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*.. 

Long-range prognos.is of psychosdal outcome following traumatic 

head injury has become axmajor concern in health care, 

particularly in view of its clinical utilitx regarding earliere 
a *% n 

and more fo~used rehabilitation p l a m h g  as w d ( 1  as the 

\ evaluation of disability ~o~~eniation. The presen study was /- 

undertaken in order to evaluate the single and combined 
'? 

predictive power of i.) medical indices concerning trauma 

severity, ii.) personal characteristics of the head-injured 

victim, and iii. ) neurops$chological test measures in 
Y 

employment-related nutcomes and day-to-day f~nctio&~. 
"" 4 

& - 
-Y 

Patients who had Fundergone, cmpreh~nsive neuropsychological 
5 * 

testing were later questioned about their occupational status 

and perceived problems in daily 1ife:Unemployment rate was very 

high, irrespective of injury severity: of the 107 subjects, only- 

48 (46%) were working two $0 six years post-injury. 

* 
-n 

.The results support the predictive validity of 

neuropsychological measures in favour*•’ other;prognostic 

indicators. Test perf orrnance on the Halstead-Reitan ~attery, the 
-- 

.Wechsler Adult Intelligence Scale - Revised, and the Minnesota 

-. Multiple Personality Inventory were found to relate to 
- .  , a 

employ+nt variables and self -reported problems in daily life 

efficiency better tha'n did the medical indices of trauma 
. d 

severity and the p-rs&~al characteristics of the victim. 

ii i  



Special - atqention was given to the role of executse-control . 
' \  

functions and dheir. impact on the long-term psychosocial 
% consequences f +lowing head in jury. The u l t s  suggest that - 

measures of performan'ce effectiveness can be used to quantify - 

more subtle neu opsychological deficits and thus help identify 1. 
the vict'ims who are at high'er risk for psychosocial 

maladjustment, 

The finding$.further indicate that broad-range appraisal of 
l 

~neuropsychological functioning is' required in order to optimize- -- 
A 

' predictiye accuqracy. Thorough evaluation procedures should 
-i 

inklude measures of cognitive-intellectual, personality, and 

possibly, measures of e.xecutive-control functions. tezak's model 
02 neuropsychological ' functioning was found to provide a good 

44 

framework for such a comprehensive approach. 
.P 
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I 
, - 

1 
L 

I n  t h e  past, (the predominant .role of clinical 

ncuropsycholoc&tk has b& their aiFsistanct in the . 
- - 

@ identification - - and diagnosis of brain impairment. 

~europsychologiga~ techniques are-an important p a r t  of the 
1 , 

neurodiggn~stic armamentariom, and their usefulness and v a l i d i t y  
\ ". * 

ie well established (c.f: '~ezak, 1983; Goldstein & Shelley; 

traumatic head injuries fTHi) (e .g .  traffic or work-related 
- - 
accidents, sports injur5.ies) ,  squcstions concerning an 

* f - 
i n d i v i d u a l  ' s potential for rthabili tat ion and independent living 

b - 
' have become B pressing concern in h e a l t h  c a r e  and litigation. 

-7 

Whereas it has k e n  found that physical deficits often tend to 
4 

improve tventuaLZy or can be adjusted to, the neuropsychological . - 
i 

consequences of head injuiies frequently cause , serious and 

lasting disablement (e .9 .  Bond-& Brooks, 1976; Thomsen, 1984; 
i 

7 -  * 

3 ~ o e t . .  5 "  Levin, 1984: Hiller, 1 9 8 5 ) .  Impaired heuropsychological 
> - -y ' 

- functioning is typicaily evi'dinced in ingired memory functioris, 
,- , , * S  < 

dcficitnt cognition - includ.hg language, intelligence, pe_r,.cc?ptual , 
I I.+', -,T- ,-- 

end motor skills, a n 8  personality probleais. The resulting 

.psychoso?-i~isl rarni f icst ions of THI dnd t h 6  disruptive and of ten 
LS 

t '  

tragic> consequences forbpatient and family are well documented a 

.b * d o  

i n :  t h e  literature A .  Lezak; 1983: Eiben, Anderson, ~ockman; 



btthews, Dryia, Martin, Burrill, Gottesman, O'Brian, & Witte, 

1984; Vargo, Ksrpman, & Wolfe, 1985); 2- 

More often than not, the net~cr~opsychologica1 consequences of 

brain impairment art quite subtle, but nevertheless can be - 
L - r 

equally distur-bing to both the patient and the family. As Lezak 

... their irritability, self-centeredness, impulsivity or 
- apathy create awesome emotional burdens on family 
members, generate conflicts between family members and 
vith the patient, and strain family ties, often beyond 
endurance. ( p .  1 1  1 

For the neuropsychologist practicing in a forensic rbr 
' 
;- rehabilitation setting, ac&rate assessment of permanent 

- --\ \ 
neuropsychological deficits :hat will affect the THI victim's 

future livelihood is of vi-tal-intsre~t. Many health or legal. 

piof eisf6ndls rely on the neuropsythologist ' s assistance not so 

much for diagnostic purposes but in order to obtain a detailed 

description - of the cognitive-behavioral consequences' of brain - 

impirment. This includes comprehensive information concerning 
. . 

i 
intellectual and emotional status, memory and ability deficits, 

rC . ,, - ../ & 

as well as personal assets and limitations. Accordingly,. the 
. i 

, informat-ion gained from neuropsychological data should yield a 

solid basis for answering important clinical questions with 
1 

"I' 
Q '. 

regard to psychosocial prdgnosis including - impact on everyday 

life activities; future work capacity, overall psychosocial and 

I For the purpose of. this study, "neuropsycho1ogica1 
consequences" and "cogni%ive-behavioral consequences" will be 
used interchangeably an3;bfer to deficits in functioning 

. resulting from brain trauma. 



\ 

vocational adjustment; and prospects for rehabilitation. 

w 

fortunately, however, there is a distinct lack of research 

-,I A 

ev ing the clinical utility of neuropsychological 

assessments in predicting brain-damwd patients' everyday 

functioning and overall adjustment to the disability. As Heaton 

and Pendleton (1981 stat b , this has been a largely ignored 
research topic, despite its obvious clini,cal importance. With 

r- 

the current shift of emphasis away from diagnostic 'and toward 

prognostic use of neurops~chological assessments, the potential 

contribution of clinical n~urop~ychologists towards patient o c '  

/ I 

management and rehabilitation becomes apparent. It is generally 

assumed that'neuropsychological data should help delineate 

cognitive-behavioral c?nsequefices following brain injudy, 

L k  

C 

predict thCir likely pact on everyday functioning (Heaton & (, . . 
Pendleton, 1981 and, ideally, aid in the development of 

training programs *that facilitate and optimize psychosocial ~ 

4 

recovery, but evidence to date is problematical. Hence, there is 

a clear need to further investigate the predictive validity of 

present assessment techniques for these purposes.  oreo over, it 
, is important to examine domogeneous groups of neqtologically 

im~aired~patients (e.g. THI, stroke victims, persons with 

epilepsy) 3sepafately; since underlying etioglogic factors. will 

result in varying patterns of brain impairment and largely 

determine the degree and nature of neuropsychol!.ogical deficits. 

The focus of this study was on the residual 

n~uropsychological deficits resulting'from THI and their impact 
~-- 



on psychosocial adjustmpnt, specifically on occupational status 
, 

at the time of follow-up, on loss in occupational status, on the + - -  

> 

disposition of legal proceedings, and- on perceived daily life , 

- r 
- 

eyiciency. Tn trying to find out more about variabIes thatL. * 

influence-the adjustment process following trauma, this study 
i L  - = - 

j i 

investigated those cognitive, emotional, and executive-control - - 
\ 

problems that hinder or' preclude return to previous lifestyle. A 
0 

large neuropsychological data base of patients with a medicallly 

documented history of THI allowed confirmation of 

well-established assessment techniques as useful and informati 

prognostic indicators of THI victims' psychosocial recovery. 

In the following review, different conceptual approachesto 
- 

outtome prediction have been outlined together with a discussion 

of research findings and frequently encountered methodological 

problems. While most previous studies have focused, separately on 

either biomedical markers of severity and secondary factors 

affecting outcome (such as age, premorbid a - history) on the 

resulting ~ogn~tive-intellectual loss, or have looked at 

personality and emotional problems as predictors of psychosocial 

rec,overy (outcome), a unifying "neuropsychological systems" 

model was propos,ed as an a1ternative:approach. !n this, 

adjustment to daily life was assumed to be determined by the. . 

combined"%ipact of trauma data and three broad subsystems of < - - 

neuropsych~ogical functponing. The latter are intellect and : 
%+ 

information-handling aspects of behavior, emotionality and 

personality, and executive-control functions (goal-directed 
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r 

?4 - 4 -  

"a 
to the blow. Some of the i c a ~ ~ o r n p l i ~ ~ i ~  are 

F 

laceral$ons, skull f ra , intracranial hemorrhke, edema, - 
f 

g and 'iaised intracranial pressure, brain 

supply of oxygen to the brain (hypoxia). 

the biomechanical and inertial forces 

.kvolved, the whole brain is affected, resulting in ridespread 
J" 

, damage. Injuries that involve twisting or rotation of the head 

and neck (i.e. torsion injuries) a-re considered to be more 

serious and frequently cause traur~3tic unconsciousness (Ommaya & 

Gennarelli, 1974). 
s 

Three commonly used-measures of severity in terms of - - 

survival and outcome are i) initial level of conscio 
1 

measured, for example, by the Glasgow Coma Scale (GCS) (Teasdale 
1 

& Jennett, 1974); ii) duration of loss of consciousness, e.g. 

'time during which a patient fails to obey verbal commands; and i 

iii) post-traumatic amnesia (PTA), that is the lengthto•’ time 

the ?HI victim is unable to consistently remember ongoing events 

since th,e time of in jury. ~euroradiologic and neurophysiologic 

procedures such as computerized tomographic scanning (CT scan) 

and electroencephalogram (EEG), and more recently positron 

emission tomography (PET) as well as magnetic resonance ( M R )  are 

often used in the early management of THI and later diagnostic 

assessments (c.f. Tirnrning, Qrison, & Mikula, 1982; Klove & 

White, 1963; Rao, ~ellinek, Harvey, & Flynn, 1984). However, 

their usefulness as predictors of long-term outcome is 
I ,  



Assessment of severity using both the Olasgow Coma Scale 

(GCS)  according to-the criteria outlined by Teasdale and 

Jennett, and duration of PTA as defined by Russell ( 1 9 7 1 )  is 

generally accepted as the best' qumtitativ index of in jury a 
severity . These scales are .also ,considered to be relevant 
prognostic signs of expected course of recovery when combined 

-with addit'ional factors such as age, etiology, and pre-morbid 

level of functioning. 
B 

More specifically, Becker, Grossman, McLaurin and Caveness 
a 

(1979) outline the following criteria for diagnosis of severity: 

A mild injury is characterized by transient loss or brief 
I 

alteration of consciousness. There are no focal neurologic 

deficits, and the vi tim's return to alertness and full 
g% 

orientation is fast. Duration of PTA is less than one hour. 
I .  

A m o d e r a t e  injury is diagnosed when consc,iousness remains 

impaired' or the victim is still disoriented one. hour after 

the accident. Normally, the patient is able to follow some 

comm+sds, -a OL is alert with a focal neurologic deficit. PTA ' 

extends'from one to twenty-four hours. 

A s e v e r e  injury is characterized by an extended period of 

unconsciousness. The patient is unable to follow 3ny 

commands, he or she may use words but inappropriately. Motor 

responses are very weak or non-existent. PTA ranges from one 
, . 

to seven days or longer, 

A v e r y  s e v e r e  injury is diagnosed when .the patient shows no 

reaction to intense stimuli and no motor movement or 



- d> 

posturing response can be elicited. Patients with very * 

A "  

severe heed in juriei have very poor "prkgnosis.- ManY die, and 
f 

if the patient lives it is frequently in a vegetative=.state. 

Trauma Sever it1 - As predictor - 0i Lonq-Term Outcome 

S e v e r e  I n j u r t  

0 

Expected course of recovery is often predicted on the basis 

of trauma severity. It is undisputed that the prognosis for ' 

severe head injuries is poor. vi;tuaily always they cause 

permanent brain impairment of a diffuse nature which is 

typically associated with loss of overall intellectual 

efficiency, poor attention, concentration, memory, planning and 
# 

- 

problem solving abilities, together with emotional and 

behavioral problems such as apathy, irritability,, impulsiveness, 

fatiguability, unrealistic self-appraisal, inappropriate 

interpersonal behavior, social isolation, depression, and 
i 

anxiety- (Goethe & Levin, 1984). Given this cluster of symptoms 
I 

which is commonly referred to as post-traumatic syndrome (PTS) 

or post-concussion syndrome (PCS), it is not too surprising that 

long-term psychosocial adjustment after severe head injury is 

often problematic ahd can present formidable problems to family 
- -  

and society. - . 

Miller and Stern ( 1 9 6 5 ) ,  for example, found that even after 

three to forty years post-injury the degree ef social and 

occupational incapacity in the severely head-injured was 



considerable. Less than 50% of their sample of 100 p t i e n t F ( ~ ~ ~  

greater than 2 4  hours) were eventually able to resume their --- - 

.,- 

previous employment, ~her-eas the majority were either downgraded . 

or unable to return to work. Many of the patients suffered from 
L 

psychiatric symptoms and showed some degree of intellectual 

loss. Similar results were repor&d by Thomsen (1984). He 
d 

concluded that both work capacity and psychosocial functioning 
-- of severely ir,jured patients (N = 40, PTA greater than one 

", 

month) were seriously compromised, and that inte"llectua1, 

emotional and behavioral problems persisted even ten to fifteen 
1 

- years after the accident. His study is particularly interesting 

since it allows cornparism of problem areas as rated after the . 
first (2.5 years post-injury) and second follow-up ( 1 0  to 15 

years post-injury). M T t  s T e c t s  were reported to show 

persistent woblems with memory, personality and emotions, poor 
i 

concentration and slowness. Moreover, problems with 
I 
1 
irritability, restlessness ,- hpathy, tiredness, sensitivity and 

bistress, lack of Interest, and loss :of social contact tended to 

b ecome increasingly more prondunced with time. Thomsen's data 
!@so indicated that there was very little change in work 

I f \ a 

dapacity across this time period. That is, if subjects had- not 
I 

- 1  
qeturned 'to work within the first two and a half years, it was 

1 I I \ 

h\ighly unlikely that they would return to competitive,. emplpyment 
I 

ab a later date. In a much larger outcome study regarding the ' 
I 
I 

. 1 

o+cupational and social status of 479 trauma victims (PTA 

gteater than one week or duration o f  unconsciousness longer than 

l o d e  week), Lewin, Mars~all, and Roberts ( 1 9 7 9 )  found that 49% of 
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b to the recent economic recession. In a recent report in the ,, 

British Columbia Medical Journal, Robinson et al. ( 1 9 8 5 ) ,  for 
-=--% 

example, estimated .that only a tliird of all severely 

ahead-injured patients in their sample (N = 117, duration of coma 
/ - 

as severity measure) can be expected to return to full time 

employment, a fourth will never .work again, and the remaining 40 
?<'. 

to 45% are projected to suffer from permanent disabilities and 

perform lesser quality part-time work. 

statistically, head in juries classified as -mild or moderate 

occur much more frequently than severe injuries.,However, much 

le.ss attention has been paid-to the extent and nature of 

disability,'caused by mild to moaerate brain trauma and the 

resulting psychosoc-ial ramifications. ~articularl~ in the 

medical literature, the consequences of such injuries tend to be 
' 

minimized. Whereas it is acknowledged that moderate trauma may 
i__ 

result in some residual deficits, complete recovery is expected 
-- 

in most cases,..The coprse of rec0ver.y from mild to moderate 

trauma may be complicated with some of the symptoms of PTS, but ' 

this is expected to be a transitory phenomenon occuring only in 
l 

a very few cases. Moreover, such symptoms are ofken attributed 
/ 

to functional rather than organic reasons, and it is widely 

believed that persisting~postconcussional symptoms after mild. 

irijury are most likely a reflection and exacerbation of 

premorbid personality problems. Matthews i19821, for example, 

states: "The minor closed .head in jury with brief  unconsciousness ~ 



is usually made too much~,of, causes disproportionate loss of , %  
E 0 

work, and attracts excessive compensation in c&irts of law." (p .  

This attitude, however, has been challenged by recent 

fineings. In their study on disability caused by minor head 
- 

injury, Rimel, Giordani, darthi ~oll', and Jane (1981) found that 

three months post-injury, the majority of their large sample of 
4 

mildly head-injured patients' reported suffering from persistent 
> 

headaches and problems with their memory. The sample consisted 
B 

of 426 ubjects, and trauma severity was measured on the basis , 

I .  

of length and depth of coma (GCS rating between 13 to 15 

indicating a nearly normal state of alertness, duration of 

'ynconsciousness less than 20 min, and hospitalization for less - 
than 48 hours). Even more strikingly, over a third of those - 
patients who were employed before the accident had not yet 

returned,/to work. Although Rimel and her colleaguesf work has 
/ 

been criticized for some methodological shortcomings, the 

implications of their finding; are serious enough to cast doubt 

on the value of conventional trauma severity measures as sole 

predictors of long-term outcome, particularly in mild to 
- - 

moderate head injuriesAMofeover, there is increasing ev'idence 

that there,may be a significant organic component to even minor 

head injury. For example, pathologic evidence -of microscopic 

lesions after mild head injury has been found (Gronwall and 

Wrightson, 1975) and autopsy results have shown widespread 
t 1 

shearing and destruction of white matter (Newcombe, 1982). Of 



1 
- %  

4 t 

1 * 

course, such procedures-cannot be used in conventional 
t *: 

neurologf tal examinations and neurological absormal it ics are 

4 rarely detected inqnost mild to moderate injuries, even 
L% A 

Llr 

including results of .neuroradiologic imaging and'. / 

.cf neurophysiologic proceaures. This is illustrated in the work of 
- 3 

Jane and ~imel-41981) who found no clear relationship between 

presence/absence of lesions on CT scans and neuropsychological 
- *. 

impairment. They hypothesized,that the basic pathology in all. 
. - 

head in jury was axonal disrupticn. They suggested that 
L 

persisting problems could be interpreted as an 'indicator of 

which had not only resulted in disruption of 
ii 

actual morphological alterations. 

Predictors - Of ~europsychological Impairment Following THI - - 
i 

B i  o m e d i  c a l  h r k e r s  A s  P r e d i  c t  o r s  Of Long-Term Our come - 
Undisputedly, biomedical markers of trauma severity have : 

proven to be useful prognost4c indicators of gr,oss outcome -. % 

i Y 

measures such as mortality and m@r-bidity; Particularly for the 

neurosurgeon and the neurologist, survival ,f the patient and 
8 

prevention of severe physical and cognitive i*mpairment i: 
B 

, constitilte two of their main concernsFand determinants of a 1 .'- - 
Z 

'good' recovery. In contrast', rehabilitation specialists and * 
' I 

clinical n@uropsyehologists are increasingly more concerned 
d .% 

"7 ut relatively kinor, but persisting disabilities thag are hot 
life-threatening or devastating, but nevertheless interfere-with - 

-F. 

the patient's psychosocial adjustment and vocational 
2 . ... 



+. 

ttftctiventss. Despite the diversity of opinion as t q w h a t  - - 
c o n ~ t i t u z s  'good' or 'poor' outcome, it cannot be ovesEooked 

€)tat a large 

suffers from 

percentage of THI v ic t ims ,  regardless of severity, 
, - z . 

physical, cognitive, behavioral, and emotional , 

p r o b l c d c h s t  prec lude  them returning t o  their previous 

vkat ional  life. Only in the &st few years has .this been 
- 

recognized, and there has been increasing reference made 

'moQern* or. 'silent' epidemic (Robinson et. al., 1985) or 

'waiking wounded' t r t x r a y ,  ,385) .  While Such terriinology 

to the 

the - 
. - 

is ans* 

ovcrdra&t izat  ion, nevertheless as ~obinsoh e t  sl. put it: "Th'e 

suffering of the patients as well as their families is obvious, 
a,/-' 

bnd t h e  f inancia1 c o s t s  to society is [sic] enormous.* - ( p .  703) 
/ 

'-4 

Since h~utopsychological ssess&ent procedures have been 
\t 
\ 

spec i •’ ically in or& to identify even subtle changes 

in end emotional functions, it can be 

- hypothesized that  &ese additional -verieblek of mental 

f u n t i m i n g  should the accuracy of outcome prediction, 

p a r t i c u l a r l y  with regard to the 'gray areas' of mild' to modeiate 

THI. Swcifitally during th later phase of recovery, after most I; 
of the natural recovery  has taken place, they appear to be the 

methods of choice? On t h e  basis of their* &n data and previous 

f indjngs (e.3.  lilonoff', Low b Glark, 1977) .  Long and Couvier ' ' 
7 '  

(198 1 concluded that many head trauma patients are impaired P 
, w 

with regard to higher cortical functions l o n g  after more obvious 

neurological symptoms and signs from medical evaluation - - 
' f F  

techniques such as -,and CT scans, have returned to normal. - 
e 0 

4 

4 





of a framework within which investigations are undertaken and 
+ 

the resulting problems with comparabilYty. Some of the major 

methodological issues are i) the varying schedules of testing; 

ii) the selection'of actual functions to be examined and the . 

assessrfent t-001s chosen to measure these: iii.1 the choice of 

controlt\groups; iv) the problem of separating recovery from 

practice effects when serial testing is administered; and last 

but not least; v )  the heterogeneity in nature and 

severity of THI and characteristics (Brooks, 

Deelman, Van Zomeren, Van Don en;Van Harskamp, & Aughton, d 
1984) .  The -following review will highlight these problems. 

E f f e c t  O n  C o g n i  t i v e .  F u n c t  i o n i  n g  F u l l  owi  n g  S e v e r e  I n j u r y  

i 
A large group of severely head-injur6 patients (N = 7 1 9 )  

was observed for a period of two yeqrs following trauma ( ~ o n d  & 

Brooks, 1976). On th# basis of two well-known measures of 

intellectual functioning, namely the'wechsler Adult.Intelligence ', 

Scale (WAIS) and the Raven Progressive Matrices, the researchers - - 

concluded that the greater part of intellectual recovery was 

\ taking place during the first six months, with onl~~lslight 

improvement afterwards. Data indicated that verbal skills 
\,., 

ricovered more quickly than non-verbal skills. Differences in - * -  . - 
\ 

- 
r B  

individual recovery curves suggested that the more severely - - 

injured patients reached their maximum level of recovery sooner, 

~ncreased level of disab5lity *as measured by the Glasgow Outcome 

Scale2 (GOS) was associated with more severe injury, older age, 

' The Glasgow 0utcome.Scale is a standardized measure of global 
. r 



*. 

and pst-in jury psychosocial problems. 
C 

Based on similar but somewhat mork 
1 %  1 

tools, Najenson, Groswasser, and Stern 

il 

> 

\ 
\ 
\ 

-- 

comprehensive assessment 

' ( 1 9 7 5 )  found that six 

months after severe injury, considerable improvement had taken' 

, place on ability-based measures of locomotion, intellectual 

performance, and c unication disorders, although initial +r 
patterns of intellectual deficits tended to be preserved. On the 

other hand, they found that-'theLlevel a•’ behavioral~disturbances 

was elevated in all 40 patients, and that these presented 

consider,able difficulties for rehabilitation. Since most 
U 

subjects who showed gross behavior disturbances were also 
't( 

sufferihg from significant impairment in cognitive functioning, 
4 

$hey inferred that it was the latter that presented the major 

obstacle social and vocational rehabilitation. The i r 
' *7 

reasoning was maidy tjased on their experience w a -- larger 

,patient group where residual cognitive defects could be 

lpinpointed as playing a crucial role in psychosocial recovery 

three or more years post-injury. Hence they concluded that 
/ 

residual cognbtive deficits were the major obstacles to social 

and vocational rehabili-tation. 

Within the contixt of their study, Najens~n's~and his 

colleagues' reasoning can-ne considered logical, while in a more 

2kont'd) o u t c m  developed by Jennett and Bond (1975). An 
outcome rating is based bn the patient's physical and economic 
dewndence, cognitive functioning, and social reintegration and 
can fall within one of four categories, namely i)  persistent 
vegetative state; ii)  severe disability; iii) moderate 
disability; and iv) good recovery. 



