on  about which key t o  press,  

t o  move the  hand t o  t he  key, and t o  depress t he  key. 

3.5 Closed-Course D r i v i n g  

The closed-course d r i v i n g  eva lua t i on  was s e t  up i n  a p r i v a t e  

pa rk i ng  l o t .  The t e s t s  u t i l i z e d  an area o f  approx imate ly  225' x  150 ' .  

Table 3.2 descr ibes t he  tasks used, the  sco r i ng  methods, and t he  

probable  s k i l  1 s  c o n t r i b u t i n g  t o  the  performance on each t ask .  

The d r i v i n g  was done i n  a  1979 Chevro le t  Capr ice,  equipped w i t h  a  

dual-brake system, hand c o n t r o l s  f o r  t h e  a c c e l e r a t o r  and brake, and 

( i f  des i r ed )  a  s t e e r i n g  knob. A l i c e n s e d  d r i v e r  educator ,  w i t h  exten-  

s i v e  exper ience i n  work ing w i t h  persons w i t h  phys i ca l  d i s a b i l i t i e s ,  

rode i n  t he  t e s t  ca r  and i n s t r u c t e d  t he  sub jec t  about the  tasks t o  be 

performed. The d r i v e r  educator demonstrated t he  execu t ion  o f  Tasks 1 



Table 3.2. D r i v i n g  tasks f o r  t he  closed-course eva lua t i on .  

3 ~ h e  w id th  o f  t he  t e s t  c a r  a t  the  p o i n t  o f  con tac t  w i t h  t h e  cones i n  Tasks 1, 3, and 5 was 5 '  2 " .  

4 "~nocked"  i s  used as a  shorthand f o r  "knocked over."  

, 

SCORING 

Number o f  
knocked4 and 
d i  sp l  aced cones 

T i  me 

Number o f  
knocked and 
d i  s p l  aced cones 

/ 
D is tance away 1 
f rom t h e  cone , 

j 
! 

DIAGRAM/ NAME 

............ . . . . . 
S t r a i g h t  t r a c k i n g  

/--, H -. I 
+ X 1 
-\-1 ' '-1 

F igu re  8  .-. . - . * . . .. . . t ..-. . . -.,- . 
Curve t r a c k i n g  

+ . 
B l i n d  s top  

. - * * a  . . . .- .* 
+ - 0 . .  ...- * -  . . . - . . -  

Curve t r a c k i n g  
w i t h  a  secondary 
t ask  

TASK -- 

(1)  

(2 )  

( 3 )  

( 4 )  

(5)  

DIMENSIONS AND OTHER 
-. - SPECIFICATIONS 

Length: 180' 
Width: 6 '  4" 
Number o f  cones: 40 

Dis tance between the  
cones: 59' 

Length: 155'  
Width: con t inuous ly  
narrowing f rom 9 '  t o  7 '  
Number o f  cones: 50 

Dis tance f rom t h e  cone 
a t  t h e  t ime o f  c l o s i n g  
t h e  eyes: 100' 

Same as Task #3 

Number o f  
knocked and 
d isp laced  cones 

Number o f  
c o r r e c t  
responses 
on t h e  
l oad ing  task  

I 

INSTRUCTIONS 

"Dr ive between the  2 
1 ines w i t h o u t  touch- 
i n g  them." 

"Dr ive i n  a  f i g u r e  8  
p a t t e r n  (around the 
two cones ahead o f  
you) as f a s t  as you 
can. " 
"Dr ive between the  2 
l i n e s  w i t h o u t  touch- 
i n g  them. " 

"When I t e l l  you so, 
c lose  your  eyes, 
cont inue d r i v i n g ,  and 
t r y  t o  come t o  a  s top  
nex t  t o  t he  cone 
ahead o f  you. " 
Repeat o f  t h e  task # 3  
w i t h  the a d d i t i o n  o f  
the  f o l l o w i n g  s imul -  
taneous l oad ing  
tasks : 

''Make a sound 
whenever you hear a  
number." (The sub- 
j e c t  i s  l i s t e n i n g  t o  
a  sequence of words 
in te rspersed  w i t h  
numbers. ) 

' WHAT I T  I S  
SUPPOSE TO EVALUATE 

Perceptual  /motor 
coord i  n a t i o n  
( t r a c k i n g )  

Memory, s t e e r i n g  
reve rsa l s  

Perceptual /motor 
coo rd ina t i on  
( t r a c k i n g )  

Memory, d i s tance  
e s t i m a t i o n  

I n fo rma t i on  p ro -  
cess ing c a p a b i l i t y ,  
ab i  1  i ty  t o  per fo rm 
two tasks s imul -  
taneous ly  

Perceptual /motor 
coo rd ina t i on  
( t r a c k i n g )  

I 

I 

1 



and 3  i n d i v i d u a l l y  t o  each s u b j e c t .  Furthermore,  p r i o r  t o  Task 2  he 

asked each s u b j e c t  t o  draw a  f i g u r e  8  around two p o i n t s  t o  assure t h a t  

t h e  i n s t r u c t i o n s  were we1 1  understood.  

3.6 Open-Road D r i v i n g  5  

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 e v a l u a t e d  on t h e  same 10.4 

m i l e  course i n  t h e  n o r t h e a s 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  d u r i n g  t h e  t e s t i n g  was 1  igh t - to -modera te  w i t h  1 i g h t  pedes- 

t r i a n  t r a f f i c  ( w i t h  an e x c e p t i o n  o f  a  pass through a  shopping c e n t e r ) .  

