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, Abst?éct
Cogaitive, Perceptual and Motor Learnin% After Suqstaneous
Recovery from Severe Traumatic Closed Head Injury:
a Hicrocomputer Approach
Marie Ethier

This study was based on the hypothesis that learning occurs in

computerized cognitive—perceptual rehabllitation of- closed head injured

(CHI) individuals past spontaneous recovery (i.e., beyond one year). A

S
L
second question involved what type of exercises (attention,

visuospatial, memory, auditory, or problum‘solv1ngL&romotu learning
i )
i

most. A third question involved whether learning improves as a functfon
of practice condition (massed or spaced). Twenty two CHI individual (19
, °"males and 3 females) ranging in age between 19 and 50 years were

selected with level of education ranging from 5 to 19 years and interval

sincetrauma-to-project between 20 and 204 months., Prior to

v

rehabilitation central nervous sy;tem‘dysfunctions were asséssqd with a
battery of stanardized neu;oppychological tests. Rehdbt}atntion
progedures involved cognitive-perceptual stimulation cwé hours twice
weekly for a period of six months, using 37 computerized exercises
selected from the Psfchological Software Services Cognitivé Perceptual

~

Remediation package. These exérciees were designed to train speed of
response, visuospatial. tunctioning, memory, audititory dlscrimination,
and problem solving skills., Results illustrated that performance
improved with practice‘on most exercises, and that massed practice was
not’clearly superior to a gpaced practice schedulés. In descending
order the largest improvements were found on exercises involving

audition, visuospatial, Kii?lem solving, memory, and specd of response,

)
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Trend analyses illustrated that a linear functlion best represents the

. ) trial main effect for auditory exercises but more complex fun¢tions
. \ -
. . ~ )
explain the learning curves of the other exercises. Slope analysesW

illustrated that;exercises.for whichtthe slope was in the righf

s -~

A .
direction were equal for each practice condition. Performance slopes of
" 10 exercises in thé massed conditionm and 6 in the'spaced condition were

in-tﬁe'unexpected direction. Analyses.of variance demonstpated several
- signifigant eftects‘%f 6 practice, 17 trial, and Bﬁinteraceion eftects,
Analyses of covariance demqnskrated that.coma attributed signlfi;antly
to 22% of the dependent measures, age to 9%, interval since trauma ;o
7%: and education to 4%. Coma, age, education, and interval sinte trauma
. “were siénificant covariates which affectea Tesults on F5, F9, VS, WUS9,
" M1l (moves and séeps), PS2 (moves and tim@%& PS5 {wrong moJes). These

% “
;47//‘ analyses contirmed two significant practice condition main effects, two

interactions as well as multiple trial main effects. The results imply

that this remediational package can result in amelioratipn without
0 - . !

4

sstagnation in CHI.

L
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A. Clgsed Head Injury N
1. Epidemiology and socioeconomic importance of CHI oo !

)

2

Historically, head injuries have resulted from war wounds. Road

o
g

graffic accidents now account for approximately dné-half of ai; CHI
and 70 % of the head injuries that result in coma (Kalsbeek, Mclaurin,
Harris, & Miller, 1980). The p;evalence of severe head injury
coxresponds to an estimated 1nctd?ﬁce'of;200 cases per 100,000 persons
(Kalsbeek et al., 1980). The estimated economic cost associated with
each 1injury in 1980 was $4,114 (U.5.) per injured person (Kalsbeek et
al., 1980). The long term cost, howeyer, for severe cases may be
staggering and pre;ents a major public health problem.

fhe victims of these acclidents are mostly men between the ages of

. i {
15 and 24 years (Annegers, Grabow, Kurland, & Laws, 1980; Fields,
)

The)relationship between low socioeconomic class “ard head injury
» .