\ 

general Antext their inferences have to be questioned.. Clearly, 
-- 

the scope of their assessment tools was too narrow to allow such 

loverspecif ic interpretation. For example, they failed to include 
\ 

measures of personality organization, emotional distress, and- 

1 executive-control functions in their evaluation procedures. Thus 

the researcher's did not have the necessary.data base in order to 
/ 

- 

determine conclusively whether residual cognitive deficits were 

indeed the only'crucial factor that affected social and 

vocational rehabilitation of their subjects. I I 
- / 

/ 

That 'considerable improvement, on neuropsychological measures 

can also be expected in severely head-injured patients was , 

demonstrated by Drudge, Williams, Gomes, and Kessler (1984). 
1 

Repeat testing with the Halstead-Reitan Battery (HRB) at two 

months and one year post-trauma showed large improvement on 

scores, albeit only partial recovery of neuropsychological 

functions, At one year post-trauma, seven out of the 15 subjects = -- - 
were unemployed, five had returned tc part-time and the 

remaining three to full time work. They concluded that overall ' 

. - & 

adaptive recovery such as return to previous lifestyle was 
I 

indeed correlated with neuropsychological recovery. They 

cautioned, however, that more research was needed concerning the 

long-term emotional, social and vocational adjustment. 

Mandleberg (1975) and Mandleberg and Brooks (1975) studied 

cognitive recovery after severe head injury using repeated 
- - 

administration of the.WAIS. They concluded that a 'typical' 
4 - - 

recovery pattern showed lesser initial impairment but more 



gradual reczovery for verbal subtests,, in' contrast to greater 
- 

recovery sustained over a longer period of timb for the, 

Performance subtests. Moreover, their results indicated quite 

clearly that contrary to findings in non-brain-injured groups, 

practice effects due to repeated testing did not appear t o  

affect scores. They also found that length of PTA was a poor 

- predictor of long-term cognitive outcome. Testing subjects while 

still suffering from PTA did not improve accuracy in prmicting 

long-term cognitive outcome, although it resulted in 

significantly depressed scores. 

E f f e c t s  O n  C o g n i  t i v e  F u n c t i o n i n g  A f t e r  M o d e r o t  e  T o  S e v e r e  I n j u r y  

In a'recent st dy, Tabaddor, Mattis, and Zazula ( 1 9 8 4 y  bt 
attempted.to delineate the cognitive seguelae and recovery after 

L?- 

' moderate to severe head injury. They studied the immediate 

effects of head trauma on cognitive functioning, and the course E 
of cognitive recovery over a one-year peri.od. The resulting 

recovery curves showed varying patterns of recovery for 
I '  

different processes, as' well as differences in the deg,ree ~f - i  - 

impairment among t%e various functions tested. More 

specifically, both linguistic and memory functions were found to 

remain defective throughout the one-year period. Ratings of 

overall outcome on the basis'of 'the GOS were: 44% good recovery, 

52% moderate disability, an'd '4% severe disability. Age, duration 

of coma, depth of coma, disturbance of brain stem reflexes, and 

GCS were the best predictors of survival, but they were 6 

/- 

relatively poor predictors of long-term functional outcome. On 



the other hand, a measure of the efficiency of intellectual 

functioning (The Dementia Rating Scale) at the time of discharge 

from the hospital proved to be the best predictor 3f long~term 
. m 

outcome. Unfortunately there was a high attrition rate in this , I 

study, and only 25 out of- 68 patients _ _  could be reached at the 
44 one-year follow up; this may well have resulted in considerable 

distortion in .interpretation of the actual situation. 

Lezak (1979) studded the recovery of memory and learni.ng 

functions ovej 'the first three years following traumatic brain 

injury in twenty-four male subjects who were tested in six month 
L 

intervals. Outcome quality was simply dichotomized as impaired 

or normal. Interestingly, her findings indicated that only those 

tests measuring simple functions showed systematic improvement 

over time. The more severely injured subjects (length of coma 

greater than two weeks) achieved poorer.scores, while site of 

l%.y or-age of subject were not found to be important &tors. 

A major 2nd unusual finding bf her study was a recovery curve ' 

for tests measuring complex functions that,indicated initial 

improvement, followed by later deterioration. This suggests that 

there may be a delayed deterioration of the more complex memory 

and learning functions, an observation which could have 

far-reaching implications- for Litigation and rehabilitation. 
D 

'v 



E f f e c t s  On C o g n i t i v e  F u n c t i o n i n g  F o l I o w i n g  M i l d  T o  M o d e r a t e  - 
, , 

I n j u r y  --- 

The studies of Lezak described in th6 previous section have 

been disputed by ~ikmen, Reitan, and Temkin (1983) who 

administered a comprehensive neuropsychological battery three 
d S 4  

times with a testing schedule -of approximately 16 days, 12  

months, and 18 months after mild to moderate injury. They found 
4 

that most of their 27 subjects showed considerable improvement 

within the first year despite a broad range of initial deficits. 

After 18 months, improvement seemed to continue, but degree of 

initial deficit appeared to be a significant determinant of the 

.level ot subsequent cognitive recovery and residual deficits. 
/ 

, 

In a study of-mildly head-injured subjects, 

neuropsychological examination three m~nths azter trauma 

revealed problems with attention, concentration, memory or' 

judg ent in most$of the 69 patients that were evaluated, while 1 
the standard neurological examination did not show any 

L. 

B 
abnormalities in nearly asll subjects (Rimel et a1.,1981). 

Interestingly, the degree-of impairment on the 

neuropsychological measures was also found to be an important 

predictor of employment status. In addition, the patients' 

psychologi,cal responses to the injury, and the degree of 

emotional stress caused bg persistent symptoms was found to have 
' .  

a significant role in predicting long-term disability. Because q 

of the possible effects upon recovery from ongoing litigation or 

compensation procedures; this factor was also studied and it was 



fdund that a person's involvement in litigation or compensation L 

/ 

- - 

procedures appeared to be only a minor factor in determining the 

psychosocial outcome. While basically agreeing with Rimel and 

her colleagues' finding=-that even mild in.jury had a disruptive 

impact on a person's psychosocial functioning, McLean, Temkin, 

Dikmen, and Wyler,(1983) came to the conclusion that impaired 

psychosocial functioning seemed to be unrelated to 

neuropsych~logical performance one month post-injury. While 

their 20 subjects did not seem to perform as well as the control - 
group on neuropsychological tests, the differences were not 

significant. 

Effect s U p o n  Emot i o n a l  And P e r , s o n a I  i t y F u n c t  i o n i  ng 

All of the studies discussed so far have focused exclusively 

on cognitive-intellectual changes, and'to a lesser degree on 
I 

personality aspects of neuropsychological recovery. However it 

is well known that THI frequently" results in marked personality 

and emotional disturbances which persist long after apparent ; 

physical recove,ry. The assessment of such functions poses many 

methodological problems, cenkering mainly around issues of 

C accurate,and reliable assessment (~c~inlay & Brooks, 1984)~ 

becau~e brain-injured patients are often extremely unreliable as 

informants about themselves. Many of them lack insight into 
3 

their 'shortcomings and deny problems; unfortunately close family 
:* .%.I 

members and friends have also been found to be quite unreliablr 

and subjective in their assessment of the patient's psychosocial 

functioning (Klonoff & Costa, 1984). Nonetheless, findings 
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neuro~ychological test performance, which suggested that older 

patients did not recover as rapidly as the younger THI victims 
- 

and that they also complained of more emotional difficulties. 
'9 - - 

They cautioned that the ptients whb .continue to- show 
4 

:I 

"neurotic-like complaints" (p. 4 9 4 )  may be those who have 2 

experienced more serious injuries, as indica'ted by their higher 

levels of impairment on cognitive-intellectual .test measures. *' 

Based on their findings, they argued thateemotional distress 

symptoms should not be dismissed as psychoge,nic reaction but - 

followed bp by neuropsychological examinat4on so that potential 

post-&raumatic cognitive-intellectual difficulties are not 

overlooked. 
- - 

However, Levin, Benton, and Grossman ( 1 9 8 2 )  pointed out that 

Di kmen and Rei tan's findings were base$ on a very small sample 

( N  = 27) of patients heterogeneous wiihh regard to injury 

severity and democpaphic characteristics, and that this "imposes 

constr ints on the causal relationships that may be' i,mputed in BC 
their stuhyn ( p .  185). 

I '  
4 

< 
.t 

.s- 
7 -  

While there is some validity to Levin and his colleagues' ,"' 

" criticism, it has to be kept i n  mind that it was Dikmen and 
-5 ?r 

Reitan's intent to" study a fairly representative group of 

head-injured patients, where subjects were not pre-selected 

according to injury severity or demographic characteristics. The 

purpose of-iheir study was to-examine "the long-term natural 

history of emotional reactions in head-injured patients and to 

study the relationship between impairment of 



L cogniti, e-intellectual ab lities and resulting emotional 
I I il 

pr6bleds of adjustmentw (4. 4 9 2 ) .  It is within this particular 

'context,' that Dikmen and Riitan'k findin& should be interpreted, 

and discussed. 

- 

In a'nother more recent investigation, the important r61e of 

neuropsychological deficits in the emotional adjustment of mild ,I 

to severely injured patients was also disputed (Novack, Daniel, 

& Long, 1984). In an attempt to identify factors that are 
t 

,important in the emotional adjustment following head injuryC8as 

measured by MMPI, it wa$ found that scores on MMPI clinical 
r 

% U c a l e s  were more closelv associated with severity of injury, 

time since injury, and reported number of post-concussion 

symptoms than with neuropsychological performance (which 

accounted for'-less than 10% of the variance). 

whi.le it is generally assumed that emotional problems will 

subside with time, Fordyce, Roueche, & Prigatano (1983) reported 

that chronic patients actually were found to be-more anxious and 
C 

depressed, more confused in their thinking, and-hore socially ' 

withdrawn six months or more post-trauma, than mg-re recent 
F 

victims.. At the -same time, no differences were found on the few 

neuropsychological measures that had been administered. This 

finding implies that, after six months, patients st'agnate in 

their cognitive recovery and worsen in their emotional 

adjustment. Once more, however, the study was inconclusive 

suffer from a small (35 chronic, 17 acute 

patients) and vague information regarding subject 
1 



- 
characteristics. - .  

A few studies have been reported that are mainly concerned 

about the views of -family members about the patient's 
1 

psychosocial adjustment: Results are quite consistent, and 

indicate the existence of enduring negative changes such as 

decreased self-reliance and sensitivity, social withdrawal, and 

increased irritability (BPDbks & ~ c ~ i n l a l ,  1983; Klonoff & 

Costa, 1984). Furthermore, there is growing evidence that 

negative behavioral changes persist and oiten interfere with 

successful social and/or vocational adjustment, unrelated to 

injury severity (e'.g. McLean, et al., 1983: Klonoff & costa, 

1 984 ; Oddy and ~umphrey , 1 980 . 

N e u r o p s y c h o l  o g i  c a l  D e f i  c i  t s  And S p e c i  f i  c  Out come l n d i  c e s  
1 

- A small number of studies have been carried out to validate 

the usefulness of neuropsychological tests in the prediction of 

the likely impact of ability deficits on specific aspects of 

. everyday functioning. Newnan, Heaton, and Lehman -(1978), for 

instance, concluded on the basis of their study that ~ 

measures cognitive-intellectual 

functioning had significant predictive validity not only with 
% 

regard to future employability, but also with regard to wage 

income and job skill requirements. Follow-up evaluations six 

months after neuropsychological assessment (including the WAIS, 

the HRB and related tests, and the M I ) ,  revealed that out of 

their group of 78,male subjects diagnosed with varying 



neurological conditions, 32% were unemployed for more than three 

months, riLith the remaining 68% working in part o r f u l l  time 

positions. Specifically, chronic unemployment was best predicted 

by the test measures that are known to be most sensitive to - 
brain damage, i.e. tests comprising the HRB. 

Consistent with these findings, Heaton, Chelune, and Lehrnan 
- 

( 1  9 7 8 )  con•’ irmed the clinical, utility of neuropsychological 

examination that measure both ability deficits and - 
is' 

* emotional disturbance. Their major conclusion suggested that 
L 

measures of cognitive-intellectual functioning were strongly 

related to employment status in a diverse population sf patients 

with and without brain-damage. More specifically, they found 

that tests of current abilities ( s ~ c h  as the HRB tests and the a 

Performance subtests of the WAIS) were better predictors of 

employment status than tests more closely related to past 

experience and level of education; These researchers concluded 

that the tests used in their study may provide informat-ion which 
2 

woula assist in effective vocational counselling in this patiener 

group, given further Study and refinement of methodology. 

- 
Two recent studies have focused on the neuropsychologicai 

factors related to employability in persons with epilepsy. 
b 

Again, Dikmen and   organ ( 1 9 8 0 )  found that performan-e on a vide 

range of neuropsychological measures cognitive-intellectual 

functioning was directly related to employability and 
k 

occupational status, in a sample of 108 adult outpatients. 1 n . a  

more comprehensive study, ~ o d r  ill and Clemmons ( 1984 ) exambed 





- I 
. apparent lack of a common denominator measuring functioning 

- 
- - 

- throughout this lresearch cast doubt-on the compasabili ty and 

generalizability of the findings. Maybe even mor& than in other / 
behavioral bciences, the researcher is confronted\ with man; .. /' 
metho'b~lo~ical 'stumbling blocks' . 

/ 
/ 

As in most-ciinical research, many sources of - - 
, introduced due to sample heterogeneity. These are virtual ! y 

/ 3 *  / 

uncontrbllable and stem.•’rom differences in subjects' age, sex,  

and other demographic and psychological attributes as well as 

the varying nature and severity of injury (Parsons & Prigatano, 

1978 ) .  In addition, small sample sizes, a wide range of 
3 

variability on many of the neuropsychological measures, and 

incomplete data are frequently encountered problems due to 
a 

patient characteristics and the circumstances associated with 

rJ their impairment (~ezak & Gray, 1984). 

-. Furthermore, some of the psychophysiological phenomena that. 

are commonly used as assessment markers.are very difficult to 

quantify, despite some good guide1ine.s and attempts to 

standardization. Thus operationel definitions of biomedical , 

variables such as duration or depth of coma vary widely from 
\ .  

study to study, as illustrated in thesrevious literature ' 

a review. Classification of a.'severel injury, for instance was 

based on PTA ratings from anywhere between,24 hours and one 

month in different studies. Other potential shortcomings were 
2: 

due t o  the often inadequate selection of neuropsych~logical 

assessment tools,. and many studies have reiied on only a few 
4 

- - 
30 



relayvely specialized measures (such as intelligence tests); - - 

\ that fail to address the complexity of~neuropsychologica1 
I 

functioning. . . 

Also, there have been lrr~e discrepancies in the schedules 

. of testing, specifically in regard to the'injury-test interval. 

This variation presents a serious problem because during the 

acute phase of trauma (coma and P T ~ ) ,  neuropsychological i 

functions are seri~usly compromised, but cansiderable 

improvement is expected during the first six to 12 months. Thus, 
I 

in terms of psychosocial outcome prediction, it is recommended 

to delay testing until spontaneous recovery has taken place and - 
residual deficits can be identified. Lezak (19831, for example, * 

cautions that predicting a patient's ultimate level of 

functioning can be a 'very chancy business' (p. 214) for as long 

as a year or two after trauma. Decisions about legal 

settlements, compensation benefits, and working arrangements 
- 

should not be made prematurely because of the time factor. 

Research has confirmed repeatedly that most of the natural 
/ 

' healing will take place within the first 12 to 18 months, after 
- 

which time improvement starts to slow down to a considerable 

degree (e.9. Tabador, et al., 1984; Bond, 1979): 

=. 

The last issues that n3ed to bhaddressed are the choice of 

outcome criteria duration of follow-up period, and high 

attrition rate. Most outcome studies have focused pgi'marily on 

cognitive recovery, and on social and vocational adjustment. 

Follow-up information has been based on personal or telephone 



interviews, or (more frequently) on mail-out questionnaires to 
4" 

the patient and/or a family member. As mentioned previously, , 
- 

tl  

findings have to be interpreted in light of- who the source of 

information was, hrticularly when it comes to self-report 

measures. The least problematic outcome criterion in terms of 

- -  objectivity and reliability is probably ' resumption of work' 

together with a comparison of pre- and post-trauma employment 
\ 

s status. While there,are many problems with these measures- f such 
as their dependency on general economic conditions, the local 

, 
job market, and ava3lablo social support systems (e.9. family 

business, availability of sheltered workshop posit ion;), 

employment status should still provide a fair means of judging a 

person's adequacy 0%   psycho social functioning. Although ' return 

to work' has been a frequently chosen outcome criterion, it is 

interesting to mote that in most studies no explicit comparison 

between previous employment status and the one at follow-up has, 

been attempted. Moreover, follow-up periods for most studies 
9 

were relatively short, typically between one and two years. This 

may be'too short a time period to assess long-term psychosocial 

outcome, particulary when working with severely injured patients 

where the recovery period can extend over the first two to three ., 

In addition, almost all of the previously discussed studies 

suffered from high attrition rates to such a degree that doubt 
> , 

is cast on the qeneralizability of the findings. As in ribst 

long-term follow up studies-, it was often impossible to locate 



those subjects who have moved or who have changed names. 
, 

- 

- Moreover, head-injured people are known as notoriously~ 

unreliable for a variety of- reasons including reasons directly 
4 

related to their' damage such as poor motivation, apathy, a'nd 
1 - .  

forgetfulness. 

There is awareness of sany of these shortcomings.in methods 

C . . 
and design. As Heaton and Pe dleton (1981) pointed out many 

researchers have failed to account for the complexity of 

problems associated with brain impairment. In their 

compqehensive review of the present state of knowledge in 

o tcome prediction, they cautioned that the clinical value of Y i 

most studies is  still "limited by the fact that most [studies] 

used only intelligence tests or screening tests with subject 

groups that are not very representative of the patient 

population referred for neuropsychological testing." (p. 807) 

As in other research areas, selection of appropriate 

assessment tools is a major concern'. While many studies can be 

criticzzed as having used measures that 'were uni-dimensional, 

add-ing additional tests will often not resolve the problem. Some 

- of the perennial problems in this research area are the small 

number of potential sub3ects together with the multitude of 

varia.bles derived from comprehensive neuropsychological t 

assessments. Not infrequently, the number of independent 

measures is close to the size of the actual sample. Frequently, 

this has been dealt with by entering only a small number of 

pre-selected 'best' variables into the prediction equation, t-hat 



is only those measures that correlate most highly with the 

outcome - variable/s. While such an approach will satisfy the 
I * 

statistical requirements for an acceptable variable-to-subject 

- ratio, it is a~very artificial procehre that may well lead to 
- 

, - loss of important inf ormat ion.+~ne example of the drawbacks of 

such procedures is the elimination of the so-called suppressor 

variables, namely those variables that are not directly related 
B 

to the outcome but will play a critical role in combination with 
'* 

other measures. . ' - 3 

# 
Implicaticns -- For The Present Study 

While the preceding literakre review indicates with fair 

consistency that-there is a relationship between 

neuropsychological measures and long-term psychosocial outcome, 

m a 9  questions remain unanswered, and no clear pattern emerges A 

e 

that would allow us to identify those patients who ate at high 

risk withi regard to psychosocial morbidity. This is particularly 

true for patients who fall within the categoties of mild to 
- 

moderate injury. Whereas for the severely head-injured'patient 

with obvious permanent physical and neuropsychological 

disabilities, an estimate of future social independency and 
C 

employability is relatively easy toemake, we tend to - 
overestimate the level of psychosocial functioning of those THI 

victims who appear to be well recover%d with no obvious physical 
% 

or neuropsychological deficits. Clinical experience and 

statistical records strongly suggest that there is indeed'a high d .  



morbidity rate among THI victims in termAof long-term a 

psychosocial outcome. As discussed previously, frequency of -- 

psychosocial maladjustment emotional and 

behavioral problems) by far, and often 
-- 

appears to be only marginally related to biomedical severity 
9 

measures or neuropsychological findings, 

This is illustrated by Goldstein and Ruthven ( 1 9 8 3 1 ,  who 
t. 

4 talked about the "triage" of brain-damaged patients and the 

dilemma the third group presents for the health professional: 
/? 

There are those who are so physically and/or mentally 
debilitated that little can be done other than to 
provide supportive nursing-oriented care; there are also 
those who recover well, and, while they may have 
residual defeets, these do not prevent the patient's 
employment and their adequate adjustment to community 
life. m e  third group, the one that provides the 
difficulty, constitutes those patients who do not have 
profound residual physical and neurological defects, but 
who do not make a good adjustment. (p. 15) . 

According to these authors,;i.t is not uncommon to see patients 

with histories oi brain damage, who seem to kave a functionally 

normal nervous system but also have subtle neuropsychological 

deficits that significantly influence the individual's 

3psychosocial adjustment. Such usually undetected subtle 
i neuropsychological deficits may indeed be at the heart of the 

problem in predicting long-term outcome. 

In an attempt to identify additional factors thatCmay 

account for the considerable variability in the long-term 

psychosocial adjustment of THI victims, several major issues 

have to be addreksed and subjected to s'ystematic investigation. 
P, 



' I.,,Predi c t  i n g  F u t  u r e  D a i l y  ~ i f e  P e r f o r m a n c e  From M e a s u r e s  Of 
L 7 

- - 

N e u r  o p s  y c  hol ogi cal F u n c t  i ani n g  
b 

i * 
It is taci,tly accepted that there is a association 

between neuropsy~hological test performance and ' functional 

skills' , which according to Diller and Gordon ( 1981 ) represent 

those aspects of the behavioral repertoire that are essential in 

real life situations, although the data base is still small and 

limited by its heterogeneity of subjects samples, 

neuropsychological measures and outcome criteria. However, the 

relationship between  test^ performance and functional efficiency 

in daily life may not be as simple and straightforward as' is 
1 

often impiied. Already; in 1979,  Newcombe and Ratclif f warned: 

The implicit but inevitable extrapolat ion from test 
score-to "function" constitutes one of those leaps in 
the dark that a poet requires of his reader: the student 
of the ~eurosciences cannot always afford this willing 
suspension of disbelie'$. (p. 4 6 9 )  

I 
The reason for the.usua1 attempt to relate& to behavior has 

been attributed the lack of any better procedure. So; while Long 

and Gouvier ( 1 9 8 0 )  made a convincing case for the use of . 

~neuropsychological measures as the appropriate assessment 

technique during the later phafe of ~ecovgry, they cautioned -- k 

that many neuropsychological evaluat,ions were of little value, 

since they were too narrow in scope and neglected to appraise 

all aspects of neuropsychdlogical functioning, including 

intellectual, memory, and personality functions. In a similar 

vein, Newcombe and Ratcliff ( 1 9 7 9 )  pointed out that the focus of 
t 

neuropsychological assessment procedures was often limited to 



the cognitive-intellectual consequences of brain impairment. 
r -  

They argued that this undermined the gxedictive validit; and 

of tern led to conf usionO because in many cases, pat ientnl actual 
Y 

' $.. 

level of daily functioning was vastly different from what would 

be expected on the basis of their cognitive-intellectual. 

abilities. They speculated that such inaccurate predictions weren 

the result of limited testing procedures, since t~hey failed to 

evaluate potential personality changes and emotional problems 

associated with traumatic head injuries which were like~y to 

diminish functional efficiency. 

The predictive accuracy of most previous outcome studies is 

further weakened due to the systematic exclusion of the severely 

brain-impaired and the very mildly brain-impaired THI victims; 

the former because they are often untestable, and the latter 

because they do not appear to have any neuropsychological 

problems. This leads to a restriction of range problem since 

both the neuropsychological test findings and the level 6f - 
adaptive functioning are likely to be restricted to the average 

to low-average range within which the correlat.ions between the 
- 

outcome criteria and the overall test scores are only weak. In 

order to minimize these limiting problems, more specific or 

model-based predictions have to be developed and tested. 

Obviously, an-y further investigation ,of the relationship 

. between measures of intermediate-term neuropsychological 

functioning and long-term psychosocial adjustment requires both 

more comprehensive assessment procedures and could-be further 



assisted by studies with a coherent underlying rationale. 

only should such an approach result in improved predictive 

validity, but also in better understanding of th; association 
*- # 

between neuropsychological measures and future daily life 

performance. 

2 .  S e c o n d a r y  F a c t  o r s  A l ( / e c t  i ng ~ o n g " - ~ e r m  P s  y c h o s o c i  a1 O u t  come 
'\ 

\ 
Several studies havk examined the effect of secondary 

\ 
\ 

factors which may affecq outcome, that is factors other thin 
\ 

nature and severity -of injury, such as the pre-traumatic 
I\ - 

characteristics and psych'~socia.l adjustment of the victim, and 

\ or her involvement in ,litigation or compensation procedures. 
\ 

iskin ( 1 9 6 4 1 ,  for example)\ pointed out that there is an 
\ 

intrinsic difference between clinical and forensic evaluations 

where in the latter case, od,vious gains for the litigant make 

him or her suspect of malingkring or exaggerating, and that this 
\ 

should be kept in mind when interpreting the test results. In 

recent studies, however, invoivement in litiktion or 

compensati0,n procedures was not found to significantly affect 

psychosocial outcome. While advpncing age, poorer premorbid 
1 

ersonal and social adjustment, and recency of traumatic event 

ppear to enhance the adverse effects of brain damage on 
I 
,- 

behavior (Levin et al., 1981; Leiiak, 1 9 8 3 ) ,  neither physical ,",: 
P7\ . 