Approx imate ly  h a l f  o f  t h e  r o u t e  has a  speed l i m i t  o f  25 mph; add i -  

t i o n a l  s e c t i o n s  have a  1  i m i  t o f  30, 35, and 40 mph. Approx ima te ly  two- 

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

a d d i t i o n a l  s e c t i o n s  a r e  fou r - l ane  wide ( b o t h  d i v i d e d  and u n d i v i d e d )  and 

f i v e - l a n e  wide ( w i t h  a  c e n t e r  t u r n  l a n e ) .  A l l  d r i v i n g  was done d u r i n g  

t h e  dayt ime. 

Each s u b j e c t  drove t h e  same 1979 C h e v r o l e t  Capr ice  t h a t  was used 

f o r  t h e  c losed-course d r i v i n g .  The c a r  was equipped w i  t h  dua l  -brake 

system, hand 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  d e s i r e d )  a  

s t e e r i n g  knob. The above-menti oned d r i v e r  educa to r  ( i n  the  f r o n t  

s e a t )  and a  performance e v a l u a t o r  ( i n  t h e  r e a r  s e a t )  accompanied each 

s u b j e c t .  The performance e v a l u a t o r  was charged w i t h  r a t i n g  t h e  p e r -  

formance o f  each s u b j e c t  on 144 p rede te rm ined  a c t i o n s  a long t h e  r o u t e .  

F i g u r e  3.1 ill us t r a t e s  t h e  r o u t e  w i  t h  a1 1  of  t h e  t e s t  a c t i o n s  and t h e i  r 
l o c a t i o n s  on the  r o u t e .  (Due t o  t h e  t r a f f i c  c o n d i t i o n s  t h e  a c t u a l  number 

of  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  from s u b j e c t  t o  s u b j e c t :  t h e  mean was 

126.4 w i t h  a  s t a n d a r d  d e v i a t i o n  o f  8.5. ) 

The r a t i n g  was done u s i n g  a  2 - p o i n t  sca le :  We1 1 executed and n o t  

w e l l  executed. The e v a l u a t e d  a c t i o n s  belonged t o  one o f  t h e  f o l l o w i n g  

f i v e  c a t e g o r i e s  : 

Gap Acceptance. D i d  t h e  d r i v e r ,  i n  merg ing i n t o  t r a f f i c ,  accept  

a  gap o f  a  safe s i z e  as opposed t o  a c c e p t i n g  a  gap t o o  s h o r t  o r  

r e j e c t i n g  a  gap l o n g  enough? 

'several  aspects o f  t h e  open-road e v a l u a t i o n  were based on t h e  
research  o f  Jones (1978).  





L i m i t  L i ne .  D i d  t h e  d r i v e r  p o s i t i o n  h i m s e l f  ( h e r s e l f )  c o r r e c t l y  

a t  a  s top  s i gn ,  y i e l d  s ign ,  o r  a  t r a f f i c  l i g h t ?  

Observat ion.  D i d  t h e  d r i v e r  make the  necessary observa t ions  

( d i r e c t l y  o r  v i a  a  m i r r o r )  a t  a  s top  o r  y i e l d  s i gn ,  p r i o r  t o  a  requested 

change of lanes, and on t u r n s ?  (Observat ions on t u r n s  and on s t r a i g h t  

p o r t i o n s  were t abu la ted  bo th  sepa ra te l y  and i n  aggregate.)  

Path. D id  t h e  d r i v e r  s t a y  w i t h i n  h i s  l ane  w i t h o u t  unsafe dev ia-  - 
t i o n s  from t h e  in tended  d i r e c t i o n ?  (Paths on t u r n s  and s t r a i g h t  

p o r t i o n s  were t a b u l a t e d  bo th  sepa ra te l y  and i n  aggregate.)  

Speed. D id  t h e  d r i v e r  s t a y  w i t h i n  1 5  mph f rom t h e  speed l i m i t ?  

D id  the  d r i v e r  ma in ta i n  a  smooth speed p r o f i l e  i n  t u r n s  and d u r i n g  

a c c e l e r a t i o n ?  (Speeds on t u r n s  and s t r a i g h t  p o r t i o n s  were t a b u l a t e d  

bo th  sepa ra te l y  and i n  aggregate.)  

Two performance eva lua to r s  (both psycho log i s t s  and one w i t h  p r i o r  

exper ience i n  highway sa fe t y )  a1 t e r n a t e d  i n  r a t i n g  t h e  d r i v i n g  per -  

formance. They p r a c t i c e d  p r i o r  t o  e v a l u a t i n g  ac tua l  sub jec t s  by 

s c o r i n g  t h e  same p i l o t  sub jec t s  and d i scuss ing  t h e  task  w i t h  t h e  

d r i v e r  educa to r .  (The two eva l  ua to r s  exh i  b.i t e d  a h i  gh i n t e r - r a t e r  

r e l i a b i l i t y ;  Scor ing  t he  same two sub jec t s ,  they  d isagreed on o n l y  

f o u r  o u t  o f  a  t o t a l  o f  224 t e s t  a c t i o n s . )  

A t  t he  conc lus ion  o f  t he  c losed-course and open-road d r i v i n g ,  t h e  

d r i v e r  educator  eva lua ted  each s u b j e c t ' s  d r i v i n g  p o t e n t i a l ,  psycho- 

motor s k i l l s ,  and percep tua l / cogn i  t i v e  s k i 1  1s us ing  r a t i n g  sca les  i n  

Appendix B. The d r i v e r  educator  made h i s  r a t i n g s  w i t h o u t  t he  knowledge 

of  the  r a t i n g s  by t he  performance eva lua to r .  



4.0 RESULTS 

4 .1  Perceptual and Cognitive Ski 11s 

4.1.1 Effects of Brain Damage and Spinal -Cord Damage. The 
resul ts  of analyses of variance and post hoc t - t e s t s  for  contrasts are 
presented i n  Table 4.1. These results indicate the following: 

(1) The persons with brain damage performed significantly 
b 

worse than the controls on a range of perceptual and 
cogni t i  ve t e s t s .  