due to road traffic accidents has clearly be€®n demonstrated (Kerr, Kay,

& Lassman, 1971). Furthermore, alcohol consumption just prior to the
. . A

injury is a predisposing factor in CHI’(Fielq, 1976; Kerr et al., 1971),

2. Primary -neuropathological sequelée of CHI

There is now little ifiterest in the psychological symptomatology
that accémpanies focal lesion effects in CHI. Focal damage may be

localized anywhere in the brain depending on the site of impact and
- LY

-

contre-coup gffécts (Alexander, 1982). Research is now turned toward

diffuse brain dahage after CHI due to car accidents. Purely focal

’
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[3

- lesions most often result from missile wounds, gunshot wounds or lesions

- 0 ,
atithe point of “impact” (coup). On the other hand CHI can be considered

©
to be a syndrome. of diffuse brain damage. The term closed head injury
1s interchangebly used with "blunt" head 1njury (Rosenbaum, Lipsitz,
Abraham &.Najenson, 1978). The interaction between focal and diffuse

damage produces neuropsychological profiles which_may contradict the

findings that focus primarely on one area of th ‘brain (i.e., focal

lesions). . -
.

"Closed head utnjury may produce some regions of localized cortical

contuston on the crests of the gyri #nd there are microscopic lesions

'
-

and small haemorrhages spread throughout the brain (Miller, 1984), most

frequently on the under-surfaces of the frontal lobes and around the

v . .
pole of the temporal lobe (Alexander, 1982; Teasdale & Mendelow, 1984).

\}

Careful examinatign of subcortical areas also demonstrates macroscospic
4

or sometimes microscopic lesions of the C(X)pus callosum and upper
brainstem (Strich, 1979) but. thesellesions aré always associdted with

lesions in the cerebral .Jhemispheres (Teasdale & Mendelow, 1984),
Closed. head injury reprasents a family‘,‘gf craniocerebral injuries

L4
that result eit%ﬁér from remeval of momentum consequently leaving 'the
skull relatjvely stationary, or imparting energy to the head in the form

of mofentum (Trexler, - 1982). The p‘hysical forces that deform the skull

and/or brain at the time of injury are: acceleration; deceleration; and

.

.rogation (Lezak, .1983). Acceleration occurs\;,:h‘e:n there 1s dan Imparting

3

of movement through space to the head. Deceleration occurs if there is a
. T . 4

stoppage of ﬁxovement,‘ and rotation occurs when the head moves on its

axis (i.e., rostral/caudal) (Trexler, 1982). Acceleration-deceletration
‘ ' . v .
mechanisms of CHI causes the greatest amount 'of brain damage (Alexander,



1982). Sufficient stress may cause the skull to fracture "which
- " )
complicates matters due to possible intection and additional tissue

dgmage (Lezak, 1983). Bone fraéments can penetrate the brain tissue {if

the 'skull is depressed.(Levin, Benton & Grossman, 1982).
* /
The movement of the brdin within the skull may further damage nerve

fibers and blood vessels that sometimes stretch to the. point of

shearing. These are often in the torm of microscopic leslons occurring

s ’

throughout the brain, Significant lesioning occurs, when the moving

brasn strikes 'the skull, ‘sustaining damage due to the inwardly~
projectihg rugged tidge ot “the sphenoid bone (anterior temporal Jobe)y
- . 4

orbital plate (orbitofrontal areas), crysta galli or any skull

B
-

irregularities (Alexander, 1982; Teasdale & Menddlow, 1984). The

cortic. 1 areas mostly affected in this way dre the frontal and temporal

[

lobes,

{
Rotational velocity plays a signlf% ant role in producing loss of
. o J

1
gsness_can occur at the time

congciousness (Lezak, 1983). Loss of cons
\ .

of injury due to the stress imparted on t ¢ticular formation, Varying

d?ratio?s of u;consciouanss reflect\Varying degrees of diffuse brain

injury (Teasdale & Mendelow, 1?84). Loss of consciou§ne;9 beyond a day

indicates elé&ated intracranial pressure oa' the reticular formation and

congzquently otHer brain structures\susta#n damage due to this elevation =
. . .

of pressure (Plum & Posner, 1980).