, 

_ disabilities, litigation and compensatibn have been found to 
,, 

,- 

play an important role in determining outcome (Rimel et al., 

198 1 ; McKinlayd; Brooks & Bond, 1 9 8 3 ) .  Hovevier, McKinlay et al. 
, 

( 1 9 8 3 ) .  reported t'hat independently ~f inavement in litigation, - 



many post-concussional symptoms (PCS) such as poor 
< 

concentration, depressed mood, irritability, fatigue, and - - 

. headaches were reported by both groups of severely head-in jyred 
.patients (27 subjects in each group, PTA greater than 48 hours) 

, and that'the problems persisted ovek the 12-months period of 
-r 

, their study. Although their .litigation group showed a tendency 
, - 

to complain more, no differences were found in report? of 

rel-atives and psychological test scores. They also concluded 3 

. that the -high level of PCS reported by this relatively large 
group of severely head-injured patients suggested an organic 

rather than functional basis for these complaints, since their 

finding ,of PCS repudiated a long-held assumption that only 

victims of mild to moderate THI were suffering from this 

: particular symptom cluster. - 

4 Overall, there appears to be a general consensus that none 

of the personal characteristics of the victim are important 
I indi'ces , of thk long-term consequences of THI . However, very 

little is know,n about their specific or overall contribution to 

, the prediction equation. 
-- ppp -- - -- 

A 3 . ' P r o ' c e s s  Of P e r f o r m a n c e '  v s .  ' L e v e l  Of N e u r o p s y c h o l  ogi c a l  
- 

0 

. Lmpai r m e n t '  : I n t  r o d u c i  ng E x e c u t  i  v e - C o n t  r o l  F u n c t  i o n s  
- 

More often than not, poor adjustment cannot be fully 

:explained on the 'basis of either objective physical and other 

keurological handicaps, residual cognitive-intellectual 

impairment, or personality problems. 



- - 
Lezak ( 1 9 8 4 )  advocates that-t:he real social- "cripplersw are 

7 

behavior problems arising from impaired executive-control 
\ 

functions which are often'found in connection with THI. By that, 

-she refers to a person's ability to regulate and plan his or her " 

performance until completion of the task.  hug the focus is on 

the process of performance, that is how a person performs=i r ' 
terms of effectiveness, rather than the resulting level of 

C 

neuropsychological impairment. For example, she has cautioned 

repeatedly (1978, 1982, and 1983) that subtle problems of 
t 

perplexity, d-istractibility, and fatigue accompany all kinds of 

head injuries. Often these symptoms g~ undiagnosed and result in 

unnecessary bewilderment, worry, and depression. Lezak also 

- emphssized that these problems do not appear to be related to 

theseverity of injury, and can be observed even with minor 

brain trauma. Needless to say this leads to unpredicted . 
-? 

psychosocial morbidity, particularly with the ,less severely 

injure* More specifically, Le& (1983) stated that as few as 
I 

30% of: "neurop$ychologically rxecoveredW adults were able to hold 

jobs in the competitive market. Similarly to Goldstein and - 
Ruthven (1983), she attributed this to the 'fact that 

brain-damaged patients frequently have behavioral deficits such 
f-- 
as problems in the overall organization of task performance 

which generally do not depress test scores in the conventional 

ne~ropsychological examination. According to her view, most 

tests are tightly structured, so that there is no opportun-ity 
" 

for such subtle task management deficits ;o be revealed. 
.-'I 

2 .  -. ' lf-- 
,- 
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comprehensive neuropsychological measurements which include 
- .  

- - 

aspects of attention and concentration, intelligence, memory, 
.a 

learning ability, personality, and executive-contfol functions, 
*.%. - 
P 

, some of the drakbacks of previous- studies may be ouercome*.'~ince 
- " 

J- . . 
the main thrust of conventional neuropsyc"hologicai testing 

, 

, procedures is the evaluation of c0gnitiw.e-intellectual deficits 
. .I 

+ and personality preblems, many aspects qf exe-cutive-control p - -- 
Kc. .. t (  iunctions are not assessed quantitatively, hence they often go 

* ,unnoticed or have to be inferred on the basis of clinical 
+- - 

, . p. .Ubservation. In attempting to quantify the individual's 
$ * -  

programming and regulatory problems, it may be possible to tap 
I 

mose directly those functional skills that a& genefally 4 

considered to be essential for effective daiSly living, .,such as, 

goal formulation, planning, carrying out of plans, modifying 

plans when necessary, and effective performaace. 

Thus execut iveLcontrol functions have b6en pst"1ated as one, 

of the missing links in the prediction of long-term psythosbcial 

outc'ome in the present study. It was>wcted that predictive 
<-  . '*x* 

/' % 

accuracy could be improved by.-dcluding meastires of 
C 

executive-control functions, and at the same time this new kind 

of factor could result in better understanding of the factors 

- P that determine the ,consequensEs following head injury. 



Exist' inq M&els - Of Nhuro~~vcholo~ical ~ u n c t  i o n i n =  -- ~ n d  ' ~ h c  
, . 

~ o i c e p t  01 Erecut ive-Contro l  Punct ions 
- * .  

H u t "  ~ u ~ p r i s i n g ? y ~  ~ c z a k  * s model of neuropsychological 

..functionin$ (1983)  is one of the few that explicitly 
/ -  0 

di  f f t r t n t  i&ts between three functional subsystems of the 
I - 0  * 

' .  ' - '  Central Nervous System (CNS), namely i )  cognitive-intelxectual 
- 7 3 

\\ 
'functions: i i) emotionality and personality functions; and i i i )  

execut ive-csntr~l functions* . 
. - . . 

, - L .  

A similar conceptual approach to neuropsychological 
. +  . 

investigation can be derived from Luria's (1373)  work. I n  his 

theoretical formulation on the workinghbrain, he proposes the 
- -. , 

d 

_, - follauing three pringip91 ,. functional - units: i )  the unit for 

regulating tone and waking and mental states; ii) the unit for 
j P 

r c ~ e i v i n ' ~ ,  snalysing and storing information, and i i i  the unit 
. i .  

' for prog~a&ing ,  regulation end verification of activity. ' 
1 
# .  

, t t z a  k l s ewecut ivt-control f u s and Luria's third functional 
f >. ' 

irnit correspond clos'ely with each other'and aKe based on similar 

theoretical considerations. More importantly, both models I 

provide a theoretica~~frawcvork that attempts to account for the 

cumpicxities of neuropsychological functioning. In particular, 
- - - - - 

-,they help to address those suptle neuropsychological deficits -- 

that are suspccteZ to go unnoticed in conventional assessments, - 
but aree'isplicd to play a crucial role. in determinin-g adequacy 

' -*of psychosccial functioning. 
a . ,r 
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often associated with fronts- lobe damage. However, as Stuss and 

Bcnson t 1984) out in their comprehensive review of 
C 

frontal lobe dysfunction, the frontal lobes are only very rarely 
w 

damaged sel_ectively, which makes it difficult to attribute - , &  

specific behavioral problems to frontal malfunction exc~fusively. 

~t the same time however, it has to be kept in mind that damage . X L  

to the frontal lobe is one of the most frequent ,.?&.comes in THI 

In summary, it can be said that the concept of 

executive-control or 'programming' functions is closely related 

to the so-called frontal lobe .syndrome, but differently 

conceptualized 'n that no assumptions are made concerning the 

underlying brain \- echanisms. Moreover, impaired 

executive-control functions are not cohsidered to be unique to 
v 

problems associated with head injury; similar, symptom clusters 

are associated with other mental disorders and physical illness. 

Brain trauma however, is assumed to be a factor that enhances. 

such problematic behaviors. 

From the viewpoint of cognitive psychology, the pervasive 

negative impact of impaired executive-control functions on all 

aspects of behavior is not too surprising, given that 

executive-coritrol functions are generally considered as the 
9- 

basic characteristics of efficient thinking and per.formance in a 

wide range of learning situations (e.g. Brown, 1978 ) .  

Executive-control functions hdve been defined by Sternberg 

( 1979) as metacomponent ial which determine the 



\' components, representations, and strategies thad will be 
\ 

applied, and at what rate of execution. 6lready in 1942, Hebb . 1 I .  - 
argued that there were two factors in test perf rmance, namely 

i) present intellectual power ("reasoning") and 'i) [lasting 

, changes of perceptual organization and behavior ("skill" or 

knowledge). He pointed out however, that standard intelli~ence 

tests tap skill o r p w l e d g e  rather than reasoning, whereas 

intelligent, adaptive behavior in psychosocial adjustment 

requires both aspectLs. While standard intelligence tests have 

ened their focus somewhat in the intervening years, the - 

general problem still persists. It follows, that in order to 

capture deficiencies in reasoning processes, neuropsychological 

assessment techniques should focus more on the sourze of failure 
. - 

. - ? A -  I .  

and pattern of error (Newcornbe & Ratcliffe, 1979) and l,e%s 

exclusively on the actual scores obtained. Given such an 
- 

\ 

approach, it should be possible to determine those deficit9 that 
L- 

have gone unnoticed in standard neurological and- 

neuropsychological evaluations and should allow more a curate . C 
prediction of long-term outcome. 

- -  - 

P r s c t i  c a l  I s s u e r  W i  t  h R e g a r d  T o  ~ h ;  ~ p s e ~ s m e n t  Of 
I 

E x e c u t  i v e - C o n t  r b l  F u n c t  i , o n s  * ! 

I/' 
As discussed in previ&us sections, rnokt studies have focused 

I 

on either cognitipe-intellectual, personality, or bipmkdical 
I I 

\ 

measures as predistors of everyday functioning. However, a few 1 

studies have been c&rried out that have investigated some 

aspects of executive-control functions. 



4 wol,fe;, ennis, and Short 'i 1984) 5 for example, have studied 
/ 

i - .- 
' one phcticulbr aspect of executive.-c&$trol functions,. namely the- -- - 

- , 

r v e  of problem solving in theveadjustment of closed head 

3 

/' 
:njury patients. They had hypothesized that prob1em:solving . 

. i _ I  

, ~ i c i t s  may be a significant contributing factor to poor 

outcome. Unfortunately, their sample was smallr(~ = 26), 

nonetheless the results are very interesting. C-ontcaryyo their 
,, 

predictioq, they found that their measure of overall 

intellectual ability (WAIS IQ) was the single best predictor 05 . 
z '  

adjustment. Nonetheless, their two more specific.problem-solving 

measures correlated with adjustment independent of,IQ (r = ' . 3 3  
/ 

and .62, respectively). In view cf the previous discussion it is 

alsc interesting to note that their qualitative analysis showed 

that subjects had.difficulties in accurately-eval d ting their 
.t 

own perfprmance. Furthermore, it was shown' that those with 
- 

impaired performance failed-Lo profit from feedback and were 
42 unable l o  revise when thls was required because of inc&ski 

L" 

task obmplexity. Another reason for their results may 'lid in the 
/ 

: 5 

condderably changed nature of the intelligence t-est they used 

ocompar'ed with the knowledge-loaded test; Hebb Hcd considered * . 
- - t 

problematical. In another study it was found that brain-damaged 
a . a / 

subjects showed greater cognitive rigidity t 
% 

u 

and that their inflexibility affected their performance on a 

wide range of tests. (Regard, 1983). 

If, indeed, i t  can be shown that executive-contros functions 

are a sensitive indicator of brain impairment fbllowing THI and 
G. 

I 



do affect adequacy of psychosocial outcome, th-is would have 
it 

important implications for outcome prediction and, possibly, 
d 0 

rehabilitation planning. Obviously, the challenge will be to 
1, 

extract and aspects of exeaut ive-control functions on 
t 

the basis of neuropsychological test data. Unfortunately, 

standard test batteries and examinat ions of brain dysf unct ioh 
I 

neglect to focus explicitly on the often subtle signs of 
0 

impaired executive-control functions. Over time, most THL 

victims achieve test scores that are within or close to the , 
I 

normal range on most tests of cognitive functions (Lezak, 1983; 

Dikmen et al., 19831, but at the same time suf •’-from othdr 

seriously disabling .performance deficits, such as apathy; lack 

of initiative, slowed thinking processes, inability to'change an 
& 

ineffective strategy, or mental tracking disability. When such 

problems go unnoticed, patients who have difficulties in ' - 

recovering ,fter THI may be unjustly labeled as ar 

"accident neurotics". 

In order to overcome this weakness of the traditional 

neur~psycholocjical testing approach and the interpretation of 

test results, Lezak' s model of neuropsychological functioning 

has been chosen f r the proposed study. While Luria's model e, /' 

preSents an alternative choice, substantial differences in 

Luria's basic approach to the measurement of neuropsychological 

functioning (Luria & Majovski, 1977) limit its applicability to 

"$ this study. F rthermore, Newby, Hallenbeck and Embretson (1983) 
<+. 

have shown that Lezak's model of cognitive-intellectual 



functioeng is the best fitting-&el for the HRB, which is t'he 

neuropsychological test b b t e r y  selected for this investigation. 
c C 

Using zonf irmatory factor: an&$is, those 'authors cdkcluded that 
I 

this structurally simple cb'6c+ptual scheme had satisTactory 

explanatory power .and fitted the data better than other models 

such as Christensen and Luria's, Swiercinsky's, arfd Royce and 
S T 4  .% 

co-dorkers' . Interestingly, they found -that the f i t  could be 

improved by introducing additidnal facto?rs, and by 

reconceptualizing certain variables as multifactorial, 'resul, c ing 
h . I 

in variables fairly close to what c6uld be considered 
- 

i 

execut ive-control functions. : 

Evidently what is needed, is the development and testing of 

4nnovative measures that allow us to quantify the effects of 
,' 

impaired executive-control fupctions. Lezak 0983) recently has 

addressed the problem of assessing execut ive-control functions. 

While emphasizing the importancie bf these functions in. 
4 

psychosocial outcome, she'lamented the lack of good assessment 
- 

techniques that can be standarsized and subjected to stat2stical 

analysis. Accordingly. the assessment of the various aspects of 
1 

~ x e c u t  ive-control f onct ions hk3, been largely restricted to a? 
FF . 

observa t i onal-ane'cdotal, level and escaped systematic 7 
d invest,igation. Lezak also polnted out that executive-control 

functions tended to be supramodal and as such were likely to 

affect all aspects of behavior-,   ow ever .she considered the usual 
testing procedures during neuropsychological examinat ion as too 

st uctured to elicit executive-control functions, and thus  t 
' i 

'1 



prevent systematic observation. She suggested some alternative 
9 

approaches to their assessment that should help elucidate - -- 

4 

executive dysfunctions: goal formulation abilities, for example, , s 

- 

could be evaluated on*the basis of an individual's capability to 
s- 

use cues to"interpret a situation or to infer a story from 

pictures and thus help identify deficiences in attention to 

detail and systematic integra,tion; defective planning and 

carrying out of activities could be b.robghtG out through 

questionning and tests that require choosing, testing and 

changing af planning behavior; and finally, impaired performance 

effectiveness coul-d be measured as a function of a person's 

ability to correct errors, and to monitoiYand control the tempo 

and intensity of goal-directed behavior. 
I 

9 

While in agreement with Lezak's emphasis of 

executive-control functions in psychosocial outcome prediction, 

a somewhat different stance is taken in the wesent study. The 

problem of measuring the effects of executive-control fynctions 
\ 

is not so muc attributed to the assessment methods per , but J 
.to the way tdsts are scored and interpreted. It is hypothesized 

'that this can be remedied by examining additional aspects or 

dimensions of test results that will allow JS to overcome the 
/ / 

previously discussed pyblems. 
/ 

,/I' 



, Objectives 

The main objectives of this exploratory research were to examine 

the relationship of neuropsychological test measures with 

long-term psychosocial outcome in THI vict,ims. Due to the - 
inherent complexity of the CNS, it was suggested that outcome 

prediction should be most effective j)f based on a comprehensive 
. i 

assedment of cognitive, emotional executive-control aspects - 

of neuropsychological functioning, in addition to biomedical THI 

data and premorbid characteristics of the victim. For that 

purpose, Lezak' s model of neuropsychological functioning was 

chosen as the theoretical framework for this study. More 

specifically, it was proposed to evaluate the use of 

intermediate-term neurogsychological data as prognostic ' 
-- - 

indicators of long-term psychosocial outcome; to quantify and 

study the role of executive-control functions, their impact on 

the recovery process following trauma, and thei-r discriminatory 

power in identifying those individuals who are at high risk with 

regard to psychosocial outcome; and to gain better understanding 
i 

of the mechanisms that influence' the recovery pzocess, and 

identify variables or patterns which are the most,powerful 

predictors of psychosocial outcome. 

The following hypotheses were tested: 

1.  The accuracy of long-term psychosocial outcome predicfion in 



1 ,, Y terms of employment s atus, change in ccupational status, 
/ 

' .  

and perceived d a i l d i  fe efficiency can be improved by the 

combined rather than separate use of bi medical markers, n 
/ - 

premorbid characteristics of the victim, 
- 

neuropsychological measures. \ 
Specifically, it is postulated that n 

assessment information will help to 

consequences of THI, and hence 

i n  identifying those patients who are recov red \ 
, ! 'neurologically', but fail to resume work an a normal 

occupational a 6  social lifes. 

2. Executive-control function$ are an important actor in 

psychosocial outcome following head trauma. 
i 

\ 
. Specifically, it' is postulated that deficieices in t 

executive-control functions can be identified an\ that they 

will undermine eefective performance with 
- 

test situation and daily life in general. Thus it\is 
i 

postulated that executive-control fun'ctions are im ortant 4 
\ 

predictors of employment-related outcome. \, 
\ 
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TABLE 1 

,- Description Of S u b j e c t s '  C h a r a c t e r i s t i c s  ( N  - 1 0 7 )  
0 

AGE: (mean) 

SEX: 
male 
female 

rn 

EDUCATION : (mean)  G r a d e  
'r 

.TRAUMA SEVERITY: 
/ m i l d  

m o d e r a t e  
severe 

% 

RACE : 
*- 

White 
Native I n d i a n  
O t h e r  

-HANDEDNESS: 
r i g h t  
l e f t '  

3 1 . 5  Range: 1 7  - 68 yrs  

1 2  R a n g e :  3 - 18 y r s  

EHPLO'r'MENT STATUS: 

- - _ 
6 

- 

p a r t -  time 5 
f u l l -  t i m e  96 

EMPLOYMENT STATUS: 
( a t  t h e  t i m e  o f  F o l l o w - u p )  

u n e m p l o y e d  - --+-_ 
59 J *- ---- C__ - 

p a r t -  t m e  14  
f u l l -  t i m e  34 

TIME INTERVAL: (mean)  
b e t w e e n  i n j u r y  a n h  a s s e s s m e n t  \913 d a y s  ( h p p r o x .  2 1 / 2  y r s )  

, b e t w e e n  i n j u r y  a n d  f o l l o w - u p  1 0 . 5  days  ( a p p r o x .  4 y r s )  

,PHYSICAL DISABILITY: 
( r e s u l t i n g p  f rum' i n j u r y )  

n o n e  84 
m i n i m a l  1 4  
some 7 
severe 2 



For. 81 of the subjects, the interval between THI and testing 
, ' 

was between one and three years, while a further 10 were 

assessed in their fourth year post-injury. In the cases of two - - - 
subjects, neuropsychological ssessment, was done after six or 

nine months, respectively. Only for 16,of the.more severely 

impaired clients, the injury- est interval extended to a three 3 .  
- to five year period. f' - 

- I 

Measures 

I n d e p e n d e n t  V a r i  a b l  e s  

% 

There were two important considerations for selection of 

independent variables in the present research. 

First, measures were sought which could provide 

representative coverage of the dimensions that were considered 
1 

empirically and '~heoreti;all~ important' in the outcome 

p a d - k t 5 o n  of psychosocial functioning following THI. Thgse 

included variables repesentative of three broad dimensions. 

generally assumed to largely determine the long-term - 

consequences of head.injuries: . . _. 
, . 

1. Biomedical markers of injury severity; 
t 

2. Background characteristics of the victim; I S  

3 .  Measures relevant to cogn tive: personality, and 

* i' executive-control dimens ons of neuropsychologi.cal 
1 .  

functioning. In-choosin'g these, care was taken to select 
2 

psychorhetrlcally sound test measures that would tap the vqst 
s 

- 

55 





0 

Pre-1s jury ~ s y c h o s o c i a l / ~ c e u ~ t  ional M justreat (PREOCC ) 

This variable was masurea in terms of the person's - 

carplapent history end occubtfonal ? status prior to the 
-- P 

accident. Because the measure was limited to the person's 

work .situation, it was considered to be the most objective 
7 

and reliable wasurc of prc-in jury psych&oc(ial ad justbent. 

thngth of T i m  since TElI (YEAR INJ.) 

The length of time since the traumatic event was also 

considered t o  be a factor that will affect outcome. As 
\ 

discussed prtyiously, research findings indicate t&?t mas$ 
\ 

of the improvement in ncuropsychological f unctioaing almost 

always hapbns in the first 12 to 24 months, then slows. 

considerakily until it reaches the plateau that marks the 

highest level of' recovery at around 24 to 36 months , 
1 

4 

.p~st-~injury (c . i .  Lezak, 1983; Gilandaa, Touyz, Beumont, & 

Greenberg, 1984). Thus it was speculated that fhose subjects . 
1 ., 

rho ha3 already reached their plateau' in terms of physical , 

and neuropsychological recover'y might experience fewer 

problems 'vi  th p s y c ~ s o c  iai adjustment . 
Ext=at o f .  Physical ~ i G b i l i  ty Resultiqg from the. lnfury 

I' 
Although f ihd4ings as discussed earlier subgested that the 

degree of phy:i~a3 disability was\not as crucial-in eventual 
x- 

psychos6cial adjustment, as\ lere  cognitive deficits, it was 4 

/-' T- 

thought that physical disabilities may affect occupational' 

status  to a larger extent' than generally assumed. The . 
severity of *disability was coded according to the potential 



effect on test performance and/or job performance, ranging 
@=- 

from none to severe.' b e e  Appendix A )  ' . 

Neur o p s  yc hol  o g i  cia1 M e a s u r e s  
\ 

1 . ~easures' of ~ntelli~cnce and Educational ~chiavcmcnt 

a. Wechsler Adult Intelligence Scale - Revised (WAIS-R): 
IQ scores as measured by this test reflect an , 

0. 
t 

 individual!^ intelles 1 abi.lities and are assumed to 

provide iqformation about overall competency or global 
t 

eapacity (Wechsler, 1 9 8 1 ) .  The Full Scale IQ is known as 

a "deviation IQ"; it has the same average of 100 and a 
P 

standerd deviation of 15 for every age group in order t6 

permit direct comparison of a person's sc-ore with the - 
. > 

scores of his or her reference group. The WAIS-R is a 

standard &asure o'f intelligeve; it is one of 'the most 
3 

widely used individ f intelligence and ,ha$ 

good psychometric roperties. Average reliability f 
coefficients (spli't-half for Verbal IQ, Performanke IQ, 

qnd Full Scale IQ ranges from .93 to .97 (Wechsler, 

1 9 8 1 ) .  Furthermore, the WAIS-R has proven to'be a useful 

instrument both in the field of vocational evaluation 
3 

"r 
and career counselling, as well as in neuropsychological 

3 ' 

evaluation (Lindemann & Matarazzo, 1 9 8 4 ) .  For the ./. 

purpose of this study, Verbal and Performance IQ (VIQ 

and PIQ) were tarken as global measures of two broad--- 

classes of overall intellectual abilities. Scaled Scores 
I 

of the gix Verbal subtests and of four ~er,formance 
I .  

- 
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addition, sc&es on the WMS Associate  earning (LEARNH), 
Q-  

and the R-WMS Lbgical and4isual Reproduction subtest6 -- - 

5 

(VMEM and N W E M )  were taken as indices of verbal and / 

nonverbal learnlng ability, 'both with respect to speed * 

of learning as well as quantity of material that can be 
I 

, 
memorized successfully. i 

- - 
Measures of ~euro~s~cholo~ical Fuqc,t ion ing . 

a - a. The Halstead Reitan' europsychological s&tery and 

Belated Tests ( H R B )  

A a r l y  fn the history of neuropsychological research, it 
----C 

became obvious that the vast range of psychological 

abilities controlled by cerebrpl ,functions and the 

effects of brain trauma on neuropsychological 
/ 

functioning could not be evaluated with a single test. 