( 2 )  The observed differences between persons with l e f t  and 
right hemiplegia are  consistent w i t h  the hemispheric 

specialization discussed in Chapter 2 (the persons with 
l e f t .  hemipl egia performing better, on Arithmetic and 
Digit S p a n ,  b u t  worse on the Motor Free Visual Perception 
Test) .  

( 3 )  The persons with spinal-cord damage did n o t  perform worse 
than the controls on any of the tes t s  (with the exception 
of both forms of the Symbol Digit Modalities Tests). This 
finding suggests that the problems experienced by the 
people with brain damage were unlikely t o  be due to  the i r  

. . physical limitations. 

4 .1 .2  Factor Analysis. A factor analysis was performed on a l l  
laboratory t e s t s  ( i  . e . ,  a l l  perceptual and cognitive tes t s  plus the 
visual acuity score and the reaction time). Table 4.2 shows the 
Varimax-rotated solutions obtained from the component analysis. As 
i s  apparent from Table 4.2, the following four factors emerged (with 
factor 1 oadings in parentheses) : 

Fi rs t factor - "general :perception/cogni tion" - being loaded primari l y  by 

Porteus Maze (.87) 
Motor Free Visual Perception Test ( .  79)  
Reacti on Ti me ( -  . 7 2 )  
Abstract Reasoning ( .  70)  

" p  < .05 for  a l l  s t a t i s t i ca l  tes t s  throughout this report 
20 





Table 4.2. Perceptua l  and c o g n i t i v e  s k i  11 s  : Resul ts  of f a c t o r  ana l ys i s  . 

TEST FACTOR 

Rod-and-Frame, Signed Dev ia t ions  

Symbol D i g i t  M o d a l i t i e s  Test,  Oral  Form 

Symbol D i g i t  M o d a l i t i e s  Test ,  W r i t t e n  Form 

Motor Free V isua l  Percept ion Test  

Rod-and-Frame , Unsigned Dev ia t ions  

Por teus Maze 

A r i t h m e t i c  

D i g i t  Span 

Ayres Space Test ,  Raw Score 

Ayres Space Test,  Ad justed Score 

Abs t rac t  Reasoning 

Southern Cal i f o r n i a  F igure  Ground Test  

Vocabulary 

P i c t u r e  Arrangement 

P i c t u r e  Completion 

.789 ,075 .204 -. 104 

-.548 - . 2 2 7  -.360 , 1 2 2  

Visua l  A c u i t y  

React ion Time 



P i c t u r e  Complet ion (. 68) 
Ayres Space Tes t ,  A d j u s t e d  Score (. 67) 
P i  c t u r e  Arrangement ( .  63) 

Second f a c t o r  - " v i s u a l  a c u i t y "  - b e i n g  l oaded  o n l y  by 

V i s u a l  A c u i t y  ( - - 8 5 )  

T h i r d  f a c t o r  - "language, memory, d i s t r a c t i  b i l  i t y "  - b e i n g  loaded p r i m a r i l y  by 

D i g i t  Span ( .86)  
A r i  thme t i c  ( . 78 )  
Symbol Di g i  t Modal i t i e s  Test ,  Ora l  Form ( . 7 3 )  
Symbol D i g i  t Modal i t i e s  Tes t ,  llri t t e n  Form ( .63)  

F o u r t h  f a c t o r  - " p e r c e p t i o n  o f  v e r t i c a l i t y "  - b e i n g  loaded o n l y  by 

Rod-and-Frame, S igned D e v i a t i o n s  ( -  . 9 2 )  

The f i r s t  f a c t o r  accounts f o r  30.7% o f  t h e  common va r iance ,  whi 1e t h e  

second, t h i r d ,  and f o u r t h  f a c t o r s  account  f o r  a d d i t i o n a l  7.8, 24.7, 

and 6.3%, r e s p e c t i v e l y .  

Analyses of  v a r i a n c e  on t h e  i n d i v i d u a l  s u b j e c t s '  f a c t o r  scores  

i n d i c a t e  t h a t  t h e  g l o b a l  d i a g n o s i s  (persons w i t h  l e f t  hemip leg ia ,  

r i g h t  hemip leg ia ,  d i f f u s e  b r a i n  damage, s p i n a l - c o r d  damage, and 

c o n t r o l  s u b j e c t s )  had a  s i g n i f i c a n t  e f f e c t  on t h e  f a c t o r  scores  o f  t h e  

f i r s t  and t h i r d  f a c t o r .  Post hoc t - t e s t s  f o r  c o n t r a s t s  r e v e a l e d  t h a t  

f o r  b o t h  of  t hese  f a c t o r s ,  t h e  f a c t o r  scores  f o r  t h e  combined group 

o f  peop le  w i t h  b r a i n  damage d i f f e r e d  s i g n i f i c a n t l y  f rom those  f o r  t h e  

peop le  w i t h  s p i n a l - c o r d  damage and c o n t r o l  s u b j e c t s .  S i m i l a r l y ,  f o r  

b o t h  of these f a c t o r s ,  t h e  f a c t o r  scores  f o r  t h e  persons w i t h  l e f t  

hemi p l  e g i a  d i f f e r e d  f r o m  those f o r  t h e  persons w i t h  r i g h t  hemi p l  e g i  a ,  

s u p p o r t i n g  t h e  n o t i o n  o f  hemispher ic  s p e c i a l i z a t i o n .  

4 .2  C l  osed-Course D r i v i n a  

4 .2 .1  E f fec ts  o f  B r a i n  Damage and Sp ina l  -Cord Damage. The 

r e s u l t s  o f  ana lyses o f  v a r i a n c e  and p o s t  hoc t - t e s t s  f o r  c o n t r a s t s  a r e  

p resen ted  i n  Tab le  4.3.  These r e s u l t s  i n d i c a t e  t h e  f o l l o w i n g :  

(1) The persons w i t h  b r a i n  damage per formed s  i g n i  fi c a n t l y  

worse than  t h e  c o n t r o l s  on a  range of  measures. 