Levin, et al. (1982) claim~that length of coma may se®ve as an

—

index of the severity of brain damage. In 1000 patients where coma

persisted for several hours“the_moftality was almosf/jﬁﬂL%ieasdale &
": s Y .

Mendelow,~1984). Coma therefore, may be a reliable indicator of severe




brain damage. For a more detalled discussion of the aforementioned

mechanisms responsible for primary brain damage see Jennett and Tifsdale

~

(1981).

3. Secondagx‘neurqpachological sequelae of CHI
e

In addition to the mechanism responsible for .primary damage to the

I

brain, cerebral ischaemia, intrécranial haematoma, brain swelling, and

- - . -

extracranial factors are responsible for further damage to the brain
- (Teasdale & Mendelow, 1984). Ischaemia, an interruption of glucose and

oxygeén to the brain,, redquces the energy supplied to the brain, This

. .consequence of brain swelling., -

leads to a deterioration 1in neuronal functioning and in severe or

~

prolonged cases, permanent damage to 'the brain. Intracranial haematoma,

bleedihg within the skuldl, tlteads to clotting which in turn .compresses

i

the brain. Regardless of the type of haematoma (e.g., extradural or
subdural) if it is not removed almost immediately its compressive
effects on the brain will lead to pathological conditipns (e.g., nerve

deformation, brain distortion). -

Brain swelling occurs when there is an increase in the volume ot

the brain itself. This may be a result of intra- or extracellular fluid

elevatlion (oedema) or an increase in cerebral volume (engorgement).

Brain shift and/or raised intraé:anial préssure may result as a

Extracranial factors involve injuries sustained to other parts of
- the quq. Such factors may affect bréin‘tfssue'through hypotension or
hypoxia. A reduction in oxygen available in the lungs leads also to a
reduction of the oxygen available in the arterial blood going to the

»

brain. Hypotension on the other hand may résult dye to substantial blood

v

-

~
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* McKinlay, Brooks\\Bond, Martinage & Marshall, 1981)., 1In gencral,

pd

loss which leads to a fall in blood pressure and in extreme cases can
e .

lead 'to shock. Early management of secondary damage is crucfal it

outcome from head41njury i{s to improve (lLangfitt & Genmarelli, 1982). A

more comprehensive "and complete view ot the body’s physioclogical

response to acute brain damage is given by Jennett and Teasdale (19#1),

/N Neurog§ychological sequelae of CHI

A
r

-

[N

Beyond healing of secondary brain damage, recovery is not fully’

understood. Previous rgsqafch‘has~demonstrated that psycholngical

lmpairments following CHI have a more deleterious etfect on activities

N . Y
of daily living (adjustment) than.any physical impairments (Bond, 1975;
: J

individuals with diffuse damage demonstrate numerous relatively poor
performances. These include tasks requiring concentration and mental

tracking such as’sequential arithmetic and reasoning problems which

- . N
4 -

require mental performance (Gronwall & Wrightson, 1981), information
s
A
processing tasks (Wilson, Brooks & Phillips, 198Z; see Benton, 1986 tor

a review), tasks of sustained, effortful or controlled attentlon

1

(Little, Goldscein, Klisz & Rosembaum, 1985L The CHI indibkduql mayg
manifest. chronic confusion and uncertainty of response,
distractibility, and fatigue (Lezak, 1983). Memory problems are also
major complaints (Bropks & Aughton, L979; Levin, érossman, Rosé &

Teasdale, 1979; McKinlay et al., 1981; Squire, 1986). Long: after thelr

4

-1hjury patients often complain about dizziness, headaches and mental' or

-

emotional stress (e.g., anxiety, irritability) (Lishman, 1978). It is

’
'

important to note that most severe CHI, individuals demonstrate more

[§

.,



/ ' VQ\ .
than one battern of 1mpa1rment (Lezak, 1983). That 1is, they have
symptoms of diffuse impairment, focal damage and some temporal and

v . *
frontal lobe deficits. Secondary to CHI, the patlient may have deficits

in pensationx perception, conception, language and speech skills,

visuospatial skills, memory,‘emotions, social skills, motor programming

and response. . v
[}

B. Theory gj.brain fuBctioning and rehabilitation models

. .
1. The neuropsychological model of A. Luria

1

Closed head injuryrresults in very complex functional disSturbances.