In order to fully aprise- a-person's level of - - 1' 
C 

f u&tioning, a variety, of differbnt 

to be selected. The resulting 
. . 

included in the HRB was develB the -basis of 

clinical observation and expe<imental study of Bubjects 

with known brain lesions. Experience developed with the 

performance of brain-injured patients'on these tests led 

to the derivation of the principles on which diagnostic 
, r 

inferences can..be based. Individual tests were kept in 

the battery according to the r usefulness and I 
statistical power in discriminating between normal and, 

% 

impire-d neurspsychological Eunctions. Reitan ,(1979) 

stressed the following three criteria tgat the HRB was 



to. achieve: 1 .  ~easurernent df a broad range of 
. . 

behavioral functions including sensory- -- - 

01- motor tasks, psychomotor problem s ving, simple an3 
- 

. i' 

complex language tasks, vis patial manipulation, 'and I 

/ 
/ 

abstraction and concept formation abilities:2. Validity iJ 

/ 
I 

. I '  
of tests with d e c t  to. the effects of cerebral lesions 

S "  

'.should,ip based on experimental studies. In other woids, 

was to be based mainly on pragmatic ; I 

,,/ criteria rather than theoretical considerat ions. 3. 
I 

Information gathered should provide- comprehensive 
i 

information, but length of testing procedures should not 1 
1 

overtax the brain-impaired individual. - /  
Y ' 

1 ,' 

While advances in neuropsychology may require I 

replacement or-modification of the HRB in the future, it 

is still the most widely used battery in clinical i 
neuropsychology anb in research related to this field , 

I i 
(Gilandas et ab., 1984). Its psychometric properties ar * d 
well documented and the findings suppqrt its reliabiliiY 

and vaiidi ty . ' several studies have Fdr exaFe I 
indicated good 'differential diagnostic validity. , / 

r 

- Presence or absence of brain damage has been predicte.d 
'" 

t with high accuracy (70 to 90 pe'rce,nt) as shown, for 

example, by Anthony, Heaton and Lehman ( 

'3 Fibiger, and Hutton (1970), and Filskov and Goldstein 



Very littl; research has- been done to study the y - 

effect of subject variables such as age, education, sex, --- 

and examiner characteristics on performance on the tests 
\ 

of the HR$, however there are some indications that they , 

B do not appe r to play a major 'role, when testing 
, 

a /  

I 
brain-injured subjects (Prigatano 6 Parsons., 1976; 

Finlayson, John on 6 Reitan, 1977). While there are only 

a few studies exa & ining the reliabi-lity of fhe 'HRB, 
\ 

Matarazzo, Weins, Gallo, & Klonoff (1,976) 

have even when used with 
'\ 
\ 

heterogeneous groups of patients, 
\ 

'\ 
'1 

'! 

\ 
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- ./'seven HRB tests (,I. Finger Teppipg; 2. Tac$#al 
I L = I 1 .  I 

/ Perforlnance~es~ ( T W )  m e  3. TPT m&nory/. TPT' , & 

i 3:', I I 

location; 5; Category ~e'st: i .  seashore Rpyt$m Test; and 

, I; a icorg of >= I . 5  ii considered to 

I 

* I  
; .  1 range. 

i + .  
/ '  

1 - 1  ' 1 .  

I '  . 1 

I 

* I 
1 

1 .  
im~airment abro;s most of the above measudas /and is 

I I I 1 1  
I based on noqms provided by /Reitan (unpublkshpd noted). 

! . , 
I ! , i i i I 

. I I i 
The ~eyeest index (KI ) indic;tes"the ' pelcentage of 

I 1 

I J 
impaired vests ,across four o,•’ the most 7enl;itive 

I 

I i 
* 'I 

/ measures pf brain impai'rment, namely tHe ~ R B ~ I ! I ,  TPT 
! 8 / 

1 

location1 Trail B, and Category Test. 1 . 0  
i P j I 

I t 

4 .  Measures. ofl Persgnali ty I I !  
! 

I 

a. ~ i n n e s d r n  M u l l i p h a s j c  P e r s o n h l i r y  I n v e n t o r y  (MMPI) 
I 

- i 1 

l The T I  is one of the most widely used instruments in i 

i 
' persofialify and clinical research. It is considered to p, 

1 

objective ~ersonalit~ inventory that was developed 
n 

on empirica J '$psis and standardized on the basis of 

ly extensive normative studies. ~ u t c h e ~ '  and Finn 
* -  

I 

( 1784) speculated that the MMPI 's widespread use is due 

I 
i to, its ease of administration, reliability, established 

vdlidity, and its demonstrated relevance for clinica~l' 

decision making. The psych T ric properties~f the MMPI. 
are reviewed by Graham, 197kand more recently by 

Butcher and Keller, 1984. 



The MMPI is routinely used in conjunction with other 

neuropsychological tests in order to provide information - - -- 

about the individual's personality organization and to 
t - 

identify changes in personality which may be due to 

brain damage. Although some authors question its 

.- usefulness in clinical neuropsychology (c.f. Lez,ak, 

A 1983)~ others consider it an integral part of the HRB 

(see for example Goldstein, 1984; Gilandas et al., 

1984). For the purpose of this study, T-Scores for the 

th,ree validity scales and ten clinical' scales were used % \ 

for further anaiyses. 
I 

I 5. Measures of Executive-Control Functions 
1 

I 

Executive-control functions are defined as those 

capacities that are necessary fop the formulation of goals,/ , 

\ 

the planning and carrying out of plans, and theLeffective . 

peffor~ance of the activities that are necessary to reach 

the goals. However the major problem with the assessment dnd 
evaluation of executive-control functions is that they arb 

I 'part and parcel of 'everything we do' (Lezak, 1982, p. 2 

i.e. they are assumed to affett all aspeets of behavior I In : 1 
order to measure executive-control functions, we have td , 

F 

?r 

quantify the process or the pattern of performancq 

than the level of intellectual functioni,ng, 

neuropsychological impairment, and personality 

> This, includes information pertaining to THI 

co 5 . )  become interested and involved in a 
I 



I .  

to a task' arid ignore distracting elements of the task or the 
t 

environment, iii.) regulate their performance and 

demonstrate organized and pre-planned .behavior when 

on a task, iv.) initiate' and stop activities when r 

and vi. work carefully and self-correct 'errors on an . . 
a 

ongoing and consistent basis. . 
%k 

While the neuropsychologic~l test measuces used in this 

" study do not co stitute any e x p l l c i t  measures of a 9 

executive-contr 1 functions, it is assumed that both 
I * 1 .\ . 

cognitive-intellectual and persorialiCy tests .will tip &e 

various aspects of executive-control functions. The major ; 

difficulty 'with this approach is that test scores merely L\ 
a 

provide summary measures of how we14 a person .does on'a 1 

* task. The mose qualitative aspects of a person's test , 

performance, namely.the mannex with which a test 

are only captured indirectly in that the 
> - a. 

process of pe,rformance are likely ft'o' result in an ostensibty . 
3.T 

erratic or inconsistent pattern'of test results. Moreover, 
, 

it is assumed that certain test &ore; are .more ,affected by 
, ,  

impaired executive-control f'uncf ions than otheks. It is 
, .  a 

postulated that many of the'performance' tists,. i .e. tffsks 
0 

that require more than acquired knowledge'and verbal skill, - - 
provide an indirect measure of'the cognitive-behavioral - 

dimensions of executive-'kontrol functions, while 
- - 

s. 

mot ivat ional-emot ional aspects c$n be extracted mainly from 
. . 

* * 

the MMPI subscales; , . .  



4 
b 

- It is an empirical ques'rion if ,certain subtests might . 
L 

* 
call upon the various aspects of exec~~tive-control functions 

. - 
- a&Tto what degree t-hey will do so, but on.' - the basis' of 

5 

Lezak's (1982, 1983) conceptualization some individual tests 

- were tentatively marked as likely sources of information', 

about executive-control functions. 
- - - 

-- . . .  - 
- -- -- - - 

- ----a=F=~~W~=1+; 7 l')L&&". - - 
b 1 

- .  Goal formulation abilities were operationally defined as 

the process of determining one's needs of wan.ts, and the 

ability to conceptualize what is needed to fulfill them. 
, ' ~  

This ability to formulate a goal, or form an intention 

is believed to be influenced by motivational-emotional 

factors, such as impulsivity, passivity, or level of 

frustration tolerance,. It was speculated that existing 

motivational problems could be extracted from the MMPI 

subscales, and that the resulting impairment in goal 

formulation abilities would affect many of the.test 

scores. Tests that measure how well 'a person performs 

following relatively vague instructions such as are 

given for the WAIS-R Picture Arrangement subtest or for 

the HRB Category test were hypothesized to be L 

partic G arly sensitive to impaired goal formulation 
abilities. 

7- 

b. Planning and Carrying Out Of Plans 

~ccording to Goodglass and Kaplan (1979)~ impaired 
L 

conceptual thinking or planning abilities are reflected 

in reduced ability to deal with relationships between 



objects and their properties as well as to abstract - 

superordinate concepts, while reduced attention span -- 

; 

will result in a limited capacity to apprehend and I 

manipulate multiple aspects of a ,given situation. The 

subsequent carrying out of plans requires- mental 
* 

flegibility, that is, the capacity to shift a course of - 
- action or thought, rapid re-orientation, and if 

necessary, switching from an attempted solution to a new 

approach. 

-3 
Thus, aspects of planning and carrying out of plans 

were assum& to be measured through-those tests that 

require intact.capacity for sustained attention an 
\\ \ ' 

concentration, as well as the ability to weigh and ma'ke 

choices and to conceptualize the task requiremen&. It 
\ 

was speculated that tests such as WAIS-R Block Design 

(BD), Similarities (SIM) and Digit Backwards (DB) 

subtests, the HRB Seashore Rhythm Test (RHYTHM), Speech 

Perception Test (SPEECH), and the Tactual Performarxe 
J 

Test (TPT) might provide measures for this particular 
* 

. r 

aspect of executive-control functions. 

c. Effective Performance 

Effectiveness of performance was defined as a pe~son's 

ability to monitor and .control intensity, tempo,-and 
a .  

other aspects of delivery such as self-correction of 
; 

errors and consistency of performance. It was 

hypothesized that both cognitive-behavioral and 
. , 



, motivational-emotional attributes of an individual, would 
t -- 

affect performance effectiveness.' It was speculated that 

tests requiring purposive behavior and flexibilitg-in " ' 

thinking, as well as control of speed and consistent 
i 

performance such as the WAIS-R Digit Symbol (DSY) I 

+- 

subt'esf and the WRAT Arithmetic subtest would provide 

measures of the cognitive-behavioral aspects,of 
F 

performance effectiveness, whereas some of the V P I *  
4 

I 

" subscales such as Mania, Psychopathic Deviate, Paranoia, 

and ~asculinity-Femininity *were believed to provide 

informat ion about the mot ivat ional-emot ional aspects 

that are likely to influence performance ef fectivehess. 
<- (- P e e  

. - 
D e p e n d e n t  V a r i  a b l  e s  (Out  come  M e a s u r e s )  

1 .  Occupational Status at Follow-up (.POSTOCC) 

Occupational status was rated on a scale from 10 to 90 

(coded in steps of 10) according to the occupation 
C 

r L1 

J 
categories outlined by Wechsler (1981),,but 'slightly . 

modified to include categories such as 'employment in a , 
a 

sheltered workshop' as well as an indication of part-time or 

full-time employment status (see Appendix B). 
'? ,- 

O .  

2. Change In Occupational Status (QCCDIFF) 

Both pre- and post-in jury occupetional status ~PREOS~C and . . '  

POSTOCC, respectively) were rated according to the ;. - 
.! ", I 

operational defini-tion outlined above. ~hange'in 
b 

\ ' .  
occupational status was calculated by subtracting the . P - 

occupational status rating at the time of The follow-up ' -  



- interview lraa the pre-injury ratin?, i.e. the variable 

-P , 

, . - A t  t h e  en& qf the. . intekview, . the subjects &re given an 
v a 

., . r thptr t ion  of the 'Daily Life Activities Schedule' developed 
" 

by' Ben-Yishay an? ~ , i i l e r ,  .1961. As pCTgaf this 
4 .  , 

3 < 4 "  
qucetionos.ire, t h e y  .were asked ta answer 15 questions 

- ,  
> 4 . I 

e 

5 - 
* + relatin4 re - their  pcrttivcd efficiency in daily functicining - 

* 1 

, s w h  as * d ~  you have prbbltks with your memory i h  &tryday . ' 
h r " # ' 

rout ihts frewaibcri'ng' or. forgetting things)?'- _. or 'do you 

habe pr~olcmr i i t h  msodintss; control of temper?'. (PO; a 
. ' /  

, .l 

complete listing see Appendix 3) 

5 . . 
<iL 'Bach of the questions'was rated on a 5-point scale, 

--- 
5 t 

a 

, where * ! indicaicd no- pr6blcmi and ' 5 '  indi~ated that it 
4 

lunctioriing (DAILY) was &culdtcd  +s t h e  sum of a l l  t h e  
! n 

, - 
'faluts. - ? I  
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procedures 
-. i 

- -- 

-a I n t  e r n r e d i n r e - T e r m  ~ e u r o ~ r ~ c h k i  o g i  c o l .  A s s e s s m e n t  : O v e r v i  c r  
1 

I i 
6 ! 

P 

~sse/ssment~ procedures inkluded a one-hour semi -st ruccured 
I C 

interviiw covering' relevam backgroun~formation (symptoms and. 
C I 7 

3 ,  . 

complain~ts related t~ .accident, medical and life history). This 
C 

l 

a was follbwed by a comprehensive battery oFneuropsychological, 
I i 

- 

educational ,-pnd ,personality tests and included the 
I 

I .  ' ~eclisler 3duLt Intelligence Scale - Revised WAIS-R) by 
. s P - 2 '  

- 
2.' Wechsler Merndry Scale (WMS) O :1945; 

8 --d -> 

3. '~evised We~hsler hiilory Scale descri bed by . . 

/ 

4 wi'de Range Achievement Test (WRAT) by Jastak and Jastak, 

.7 

5. Halstead Reitan Neuropsychological Battery ( H R B )  and related 
5 ' {  

tests as described in RusselL, ~eurirlger, & .  Goldstein, 1970; 
1 

I 

~ and . -- 
r . :  

. '  

6. 'kinnesota ~ u i t  iphasic' PersonalLty Inventory (MMPI ) by 

, 5 > - 
I n 

Hathawa and McKinSey, W51. . > .  

<.,d 

The average time to complete the nPurop&ychological assessment 
- .  

. . . C 

procedures. was between eight , - t o  ten hours. . .., 
, - 

. . 

. . 

' L . o n g - ~ e r m  Fof i or-Up P r o c r d u r e s  : - O v w '  e w  

A 

kt. some point during the eight-month'F0 period, subjects 

v s r e  cont;ctea either by mail or telephone in o ~ d er to -ccindudt s 
I .. 

follow-up f n t c r v i e v . .  h i s  ' inc lud  d detcrminstion of their t E 

-a 
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I 

Statistical Analysis 
J 

'\ 
-- - 

: A11 data analyses were carried out using sMoP statistical 

software programs (University of California Press, 1985 

~e'pfintin~). Statistical analyses were done to examine the role 
b 

of biomedical markers of injury severity, beckground 
- 

characteristics of THI victims, and their performance on 
- 

' neuropsycholbgical tests in the prediction of long-term 
0 

* 

- psychosoc ial out'tome . 
0 

The main pu;pose of this ~xpiorhtory research was to 

identify variables or patterns,which are the most powerful 

bT . progriostic.indi.cators of employment status, change in 
t 

- 2 

occupational- status, and perceived problems in daily life 

following THI. The utility of the concept of 'executive-control 
' * 

funttions' and their role in psychosocial outcome prediction was 

of special -interest. 
B 

r The first and preliminary step of data analisis was to 

document* psychosocial recovery process of THI victims and 

compare theatindings with previous research. Simple and detailed 
1 '  

dzta description programs (BMDP PID and P2D) and two-way 

cross-tabulations were used to summa~ize these aspects and to 
- 

examinithem in relacion to findings. 
4 

AS'= next step, the 42 neuro$sycdlogical test scotes weie 

subjected to a Priiicipa,l Component Analysis (BWP P4M) in order -. 

to transform this large and unwieldy set of individual variables 



into a much smaller set of composite variables (or principal 
0 

 component^); This data reduction procedure was chosen in order 

determine the relationship between neuropsychological test * 
* - 

measas, and examine the use of different components as 
I 

quantifiable measures of execut ive-control f unct ion-s; . 
\ 

J 

facilitate further analyses of data; 
/ 

minipize loss of information without introducing potentia.1 
* J *  

F 3  I 
( 

sources of bias stemming from the often arbitrary selection 

o f  'best' pzedictor variables on the'basis of their high, 

correlation with the dependent variable/s. 

. 
, After the initial factor extraction, orthogonal rotation was $- 

T 
\ 

perfbrmed. The resulting orthogonal factor structure, i .ed the 
r t 

'eight factors spmarizing differerit aspects of 

- neuropsychological functioning together with the six medical or 

demographic descriptors were used in all subsequent' analyseq. 
, 

'Multiple 1 inear regression ,eqytions (BMDP P9R) were calcu~ated 
r ' 

for each 6f &he outcome variablegBusing % .  all possible subsetk of 

predictor wriables. This was done in ozder to examine the 

predi~t~ive power .of the measures Ghosen for this. study, and to. L 
3 

identify. those variables or factor scores which best .predict 
* .  

kg-term psychosocial outcome of THI . 





I + '> 

-. 1 

indicated that the latter appearea *to be moie often a result oi ' \ .  

moderate to severe injury, but al'so can occur with mild head - -- 

+ C" 

ip jury. 
> t +  

~b association was found between the ~radrna Severity Rating 
\ . .  

and the time-between 'injury-neuropsychological testing' or 

' in jury-I?uv ;uggesting h a t  dif f'erences 'ii long-terms -. 

psychosoc;al outcome cannot, be akkributed to the differences .in 
a 

, 

, time. interval ,during which the, data for this study was 
/ 

,>A , < /" 
> 

; callected. 4 

* 1 

In kdmmarg, these findings .indicated that t h  .present study ,: 
~ 

- 
P .  

was ba'sed on bata f r& a sample which appears-reprosentatiLe i-n 
< 

a terms of the literature on THI vicths. The sam'ple consisted of 

individuals from all .'walks o f  life';, their backgrounds were 
I 

comparable with other studies and epidemiological findings in, 

, general. 

~ e s c r i ~ t  ive ~nalysis -- Of Test Measures % 

7 

* For the "total sample of subjects (N-F 107 1, the means and 

standard deviat$ns for all the independent testc measures are 

presentgd in Table 2. , 

The mean score on the Full Scale IQ (WAIS-R) for this sample 
(1 

f 
was 95.2 ( S . D .  = 1 1  4 indicating that =ubj&tsl level of 

I : :  

intellectual functioning fell within the average 

HRB-1.1 was .55 (S. D.' , = .26) ,  indicating moderate 
I 

/ 

range. The Mean 
d 

impairment o f  . "  
P 



> TABLE '2 

Meatis And Standard Deviations Of Test Measures 
- - 

Variable 
Name 

Mean 

, VERBAL IQ (VIQ) 
-L- 

PERFORMANCE IQ (PIQ) 
INFORMATION (INFO) 
VOCABULARY (VOC) 
ARITHMETIC (ARITH) 
COMPREHENSION (COMP) 
SIMILARITIES (SIM) , 
PICTURE COMPETION (PC) 
PICTURE MRANGEMENT (PA) 
BLOCK- DESIGN (BD) 
DIGIT SYMBOL (DsY) 
DIGIT FORWARD (DF) 
DIGIT BACKWARD (DB) 
APHASIA SCREENING (APHASIA) 
WRAT ARITHMETIC (ARITSS) 
TPT MEMORY (MEMJ 
R-WMS STORY MEMORY (VMEM) 

, R-WMS FIGURE MEMORY ( ~ M E M )  
WMS 'HARD' PAIRS (LEARNH3) 
TPT LOCATION (LOC) 
SEASHORE RHYTHM TEST (RHYTHM) 
TRAIL" A, TIME (TRAILAT) 
TRAIL B, TIME (TRAILBT) 
CATEGORY TEST, ERRORS (CATEGORY) 
TPT, TOTAL TIM (TPTTOT) 
SPEECH PERCEP ON (SPEEGHSC) 

- TAPPING, DOMI I ANT HAND (TAPDOM) 
KEYTEST INDEX, % (KEYTEST) 
WMS MEMORY QUOTIENT (WMQ) * 

YLMPI SCALES : 
L 
-F 
K ' 

SCALE 1 (HS) 
SCkLE 2'(D) 
SCALE 3 (HY) 
SCALE 4 (P.D) ,< 

SCALE 5 (MF) 
SCALE 6 (PA) 
SCALE 7. (PT) 

O SCALE 8 (SC) 
SCALE- 9 (MA) 
SCALE,10 (SI) , 

Standard' 
Deviation 



- < 

neuropsychological functioning. 
b 

* 
-- - 

The werage test scores with regard to IQ and severity o 

impairment con•’ irm previous observations, namely that after 

/" acute stage has passed, many THI victims tend to achieve sco 

close to the average with fewerIrbut distinctxesidual proble b, s 
I 

(e.g. Lezak, 1983; McFie, 1976). Moreover, the 

neuropsychological summary indexes for this particular group 

brain-injured adults are comparable with those found in other 
I 

studies (e.g. Long & Gouvier, 1980; Dikmen, keitan & Temkin, , 

Personality measures revealed clinically elevgl-ed mean 

scores (i.e. T - G e  > 70) on the following &PI sciles ('in . ' 

-descending order): Depression (Scale 2 )  (Mean = 77.2, S2D. = 

16.9), reflec.ting subjects' depressed mood, low self-esteem and E 

feelings of inaedequacy; Schizophrenia (Scale 8) (Mean = 72.6. 

S.P = 17.2'1, suggesting unconventional life styles, problems - 
, I with contusion, tension, moodiness and poor judgment: and 2 e 

A Hysteria (Scale 3 )  ( Mean = 70.2, S. D. ' =  12.21, assoc-iated with 
i 

a coping style that relies on repression and denial for dealing' 

with.conf~icts. ~ e a n  scores on ~ypochondri'asis (Scale 1 1 ,  . - -  < 

~s~~ho-sthenia [Scale 7 ) ,  and ~sychopathic ~eviate (scale 4 )  were 

hiqh, but did -not reach clinically significant elevations of - 
\ .  - * .. 

 scores above 70.' ~ i ~ h  scores on these scales can be 

interpreted as revealing high levels of distress, and 
- 

rna1adjustme~n.t in general. . . a 
' . 
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TABLE 3  

Corre la t ions  ~ e t w e i n  Tes t  Measures ~ i i d  ~ u t c & t e  C f i t e r i a  

t - 
Varjable Return t o  Work Daily Problems Change i n  Job 

- Name N-107 , N-75 N-107 
* 

* 

Age - .10 .07 .14 
Occupation p r i o r  THI .l8. 

7 
- 1 3  .41** 

' Year of In ju ry  - .10 - . 03  .04 - 

VIQ .16 .17 
PIQ . 3 3  - . 0 1  
IINFO . .06  .13 
VOC .15  . 1 2  
ARITH .05 .19 
C0M.P .12 .20* a 

SIM .. 20% .15  
PC 3- .24* - .03  
PA ' .21* * .05 
BD .24* - .0.2 
DSY * . ' .35** - .08 
D F - .06 
DB .14 
APHASIA , - . @i 
ARITSS .10  .10 
CATEGORY . - .25** - ..09 
TPT,tot .  time - .62 
TPT, M .30** -12  

.20* A . 
>- 

-  G 
.03 

. 1 2  .08 
- . I 6  ' - .02 

.06 12 
TRAIL A b - .18 ". 12 
TRAIL B .I 

4 

- . I 9  ' - .06 
IMPINDEk - .28** -- . 1 3  
KEYTEST I N D E X  - .26** , .'OO .14  
WMQ A .16 .02 - .ll 
VMEM ( %  1 0 , s ~ )  .16 - .09 - .30* 
NVMEM ( %  loss) . 0 3  .06 , - .11 

. L w H 3  I . .09 - -08  - .13  . . 
1 

I .  . . 