( 2 )  The persons with right hemiplegia had problems with track- 
ing on the right side,  while those with l e f t  hemiplegia had 
problems on the l e f t  side,  reflecting the contralateral ef- 

fects of brain damage. Furthermore, the persons with right 
hemipl egi a performed worse than those wi t h  1 e f t  hemi p l  egi a 
on the secondary, 1 anguage-based task, which i s  consis tent 
with hemispheric specialization discussed in Chapter 2 .  

(3 )  The subjects with spinal-cord damage did n o t  perform dif-  
ferently from the controls on any of the measures. This 

finding suggests that the problems experienced by the 
people w i t h  brain damage were unlikely t o  be due t o  their  
physical 1 imi tations . 

4.3  Open-Road Driving 

4.3.1 Effects of Brain Damage and Spinal -Cord Damage. O u t  o f  
the total  of 41  people, two were judged by the driver educator (a f te r  
the closed-course driving) as too dangerous t o  operate the vehicle on 
pub1 i c  roads. One of these two subjects was a person with l e f t  hemi- 
plegia and one with a diffuse brain damage. The open-road driving of 
two additional people ( b o t h  with a diffuse brain d w g e l  was. termi- 

nated for the same reason af ter  a few minutes of actual driving. Thus, 
the analysis of the open-road driving i s  based on 37 subjects: ten 
with right hemiplegia, f ive with l e f t  hemiplegia, four with a diffuse 
brain injury, eight with spinal-cord damage, and ten controls. The 
best predictor of whether the subject completed the open-road course 
(N  = 37) or did n o t  ( N  = 4 )  were the following perceptual/cogni tive 
tests  : 

Rod-and-Frame, Signed Devi ati  ons ( r  = -.  57)  
Symbol Digit Modalities Test, Written Form ( r  = -.40) 
Symbol Digit Modalities Test, Oral Form ( r  = -. 33) 
Motor Free Visual Perception Test ( r  = -. 32) 

The results of analyses of variance and post hoc t - tes t s  for con- 
t ras t s  are presented in Table 4 . 4 .  These results indicate the following: 

( 1  ) The persons with brain damage performed significantly worse 
than the control subjects on several measures. 
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( 2 )  The persons w i t h  sp i na l - co rd  damage d i d  n o t  per fo rm 

d i f f e r e n t l y  f rom t h e  c o n t r o l s  on any o f  t h e  measures. 

Th i s  f i n d i n g  suggests t h a t  t h e  problems exper ienced by 

t h e  people w i t h  b r a i n  damage were u n l i k e l y  t o  be due t o  

t h e i r  phys i ca l  1 i m i t a t i o n s .  

4.3.2 R e l a t i o n  o f  Open-Road D r i v i n g  t o  Percep tua l /Coqn i t i ve  

Sk i1  1s and Closed-Course D r i v i n g .  As a  g l oba l  i ndex  o f  t he  open-road 

performance, a  Composite D r i v i n g  Index was computed, which was t he  

mean of  t h e  percen t  c o r r e c t  scores o f  a1 1  eva lua ted  d r i v i n g  ac t i ons :  

Composite D r i v i n g  Index = 1/8 t imes ( %  c o r r e c t  Observat ion on 
t u r n s  + % c o r r e c t  Observat ion on 
s t r a i g h t  p o r t i o n s  + % c o r r e c t  Speed 
on t u r n s  + % c o r r e c t  Speed on s t r a i g h t  
p o r t i o n s  + % c o r r e c t  Path on t u r n s  + 
% c o r r e c t  Path on s t r a i g h t  p o r t i o n s  + 
% c o r r e c t  Gap acceptance + 7i c o r r e c t  
L im i  t - 1  i n e  behav io r )  

The a n a l y s i s  o f  va r iance  i n d i c a t e s  t h a t  t he  persons w i t h  b r a i n  

damage had a  poorer  Composite D r i v i n g  Index than t h e  combined group 

of c o n t r o l  sub jec t s  and sub jec t s  w i t h  sp i na l - co rd  damage (84.5 vs .  

94.4).  The r e s u l t s  o f  t he  c o r r e l a t i o n a l  a n a l y s i s  i n d i c a t e  t h a t  t he  

f o l  l ow ing  measures were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t he  Composite 

D r i v i n g  Index ( t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  i n  parentheses) : 

P i c t u r e  Completion ( . 71 )  
P i c t u r e  Arrangement ( .58)  
Motor Free V isua l  Percep t ion  Tes t  ( .57)  
Por teus  Maze (.55) 
Abs t rac t  Reasoning ( .54) 
Symbol D i g i t  M o d a l i t i e s  Test,  Oral  Form ( - 5 3 )  
Symbol D i g i t  Modal i t i e s  Tes t  , Wr i t t en  Form ( .51)  
Southern Cal i f o r n i a  F i gu re  Ground Tes t  ( .50)  
Rod-and-Frame , Unsigned dev ia t i ons  ( - .44)  
D i g i t  Span ( .41)  
A r i t h m e t i c  ( .41)  
Ayres Space Tes t  , Adjusted Score ( .41)  
Ayres Space Tes t  , Raw Score ( - 3 5 )  

React ion Time ( - .  52 )  



Total number of cones knocked and displaced, Task 3 ( -  .56) 
Number of cones knocked, Task 3 ( -  . 5 5 )  
Number of cones knocked and displaced on the 1 e f t ,  Task 1 ( -  .44) 
Number of cones knocked, Task 5 ( -  .44) 
Number of cones knocked and displaced on  the l e f t ,  Task 3 (-.44) 
Number of correct responses, Task 5 (.41) 
Number of cones knocked and displaced on the l e f t ,  Task 5 (-.33) 
Number of cones displaced, Task 3 ( - .  33) 

The preceding analysis implies that knowing the score on the 
Picture Completion t e s t ,  one can account for 50% of the variance of  

the open-road driving performance. Analogously , the Picture Arrange- 
ment Test and the Motor Free Visual Perception Test can account for 34 
and 32% of the variance of the open-road driving, respectively. 