As we saw above, the central nervous system damage in most cases
' .. encompasses lesions in the cortex, subcortek, and the interconnections

between them. Any given theoretical model which attempts to explain

brain tunctiooming in CHI must make very fine dfggrnctions of- brain

functioning and the interrelationships between various zones of the

-

nervous system,
In the works of Luria there exists an all encompassing model of the

functional organizatioﬁ of the brain (Braun, 1987). Luria”s ‘(1973)

. theoretical formulations of Bra;n functioning include thfeewbrainfareas
'which he called funccioéal units., Only a brief summary ;an be presented
" here. The first includes brain stem and other subcortical areas and is

involved in regulating‘éone. Lével of arousal is accomplished by the

ticular activating system (RAS) located in the brain stem. This

strugture has both activating and inhibiting mechanisms that can
influence, in a general or specific way, the entire nervous sjstem. The

RAS has both ascending and descending neuronal tracts. Injury of this
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area can greatly affect the functioning of other brain areas leading to

decreased ability in responding, analyzing, recalling, et cetera.

\

N .

The second unit consists of’he surface of the brain which extends
over the top to the side (temporal) area and o:j;/the posterlor areas.
These areas are involved in receiving, arMalyzing, and storing

information. The primary sensory areas receive 1intormation. The

i

. 3 N
secondary areas organize this infogmation and process this information
) “ \ .
further. The tertiary zones integrate and combine intormation received
k]
from differeat areas.

'The last unit includes the frontal arcas of the braln and s

1
)

involved in programming of actions, regulating behavior in relatlun to
»
a program and verifying that the behavior is adequate for the program
anq meets the demands of the task.'The motor cortex. 1s the primdcy area -
of the thira unit 4&nd serves in the transmission of motor impulses to
the-periphery (i.e., the final output rather than the motor programs),
The premotor area.is considered as the sccondary zone and scrves in
progr;mming and organizing éovement. The ter%iary (pret;ortal) zone 0(‘

»

the. frontal lobe "play(s) a decisive role {n the formation pf finteations

and programs, and in the regulation and verification of the most complex
' s ¢

fnisj of human behavior" (Luria, 1973, p.-84). Mental activity according
to Luria is a complex functional system which works through the combined

~

efforts of all three 'brain units with each unit akinyg fts own

contribution. A disturbance in the basic processés that hinders the
working of a functional system may result #n changes {n behavior, These
!

changes can be profound affecting one”s ability to interact or function

or can be very subtle or almost unnoticeable,.

.



2. Luria”s model of cognitive-perceptual rehabilitation ‘ =;:5
~ v .
| ,

7

In the area of neutopsychological rehabi?itation, three models ‘are
goﬁmonly used (see Trexler, 1982 for a review), Tﬂese are ﬁ;ria’q
model, that of the New York Universitywlnstitutémof Rehabilitation
Medici:E (NYUIRM):‘and the Hawail State Hosplital model. We shall briefly
review each one, a more comprehensive view being pFovided elsewhere
(Braun, 1987; Horton & Mil}er, 1984; Trexler, 1982; Luria 1953, 1973).

According to Luria (1973) complex human behavior involves the

orchestrated action of the three basic functional units of the brain.