II_ ,/TABLE 3 (Continued) 

MMPI SCALES:  

Y 
' J  K 

SCALE 1 ( H S )  
SCALE 2. ( D )  
SCALE 3 (HY) 
SCALE 4 (PD) 
SCALE 5 (MF) 
SCALE 6 (MA) 
SCALE 7 (PT)  
SCALE 8 (SC)  
SCALE 9 (MA) 
SCALE 10 ( S I )  

POSTOCC 
DAILY 
OCCDIFF  

p = .05 i s  ind ica ted  with * 
p <= .01 i s  ind ica ted  w i t h  ** 



- indicator of post-injury neuropsychological impairment. (See 

Moreover, examination of the frequency table for Trauma a 

severity and ~esum~tion of Work '(see Table 6) revealed no clear 

pattern between severity of injury *and work status at the time* 

of FU. Overall outlook for return to work is grim; kith 63% of 

the severely injxed unemployed or unable to work, and with 47% 

of the moderately and 52% af the mildly injured THI victims 

failing to resume work. 
- 

'1n contrast, a much clearer relat.ionship could be 
. . 

established between global' indicators of neuropsychological 

,impairment and the resumption of work. Tests of iadpendence for 

Keytest Index and HRB-I1 with Employment status at the Time of 

FU reached statistical significance, suggesting that these 

global 'measures of brain impairment were indeed predictive of 

'the future likelihood with which a person+would return to work. 
-J 

(See Tables 7 ,and 8 for a summary of these f :*dings. 

A closer examination of work-related information both prior. 

to the injury and at ihe time. of FU revealed a significant' , 

rel+ionshipe between the tko ( P e a r  s o n  Chi s p u o r b  =46.57, D. F. = 

25, p = .006). For exampl-e, -none of the six mI victims who ware * 

unemployeZ prior to their injury r'eported any success in finding ' 

I / 

work. ~veiall, the pattern of the frequency distribution ' . i 

5% a - 
5 ,  

suggested that subjects were most' likely to return to a job' ' 
f' 

similhr .to the one they had before, 'or entirely failed to resume 
P 



TABLE 4 

The ~ e l a t i - o n s h i p -  Between Trauma S$ueriry And Level Of 
I 

i 

, 

~ e u ~ o ~ s ~ c h o l o g i c k l  
B 

H R B - I 1  T!AAUHA SEVER I TY + .  

TOTAL - . 



TABLE 5 

The Relationship ~ e t w e e n  Trauma Sc -ve t - i  t y  And Kry tcs  t Index 

s - - - - - - - - - - -- - -- - - -  -- 

STATISTIC \?:I I .U 1.: 0 .  I.'. PKOB. , 

PFARSOK CHI  S Q U A R ~  5 . 8 3 6  R n . s .  



4 ,d, 

TABLE 6 
4 

The Rela t iansh ip  B e t w e e n  T r a u m a  S e v e r i t y  AL+ R e s u m p t i o n  O f  Work 

%I 

RESUMPTION + 
OF WORK TRAUMA SEVERITY 

m % 

- 6 .  

I 
-a << . Z '  I 

I MILD MODERATE SEVERE I TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
UNEMPLOYED I A, 

18 2 9  1 %f9 
P - T  TIME WORK 1 2 6 6 1 14-- 
F - T  TIME WORK I 9 14 11 1 34 

STATISTIC WALUE D . F .  PROB . 
PEARSON CHISQUARE 3 . 1 1 9  4 n . s .  



TABLE 7 
i" 

The Relationship Between-Kgytest Index And Resumption O f  Work 

RESUMPTYON OF WORK 

0% IMPAIRED I 6 3 10 1 1 9  
25% IMPAIRED j , 8 2 6 t 16 
50% IHPAIRED I 8 1 1 I) 1 1" 
75% IMPAIRED I 20 1 5 1 36 
lOO%IMPAIRED I 17 7 3 1 27 

STATISTIC IJALU E D i  F. YHOB. 
PEARSON CHISQUARE 

e- 
2 1 . 4 9 2  , 8 0 . 0 1  

- - - - . - . . 



TABLE 8 

T h e  R e l a t i o n s h i p  Between The XRB Impairment Index (HRB-11) 
And Resumption 0.f Work B 

t 

RESUMPTION O F  WORK 

I I 
I UNEMPLOYED. WORK, P - T  WORK, F - T I  TOTAL 

TOTAL 

STATISTIC 
PEARSON CHISOUARE 

D.F.  
2 



subject$' Oc&zpational Status Before And Af te.r THI 

-. 
1 

OCCCPATION OCCUPATION 
AT FOLLOW -UP' PRIOR TO THI 

XO UORK 1- 5 9,+.. 1 6 2 10 2 5  6 10 I 1 
P - T  FORK , 1 14 1 0 2 6 ' 1 4 
L':;SKI LLED 0 1 

I 
1 6 1 r . 0  J 11 0 3 SKI LLED 1 1 7 *  1 0 0 4 1 

I 

CLERICAL -1 7 1 0 2 0 1 1 4 1 
I 

0 1 0 0 
$1 

PROFESSIONAL 1 4 1 0 3 I 



/ work (see Table 9). It was much rarer fdri subjects to opt -ior a 

job below their previous level, and in a few rare exceptions ( N  

.= 3) some were successf b l  in upgrading: their skills. 
I 

- -/ 
While complete data was only available fod94 out of the 107 

/ 

subjects, no association was found between resumption of work 
1 

I 

, . and status' of lega.1 proceedings or compensation settlement 

( Y a t  es C o r r e c t e d  C h i s q u a r e  = .37- ,  D. F. = I , ,  p = . 5 4 ) .  This ?oild 
1 

appear to refute the argument that typicaf THI victims delay the 
, 

resumptidn of work in expectation of a mqre advantageous -. 

1 .  

I f in,ancial settlement. 3 / i 

- Data 'keduction Procedure : Priniipal components Analysis - 

Examination of the ?ela,tionsh,Yps between 'test variables was 
F 1 - 

based on 5 series of Principal Component Analyses (BMDP P4M, 

~ a d m a x  ~otation). A total of nine were performed, whereby the 
f* - 

number of factors was dec;eased^successively from 12 to 4. This 

procedure was chosen in order to reduce the number of predictor 

variables and to facilitafe the examination of those aspects of 

neuropsychological functioning that are critically related to 
\ % - -% 

the outcome ineasures,. 
- - 

- 

An optimal solution yielding eight orthogonal factors was 
1 

chow-after visual inspection of the resulting factor = 

structures. This included plotting of i.f the variance explained 

by each of the 42 variables, ii.) the variance explained by each 

of -  the 12 factors, and fina'lly, iii.) the communalihesobtained 



from the one-fa-ttor solution through to the-.twelve-factor 

solution for eacli of the 42 variables. The last step was taken 

in order to ensure that each variable would. indeed contribute t'o , 
- P 

E 
- ?  

& 

-the eight -fac&solution that was finally chosen as the~est' 
1 

factorial --skructure. This solution accounted fox-28% of the 
- r . . 

, total variance and all eigenvalues exceeded 1.3. Rotated factor 

loadings and eigenvalues are presented in Tab'le 10. Unrotated 
5% 

factor loadings, corr&at&~s of factor loadings with the three 
* 

outcome criteria, as well as a summary of t,he m;ans and standard 
, b 

deviations for factor-sc res for the total sample and broken ? 
3 

down into groups with respect to trauma severity, occupations-1 
* - - 

* ,-. 
status at FU, and sex, are tabled in Appendix D. Figure 7 

& + L$.. 
prhides a gragh<c representation of the factor stiucture 

- *% Lf 
(fnsidg-out Plot of Variable Loading Pattern) and was used as an, 

% 

aide in .interpreting the 'meaning' of 'the eight factors.' 
b 

r .  

Factor 1 , which was labelled Neuropsycholoqical Funct ioninq, 

- appeared to reflect the cognitive-intellectual aspects of 
f l  

neuropsychological functioning and can be interpreted as' a 

summary measurekof intellectual impairsnt and problems with 

executive-control functions. Whereas none of the personality 

- measuges loadeZ on this factor, it shows sGbstantia1 loadings 
.$\ 

for tests  hat require good cognitive abilities - 4 as well as 

intact planning and efficient task performance ,(i.e. Performance 

subtests of <h& WAIS-R, and TPT) , good mental flexibility and 
V 1 

problem solving ski1l.s (i.e. Trail B, and Category Test), good 
------------------ 
Variables whose loadings' were below . 2  are C bdicated i with a 

blackened circle only. -2% , - - - I . .  



TABLE 10 

Rotated Factor Loadings And .Eigenvalues 
T 

. - 

Factor 

BD - 
P IC2 
PA 
KEYTEST 
LOC 
M EM 
PC 
TKA I LBT 
DSY 
CATEGORY 
+F PTTOT 
V I Q  , 

VOC 
COMP 
INFO 
S I M  - 

- ARITH 
WWQ 

- ARITSS 
S c a l e  2 ( D )  
S c a l e  1 (HS) 
S c a l e  3 ( H Y )  
S c a l e  7 (PT) 
S c a l e  8 (SC) 
DF 
D B 
TRA I LAT 
RHYTHM 
SPEECHSC . 
S c a l e  9 (MA) - .001 : - . I39  - .008 
S c a l e  4 (PD)  0 .020 . 5 7 5  
K (MMPI) - . 0 6 7  . I 9 1  .009 
Scale10 ( S I )  .049 - . I 0 2  .294 
F (MMPI) - .076  - .302  .238 
L (MMPI) - . I 2 1  - . 0 1 9  - . 0 1 6  
LEARNH 3 .280 . I 6 8  - .0.23 
VMEH .266 a .086 
S c a l e  5 (MF) - .032 .024 
APHASIA - .248 -.:359 
S c a l e  6 (PA) - . 0 8 5  - .034  
TAPDOY .438 .040 
?&'~uis. -187 -089 

% ' VARIANCE 6 . 5  5 . 3  

Factor 1: NEUROPSYCHOUCICAL FUNCTIONING 
1 2 :  VERBAL SKILLS 

3 : EMOTIONAL DISTRESS 

Factor 5 :  IMPULSIVENESS 
6 :  ALIENATION 
7: LEARNING 
8 :  FLEXIBILITY 4 :  CCNCENTRATION 
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- 
a T- 

task concentration (freedom from distractibility), and motor 
'i... > 

speed (e.g. Trail A, Finger Tapping Test, Speech Perception-and----- 

z Seashore Rhythm Test). Conceptually, most of the > e g u  lbading 
-%+F -: -h,, ) 

on the ~europs~chological Functioning factor were hypothesized 

to provide sensitive measures of executive-control 'functions, 
- -- 

however they remain so closely-intertwined with 
4 

' cognit-ive-intellectual functions that it is impossible to 

separate the 'degrees to which each of them contributed to the 

factor. 

When interpreted within the proposed model of 
& 

neuropsychologic&tl functioning, this factor provides information 

about both cognit ive-intellectual and executive-control 

functions, . - This suggests that the data used for this study do 
'"a6 0 

not allow ckear separation between the three functional 
--  

subsystems.~Conceptually, this finding supports the speculation 

that deficient executive-control functions affect all other Q 

aspects of behavior. In practical terms, it means that the 

'Factor 1 can be-only used as a global rather than distinct 

measure of neuropsychological functioning. 

Factor 2, labelled Verbal Skills, primarily reflected 

subjects' ease of dealing with verbal material and their verbal 
a 

expressiveness, with the highest loadings for Verbal IQ 
, x. ga t 

(w~~S-R),-and for those Verbal subtests of the WAIS-R that 

require good 'common sense' knowledge and reasoning, as well as 
-- 

awareness of social approp eness (i.e. Vocabulary, 

Comprehension, Information, anbaimilarities subtests of the 



x -3 
-,+. 

WPIS-R). The more modejately-loading variables-were the v .  

- 3 

~rithrneti-dsubtests of ithe WAIS-R and WRAT, and the WS-MQ.--The 

lowest loadings were found for the ~erf'ormance IQ, the Picture 

.P .a - 
/' 

C o m p l e t i o ~ ~ d  Digid Span (backward) subtests of the WAIS-R, the 
,' 

~phasia Screening Test, the Rhythm Test, and the F scale c$ the 
%- .$ .i 

Whereas some degree of conceptual -4 thinking and a relatively 

intact capacity - for sustained attention are- reqbired to perform 

well on these subtests, this factor measures primarily acquired 

knowledge and skills as indicated by the n&ure of the tests 

loading on it, an@ it is considered to be essentially 
b - 

independent of the attributes which were hypothesized to 

constitute executive-control functions, Within the proposed - ' .  
model of neuropsychological functioning, it can be used as a 

=4, 
measure that provides information about the 

cognitive-intellectual functions subsystem. 
? 

I 
U 

A t Factor 3, labelled Emotional Distress, appeared to prbvide 

an indicator of those aspects of personality organization that 

measure' self-esteem, emotional stability -and coping style. The 

only variables that contributed'to this factdr were from the 
e 

M+PI,,with high positive loadings on Depression (scale . 2). , 

Hypochondriasis (Scale I ) ,  Hysteria (Scale 31, and psychasthenia 

(Scale 7 ) ,  and moderate loadings on Schizophrenia (scale 9). 

Psychopathic Deviate ('scale 4 1 ,  Paranoia (Scale 7 ) ,  and Social 

Introversion-Extraversion (scale 1 0 ) .  For the purpose of this 
I 

-4 - - 

study, this factor would therefore seem to provide a measure of 



subjects' emotional reaction to their &tic.ular__life sitPati1ons: 

(i.e. chronic recovery phase after THI) bothein terms of. the- - --'-- 
I - - 

aistress they experience and their way of coping with the - -- 
? 

changes in their lives. - 
G F 

- All the variables loading on thesJ3motional-Distress factor 
3 

+- appear to capture'those personality aspects that provide - - 
information about an individual's emotion6lity ana 

self-avarenefs. As such, the factor fits as a measure o+ the 
,- 

emotionality and personality subsystem of thehproposed model. ' . 

t   ow ever,. it is speculated that increased lpvels of' emotional . 
C 

distress may affect executive-control functioning and result in 
<- 

.gatterns.of erratic or decreased performance effectiveness. 
d I . - 

- r S  - 
e < 

L- 

Factor 4, Concentration (Freedom f'rsyn Distractibility), 
k 

appeared to reflect those aspects of a 'test situatio; that 

requireaninterrupted attention to the task-at-hand .pver a given" 
4 -&A - ..- * & -. time period. The highestAloading variables were the ~~AIS-R ~igit 

9 - 
Span subtest (separate scoring for- fbrward and backward), with 

> 

moderate loadings for the Trail Maling &SF, Rhythm and Speech 

Perception Test, - - w ~ - M Q ,  Aphasia Screening, Arithmetic (WAIS-R), 

and the L scale of the M I .  

Given the diverse nature of the test measures loading on 

this factor, it is speculated that the Concentration factor 

might be related to all three subsysteq&.ef neuropsychological 
la 

functioning, However, the data do not allow us to measure the 

degree of this association. This necessitates that this factor 



has to be used as a global rather than specifit.mmure of 
- 

. neuropsychological functioning. 0 

+ - - - - -- L- - - - - 
. L L  . # 

-q.r 

appeared to reflect those aspects of execqt functions - $ 
d > * 

f' 
1 I ..' 

that are crucial5* for effective petforrnance wPth regard - . t o - d h  
\ >  I 

fhe test situation and to daily life in generai. Test var3abies . ' 
that we;+Thypdthe;i+ed .to measure both cogn itive-behavioral a"d 

5-4-5 d w  

motivational-emotional aspects of execut,ive-control -functions % 
%vs-, 

con"r.r-ibuted to this factor, with the highest 1oadiGon the- 
% :*- % i- 

kania scale, moderate loadings on the ~~~chopaf~i'c- Deviate, ... , 

Schizophrenia, Fake Bad- ( P I ,  and Paranoia scales of. the &PI -+-. 

. . 2' LT hj' . = 
'='we 

with additional loadings on the !&PI Masculinity-kqininity 
- < 

5 

'scale, the Finger Tapp-in'g Test, and tot& time far TPT (HRB . 
2' 

subtests) , and the Psychasthenia and.;Soc ial 
5 ,  

1ntrove;sion-~xtraversion scales of the ~ ~ 6 1 .  Visual exarnipat ion 

-of the load* pattern on this factor suggested a MMP! profile 
1 

c 

that is eommonly known as the 4-9 type With'r;l&med scores on 
1, 

the ~sycbopathic Deviate sand the Mania,scales. &dividuals with 
3- 

this profile type are described as immature, .hostile; 
il 

? e m ' -  

rebellious, impulsive and restless. The latter are 

-. characteristics that are often considered to be typical- of' the , 
- - 

' young 'macho' male who is at particularly high risk to become a - 
, - > 

a 3 

" THI victim. The issue of premorbid personality vs. personalityb 
% *\< - a 

changes due to the head injury, however, was not congideted to 
+, - I r 

he important for the purpose of this study. Overall; this fsc tor  . . 
A 

-* 
3 5 

would'. th+ref ore A seem to provide a mea';"re of .t% 'manner ;ui t'h 
1 



which  an indiyidwi'eppreachcs a n d  aolv&'a ---.- task, and thus g i v d .  

2- 

- correct  errors, and e r e k t  jydgmtnts. 
- d - 6 - 

The Impulsivity fattor -pr&idcs information about pbr60nal - 
'c, A - .* 

' at:ribueas that  ere &ssm+d to be major determinants of how a 

Ch 

of performance. AS such, this Iactbr is regarded sr a;measure of 
3 & 

<he- execut ivc-cuntrol function -subsystem. 

, factor 6 ,  Alienation w i s  intekpretcd as -a good source 'of 

information about' subjeqts' pc~ccptlen of how their surroundings 
4 

or circumstsnc~s impinge on & i r  Lives.  The only var iabGs  
-+" 

Y 

1oading.m t h i s  factor  were from the  W P I ,  with a high.-ocgative 
it 

loading for  t h e  K S u b t l m e n s i v e n c s s  scale and a h i g h  positive 
,,' 

loaZing for the Social Introversion-Extraversion scale. Moderate,'/- 
-- 

t o  low foadinga were found for tht Fake Bad, Lie (negative 
I .  

5 l 

- laadinq 1 .  Psrsnci ia .  Psychasthenia and ~chizo~hrcnia scaled of 

$he W P I .  This factor would appear t o  measure subjects' tendency 
\ 

_1 

t o  vjew ehemselves as victims of their circumstances. They i r e  
- P I 

cwrplaining.sod argumentative but feel that nobody listens to 
3 - 

-- 
!hem, and t h e y  'perceive thcmsclves .'s soc ia l  'outcesrs' . 
Accordi-ngfy, they  may behave in sociallp unaccepted ways t o  get 



. \ -  

Similarly to the ~motio~ai Distress factor(3), the pattern 

of vaiiakles found in this factor appears to capture subject9' - 

--.T . . 
5 .  

7 - :- personal attributes, particularly those that provide information 1 ' * - - - 
about an individual's tendency to over-react to a difficult life - 

4 

"-, 

I .? 

situa%ion. As such, the factor fits as a measure of the 
i ;+ 

3. 
Q 
"2 emotionality and personal i$ subsystem of the proposed model. I t 

k9 . 
is speculated that increased feelings of alienation-may result 

in motivational problems associated with impaired - 
S r -  

executive-control functions. + 

1 

Factor 7,   earn in^ (AcquisLtion of New Information), 
w - 

primarily reflected subjects1 ability to learn and retain newly 

acquired information both with regard to verbal and nonverbal 
> 

material.. Implicitly., this requires good concentrat ion and- 
% 

attention, as well as access to a fund of already existing 

information. Total number of 'hard' word pairs (Paired 

Association subtest, WMS) learned after three trials, and 

percentage of verbal information retained after 30 min (R-WMS, 

memory for stories) were the highest loading~ariables, with 

moderate-to-low loadings on the WMS-MQ, WAIG-R Digit Symbol 
. . 

subtest, Written Arithmetic (WRAT), TPT Location and Memory 

socre, and percentage of figural information retained after 30 
L- - 

to 40 min (R-WMS, Visual Reproduction). Although a relatively 

intact capacity fot sustained aaention is required to do well 

3 on these subtesfs, this factor seeqs to measure primarily a 

personl.s ability to memorize new information or retrieve 'old' 
- 

acquired k,nowledge, Almost all the variables loading on the 



Learning factor are derived from traditional memory and . 
- k 

-- - -- 

intelligence testing, hence the factor is considered to be .. - 
\ 

measuring aspects of the cognitive-intellectual functions 

subsystem and ess&tially independent of the attributes which 
h 

were hypothesized to constitute executive-control functLons. 

Factor 8, Flexibility was primarily loaded on by the & 

scale of the MMPT, with moserate to low loadings on percentage 

of .figural information retained (R-WMS),' the Category test, the 

MMPI L scale and the Rhythm test. ~ o n c e ~ ~ u a l l ~ ,  this was the' 
" .  

hardest fact& to interpret as it was difficult to extract a 

'common denominator' for this particular s.et of variables 'that 
- - . -' - 5 

is a mixture of both, HRB and MMPI sc0~"e's.. However it would seem 

that this factor is a reflection o f  subjects1 sensitivity and 

flexibility in coping with the demands of tests that require 
1% 

good attention and concentration as well as 'quick1 thinking. 

e 

Similarly to the Impulsivity factor, this factor is 

consider<ddto provide information about the qualitative aspects 

of a person's performance, i.e. his or her'mental flexibility, 

aid ability to adjust and cope with the demands of the - 
environment both generally and the test situation in particular. 
Z 

As such it can be used as a measure of executive-control 
. . 

functions. 



/ F a c t  o r  S t  r u c t  u r e  Of N e u r o p s y c h o l  o g i  c a l  T e s t  M e o s u r e s :  Summary . 

- 

I 

Exploratory factor analysis was performed in -order to a) - 
4 + 

examine 'the relatidnship among neuropsyohological test measures; 

and b) determine whether the a9could be separated along h 
meaningful dimensions that we're conceptually consistent with the 

a" proposed 'neuropsychological systems' model. 
&-?A - 

 he findings are'both iAnteresting and thought-pr.ovoking. The 
3 - I 

search for relationships in this complex set of data has 
t ./ re,vealed a factor structure that pro+ides tentative empirical 

support for <he model. Each of the eight factbrs can be fitted 
. - 

within the three subsystems of neuropsychological functioning, 

that is most of the factors c n be interpreted as relatively e 
distinct measures of one or the other of the three functional 

B 
subsystem, whereas two of the exgiacted factors appear to 

provide a combined, iglobal measure of neurops'ychological 
/ 

functioning. 
* 

More specifically, the Verbal Skills and the Learning - - 
factors appear to reflect cognitive-intellectual functions, the .', a 

,.Emotional Distress and the Alienation factors are essentially 

considered to be meas'ures of emotionality and personality - I - 
* .  funct'ions, and the Impulsivity and the Flexibility factors are 

interpreted as measures of executive-control functions 

subsystem. Finally, the Neuropsychological Functioning factor is 

considered to be a measure of both the cognitive-intellectual 

and the executive-control system, while the Concentration factor 
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I I .  - 
+- - t' 

Subsequently, results :ere examined vi th respect to those 
T. 

vakiables which kould -be identified 3s the most important 
- ?. > 

- .  predictors fc3r each of the three .outiome measures, and in ,order - 
0 ' 1 ,  

to determine which combination of variables.would result in the 
- - 

best predictive accuracy. Summary tbbles for iach of the three 
- I ) 

analyses indicate the' variance expdained (adjusted - R ~ )  by the 

different subsets of predictor vas'iables2, and as such serves as 

a measure of the predictive power .bt-"t'hat particular set of 

predictors. Selection of best predictors was based on the 

frequency of occurrence of a particular variable as subsets of 

. increasing size were generated. Since the probability of 

inclusion in a particular subset increases with the number of 
4 

variables included in the subset, an -i-mportant predictor Qas 

expected to be present in all the 1arger;subsets. An important 

predictor w&s %also expected to be consistently present in all or 
Ir 

most of the smaller-sized subsets. Thus the 'best' subset of 

predictors was selected according to which of the variables 

add/or factor scores recurred most of'ten in the subsets. 

P r e d i  c t  i o n  Of O c c u p a t  i o n a l  St a t  us At F o I  I o w - U p  ' 

Variance accounted for in the prediction of occupational 
r: 

status ranged from 0 to 16%. The best 'single' predictor was the 

~ e u r o ~ s ~ c h o l o ~ i c a ~  Functioning factor(1) whfch accounted for 
t 

8.7% of the ,variance. Inspection-of Table 1 1  revealed that, $ 

1 ------------------ 
The adjusted R~ is similar to the R ~ ,  after a correction has 

been made for tEe number of variable; entered into the. analysis 
and the total number of cases the calculations are based on. 



ovSraa11, the most impbrtant predictors of occupat'ional status at 
9 

follow-u.p were the ~europsycholoqical ~ u n c t  i o n i x  - - 

?. n. 

factor( 1 1 ,  the ~rna$rio~al~bistress factor(34, the Impulsiveness 
-$ -4  : p* 

factor (51, the P ~ ~ S Y C ? ~ ~  bisability rat , and -.subjects1 

of five predictor vzriables accounted for 15.3% of the variance 

. and was identified as the best combination of predictors (see 

Table 12). 