The best predictor of the open-road performance from the closed- 
course measures was the total  number of cones knocked and displaced in 
Task 3 (curve tracking),  accounting for 31% of the variance. 
Interestingly, among the best predictors of in- t raff i  c driving were 

a l l  three measures of the tracking errors on the dr iver 's  ( l e f t )  side.  

The above analyses were performed for a l l  groups of subjects 
simultaneously. Analogous correlational analyses were a1 so performed 
for the people with brain damage and a combined group of  controls and 
people with spinal -cord damage. For the persons with brain damage, 
Picture Completion ( r  = . 7 2 )  and Picture Arrangement ( r  = . 46 )  

were significantly correlated with the Composite Driving Index. For 
the combined group of control subjects and subjects with spinal-cord 
damage, the foll  owing measures were correl ated wi t h  the Composi t e  
Driving Index: 

Porteus Maze 
Rod-and-Frame , Unzi gned deviations 
Abstract Reasoning 
Ayres Space Test , Adjusted score 

Total number of cones displaced or knocked, Task 3 ( - . 7 2 )  
Number of cones knocked, Task 3 ( -  .68) 
Number of cones knocked or displaced on the r ight ,  Task 3 (-.66) 
Number of cones knocked, Task 5 ( -  .58) 
Number of  cones knocked and displaced on the r ight ,  Task 5 (-.57) 
Number of cones knocked and displaced on the l e f t ,  Task 1 (- .54) 
Total number of  cones knocked or displaced, Task 5 ( - .  51) 
Number of cones displaced, Task 3 ( -  .48) 



C o r r e l a t i o n a l  ana l ys i s  o f  the i n d i v i d u a l  f a c t o r  scores ( f r om  the 

f a c t o r  ana lys is  o f  the l abo ra to r y  measures, p.  22) and the  Composite 

D r i v i n g  Index i n d i c a t e s  t h a t  the f a c t o r  scores f o r  the f i r s t  f a c t o r  

( "genera l  :perceptua l  /cogni  ti ve")  were s i  g n i f i  c a n t l y  r e l a t e d  t o  the  

d r i v i n g  performance ( r  = .59 ) .  The f a c t o r  scores f o r  the  o the r  t h ree  

f a c t o r s  were n o t  s i g n i f i c a n t l y  r e l a t e d  t o  t he  d r i v i n g  performance. 

4 .3 .3  E f f e c t s  o f  Demographic Var iab les  on Open-Road D r i v i n g .  

The f o l  l ow ing  demographic measures were n o t  s i g n i f i c a n t l y  c o r r e l a t e d  

w i t h  t he  Composite D r i v i n g  Index: 

Sex 
Educat iona l  s t a t u s  ( i n  o r  ou t  o f  school )  
P re fe r red  hand 
Age 
Years of educat ion 
To ta l  number o f  months o f  d r i v i n g  exper ience 
Number o f  months o f  d r i v i n g  p r i o r  t o  the  i n j u r y  Analyzed f o r  the  
Number o f  months o f  d r i v i n g  s i nce  the  i n j u r y  persons w i t h  b r a i n  
Number o f  months f rom t h e  i n j u r y  and sp ina l -  co rd  damage 

A d d i t i o n a l  analyses were performed by d i v i d i n g  sub jec ts  i n t o  

t h ree  p a i r s  o f  groups, r e s p e c t i v e l y :  

No d r i v i n g  exper ience a t  a l l  vs.  some d r i v i n g  exper ience 

(a1 1  sub jec t s )  

r No d r i v i n g  exper ience p r i o r  t o  the  i n j u r y  vs.  some d r i v i n g  

exper ience p r i o r  t o  t he  i n j u r y  ( sub jec t s  w i t h  b r a i n  o r  s p i n a l -  

co rd  damage) 

0 No d r i v i n g  exper ience - since  t he  i n j u r y  vs.  some d r i v i n g  expe r i -  

ence s i nce  t he  i n j u r y  ( sub jec t s  w i t h  b r a i n  o r  sp i na l - co rd  damage) 

Ana lys is  o f  var iance revea led  t h a t  t h e  Composite D r i v i n g  Index d i d  n o t  

d i f f e r  f o r  t he  people w i t h  no d r i v i n g  exper ience a t  a l l  i n  comparison 

t o  those w i t h  some d r i v i n g  exper ience, A s i m i l a r  dichotomy on the  d r i v -  

i n g  exper ience - p r i o r  t o  t he  i n j u r y  suggested no e f f ec t  on t he  Composite 

D r i v i n g  Index. Hbwever, t he  people who had some d r i v i n g  exper ience 

s ince  the  i n j u r y  performed b e t t e r  than those who had none. (Th is  f i n d -  
i n g  suggests t h a t  e i t h e r  (1) the  people who drove worse d i d  so because 



they had no p o s t - i n j u r y  d r i v i n g  exper ience,  o r  more p l a u s i b l y ,  ( 2 )  t h e  

people who had no p o s t - i n j u r y  d r i v i n g  exper ience d i d  so because they  

were worse d r i v e r s  due t o  t h e i r  i n j u r y . )  

4.4 Sub jec t i ve  Eva lua t i on  o f  D r i v i n g  Performance 

A t  t he  conc lus ion  o f  the  c losed-course and open-road d r i v i n g ,  t h e  

d r i v e r  educator  eva lua ted  each s u b j e c t  by us i ng  t h e  r a t i n g  sca les i n  