P r e d i  c t  i on  Of L o s s  I n  O c c u p a t  i ~ n a l  St a t  up 

Variance accounted for in the prediction of loss in c 

occupational status at the time of Follow-up ranged from .5% to 

38.2%.  The best 'single' predictor was subjects' 'Occupational 

Status prior -- to THI' which accounted for 16.2% of the variance. 

While this suggested that this particular measure was indeed a 
5 

reasonably good predictor of change in occupational status, a 

closer examination of the results revealed that prediction 

accuracy could be doubled by including the Neuropsychological 

Functioning factor(l), the Emotional Distress factor(31, the - 

i Flexibility factor(8) , and the Trauma Severlt rating in the Y 
regression equation. This particular combination of~redictor 

= ' .  

variables' accountid for 36.2% of the variance) and was identified 
-- 
as the best set of measures in the prediction of loss in a 

occupationdl status. See Tables 13 and 14 for a summary of these 

findings. 



. . TABLE 11 

/ 
Summary O f  A l l  Subsets Regression With 0ccupational.Status 

- - -  - . -- - - -  - -  

- 
A t  Follou-Up As Depen k ent Variable 

0 
- -- 

9- d j  R -  Set(Pos) Trauma Age Pre Year Sur- Phys.  Factors 
squared Sev. 

U 
Qcc fnj. gery ,Dis .  1 2  3 4 5 6 7 8 

X X X  X  

X X X  x ; .  
X X X  X  

X  X X X  

X X X  X  

X X X  X S  

X X X  X  

X X X X X  

X X X X X  

X  X X X S  

X X ' X  X  

x x X  s'x 
X X T; 

X  S X X  

X X X X X ,  

X X X  x x  
X X X  X  

X X X  X S  

X X X  X S  

X X X S X  

X X X X X  

X X X X X  

X X X  X S  

X X X  X  

X X X X X X  

X X X  X  

X - X X  X 

X X X X X X  

X X X S X : . :  

X X X S X X  

x X X X  

X X X  X  

k x x x x  
X  X X X  X  

S X  X  X  X  :i 

x X X X X X  

X  X X X X X X  

X x x r  
X  X. X X 

X  ,X X X X  



- 
TABLE 11 (Continued] 

d A d j . R -  Set(Pos) Trauma Age Pre Year Sur- Fpys .  Fnc tors i - 

- ,  squared Sev . Occ I n j .  gery D i s .  1 2 3 4 5 6 - - f  8 

x x 
X X 

_Y ' 

x 
X X X  

X X 

X 

X X X  



TABLE 12 . 
v 

The Best Set  Of Predictors For Occupational Status at FU 
- -- 

SQUARED MULTf PtE CORREUTI ON 0.194 
WLTI PLE CORREIATIOH 0.444 -- 

ADJUSTED SQUARED .WLT. CORR . 0 . 1 5 3  
RESIDUAL MEAN SQUARE 0.212 a 

STANDARD ERROR OF EST. 0.460 
F-STATISTIC 4.80 
NUXERATOR DEGREES OF FREEDOM 5 
DLKOHIJNATOR DEGREE5 OF FREEDOM 100 

* 
SICNfFfCANeE (TAIL PROB.) a O . ' O f t l  

I a CONTRI - 
!. 'd;iff;WI,E REGRESSIOS S A X  STMYE). - T- 2 T A f L  TOL- BtfTION 

NAYE COEFFICIEST ERROR COEF. STAT S I G .  ERANCE TO RvSQ 
9 

IYTERCEPT 0.150 0.296 CP.301 0.51 0.613 
FACTOR1 0.123 3.347 0 - 2 5 2  2.72 0.008 0.939 0.060 
FACTOR3 -0.111 0.046 -0'.215 -2.39 0.018 0.997 0.046 
FACTOR5 L0.071 0.047 -0.143 3 5  0.130 0 .924  0.019 
PHYSDIS -0.087 0.067 -0 .119 -1.29 0.201 0 .  0.013 

K PREOCC 0.006 0. O O L  0.245 1.52 0.133 0,885 0.018 



TABLE 13 

- 

Summary Of All Subsets Regression With Loss i n  Occupational 
-- - 

s t a t u a  Depe-nceent Variable - 

Adj . R -  Set (Pos) Trauma Age Pre Yea* Sur - Phys . Factors B 

squared Sev. Occ Inj . gery D i s .  1 2 3 4 5 6 7 8 - - 

9(1) X X X X X X X X  X X 

10(1) X X X X X X X X  X X 

10(2) X X X X X X X X  X X 

8(1) X X X X X X X  X 

10(3) X X X X X X X  X X  X 

10(4) X X X X  X X X X X  X 
11(1)- x X X X  X X X X X  X X 

lO(5) X X X X x x x  x X X  

9(2) X X X X  X X X X  X 

, 11(2) x X X X  X X X X  X X  X 

ll(3) - x x x x  x x x  x . x x  x - 
11(f+) x x x x  x x x x  x x x  
9(3) X X X X X X X X  X 

8 (2) X X X X X X X  * X 

8(3) X X X X X X  X X 

9(4) X X X X X X X X  X 

9(5) X X X X  X X X X  X 

12(1) X X X X  X X X X X - - X x  X 

9(6) X X X X  X X X X X  

12 (2) X X X X X X X X X X X  X 

7(1) X X X X X X X 

11(5) X X X X  X X . X . X X  X X  

12(3) X X X X X X x x x  x x x  
6(1) X X X X X X 

8(4) x 1- X X X X X X X 

7(2) X x X X X X  X 

7(3) X X X X X X X 

8 c y  - 
X x X X  X X X X 

7(4) X X X X X X  X 

7(5) X X X X X X X 

8(6) X X X X X X X X 

13(1) X X X X X '  X X X X X X X ,  X 

7(6) X X X X X X  X 

12(4) X X X X  X X X X ~ X X X  

7(7) X X X X X X X 

-13(2) x x x x x x x x x  x x x x  
8(6) X X X X X X X  X 

13(3) X X X X  X X X X X X X  X X  / 

8(7) x X X X X X X X 

7(8) X X X X X x x  * 1 
i 

5(1). X X X X X 



I ~ , . , " ' 
(TABLE 13 (Continued) 

I I / 

I - Set(Pos) ~rjuma Age Pre Year Sur- Phys. I Factors / 
Occ Inj. gery  is. 1 2 3 4 5 6.7 8 

X  X X  

X  X  

X X X  

x x x x x  
X I-x x* x x 
X  x -.. x 
X  X"X X X  X  

X  X .  

x x-w* 
X  .X X  

X  X  X X X  

X  X  X X X  

X  X  X  X  X 

X  X  

X" ' ' .  
X I .  ' 

% 

X  

X X X  

x'x x , 

e X  

X X X  - 



. , & - -- - - -- - -- 

TABLE 14 - % -.: > 
.. -- 

The B e s t  Set Of P r e d i c t o r s  F o r  Loss I n  Occupational Status 

3 
- 

SQUMED MULTIPLE CORRELATION 0.393 
MULTIPLE CORRELATION 0.627 .L 

ADJUSTED SQUARED MULT. CORR. 0.362 
RESIDUAL MEAN SQUARE . . -375.. 906 
STANDARD ERROR OF EST, 19.388 
F-STATISTIC 12.940 
NUMERATOR DEGREES OF FREEDOM 5 a -, 

DENOMINATOR DEGREES OF FREEDOM 100 
3 SIGNIFICANCE (TAIL PROB. ) - 0.000 

7- - "r 
SP, 1 * - j. 

- - 
I . .  _ CONTRI - ' 

VARIABLE REGRESSION STANDARD STAND. . T -  '2TAIL TOL- RUTION 
NAME COEFFICIENT ERROR COEF. STAT S I G .  ERAh'CE TO R-SQ 

* 

INTERCEPT - 50.5h 11.730 -2.080 -4.31 O.OOO1:: - 
, FACTOR1 -7.963 1.973 -0.322 -4.04 0.000 0.957 - 0.099 
FACTOR3 5.652 1.973 0.226 2.86 0.005 0.975 0.050 

. FACTOR8 -4.676 1.990 -0.185 -2.35 0.021 0.978 0.034 
TRAUMA 5.354 2.494 0.171 2.15 0.034 0.95) . 0..028 
PREOCC 0.892 0.150 0.474 5.41 0.000 0.945 0.21?* 



P J 
5tgl~~lb)ry Of A l l  Subtie ts Regression Ui th ~ e v e i i  cy Of Daily 

~ d j  . % ,  S t . t ( P e s )  Tram& Age- Pro Year Stir- Phgs. Factors 
sqrra t*c& Sev.  6cc l n j .  gery D i s .  1 2 3 4 5 6 7 8 

X X -  X S x 
X X X  X S X X +@X 

X X X X X X 

f X X X 

X X X X 

X X X ?E 

X X ,Y S 

X X 

X X X 

X S x 
X X X X  

X X X 

X X Y - - 
X X X 

X x X 

X b % % 

X . X X X  % X 

X X X X  X X 

X < X  X X X S 

X X X X X X 

X X X X  X ,  X 

X X X 

X X S 

X X X 

- X X 

X X 

X X 

X X *  

X x 

x X X X  

X X X X  



TABLE 1 5  (Continued) 

A d j  . R -  Set (Pos)  Trauma Age Pre Year Sur- P h y ~ .  - Fac-tors - - -  ---. 
squared Sev .  . Occ I n j .  g e r y  D i s .  1 2  3 4  5 6 7 8 

X  X X X  S S 

X  X X X  X X 

X  x x x  X S 

X  X X  X X x 

X  X  X  X X  S 

X  X X X  X X 

X  

X  X X X  X X  

X  X  - X X X  

X X  X X X  

X  X X X X  

X X  X X X  

X  X  

X  X  X  

X  X  X  

X  X  X 

X  X  X  

X  X 'x 
X X X  X X X  

X  X X X X X  

X  X X  x'xx 
X  X  X  

X  X  X  

X  X X  

X X  X X  

X  X  X  

X  X  X 

X X  X  X  

X  X 

X  X X  

X X  X  X  

X  X  

X X X  X ' X X X  



TABLE 16 
- - - - 

The Best Set Of Predictors For Severity Of Daily Prbblems 
i 

SQUARED MULTIgLE FORRELATION - - 0.355 1/ 
MULTIPLE CORRELATION 0.596 
ADJUSTED SQUARED MULT. CORR. " 0.318 
RESIDUAL MEAN SQUARE 78 .083 
STANDARD ERROR OF EST. 8.836 c 

F-STATISTIC 
NUMERATOR DEGREES OF FREEDOM 4 
DENOMINATOR DEGREES OF FREEDOM 

1 
69 

SIGNIFICANCE (TAIL PROB.) 0.000 

CONTRI - 
VARIABLE REGRESSION 
NAME COEFFICIENT 

INTERCEPT 41.844 
FACTOR3 5.731 
FACTOR6 -2.351 . 
FACTOR8 -1.950 
TRAUMA - 1.917 

STANDARD ' 
ERROR 

3.385 
1.122 
1.011 
1.106 
1.419 

3 
2 <+, 
f. 

STAND. 
COEF. 

3.911 
0.498 
-0.225 
-0.174 
-0.134 

I 
T.- 2TAIL TOL- BUTION 

STAT SIC. ERANCE TO R-SQ 



UI 
a
 

3
 

m
 

aJ 
t-i 
n
 fa 

-
r
(
 

k
 

lu 
> k
 
0
 

4
J 
U
 

. r)
 

a
 

aJ 
E

4
 

k
"
 

3
 
0
 

W
 

rC
( 

0
 

c
,
 

Q
, 

u
l 

UI 
. r)

 

C
 

c, . 
C
 

. r)
 

(d
 

m
 

4
 . de 

4
3
 . - (

r
l 



r-i 

aJ 
m

 
c
 

aJ 
C
,
 

k
 

3
 

- 
F

r
n

 
P; 

&
a

 I tA 
w

8
n

 
0
 * 

4
 

4
 
3
 

C
 a
 

O
C

a
J

 
-
4
 

0
 

L: 
0
 

.
d
 

C
,
 

U
 

Cl 
a

c
m

 
b

a
a

 
+
J 

3
 

X
C

C
 

a
J

O
U

 
U
 

3
 

u
l 

3
g

 - 
k
 

CT 
Z

W
C

 
0
 

-
4
 

4
u

l
C

 
4

C
O

 
a
 

0
 

-
A

 
.A

 
C
,
 

r
n

W
U

 
a

u
c

 
O

C
3

 
C

3
W

 
C
,
 

W
 

aJ 
r-i 



measure of neuropsychological functioning (Factor 1 ) was found 

to be an important prognostic indicator of both the resumption - - - -  

of work and loss~ in occupational status following THI, the 
' 

predictive accuracy could be improved by introducing the two 

specific executive-control functions measures. This provides 

further support for the potential usefulness of the construct 

and suggests that the additional information gained through its - 
asses,sment will indeed help to identify those subtle 

d 

consequences of-THI that prevent many head-injured victims to 

resume their previous lifestyles. 
* / 

Overall, the preliminary findings suggest that 

executive-control functions represent an integral aspect of 

neuropsychological functioning and can provide a quantitative 

measure of more subtle and diffuse.deficits. These can be 

considered as additional d.eterminants of overall performa'nce 

effectiveness and this in turn affects long-term psychosocial 
0 

outcome. 

T h e  A d v a n t  a g e s  Of C o m p r e h e n s i  v e  A s s e s s m e n t  P r o c e d u r e s  I n  T h e  

P r e d i c t i o n  Of O u t c o m e  

As discussed previously, the results of these analyses also 

suggest that the accuracy of long-term psychosocial outcome 

prediction canabe improved considerably by the combined r=ther 

than separate use of biomedical or demographic measures, or 
P' . 

c- neuropsychological factor scores,-particularly when predicting 

3employment-related criteria. More specifically, the proportion 



---of variance explained by regressing the 'optimalV.set of 

predictors on each of the three outcome criteria ranged from' ---- 

15.3% for Occupational S t W s  at Follow-up, through 31.8% for 

Severity of Daily' Problems to 36.2% ' for Loss in Occupational 

Status; single biomedical and demographic measures were found to 

be only minor contributors to these regression equations. It is 

interesting to observe that the predictive accuracy of 

employment-reyated outcome varied considerably depending on the - 

specificity of .the question asked. While the long-range 

prediction of actual employment status on the basis of 

biomedical, demographic, and neuropsychological measures 

contained a fair- degree of Gncertainty, the same measures ' 

provided a good estimate of a subject's loss in occupational 

status. 

It was also confirmed that different aspects 9 f  subjects' 

medical and prsonal history, and neuropSychological functioning 
b 

have to be considered when predicting long-term impact on daily 

life or employment-related outcome following THI. Thus measures 

such as the Emotional Distress factor, the Alienation factor, 

the Flexibility factor, and the Trauma Severity rating were khe 

most crucial predictors of daily life problems, while the 

prediction of employment status at Follow-Up was more influenced 

by measures of cognitive-intellectual and executive-control 

functions such as the Neuropsychological Functioning and the 

Impulsivity factors, and to a lesser degree by subjects' I 

occupational status prior to and the degree of physical 
I 



d i s a b i l i t y  due t o  in jury .  In comparison, sub jec t s '  occupational 

s t a t u s  p r i o r  t o  in jury  had a c r u c i a l  ro le  i n  the  predict ion of -- -- 

l o s s  i n  occupational s t a t u s ,  but accuracy of predict ion was 

enhanced by including the  measures of the Neuropsychological 

~u$ . c t i on ing ,  the  Emotional D i s t r e s s ,  the F l e ~ i b ~ i l i t y  f a c t o r s ,  ,' 
+. ' 

and the  Trauma Severi ty r a t i ng .  a, ,* 



CHAPTER IV x, 
2 '  ,.- - 

n ~ ~ s c ~ s s r o ~  -- 

Long-range prognosis of psyc.hosocia1 outcome following THI 
f 

has become a a j o r  concern in health care and litigation for two - 
major reasons. First, accurate prediction of THI victims' future 

potential both ir; terms of independent livin\g and work capacity 

would allow implementat ion bf more specific and more focused 
rehabilitation or retraining programs relatively early in the 

- 

chronic recovery phase (i.e. 12 to 18 months post-trauma). 

Another potential advantage early. prognostic indicators 

of the likely impact on future daily efficiency would be the h 

possible acceleration of legal or other compensatory 
9 / 

proceedings. In many cases, these have to be extended over, 
. - --.+ 

several-years due to the imposed 'wait-and-see' period during: 

which the THI victim's recovery can be observed. While often 

necessary to ensure a fair settlement, the costs of such delays 

are high both with respect to psychosocial and financial 

aspects. 

The present study was undertaken in order to document'the 

long-term consequences of head injury on the basis of a 

relatively large and homogeneous sample of THI victims, and to 
C 

evaluate the prognostic utility of various factors that are 

assumed to determine outcome, including the predictive validity 

of comprehensive neuropsychological test data as measured 

, through composite scores (factor scores) of n~europsychological 
_ * 





- 
- ' -  

These test results were considered to delineate 'the - 

subjects' level o-f intermediate-term neurop'sychological 
t 

. = a n g  which, in -t;r'n, was then taken] as an additional 

predictor of long-term psychosoci'aJ outcome. - - 
- 

3. Long-term psychosocial outcome was evaluated between-six 
, < 

months and four years after the neuropsychological 

assessment; on 'the average, the follow-up data was gathered 

approximately three years post-injury. Psychosocial outcome 

criteria were measured in terms of three variables: 

employment status at the time of Follow-up; loss in 

occupational~status; and self-reported frequency of problems 
I 

- Z interfering with day-to-day efficiency. 
* .  

I 

Additional questions referred to the status of legal 

proceedings / compensatory settlements'and any other changes 
.. 

*a_tt_ributed to the accident. 

The study was designed as exploratory research and followed r 

a descriptive apprcach. The aim was not to provide-any 

definitive answers, but rather to close some of the gaps in our * . 
.. knowledge regarding the psychosoc a1 consequences of head 

, 
injury. For those reasons it was decided to stddy not only the 

' subjects who had suffered severe-THI, but also those with mild 
. . 

and moderate in juries. This was felt to be of particular 

importance due to a growing uneasiness among health 

professionals about the commonly-held assumption that victims of 

milder head injuries should recoveralmost comp1ete)y wi'ib-no 
b -: c ,q 

serious lasting problems. With increasing frequency, < - - 0 
+- 



professionals are confronted with clinical and statistical 9 
findings revealing 'inexplicable' and often puzzling - 

"discrepancies between the expected (good) and the actual (-poor) 

psychosocial outcome 'in T H I  victims who otherwise appear to be 

fully recovered. 

\ 

The following discussion will address and, hopefully, 

@ klarify some of these important issues. 

~redifctors -- Of The Intermediate-Term Neuropsychological 

Conseuuences Of Head Iniurv 

T h e  Re1  at i o n s h i p  B e t  w e e n  B4'omed.i c a l  M a r k e r s  'Of THI - S e v e r i  t y  And 

~ e u r o ~ s  y c h o i o g i  c o l  F u n c t  i o n i  hg ( I  t o  3 y e a r s  p ~ ~ ' r  - i  nj u r  y ) .  

Neither the trauma severity measure nor the indicator of 

medical complications used in this study showed any significant 

association with intermediate-term neuropsy~hological deficit 
'P 

m~asures, although such a relationship has been often suggested 
> 

and has led to the working assumption that such biomedical 

measures are valid and reliable prognostic indicators of the ' 

eventual level of neuropsychological functioning. 
8 a%.;% 

While.it cannot be disputed that the expected severity of 

neuropsychological deficits is broadly related oto the severity 

of the injury, wide individual variations can be found and 

previous research provides little support for the prognostic 

accuracy of 'trauma data'. Brooks ( 1 9 8 4 ) ~  for example, states 

clearly: 



... wherea~ a patient with a PTA [post-traumatic amnesia] , 

I of more than 4 weeks is almost certain to have a L. .& - 

persisting severe learning and memory defect, there is 
no guarantee that a patient with a PTA of a matter of 
days will not have cognitive defects. Each cafe has to 
be evaluated on its own merit. (p.. 69) 

--z 

- 

This apparent incongruency between the traditional 

assumption that biomedical marker f trauma severity are ', 

significant determinants of the cognitive-intellectual 

consequences folLowing &\, and more recent research -findings 
%' that do not confirm the validity of such x claim, may be the 

result of the methodological weaknesses inherent to many scudi'es 

and a hasty overgeneralization of existing research that is 

based on short-td~ findings, to long-term outccme. Most studies 
-- 

that fycus qn cognitive recovery have shown that during the 

acute stage of recovery e .  first few months after Znjury.2 the 

impact of severe THI on cognitive functions' will be much more 

dramatic than the impact of milder injuries. In terms of ++ % 
%.- 

long-term prediction, however, it has been found repeatedly that 
\ 

considerable recovery of neuropsychological functions takes 

place and that for example, recovery of intelligence to within \ 

> 
the average range is common for most THI victims irrespective of 

\ 
V 

trauma severity (see Levin et al., 1982). 

In terms of emotional-personality aspects of 

neuropsychological functions, the present study'found no clear 

relationship between the Trauma Severity racing a-nd the 

Emotion 1 Distress factor(3) or the Alienation factar(6). 9 
Interestingly, however, there was a significant correlatfmL- 

- 
--- 2 

- -- - 



a
, 

0
 

6
4

 
C

 
0

.
 

0
 

" 
o
"
,
 

a
C

%
 

-
4

 
0
 

m
 
a
 

a
J

a
0

 
L

a
J

k
 

a
1
1
1
3
 

c
w

o
 

u
a

c
 

V
 

u
 

E
 

m
c

n
k

 
C
 

C
 

.a
J

 
0
 

-
4

 
c,. 

JJ 
I 

a
 

a
 

o
 

o
k

u
 

cb 
4 

h
 
-
9
 

A
W

r
L

]
 

U
 

-
4

 
aJ 

C
k

E
 

0
 

aJ 
k
 

*U
 

3
 

aJ 
Q

, 
c, 

O
C

n
C

 
a

 
. .-i 

m
 

I II 4
 

V
 

h
 

,
P
 

V
 

' 
k
 

0
'
 

a
:
 

U
 

a
 

W
 

si c, 
.,-

I 

l-l 
.
r
)
 

A
 

.A
 

.' 
X

 
aJ 
f-i 
Crc 

a, 
C
 

C
,
 

'-0
 

C
 

a
 

3r 
k
 

3
 

.
n
 

C
 

- 4
 

aJ 
C

 
c, 

5 k
 

W
 

C
 

3
 

aJ 
-
4

 

E
 

C
 

a
 

0
 

4J 
a

 a
d

 

aJ 
c, 

O
C

W
 

P
C
 

k
 

U
W

a
J

c
,

 
o

a
c

 
u
 

a
 m

 
.; 

% 
a

J
C

4
J

 
(

0
.
 

U
 

0
-
 

m
 

-
C

C
U

3
 

0
 

aJ 
- r
l 

-
4

3
0

a
 

c, 
O

'
c

,
 

(IJ 
m

o
c

 
U

m
-

4
4

 
-
4

 
C

 
a

 
O

C
-

4
 

a
u

o
~

 
E

 
r
 

0
 

o
r

l
m

 
o

a
c

,
o

 
k
 

A
 

d
0

O
U

 
-

4
a

*
 

U
 

3
 

ul 
-

4
o

a
 

a
c

c
,

 
aJ 

aJ 
w

 
E

a
o

 
3
 



a
 

C: 
4
 

41 
7
 

s
o

 
U

U
W

 
.
4
 

u
u

m
 

U
 

rO 
C

 
gaJ 

Z 
u
 
.
a
 

a
 

. r( 
u
 

3
 

C
C

Q
 

n
h
 

Q
I 

Ir 

9 
a
 

-
@

&
J

 
* 

$-# 
Q

 
c

0
8

C
 

rn 
I 

- 
W

,
L

n
 

C
 

0
, 

*
u

o
 

rg 
a
 

4
9
 
t: 

3
 

41 
#
 

N
C

E
I

 
r0 

€
3

 
N

 
C

P
I

-
 

C
 
"
' 

0
 

4
 

a
 

L
#
 

* 
*

M
a

0
 

C
n

V
I

I
J

 
9- 

Al 
M

O
W

 
u
 

U
 

0
 

U
 

B 
X 

- 1C
1 

X
o

o
 

4
 

8
3

h
 

0
 

.Cu 
** 

.G
 

m
+

,
 

cD 
m
 

3%
 

-
a

*
 

.G
 

3
 



0 

R 
6% 

T h e  R e l a t  i  o n s h i p  B e t  w e e n  D e m o g r a p h i c  C h a r a c t  e r i  s t  i c s  
&&F' ' 

V i  c t  i m s  And I n r  e r m e d i  a t  e - T e r m  N e u r o p s y c h o f  o g i  c a l  F u n c t  i o n i  ng ( I  -- 

t o  3 y y a r s  p o s t - i n j u r y ) .  

Examination of the association between an individual's age, 9 
C 

occupational status prior to injury, time since injury and 

neuropsychological fa'ctor scores, .revealed that cognitive, 

emotional and control~characteristics were influenced by a 
/ 

person's age, but only marginally by the~other two variables. 

Specifically, age was found to correlate significantly with the 

Neuropsychological Functioning factor(1) ( r  = - . 4 7 ,  p = . 0 1 ) ,  . 

the Verbal Skills factor(2) ( r  = .32, p = .01), t6e 

Impulsiveness fact~r(5) ( r  = -.37, p = .01), and the Learning 

These findings are consistent with previous research 

suggesting that oider THI victims show more pronounced 
4 

neuropsychological deficits wd recover more slowly than younger 

people. Whereas older subjects were found to retain much of. 
* 4 

their previous level o•’ skill and 'knowledge as shown by the 

relatively strong positive correlation between age and the 

Verbal Skills Factor, they showed impaired performance on tests 

that requiee goal formulation abilities, organizing and 
2 

planning, as well as the cognitive-behavioral aspects of 

effective performance. This particular performance pattern 

suggests that older patients may be more deficient in their 
. / 

e)sgcutive-control -- functions and thus suffer more from the 

negative consequences of head injury. In terms of the 



implications of these finqings, it has to be kept in mind, 

however, that the majority of the subjects (N = 8 6 )  were less 

than 40 years old and that only 13 of the subjects were older 
- 

than 50. ..- 

d 

A significant negative correlation was found between Time 

Since Injury and the Impulsiveness factor(5) ( r  = -.'30, p = 

. 0 1 ) .  This negative correlation appears to indicate that 

impulsiveness becomes less prominent as time goes on, and that 

most THI victims will regain somewhat better executive-control 

and improve in their performance ef fectiv'eness over the yc&s. . 

At worst, this finding could be interpreted as a sign of Q 

1 
r.esignation and increasing apathy; where any spontaneous effort, 

however poorly planned, becomes poin.tless. The meaning of this 

negative association should be examined more closely and most 

importantly, in the contexf of overall neuropsychological test 

performance. - 

7 

Prior Occupational Status was also. significantly co'rrelated 

with post-injury Impulsiveness ( r  = .28, p = . 0 1 ) .  Why a g L  

person's occupational status prior to injugy should be 
- 

associated with the degree of later impulsiveness is difficult' 

to interpret, particularly sinceethe correlation is positive, 

showing that the better the vocational training or education the - 
Z 

more pronounced the problems with impulsiveness. It could 

possibly be argued that these people are more aware of their 

neuropsychological problems and more self-conscious about their 

slowness and confusion, and thus tend to overcompensate with 



speedy and 'poorly pl*anned act ions. 

In conclusion, it can be said that some backgr-ound 

characteristics of THI victimsd(in particular age), appear to 

have some association with the neuropsychological consequences 

of head injury. While one can regard to the 

meaning of these their usefulness 
- 

as prognostic indicators of long-term neuropsychological 

functioning remains controversial. 
\ 

Predictors -- Of The~Lonq-Term Psychosocial Consequences Of Head -- 
Injury 

4 

T h e  U s e f u l  n e s s  Q f  I n t  e r m e d i  a t  e - T e r m  Neur  o p s  y c h o l  o g i  c a l  Dai  a As 
, ,  

P r o g n o s t  i  c  l n d i  c a t  o r 5  

The results of this study provide further evidence for the 

prognostic validity of neuropsychological test measures in the 

prediction of the long-term psychosocial consequences of THI. 

All three aspects of neuropsychological functioning, namely 

level of cognitive impairment, emotional distwbance, and 

executive-control functions, were shown to correlate not only 

with present occupational status, but also with loss in 

occupational capacity and daily life efficiency in general. 

Predictive - power was further increased by including THI 

biomedical data and premorbid characteristics of the victim a s  

additional measures. Several major conclusions can be drawn from 

these results: 

? 



. 
Predicitng THI victims' potential work capacity, future work 

status, and quality of psychosocial adjustment is most - -- 

accurate if it is done on the basis of a comprehensive 

assessment which includes medical, historical, and 

neuropsychological information in order to optimize 
I 

-4 

5: 

prognostic accuracy. v - 

The contribution of individual predictors varies with 

different outcome criteria and they have to be weighted 
-- accordingly. 

3. Generally, neuropsychological test data wercmore sensitive 

to subjects' present levels of functioning in their daily 
\ 

lives than medical or historical information. 

4. Executive-control functions as measured in this study were 

identified as additional contributors to predictive 

accuracy. 

T h e  U s e f u l  n e s s  O f  E x e c u t  i  v e - C o n t  r o l  F u n c t  i  o n s  As P r  o g n o s t  i c  

I n d i  c a r  o ' r s  
a- 

As discussed in previous sections, quantification of 

executive-control functions on the basis of conventional 

neuropsychological assessment data has always posed a major 

problem in the outcome prediction of the psychosocial 

consequences of THI. Whereas traditional methods of interpreting 
- 

neurupsychological test results have relied on mea'sures of 

def ccit and overall level of cognitive-intellectual performance, 

we'have assumed that executive-control fun6tions would provide 
b 

measures of the overall process of performance, i.e. how the 



subjects were performing during the evaluation procedures. 

Transformation of the - 4 2  ne~rops~chologf cal test scores into 
\ '. 

a much smaller set of eight factors allowed u h o  study the 

- relationships between the test measures, and to differentiate 

between factors that provided probable measures of 

executive-control functions, global measures of 

neuropsychological impairment,-and specific measures of 

cognitive-intellectual deficits and personality problems. 

The data confirmed the usefulness of the construct of 
L 

executive-control functions in the prediction of psychosocial 

outcome, in that measures of these helped to identify subtle 

problems with performance e-ffectiveness that are often 
-- 

overlooked in conventidnal approaches to neuropsychological 

evaluation. In the following section, the nature of these 

factors and their roles as prognostic will 

2 discussed. in more detail. 

T h e  Most P o w e r f u l  P r o g n o s t i c  ~ n d i c a t o r s :  P a t t e r n s  I n d i c a t i v e  Of 

Hi gher  P s  ychosoci a1 Ri s k 

The following are the three different best 'sets' 'of prognostic 

indicators which were established,for the three outcome indices. 

"Return - to Work' was best predicted by the level of 

Neuropsychological Functioning, a factor which was comprised 
- 

primarily of those mental ability test measur'es which are known 

to be most sensitive to brain damage. These included the Block 

Design and Picture Arrangement subtests of the WAIS-.R, the HRB 



Keytest ~nderc, and a' number of subtests of ' the HRB (dilandas .et 
al., 1984; Lezak,  1983; ~ussel@et al., 1970). Predictive + 

a- 
- - 

accuracy could be doubled by including measures of emotional 

distress (Factor 3 )  and measures of impulsivity we have 

described as executive-control functions ('Factor '5). To a lesser 
- 

degree, the predictioh could be further improved by including 

subjects' occupational status prior to the injury and their 

Physical Disability ratings. Intuitively, these findin'gs follow 

'common sense'. It comes as no surprise that measures of 

cognitive impairment, emotional difficulties and distress, and 

. impaired performance effectije ss together with the pertinent 

information regarding a person's vocational history and present 

physical disabilities would provide a sound basis for predicting 

future work status. 

While level oE neuropsychological functioning has been 
I 

consistently implicated-a3 a significant correlate of current 

occupational status, only a few other studies have examined the 

role of neuropsychological tests in the prediction of j u t u r e  

work capacity. Obviously, this is a much more difficult and 

challenging task, since a variety of other factors related to 

the subjects' particular life situation and 'the socio-economic 

conditions in general may influence future employment to an 

equal or more crucial degree than subjects' personal strengths 

and limitations. Hence, it would be unrealistic to expect a 

- -'foolproofl~ prediction formula. Within these given restraints, 

the predictive usefulness of the neuropsychological data 



established in this study is quite respectable. 

- When comparing these results with the only other comparable 
c 

- study, namely the-one undertaken by Newnan and his 'colleague~in 
- - 

1978, the overall findings are relatively consistent despite 

considerable differences in conceptual approach and methodology. 

Interestingly, their results revealed generally higher 

correlations between test measures and work status, suggesting adh 

stronger association Between the two. Some of the differences in 

findings are of interest. Newnan et al. found that only 32% sf 

their sample of 78 brain-inpaired subjects were unemployed at 
f i  

the -time of Follow-up (which occured 6 months or more afters 

testing for 81% of their subjects), while the resl:lts of the 

present study indicate an overall unemployment rate of 54L-Two 

possible explanations can be offered for these considerable 
/ 

di~cre~ancdies. First, the findings of Newnan 'et al. were based 

. on a heterogeneous sample of brain-impaired patients, .including 

brain disorders that may be more localized in their effects than 

trauma ti,^ injuries. Generally such disorders result in specific 

. and less pervasive patterns of impairment in neuropsy~hological 

functioning. Frequently, the resulting deficits can be coped 

with more easily, be it with the help of focused compensatory 

'5trategies or avoiding those situations whe-re the impaired 

abiltity is needed for ~~ccessful task completion. Thus it is 

likely that they will less interfere with vocational potential. 

__ 1 
, -\ 

, 

Also, severity of neuropsychological deficit as measured by 

the HRB-I1 was less serious in their subjects, and the subjects 



were generally older and better educated than in the present 

study. bnfortunately, no indication was made as to the time 
J 

course of brain impairment or subjects' occupational status at 

the time of neurological diagnosis or testing. Thus, the 

above-mentioned discrepancy in findpimgs may well-be due to other 

differences in sample-characteristics. 
8 

/ 

Other important sources of variation that have to be - - 

considered when comparing the two studies, are the time' factor 

and the drastically changed socio-economic conditions since the 

mid-seventies. While at that time the basic population 

unemployment rate was quite low in the United States, the recent 

recession and the resulting high unemployment rate in this 
J 

province has made it increasingly more difficult for the 

mentally or physically disadvantaged to-obtain competitive 

employment. 

In nost previous outcome st-udies, the unemployment resulting 

from severe THI is estimated between 30% to 50%, while mild to 

moderate THI is expected to lead to a much lower unemployment 
. 

rate. The present survey of a relatively large sample, however, 

reveals a much higher rate irrespective of trauma severi9. 
1 - 

Specifically, 63% of the severely, 47% of the moderately, and , 

52% of the mildly head-injured subjects were either unable to 

work or were looking for work. Again, this difference may be due 

variety of factors, including I the changing local 

socio-economic conditions and the increasing number of survivors 

of THI. On the basis of our present knowledge we can only 



speculate why these unemployment rates are as high as they are, - 
nonetheless, the practicad implications are crucial: 

irrespective of trauma severity, THI victims are at high risk - 
G 

for chronic unemployment and the 

associated with it. In an attempt 

highest risk, ~red'ctive accuracy can be improved by taking all 

three aspects of effective personal functioning 

(cognitive-intellectual, personality, and executive-control 

functions)- int0,consideration and weighting them accordingly. 
* 

'Loss in Occupational Status' was highly correlated with -- 
subjects' occupational status prior to injury. This is not an 

- 
unexpected finding and can be explained as the result of a flow 

effect.originating from the way in which the variable was 

calculated, i.e; individuals with lower status jobs were given 
8 .  

lower pre-trauma ratings than those with higher status 

occupations and thus could not lose as much as individuah with 

high pre-trauma ratings. However, this finding also suggests 

that in terms of the relative loss in occupational status there 

are no differences across the various job categories. 
, - 

Additional inclusion of variables reflecting level of 
0 

neuropsychological functioning, emotional distress, problems 

with flexibility, and trauma severity in the regression equation 

led to considerable improvement of the prediction accuracy (fr 

16% to 36% of the variance explained). What is noteworthy is - 

'om 

that the combined information on specific aspects of 

neuropsychological functioning based on the ~europsyc~&ological 
$ 



Functioning, Emotional Distress, and the Flexibility factors 

along with some marginal contribution from Trauma Severity wilL - 

double the predictive accuracydhis provides further support 

for the prognostic usefulness of ne~rops~chclogical data in ' 

identifying those indivi&uals who== at higher risk with reegard 

to their post-trauma vocational adjustment. 
, 

Potentially, these findings could p~ovide an effective basd 

for- vocational counselling following recovery from THI. As 

previously discussed, a comparison of pre- and post-in jury 

employment patterns revealed that few subjects were willing 

1 
accept a 'downgraded' position (below their previous level of 

' employment), but preferred to keep looking for a position that 
4 was the same or very similar to their pre-injury job, zven when 

this meant continued unemployment. For more effective vocational - % - -  
rehabilitati-on and counselling, it may thus be necessary to 

educate THI'victims to a realistic appreciation of their 

. . personal limitations (with t'he assistance, for example, of 
\ 

neuropsychological test data), help them to assess their 
\ 

' abilities more re%listically, and establish clear goais with ' 

regard to vocational potential and interests, as well as to 3 

outline and facilitate opportunities for voaational retraining 
- - 

and rehabilitation. - 

'Severity - of Daily Problems' was best predicted by the level 

of emotionalmdistress reported at the time of assessmep 

(Emotional Distress factor(3)). Clearly, this was the single 

most important factor in the prediction equation which could 
1 



only be slightly improved be including the Alienation factor(6), 
? 
the Flexibility factar(8) and the Trauma Severity rating. A 

4 

closer examination of the relationship between these predictor j 
variables and the outcome criterion reveals,-t Trauma 

", 
0 

Severity, Alienation, <and Flexibility are iiversely related 
'-*-.- 

< -  -, 
to self-reported severity of daily problems. This suggests that 

victims with milder injuries tend to be mQre upset and 
\ i 

I - - 
distraught emotionally and are much more aware or concerned 

about their difficulties with day. t o  day functioning. This 

self-repcrted ineptness and l,-.:\bllity or inadequacy to cope with 

'simple' problems in daily life, along with an extraverted 

interest in rejoining normal life and decreased flexibility can 

more easily explain why so many mi.ldly injured victims fail.to 
L 

resume work and return to their previous level ~f functioning - 
despite reasonably good cognitive-intellectual recovery. Indeed, 

a s t r o n m s w  correlation was shown between a person's 

reported severity .of dailyBproblegs and loss in occupational 

status ( r  = .40), suggesting an interdependency of the two 

outcome criteria. It is likely that high.levels of emotional 

distress will enhance feelings of inadequacy, confusion, and 

distractability and contribute to impaired performance 

effectiveness, thus contributing a further stumbling block in 

successful psychosocial recovery as pointed out repeatedly by 

Lezak ( 1978, 1983),- Fordyce et al. ( 1983), and. Novack et al. 

(1984). a 



BT 
' The present findings show good consistency with severdl 

. . 
- -- 

other recent studies. For example, they -provide SUP@'?~ f ~ t '  
4 

Rime1 et ale's ( 1981 )  conclusions,that the psychdlogical 

response to, and the emotional stress regulting from mild head* 
., -/+ - C-= 1 

injury have a sigoificant role in predicting long-term 

disability. They &so confirm findings of .previous studies that 

identified ecduring negg&irrr.Thanges in self -esteem and 

sensitivity, social withdrawal and irritability; and persisting 

negative behavioral changes major contributors poor 

psychosocial and vocational adjustment (as discussed in the 

previous literature review). 

In terms of practical ~mpl'ications, these results should be 

interpreted as additional support for the clinical utility of* 
% 

comprehensive neuropsychological assessment in the prediction of 

psychosocial outcome. They imply that the concerns and emotional 

distress symptoms of patients have to be taken seriously *in " 

treatment planning in order to reduce emotional suffering and 

prevent or mitigate the impact of negative behavioral changes on 

overall psychosocial adjustment. 

Summary - And ~onclusions 

T h e  T h e o r e t  i c a l  Imp1 i c a t  i o n s  Of T h e  P r e s e n t  F i  ndi ngs 
- 

p- -- 
rl- 

While still at the exploratory stage, the findings suggest 

.. that Lezak's model of neuropsychological functioning may jndeed 

provide a good framework for further research. In subjecting. 
- - 

'-3 



- * 

neuropsychological test glata to factor' andyt i c  p r ~ & d ~ r e ~ ,  . . 

eight factors could be establish'ed that a'llowed fairly clear 
C 

distihction of the, postulated three aspects of % 

Q 

neuropsychological functioning. c 

* 

As outlined in,a previous section, t h e  Verbal Skills and the 
$ 

Learning factors; and to some (presently undetermined) degree +, 

the Concentration and Neuropsychologica~~ Functioning factors all -a-- 
4 

-a " 

appeared to capture . - important aspects of cognitive-intellectual 
I .  

functions'. More specifically, the 'verbal SkiiLls factor is 
1 

po~tulated~to represent the acquired 'skill' or 'knowledge' 

aspect of intelligence as discussea by Hebb (1942) and others. 
I 

The  darning a h  Concentration factors were interpreted.as 

measures of those aspects in cognitive-intellectual functioning 

that firovide information about memory and learning abilities, 

including Basic aspects of att;ntidn and concentration, as well 

as an individual's ability to learn and remember new-' 

information. Finally, the Neuropsychologi~cal Functioning factor 
E 
is comprised of those measures that have been found particularly 

sensitive to brain impairment and the resulting deficits in 

intellectual functioning. -LO 

x 
8.4 . 

The Emotional Distress and the  liena at ion-istors were 
13 interpreted as measures of emoti~onality and personality 

- - C 

organization; they provided information about the levels of 

emotional ,distress individuals were erperienc ing as welfi 
h-. . 

their reactions and coping styles in dealing lbith their 
\ 

a particular life circumstances. 



P. 

Fvncrioninq fbctor *were thought t o  -comprise those aspccts of 

rest wasures and response s t y l e  that ~ e & k  her refcrred'to as 

executive-cunrro2 functions. They are taken as indicators of 

' i m p i t &  c a p c i t y  for self-contro~ or &itcction, including poor -. 

planning and organization, d~fective mental flexibilty 

problem solving-skilfs,.snd problems with initiative, 
d - 

mativetion, and regulprion of behavior, These measures 
-I --..- 

9 3 .  

bclicued td-bc i&pr rhn r  determinants of performance 

and 

effectiveness. ., 

d T h m  f i n d ~ n g s  lead to some interesting speculatfons 

concerning t h e  theoretical implicatcons with regard *to the role 
0 

of executive-ectntrol functions, and their relationship to both 

the cognitive-intelhctual and the emotionality-personalify 

subsystc?~, a5 v a l ' l  as to 'daily cf f icicncy. As previously 

discussed, a possible explanation for  the apparent overlap 

b e t w e e n  t h e  three subsystems is that executive-control functions, 
8 

will indeed a f f e c t  all directed mental activities and i h u s  have 

a considerable impact on daily efficiency. I n  such a modef, 

executive-control functions could be postulated as the  mediators. 

b e t w t t f i  t h e  other two subsystems, L e a  emotionality and 
- 

personality factors are n o t  directly, but indirectly related 
- 
w i t h  cognitive-fnteilcctthaP functioning. This would mean, for 

7exswple, t b t  increased level of depression and loss in 
* 1 

se!f-esteem w u l d  affect cognitive'functioning only to the 



degree that they undermine executive-control functions, and v i c e  
~ 7 

v e r s a .  Given this role of executive-control functionsp it could 

be explained more easily why some severely brain-impai red 
.i 

individuals show relatively few problems with emotional distress 

or psychoso~ial adjustment, while' some less impaired THI victims 
d- 

are experiencing considerable problems both emotionally and 
* 1- 

A 

functionally. In order to test this model it will be necessary 

to measure exgcutive-control functions directly and exqmine 
- 

their relationship with standard cognitive-int'ellectual and 

'i 2 personality measures. e 

$. Most interestingly, the factors that were interpreted -as 

probable measures of execut ive-control functions have indeed 

been found to play an important role in psychosocial outcome 

prediction. Although the findings need to be replicated, the . 
results of the present study provide some initial support for 

the usefulness of the 'executive-control function' construct and 

warrant more explicit attention to this aspect of 

neuropsychological functioning. 

ig." 
It is of particul~r interest to note that neither age, 

abilities relating to khowledge and skills, nor the tipe sinc; 

injury could be identified as important predictors of 
l, ' employment-related outcome. These factors have'been often 

< implied to determine ouTcome to a significant degree, b"t this 

could not be confirmed in the present study. It also is 

surprising to find that in comparison to other aspects, learning 

ability per s e  was of relatively poor predictive value. However, 



these particular findings may have to be interpreted in light of 

subjects' apparent reluctance to retrain o r  look for another job -- 

- ,  

than the one for which they were originally qualified. In that 

sense the findings are consistent, since job applicants are more 

likely to be selected on the'basis of their past work 
-- 

experience, performance effectiveness, and degree of physical 

disability rather than general knowledge or learning ability. 

With regard to impaired day-to-day functioning, it is most 
* 

striking. to observe that neither- level of cognitive-intellectual 

:impairment, deficiences in executive-control functions nor 

demographic characteristics could -be establis-hed as significant 

prognostic signs. The findings instead suggest that irrespective 

of the latter aspects, self-reported daily li-fe problems are 
/' . 

most strongly a function of the victim's emotional reaction to 

the in jury and his or her general organization. 
* 

Given this, self-reported level of daily efficiency may be 

extremely prone to subjective distortion. The results suggest 
'k - 

- that this distortion may go in both dir-tions, with extreme - 
i 

overreaction, considerable loss of confidence and self-esteem as 

one pole, and carefree optimism, denial of any problems and 

nrealistic expectations at the other end. The consequences of 

such distorted self-perceptions are of particular importance, 

since the results of this study also reveal a pattern between 
% 

trauma severity and emotional distres that b e s t s  a tendency 3 
of the less severely injured to overreact and 'catastrophize' 

n 

their situation, while denial and unrealistic optimism appears 



I 

to be more characteristic of the severely injured. In view of 

the previous discussion about the role of executive-contrpl -4 
'* 

functions, this finding would sugaest that emotional dist'ress 
I u 

-- c a n  indeed -result in impaired performance effectiveness which - 

undermines daily efficiency. ~nfortunatel~, these specific 
f' , t 
' d i f  f icult4es with execut ive-contpol functions could not 

extracted from the neuropsychological data base used in this 

study, possibly because of the tightly structured test 

situation. This would support Lezak's claim that 

execut ive-control functions have to. be measured on the basis of 

the subject's performance during less structured situations. 

T h e  P r a c t  i c a l  Imp1  i c a t  i o n s  O f  P r e s e n t  Fi n d i  n g s  F o r  H e a l  t h 

P r  o f e s s i  o n a l  s  , 

There has been $ decided reluctance among health 
- - 

professionals, (and particularly within the'medical community) ' 

to consider other than the traditional, medically-oriented 

prognostic indicators when predicting the expected course of 

recovery following THI, despite an increasing awareness ,of their 

poor predictive validity coqcerning such crucial outcome 

criteria as work potential arid.day today + effiriency. However, 

enough data has now been accumulated to challenge the b 

conventional Vsdom. As a consequence, there is a definite need 

I ' 
for new appr aches to outcome prediction which can make use of 

b 

scientifically-derived measures that are clinically useful and 

show established predictive validity. 



The steadily growing body of empirical evidence, including 

the results of the present study provides strong support for the - ' 

validity of neuropsychological measures in predicting the - - 
long-term psychosocial consequences of head injury. Test 

/ 

performance has been found to relate to work-related criteria as 

well as functional efficiency in daily life. Moreover, the 

results of this study confirm the need for comprehensive 

assessment procedures and suggest that neuropsychological 
-- 

evaluation should include measures of cognitive-intellectual 
.I ' 

functioning, personality organization, and executive-control 

functions in order to optimize predictive validity. Strong 

arguments for thorough neuropsycholgica.l evaluations have been 
- 

- m a d e  already more than five years ago (e.9. Newcombe & 

- Ratcliffe, 1979; Long & Gouvier, 1980 ) ,  but tended to be 

overlooked or ignored by many members of the pr~fessional 

community. Broad-range appraisal of neuropsychological - 

functioning is both time consumin< and co.stly, and the 

interpretation of test scores can become very complex an8 
3 

demanding, however the long-term benefits of improved predictive 

accuracy certainly outweigh those concerns. 
-- 

Another important advantage of comprehensive assessment 

methods is thei~ clinical utility in identifying those THI 

victims who are at high psychosocial risk. Close examination of 

the4test patterns rill hel'p,khe examiner to decide which 

patients are more vulnergble with regard to heir future work 
, t p  

capacity or their functional efficiency in daily life. This will - - 

/ 
/ 144  

/ 



- - allow for better rehabilitation planning as well as the 
development- and implementation of specific intervention 

=F 

strategies. 