Appendix 0 .  S t a t i s t i c a l  analyses o f  h i s  r a t i n g s  i n d i c a t e  t h a t  t he  

persons w.i t h  b r a i n  damage were judged t o  have 

(1) lower  d r i v i n g  p o t e n t i a l s ,  

( 2 )  poorer  psychomotor s k i  11 s  , and 

( 3 )  poore r  perceptua l  and c o g n i t i v e  s k i 1  1s 

than  t he  c o n t r o l s .  The c o r r e l a t i o n  c o e f f i c i e n t s  o f  these t h r e e  sub- 

j e c t i v e  eva lua t i ons  w i t h  t h e  o b j e c t i v e  Composite D r i v i n g  Index were 

-81, . 7 7 ,  and .74, r e s p e c t i v e l y .  These f i n d i n g s  imp ly  t h a t  t he  u t i l i z e d  

measure of t he  d r i v i n g  performance eva luated,  t o  a  g r e a t  e x t e n t ,  sim- 

il a r  behav iors  as t he  t r a d i t i o n a l  s u b j e c t i v e  eva lua t i ons  by an expe- 

r i enced  d r i  ve r  educator .  

4.5 Perceptua l  and Cogn i t i ve  Sk i  11 s  as Mediators  between B r a i n  Damage 
and Problems i n  D r i v i n g  

The analyses o f  va r iance  o f  the  Composite D r i v i n g  Index i n d i c a t e  

t h a t  t h e  d r i v i n g  performance o f  persons w i t h  b r a i n  damage d i f f e r e d  f rom 

t h a t  o f  t h e  c o n t r o l s  ( p = .025) o r  t h a t  o f  t he  combined group of 

c o n t r o l s  and people w i t h  s p i n a l - c o r d  damage ( p  = .002).  To i n v e s t i -  

gate  t h e  hypothes is  t h a t  t h e  d r i v i n g  problems exper ienced by t h e  pe r -  

sons w i t h  b r a i n  damage stem f rom t h e i r  pe rcep tua l  and c o g n i t i v e  d e f i -  

c i enc i es ,  analyses o f  covar iance were performed. I n  these analyses the  

dependent v a r i a b l e  was t h e  Composite D r i v i n g  Index (CDI) , the  indepen- 

dent  v a r i a b l e  was t he  two s u b j e c t  popu la t ions  (people  w i t h  b r a i n  

damage and a  combined group o f  c o n t r o l s  and people w i t h  s p i n a l  - co rd  

damage) and t h e  cova r i a t es  were each of t he  percep tua l / cogn i  t i v e  and 

closed-course measures which were s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  C D I  



(see p. 2 7 ) .  The r e s u l  t s  of these analyses a re  presented i n  Table 4.5. 

As i s  e v i d e n t  f rom these f i n d i n g s ,  a d j u s t i n g  t h e  two group means o f  

t h e  CDI on one o f  severa l  pe r cep tua l / cogn i t i ve  measures r e s u l t e d  i n  no 

s t a t i s t i c a l  d i f f e rence  between t he  persons w i t h  b r a i n  damage and the 

remain ing sub jec ts .  The most, e f f e c t i v e  such measures i n c l  ude bo th  

ve rs ions  o f  t he  Symbol D i g i t  Modal i t i e s  Test ,  P i c t u r e  Arrangement, and 

P i c t u r e  Completion. These r e s u l  t s  a re  c o n s i s t e n t  w i t h  t h e  hypothes is  

t h a t  b r a i n  damage a f f e c t s  percep tua l / cogn i  t i v e  s k i l l s  which,  i n  t u rn ,  

a f fec t  d r i v i n g  performance. 

4.6 P r e d i c t i n g  t he  D r i v i n g  Performance : Va r i ab l  e -Se lec t ion  Procedure 

A v a r i a b l e - s e l e c t i o n  method (see, e.g., Draper & Smith, 1966) was 

appl  i e d  separa te ly  t o  a1 1  perceptua l  and c o g n i t i v e  measures, c l  osed-course 

d r i v i n g  measures, and t h e  combined s e t  o f  perceptua l  /cogni  t i  ve and c losed-  

course measures. The procedure se lec t s  the  independent va r i ab l es  f o r  a  

r eg ress i on  model us ing  a  s tepwise reg ress i on .  The dependent v a r i a b l e  was 

t he  Composite D r i v i n g  Index (CDI).  The r e s u l t i n g  models a re  as f o l l ows :  7 

(1) A1 1  perceptua l  /cogni  t i v e  measures : 

C D I  = 55.21 + 3.33 x ( P i c t u r e  Completion sco re ) .  
2 Percent  o f  the  var iance accounted f o r  ( r  ) = .51 

( 2 )  A1 1  c l  osed-course measures : 

CDI = 74.16 - .99 x (To ta l  number of cones knocked and d i s -  

p laced, Task 3 )  + 2.21 x (Number of c o r r e c t  responses, 

Task 5) - 2.70 x (Number of cones knocked and d i s -  

p laced on t he  l e f t ,  Task 1)  
2  

Percent o f  t he  va r iance  accounted f o r  ( r  ) = .51  

( 3 )  Combined s e t  of t he  pe rcep tua l / cogn i t i ve  and closed-course 
measures : 

C D I  = 59.80 + 3.04 x ( P i c t u r e  Completion score)  - 1.13 x 

(Number o f  cones knocked and d isp laced  on t he  l e f t ,  

Task 3 )  
2  Percent o f  t he  var iance accounted f o r  ( r  ) = .59 

- . - - -. - 

7  
The r e s u l t s  o f  these analyses should be eva luated w i t h  cau t i on ,  

because of the  r e l a t i v e l y  l a r g e  number o f  measures ( i n  r e l a t i o n  t o  t he  
number of sub jec t s )  e n t e r i n g  i n t o  t he  s e l e c t i o n  process. 



Table 4 .5 .  Analyses of covariance. The dependent variable i s  the 
Composite Driving Index ( C D I ) .  The t e s t  for equality of 
means i s  for the persons with brain damage vs. controls 
and persons w i t h  spinal -cord damage. (These results 
should be compared t o  p = .002 for the equality of 
unadjusted means, obtained from analysis of variance. ) 

Equality of 
C O V A R I  ATE adjusted means 

(obtained 
o level ) 

Motor Free Visual Perception Test 
Rod-and-Frame, Unsigned Deviations 
Symbol Digit Modalities Test, Oral Form 
Symbol Di gi t Modal i t i  es Test, Wri tten Form 

Porteus Maze 
Arithmetic 
D i  gi t Span 
Ayres Space Test, Raw Score 
Ayres Space Test, Adjusted Score 
Abstract Reasoning 
Southern Cal i forni a Fi gure-Ground Test 
Picture Arrangement 
Picture Completion 

Reaction Time 1 0 9 2  

Number of knocked and displaced cones on  the l e f t ,  Task 1 

Number of knocked cones, Task 3 

Number of displaced cones, Task 3 

Total number of knocked and displaced cones, Task 3 

Number of knocked and displaced cones an the l e f t ,  Task 3 

Number of knocked cones, Task 5 

Number of knocked and displaced cones on the l e f t ,  Task 5 
Number of correct responses, Task 5 



5.0 SUMMARY, DISCUSS ION, A N D  CONCLUSIONS 

The discussion here i s  centered around the primary questions of 
in te res t ,  stated in Chapter 1 ( p p .  1, 2 ) .  

(1) Is driving performance correlated w i t h  perceptual and 
cognitive ski 11 s ?  
The results of the correlational analysis ( p .  27 )  indicate 
that  performance on most of  the perceptual and cognitive 
tes t s  was significantly correlated with open-road driving. 
The highest correlations were obtained for the Picture 

Completion Test ( r  = .71) ,  Picture Arrangement Test 
( r  = .58),  and Motor Free Visual Perception Test ( r  = . 5 7 ) .  

( 2 )  Does brain damage resul t  in impaired perceptual and cogni- 
t ive s k i l l s ?  

As i s  evident from Table 4 .1 ,  the answer i s  "yes." On most 

of the t e s t s ,  the people with brain damage scored s igni f i -  
cantly worse than the controls. On the other hand, the 

performance of the people with spinal -cord damage, in 
general, did not differ  from that of the control subjects. 
This finding implies that the problems encountered by the 
individuals with brain damage are l ikely n o t  due t o  their  
physical limitations. 

(3 )  Does brain damage result  in impaired driving performance? 

Results of analyses of variance ( p p .  23-27) indicate that  

persons with brain damage performed significantly worse 
than the controls (or  the combined group of the control 
subjects and persons with spinal-cord damage) on several 
measures of both the cl osed-course and open-road driving . 

( 4 )  What i s  the relation between subjective evaluation of 
driving by a driver educator and an evaluation of  selected 
driving actions? 

The correlational analysis ( p .  30) indicates that the cor- 
relation between a global subjective evaluation of driving 
potential by a driver educator and an evaluation of selected 



driving actions i s  rather high ( r  = .81).  This finding 

implies that the uti l ized measures of driving performance 
evaluated t o  a great extent similar behaviors as the 

traditional subjective evaluations. 

The results of this  study suggest that there are several 
potential candidates for inclusion i n  a screening battery 

(e.9.  , Picture Completion, Picture Arrangement, Motor Free 
Visual Perception Test.)  The scat ter  plots of the best 
predictor of the open-road driving (Picture Completion) vs , 
a measure of open-road driving (Composite Driving Index) are 
shown in Figures 5.1 nad 5 . 2  for a l l  subjects and the per- 
sons with brain damage, respectively . The analogous scat ter  
plots using regression models having two predictors are 
shown in Figures 5 . 3  and 5.4.  (The predicted val ues for 
plots in Figures 5.3 and 5.4 were derived from the results 
of a stepwise regression analysis, p .  31 . )  While these 
results are encouraging, validations with larger samples of 
people with brain damage are necessary. 
The obtained correl ation coefficients between the best pre- 
dictors (Picture Completion, Picture Arrangement, and Motor 
Free Visual Perception Test) and driving ( - 7 1  - . 57 )  fa l l  
substantially short of 1.00. Therefore, i t  i s  unlikely 
that any of these tes t s  will replace the actaal driving 
t e s t .  However, the i r  predictive power i s  high enough so 
that they might prove t o  be valuable tools in rapid detec- 
t i o n  of potentially serious driving-re1 ated problems. 

(6) Can the problems in driving experienced by some people 
with brain damage be explained, a t  leas t  in par t ,  by 
their  impaired perceptual/cogni t ive s k i l l s ?  
The results of the analyses of covariance ( p .  3 2 )  indicate 
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PICTURE COMPLETIOI4 

Figure 5.1 Scatter plot o f  the Composite Driving Index (CDI) vs. 
Picture Completion score. A 1  1 subjects. 



P I CTURE COMPLETI ON 

Figure 5 . 2  Scat ter  plot of  the Composite Driving Index (CDI) vs. 
Picture Completion score. Persons with brain damage o n l y .  



P C D I  

F igure 5.3 S c a t t e r  p l o t  o f  the Composite D r i v i n g  Index (CDI) vs. 
p r e d i c t i o n s  (PCDI) from a  regression model us ing  two 
p r e d i c t o r s  ( P i c t u r e  Completion and Number of cones 
knocked and d isp laced on the l e f t ,  Task 3 ) .  A1 I subjects.  