G e n e r a l  i  z a b i  1 i  t y Of T h e  ' ~ i  n d i  n g s  And Imp1 i e a t  i o n s  F o r  F u r t  h e r  

R e s e a r k h  
8 

As with most research, the present study can be criticized 

on the basis of-methodological problems and drawbacks. While one 

of the aims was to collect comprehensive information-on all 

those aspects that-have been discussed in the literature as 

relevant prognostic signs of the expected sourse of recovery, 

this has led to the collection of an extremely large and 

unwieldy set of data with a resulting imbalance Between sample 

- size and number of variables. This, in turn, led to the use of 

statistical procedures to condense the data and reduce the 

number of predictor variables to a size that allowed further 

statistical analysis and facilitated interpretation of the 

results. 

There may be the obdection that such data reduction 

procedures have led to a 'washing ,out1 of individual variations 
n ' 

and removed test score interpretation from the concrete to the 

realm of statistical abstraction. This can be countered with the 
v 

argument that, unfortunately, there is no-ideal solution to this 

dilemma. Anotheroapproach which could have been used to deal 

with this particular imbalance between number of independent 

variables and sample size would have been to 'pre-select' those 



variables that were identified as the'most promising, either on 

the basis of theoretical or empirical considerations or on the 

$ basis of their strength of association wi* tpe dependent 
/ 

, 

variables. In my judgment that pre-selection is likely to result - 

in a considerably greater loqs of valuablei information. 
I 

Moreover, it can easily lead to an oversight of important. 
; 

patterns that in themselves may be bet'ter prognostic indicators 

than single variables. For those repsons, the factor-analyt ic 

approach presented itself as the method-of-choice. Examination 

of the underlying factor structbre made it possible to study the 

relatio~ships among the test measures and to interpret the . 
empirical findings %within the framework of the proposed model of 

neuropsychological functionins and provide support for the 

executive-control functions construct. 
- 0  

I 

this point, the findings are only tentative and 

be considered as a first step in the validation of the model and 
Y 

the executive-control functions construct. However the results 

of this study are encouraging enough to warrant further 

research. For both.theoretica1 and practical red'sons, what has 

to follow next is the testing of direct, explicit measures of 

executive control functions in order to examine their value 

independently of or in addition to s;tandard neuropsychological 

measures. 

Another of the perennial problems in clinical 
' 1  

neuropsychology has always been the relatively small samples on 

which the findings had to be based. Although the number of 



surviving THI' victims is steadily increasing, the basic 

population incidence rate is still fairly small.+For the same 

reason, THI samples will almost always include people of all 

walks-of -life, with considerable differences concerning their 

trauma history, time since injury, and their backgrounds, 

introducing many additional sources of error. Although the 

present study is based on a fairly large and reasonably 

homogeneous samplefathe generalizabiltiy of the findings will 
" 

stiil be hampered by these problems.  gain, it can be argued 

that this is an unavoidable dilemma inherent to the area and it 

should not preclude further researc). On the contrary, 
pk 

consistent research findings over several dif erent studies can t 
be interpreted as even better support for the 

their impact can be measured irrespective of many of these 

individual background characteristics. If such a pattern can be 

established, this will lead to an incrzbse in the degree of 

confidence with which the findings can be generalized to the 1 ' H I  

population in general. 

One of .the major difficulties with many studies has been the 
- 

considerable variability in the selection of assessment tools, 

large variations in the schedules of testing, oper&nal 

definitions of trauma severity that varied from study toistudy, 

and the different choices in outcome These differences 

in design'have made it difficult to studies with 

each other, to find common patterns, and to bring the findings . - 
onto a common denominator. 



.b -- 
The design of the present study was aimed at overcoming some 

of these problems and hence, ensuring good generalizability of 

the findings. For instance, assessment tools were chosen 

according to their breadth in scope and their widespread use in 

clinical settings as well as their established psychometric 

properties. The testing schedule was seletted such that all 

subjscts were evaluated at a time when they could be considered 

neurologically and neuropsychologically stable, (i.e. after most 

spontaneous recovery had taken place, for most subjects 12 to 24 

months post-injury). The operational definition of trauma 

severity was based on recent medical guidelines that provided a 

relatively clear and quantifiable 'composite measure' concerning 

both duration of coma and PTA. Contrary to many of the other 

outcome studies, subjects were not pre-selected according to 

trauma severity. It was hoped that the inclusion of subjects 

w i t h  varying degrees of trauma severity would help to overcome 

the previously discussed restriction of range problem. And 

finally, outcome c-riteria were'selected according to their 

relevance to psychosocial outdome and their objectivity. Both - - - 
the two work-related outcome criteria were reasonably' 

straightforward and objective; even the most unreliable THI 1 

victims were able to understand and answer the question 'Are you 

working-right now? ' and able to indicate the nature of the work 

that they were doing. The 'Problems of Daily Life' questionnaire 

was deliberately developed as, a self-report instrument as it was 

felt to be important to get subjects' own perception of their 

daily life efficiency, however- distorted or biased. 



The results of this study are considered to describe the 
I 

intermediate-term neuropsycholo~ical consequences of THI (with 

the exception of very severe head injuries) and their effect on 

long-term psychosocial adjustment. Therefore they can be 

generalized to-t-THI victims who are at least One year 

  here is an obvious need to replicate. the findings in this 
study, particularly in view of their direct relevance to . 
clinical and forensic psychologists and other health 

professionals. With each additional study extending and refining 

the present findings, the predictive validity of 

neuropsychological test measures as prognostic indicators of 

psychosocial outcome following THI can be further consolidated 

and used as a sound basis for rehabilitation planning and 

counselling as well as for evaluation of disability 

compensat ion. 

Further research is also needed to examine to role of 

executive-control functions more closely and determine their 

usefulness in clinical ne~opsychology. 

suggested that a set of tests consisting of direct measures of 

execut ive-control functions be added to the standard 

neuropsychological battery. This could comprise the measures 

suggested an]. &lined by Lezak ( 1982, ,983 1 such as the Rey' s 

Complex Figure Test (Rey, 1 9 4 1 ) ,  tests of verbal fluency, free 

writing or drawing, and the Tinkertoy Construction Test (Lezak, 

1983). Another test that also suggests itself as an alternative 
-- - 



measure of executive-control functions is the Rorschach inkblot 
" * 
U ,- 
.& 

test (Rorschach, 1921). In scoring the formal aspects of the 

basic Rorschach task according to Exner ' s ( 1978) c&nprehensive 

System, i.t should be possible to obtain a measure of an 

individual's ability to structure and organize an ambiguous 

stimulus and thus obtain information about his or her 

performance effectiveness. 
\ 



APPEND I X + 

Trauma Severity Ratinq: Operational Definition 

. 
RATING - _  

1 mild '% no loss of conscio sness ? 
duration of post-traumatic amnesia <- 1 11rv 

2 moderate brief loss of consciousness (<- 24 hrs) 
duration of post-traumatic amnesia <- 24 h r s  

3 severe prolonged loss of consciousness (> 24 hrs) 
duration of post-traumatic amnesia > 24 hrs) 



Physical Disability Ratinq: Operational Definition 

RAT I NG 

1 none 
1 

'B minor 

3 some 

I I; 
a b l e  t o  do a l l  t e s t s v -  no problems 

i ng  - s t i f f n e s s  i n  hand/s 
* 

speed o r  d e x t e r i t y  
* .A 

i n j u r i e s  t o  e x t r e m i t i e s  

moderate , unable t o  do a  number o f  t e s t s  due t o  
phys i ca l  i n j u r i e s  t o  e x t r e m i t i e s  

- 

severe  incomplete t e s t  d a t a  due t o  p h y s i c a l  
d i s a b i l i t y  



APPENDIX B 
i;; 

Occupational Status Rating: Operational Definition 

- 7 : 2 - 

cD 
? 

RAT I NG 

e 

10 unable  t o  work -or go t o  school f o r  reasons  

- of h e a l t h  - not  a c t i v e l y  seeking employment 

4 
20 . works i n  s h e l t e r e d  workshop 

3 0 vaLunteer  work - unpaid o r  token pay 
- 

40 unemployed - a c t i v e l y  looking f o r  work 
B 

I 

50 . homemaker o r  $a r t - t ime  work 

- > 

60 - u n s k i l l e d  o r  manual work - f u l l  time 
e . g .  s e r v i c e  worker ,  o p e r a t i v e s ,  l abo re r  

5 

7 0  s e m i - s k i l l e d  work - f u l l  time 

"b e . g .  c  e r i c a l ,  s a l e s  
b 

80 s k i l l e d  o r  s e n i o r  c l e r i c a l  work - f u l l  t i m e  
e . g .  t e c h n i c i a n ,  execu t ive  s e c r e t a r y ,  manager, 
p r o p r i e t o r  9 

9 0 p r o f e s s i o n a l  o r  post -secondary s t uden t  - f u l l  timo 
e . g .  t e a c h e r ,  lawyer ,  engineer  . 



Dai ly ' t i fe  - Efficiency 

4 .  00 tDOHhM d 8 t e n ~  W?x (please use above scale lor ratin91 

- loobin9 a f t e r *  yourself 4c.g. dressing, gr&inp)? * - 
- doing bs :c  household c h r r s  Ie.9.  cooking, doing 

dtzbts ,  mu&- t h e  faun)? - - - 8:arting doinq things? Ie.9. taking i n i r h f i v t .  
'gettrng your act together', making d a c i s i o n ~ , ~  
s tart  act i v i r y f  - 

- g t t t i n g  lost or confuscd within an u n f a ~ i f i ~ r  
-rnv i ronwnr ? 

i 
- 

'. 

- you; wmry in everyday routines (rcmbbering or 
C 

lorget; in9 ' th ingsf? - 
- coprhp w i t h  practical ritwrfonr outride rha h-? - .  t 

( o . ~ . '  using pvblic trrnsport8tSon, driving,< airing 
x for direct  ions, using pub1 i c  ~ t l t p h o n t )  - 

- get t ing  d o n p  y i t h  your f r e i q  oc ckorr friends? 
.s / - .  

- wtt ing  siong h t b  pcoplc you don,'t know wall? 
fe -9 .  neighbors, work colleagues) - 

- figuring out, planning and organizing regular 
toutirscs of & i l y  l i f t ?  ( t .9.  g r o t t r y  shopping, 
house cleaning, reps ir  prsfects, keeping track of S-. ~- 
1 i n y e s )  - 

- t i iprrnq out. planning and organizing your bctlvitiar 
when new ~crivitres are intrsductd or ncu instructions 
given? 4t.g. vo:ing i n  an elecf ion,  arranging s nav 
mrrgsgc, mavin9 to ntu rceoPladstions) - 

.- m i n e r s .  control o: reaper?- 



Daily - Life Activities 

APPENDIX C . 

L . 
Questionnaire 

% 

We would like you to take a-few minutes to complete the following 
questionnaire. Some time ago you compl~ted a hattery of vocational 
and psychological tests. These tests were used to make predictions 
a s  to your vocational future. Ue would like you to be part of a 
research project designe9-to see how useful these tests were in* ' 
predicting your vocational future. This pr~ject is part of a 
Ph.ii.'~hesis for a Simon Fraser University student in the Department 
of Psychology (Ursula wild). The study has been approved by the 
SFU Ethics Review Committee. Your responses villabe private and 
confidential as your name is not put on the questionnaires. 

' i t  you would like to find out the research results please send 
this paqe'back separately from the returned questionnaire and 
we vi l l  ensure that you vill obtain a copy of the results, which 
should be available in the fall of 1985. 

?bank y o u ~ f o r  your cooperati& in helping 9s with this project. 

Ursula Wild, 'M.A., Ph.D. student -- - 

Allan Posthuma, Ph.D. 

Name : 

Street: 

Cl ty: 

P o s ~ a l  code 

(reail t h i s  

. 

TEAR OFF ---------------------------- 
a ' 

! v i s k - t o  prticipate in the study described above. Please .send me 
a copy of the results : 

in one of the return envelopes that have been enclosed& 



- 

WORK - OCCUPATIONAL STATUS 

- The first few questions are about your present employment situation. 

1. PRESENTLY, ARE YOU (please check off the one that applies to you) 

- unable to perform any occupational task or go to school [ 1 

- employed within a sheltered workshop environment I 1  

- doing unpaid vork;or paid only very little [ 1 

workiag part-time, with .limited responsibilities 
1 

I 1  

- working part-time, with full responsibilities 
- working full-time, unski'led or manual work [ 1 

( 1  * - working full-time, clerical, sales, or semi-skilled 
- working full-time, senior clerical or skilled [ 1 

- working full-time, professional [ 1 
- studying part-time toward degree / diploma -- I 1 

- studying full-time toward degree / diploma [ 1 

- homemaker / housekeeper [ 1 

- currently unemployed, looking for a job 
as (please indi6ate) 

2. IN TOTAL, FOR HOW LONG HAVE YOU BEEN WITHOUT WORK IN THE 
PAST 2 YEARS? . 

ZL 

[ 1 1 to 3 months 
[ 1 4 to 6 months . . 
[ 1 7 to 12 months 
1 1 more than 12 months 
[ 1 no work in the past 2 years 

r [ 1 not applicable - 
3:COMPARED TO 2 YEARS AGO, HAS YOUR INCOME 

[ 1 considerably decreased 
[ 1 slightly decreased 
1 1 remained the same 

1 slightly increased 
1 1 considerably increased 
[ 1 not applicable 



DAILY LI FE A C W I  TI ES 

4 .  DO YOU HAVE PROBLEMS WITH iplease use above scale far rating) 

- looking after yourself (e.g. dressing, groominq)? 
- .  7 

- doing basic househofd chores (e.g. cooking, doing 
dishes, moving the lawn)? 

-' starting doing things? (e.g. taking initiative, 
"getting your act together", making decisions, 
start activity) 

SOMETI )3ES 
A PROBLEM, 

3 

NEVER 
A PROBLEM 

1 

FREQUENTLY 
A .PROBLEM 

4-  

- getting lost or confused within a familiar 
environment? 

ONLY RARELY 
A PROBLEM 

2 

ALMOST ALWAYS 
A PROBLEM 

5 

- getting lost or confused within an unfamiliar I 
environme~? 

- your memory in everyday routines (remembering or 
forgetting things)? 

- coping with practical~situations outside the home? 
(e.g. u s h g  public transportation, driving, asking 
for directions, using public telephone) 

T .  

- getting along with your family OF close friends? 

- getting along with people you don't know we117 
(e.g. neighbors, work colleagues) 

- figuring out, planning and organizing regular 
routines of daily life? (e.g. grocer? shopping, 
house cleaning, repair projects, kee'ping track of 
f i nances 

p- figuring out, planning and organixin? your activities 
when new activities are introduced or nev instructions 
given? (e.g. voting in an election, arranging a nev 
mortgage, moving to new accomodations) 

Y 

- rnoo~inbss, control of temper? 

- headaches? 
- feelings of inadequacy? 

- feeling close to others? 



- - - IF THE NEXT SECTION DOES NOT APPLY TO YOU STOP HERE ---- 
h 

PERCEIVED CHANGE SI$JCE THE ACCIDENT 

: t you have experienced a head in in the past, please indicate 
in what way this has affected you e. ( I f  thechange is a psitive 
one f q r  you. please circle the "+ ide your rating.) 

4 'A 

RAT1 NG 

5. THE ACCIDENT HAS AFFECTED MY: circle i f  - 
RATING change pos i t i ve 

- independence,.and efficiency in everyday 
life activities + 

- physical agility and manual skills - + 
*t 

- attention and toncentration + 

CONSIDERABLE 
CHANGE 

4 

SOME, BUT,NOT 
MUCH CHANGE 

3 

NO CHANGE 
AT ALL 

1 

- persistence  and^ patience 

VERY,VERY 
MUCH CHANGE 

5 

JUST A VERY 
LITTLE CHANGE 

. 2  

- memory + 
*, 2 - work abi; ity and habits + 

- thinking (logic) 

- learning lev things 

- confidence, self-esteem, morale * +  

- personal and social relations + 

6. SINCE THE ACCIDENT, HAVE THERE BEEN ANY CHANGES IN YOUR 
OCCUPATIONAL STATUS OR ACADEMIC PERFORMANCE? 

[ 1 occupational upgrading - better qrades 
[ I no change a 
[ 1 some occupational downgrading - somewhat lower prades 
1 1 considerable occupational downgrading - considerably lower grades 
[ 1 unable to perform any occupational task - unable to go to school 

/ 

7. IF YOUR ACCIDENT INVOLVED A LAWSUIT, HAS IT BEEN SETTLED? r 
( 1 yes - Date: 
[ 1 no 



8 .  I F  YOUR ANSWE3 T O  7. WAS ' Y E S ' ,  D I D  THE SETTLEMENT RESULT 
I N  ANY CHANGES I N  YOUR L I F E ?  

change  f o r  t h e  b e t t e r  
I ' s l i g h t  change f o r  t h e  b e t t e r  
( i no change 
[ 1 s l i g h t  change f o r  t h e  worse 
( 1 c o n s i d e r a b l e  change  f o r  t h e  worse - 

9 .  I F  YOUR L I F E  HAS CHANGED S I N C E  THE ACCIDENT, PLEASE 
I N D I  CATE HOW: 

r e t u r n  t h e  c o m p l e t e d  q u e s t i o n n a i r e  a t  your e a r l i e s t  c o n v e n i e n c e ,  
o f  t h e  e n c l o s e d  e n v e l o p e s .  

Your p a r t i c i p a t i o n  i n  t h i s  p r o j e c t  i s  much a p p r e c i a t e d .  



Unrotated Fact= - L ~ a d i n g s  - And Eigenvalues 

Variable 

V I Q  
P I Q  
INFO 
VOC 
ARITH 
COMP 
S IM 
PC 
PA 
BD 
DSY 
DF 
D B 
APHASIA 
ARITSS 
MEM 
VMEM 
NVM EM 
LEARNH 3  
LOC 
RHYTHM 
TRAI LAT 
TRKILBT 
CATEGORY 
TPTTOT 
SPEECHSC 
TAPDOM 
KEYTEST 
WMQ 
L 
F 
K 
HS 
D 
HY 
P D 
t4F 
PA 
PT 
S C 
HA 
S I 

Factor 
3  4  5  6  

.567  .013  - .097 - .  122 
- .249  .363 .056 * - - 1 2 1  

.560  .060  .008 o- -085  

. 5 5 3  .064 - .022  - . 0 6 1  
, . 3 2 0  - . 0 9 8  - . 0 5 8  - . 3 4 5  
. 4 9 3  . 2 3 1  . I 5 3  - .  108 
.298  .281  - . I 2 5  - -047 

- .  150 .284 .228 - - 2 3 1  
- .  254 .360 . . I 6 6  - .025  
- .408 .214 . I 3 9  - .242 
- .  352 .023  - .  100 .195 

. 2 4 1  - . 4 7 5  - . I 6 1  - 1 2 3  

.296 - . 3 9 7  - . l o 0  .035 
- .  107 . 2 1 1  .0$2 - .068  

. l 5 8  .162 2 - .45O 
- .  272 .086 - .017 . l o 3  
- .O73 . I 4 5  - .089 -568  

.056 - . 0 6 3  - . I 1 3  .284 
0  - . I 5 3  , - . 1 j 4  .488 
- .367  .083  - .027 . I 5 9  

.O97 - .  179 - .  102 - .063  

. I 7 2  .206 - . 2 4 1  - .062  

. I 9 1  . I 5 8  - . 0 7 0  - . 0 6 2  

. I 6 4  - .2U1 - .026 .049 

.359 - .217  .197 .057 

.O27 .312 - . I 3 2  -040 
- .  168 - .  177 .448 - . I 3 3  

.309 - . 0 9 8  .083 - . 0 3 6  

.269 - . I 8 4  - . 2 2 4  .238 

. 0 5 3  .474i+ .319 . I 6 1  
- . q 5 3  - .  19.2 - .002 - -083  

.2'34 .327  .487 -314  ' 

. 375  .337 - .060 . I 4 9  

.415 .314 - . I 3 0  - -050  

.534 , 3 8 5  - . 0 4 4  .304 

. 3 5 4  - . 0 5 1  .402 .055 

.297 - . I 3 1  .368 - .006  

. I 8 9  - .062 - .044 .009 

.274  .007 - .042 - -063  

. I 7 6  - . I 1 3  ,124 - . 0 3 6  

.O14 - .498  .470 - . l o 7  
- - 0 4 5  . l o 8  - .664 - - .325 



Correlations Between Predictor.Variables And Outcome Criteria - 
, -, 

- 

Return t o  Work Da i ly  P r o b l e m s  
(N-106) ' (N-74) . 

BIOMEDICAL MARKERS : 

TRAUMA - . l o '  - . I 6  
SURGERY - . O 1  .. 1 2  

SUBEJCT CHARP.GTERIST1CS : 
AGE - . 10  . 0 6  
PREOCC - . 18  . 1.2 
Y I - . l o  - . \ ~ 6  
PHYSDIS - . 19  - 7 .  L O  

NEUROPSYCHOLOGICAL MEASURES: 
- 

FACTORS : 
1 . 3  l** 
2 - . I 5  - 

3 - .23* 
4 - . 0 5  ' 
5 - . 1 2  
6 : 08 
7 . 0 7  
8 . 1 3  

* i n d i c a t e s  p - . 0 5  
** i n d i c z t e s  p <,- .O1 

Change i n  Work 
(N-106) 



- 

Means - And Standard Deviations Of Predictor Variables And Summary 

Indices [Total Sample) 
?" .- 

FACTORS 
1 

e 2  

3 
4 
5 
6 
7 
8  

MEAN 
.08 

- .01 
- .01 
- -02 
- i03 
- -01 

- - .Ol 
.O1 

.i- 

HRB IMPAIRMENT INDEX . 5 5  

STANDARD DEVIATION 
. 9 8  
- 9 9  
. 9 7  
. 9 8  

1.00 
. 97  

1.02 
- 9 6  



Means - And Standard Deviations Of Predictor Variables And Sumnary - - - 
- 1 ndices (By Trauma Severity ) -- 

.. 

NEUROPSYCHOLOGICAL MEASURES: 
- 

4 FACTORS MEAN STANDARD DEVIATION 
1 - mild (N-23) .02 -- 1.03 

,mo$erate (N-38) . 16, 1 .05 
- 

severe (N-45) * .04 --- .92 

2 - mild 
moderate 
severe 

3 mild 
moderate 
severe 

4 mild 
moderate 
severe 

5 mild . - 
moderate 
severe 

6 mild 
moderate 
severe 

7 mild 
moderate 
severe C 

8 mild 
moderate 
severe 

. . 

SUMMARY INDEXES: 

WAIS-R FULL IQ 
mild 
moderate 
severe 

HRB IMPAIRMENT INDEX 
mild ' 
moderate 
severe 

B 

). 



Means - And Standard ~eviations - 01 Predictor Variables - And S u y r y  

Indices (By Occupational Status At FU) - -- 

NEUROPSYCHOLOGICAL MEASURES: 

FACTORS 1 
1 employed 

unemployed 

2 employed 

- -  unemployed 

3 employed 
unemployed 

I -- 
4 employed 

unemployed 

5 employed 
unemployed 

6 employed 
. unemployed 

7 employed 
unemployed 

8 employed 
unemployed 

S U M W R Y  INDEXES : 

WAIS'-R FULL IQ 
empleed 
unemployed 

HRB IMPAIRMENT INDEX 
kmployed 
unemployed 

MEAN STANDARD DEVIATION 
. 4 2  1.00 

- .19 .88 --. 



, 

Means,And - Standard ~eviations - Of PrSdictor Variables An? Summary - 
- 

Indices (By - Sex) - - 

NEUROPSYCHOLOGICAL MEASURES: 
P 

FACTORS MEAN = STANDARD DEVIATION 
1 male (N-68 )  . 0 9  . 86  

f e m a l e  (N-38) .07 1 . 1 8  
*. 

male 
f e m a l e  

ma 1 e 
f e m a l e  

male  
* f e m a l e  

male  
f e m a l e  

male  
f emale  

na 1 e 
f e m a l e  

male  
f e m a l e  

SUMMARY I N D E X E S :  L 

W A I S - R  FULL IQ 
male 9 4 . 2 6  1 1 . 5 0  . 
f e m a l e  9 6 . 8 7  1 1 . 0 9  

4 

HRB IMPAIFMENT INDEX , 

male  . 5 5  ' . 2 5  
f e m a l e  . 5 4  . 2 8  
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