CDI 

PCD I 

Figure 5.4 Scatter plot of the Composite Driving Index (CDI ) vs . 
predictions (PCDI) from a regression model us ing  two 
predictors (Picture Completion and Arithmetic) . 
Persons with brain damage only. 



t h a t  t he  present data are cons i s ten t  w i t h  the  hypothesis 

t h a t  several perceptual and c o g n i t i v e  s k i 1  1s a re  mediators 

between the e f f e c t s  o f  b r a i n  damage on d r i v i n g  pe r fo r -  

mance. (This hypothesis s ta tes ,  i n  o the r  words, t h a t  

b r a i n  damage a f fec ts  perceptua l /cogn i t i ve  s k i  11s which, i n  

tu rn ,  a f f e c t  d r i v i n g  performance.) The most 1  i ke ly  candi- 

dates f o r  such mediators a re  the s k i l l s  evaluated by Symbol 

D i g i t  Moda l i t i es  Test, P i c t u r e  Arrangement, and P ic tu re  

Completion, Therefore, r e h a b i l i t a t i o n  techniques which 

would improve the s k i  11 s  eval uated by these t e s t s  are 1  i ke ly  

t o  improve the  d r i v i n g  p o t e n t i a l  o f  the  persons w i t h  b r a i n  

damage. 
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APPENDIX A 

SUBJECT CONSENT FORM 



SUBJECT CONSENT FORM 

The purpose of t h i s  s tudy is t o  compare performance on c e r t a i n  problem 
solv ing  a b i l i t i e s  i n  the  labora tory  with performance while d r iv ing  an 
automobile. You w i l l  be asked t o  p a r t i c i p a t e  i n  both p a r t s  of t h e  study. 

One p a r t  w i l l  r equ i re  you t o  do a number of t a sks  and answer quest ions.  
These a r e  the  type of t a s k s  and problems which r equ i re  w r i t t e n  o r  o r a l  
responses and they w i l l  be given t o  you i n  p r i v a t e  by an experienced 
t e s t  adminis t ra tor .  These t a s k s  w i l l  measure your performance on many 
d i f f e r e n t  problem solv ing  a b i l i t i e s .  Some w i l l  be very easy and some 
w i l l  be  q u i t e  chal lenging.  This  p a r t  w i l l  r equ i re  about t h r e e  hours 
and may be s p l i t  up i n t o  s e v e r a l  sess ions  depending on when you can 
f i n d  time i n  your schedule. 

In the o t h e r  p a r t  of the study you w i l l  d r ive  a c a r  and we w i l l  ask you 
t o  c a r r y  o u t  c e r t a i n  maneuvers. There is always the  p o s s i b i l i t y  of 
i n j u r y  from an acc ident  .when d r i v i n g  an automobile, however, every 
precaut ion w i l l  be taken t o  minimize t h e  r i s k  of in ju ry .  A dua l  con t ro l  
car w i l l  be  used and you w i l l  be accompanied by an experienced d r i v e r  
t r a i n e r .  The d r ive  w i l l  begin on a l a r g e  vacant l o t .  I f  you a r e  ab le  
t o  do.wel1 t h e r e ,  you w i l l  be asked t o  follow a course on the  publ ic  
s t r e e t s .  This p a r t  of the  s tudy w i l l  r equ i re  about one hour. You 
w i l l  f i r s t  be asked t o  have your v i s i o n  checked. If you meet our  
research requirements, y o u w i l l  b e  asked t~ p a r t i c i p a t e  i n  t h e  r e s t  
o f  the study. Those who w i l l  n o t  cont inue a f t e r .  t h e  v i s i o n  test w i l l  
be giveil $5 f o r  t h e i r  wi l l ingness  and cooperation. 

I f ,  a t  ~ n y  time, and f o r  any reason,  you p r e f e r  not  t o  continue the  
study, you may with2raw from t h e  study without pre judice  e i t h e r  from 
t b e  i n v e s t i g z t o r s  or any persons o r  agency which may have r e f e r r e d  you 
t o  cs. You w i l l  be paid $25 upon completion of both p a r t s  of the  study. 
In add i t ion  t o  t h e  money, you may b e n e f i t  from t h e  study by ga in ing .a  
b e t t e r  understanding of your own a b i l i t i e s .  

All information and answers we c o l l e c t  from you w i l l  be kept  s t r i c t l y  
conf iden t i a l .  Under no circumstances w i l l  any of t h e  i n d i v i d u a l ' s  
personal  d a t a  be i d e n t i f i e d  and used during the process of da ta  ana lys i s  
o r  i n  t h e  write-up of r e s u l t s .  The information and da ta  about you a s  
an ind iv idua l  w i l l  n o t  be re leased  t o  anyone unless  you s p e c i f i c a l l y  
give us  w r i t t e n  permission t o  do so. Please f e e l  f r e e  t o  ask any 
ques t ions  about the  s tudy a t  any time. 

I have read and understand t h e  information presented above. My 
p a r t i c i p a t i o n  i n  t h i s  study is e n t i r e l y  voluntary.  

Signature Date 

Witness Date 



APPENDIX B 

RATING FORM FOR THE D R I V I N G  EVALUATION 

BY THE DRIVER EDUCATOR 



Overall  Eval uat ion : Drivina Po ten t i a l  

1 I I 

I t 
N o Possibly, Yes, Yes 

w i t h  l o t s  w i t h  some 
of t r a i n i n g  t r a i n i n g  

Overall  Eval ua t ion :  Psychomotor (Performance) Ski 11s 

1 I 
1 

Very Poor poor Good Very kood 

Overall  Eval u a t i  on : Perceptual  and Cogni t i  ve Ski 1 1 s 

I I I 
I I I 

Very Poor Poor Good Very Good 

Subjec t  

Date 