>

The term function i{n these instances refers to what Luria (1973) termed

“complex functional systéems”. This emphasizes the dependence of compfex

"t
% . .
activities (e«.., visual-motor coordination) on the operation of various

smaller units. These smaller units are of necessity at various locations
: A}

In the central nervous system and not strictly localized to one part, af

-

the brain. For example, visual perception encompasses retinal cells,

optic tract transmission, opefation of the visual cortex, of the

&

tertiary visual cortex 1in the remporal lobepof hippocampal circuits for

. \
encoding, and so on. In order for an individual to accomplish a goal

-

all the -specific components of the functional system must be
operational, ﬁowever, Luri; claims that individual systems, can be
flexible to a certain degree so that they can accomplish:igpther
system’s goal.’This ’anatomlcal reorganizatiof’aSSumes that .a
previously uninvolved brain area can take over the lost function which
was }reviously accomplished by the damaged'center. According to this

view the cteation of new functional systems méy be achieved by finding

novel ways to implicate intact structures. One can adopt different



ape;oaches to accomplish Such a goal (Luria, 1963). Luria (1963)

rgtommended three different ways to accomplish this. 1) A region in one
/ o
,'hemispheres could assume the role of its counterpart located in the other

hemisphere, 2) an elementary system cén substituté for a higher cortical
system, 3) a highér brain ageé can subserve a lower brain system.

The first approach may be implicated when the injury completely
destrgys a functional system (e.g., 1oés&of-speech\due to left
hemisphere damage). The der;nged system may be restored by having
other s;stems (e.g.,, in the right hemisphere) assume the new role. This
type of‘reoréanization require; maximum consclous participation ot the
patient. For example, melodic intonation the;épy applied to the aphasic

patient was derived trqm this tnsightv(ﬂorcun'& Miller, 1984). In such a
. r

»

therapy the patient is asked to sing an overlearned song (presumably
using his/her réght hemisphere). The 'song is shaped fnto alteruate
lexical forms, and the melody 1s gradually faded out from°over£

phonation but is used by the patient covertly (presumably Vecause

A

his/her left hemisphere language centers are permanently destroyed)

‘ .

(Miller, 1980a).
The second approach for reorganiiation of functionnal systems

implicates the involvement of elementary neurological systems to take -

over the function of a higher cortical area, Horton, Wedding, and Phay _
. .

(1981) had a patient who‘was-unable té discriminate phonemes (e.g., "

<

and "p"). They trained him to'utilize tactile feedback (e.g., putting
‘his finger on his windpipe), to master’ an acceptable level. of

performance.

The third approach suggests that higher cortical areas may take




il

“r

ot

\over the function of a lower brain area. For e\xample,-ifg‘é patient 1is

a4

' kl - " .
unable to finger tap on command, increasing the intellectual complexity

of the'.task by asking-' him to count out loud, may enable him to

o
! \

accompli'sh the task (Horton & Miller, 1984). It is quite clear from
Luria’s’ éuggestion's that behaviors may be accom'plished .by reorganizing

functional systems.,

—

In addition to providing a remediational model Luria also proposed

.medical strategies to get around various dysfunctions.. The one which he

explained in greatest detail is called '"De-Inhibition". This strategy
assumes thaf some neurons involved in a function are not destroyed but

in a state of inactivity or "Hiaschisis". Temporarily inhibited

functions due to brain injury may recover spgntaneously. In the period

immediately following blasc-tnjury from a prv\ssure wave, for examlple,
the 1‘ndividua‘l may experience a severe fm:m of 'traumatic apha’si‘a. After
6-7 months: post i.njury'.wBac was initially a p‘rofound language di‘sorder
may now be cigared. Chemical mechanist (e.g., synaptic acetylgholine

disturbance) may be altered temporarely due to oedema and may contrtbu‘te

. ’ N
to the Inhibition syndrome., In some cases, relief may be achieved

- F

through drug administration (e.g., prostigmine) . Luria (1963) cites the

case of a patient_named Chern who received a head wound over thé upber

[
Y

premotor. area with a depressed skull fracture and subdural haematoma.

Secondary symptoms post coma demonstrated a left-sided hemiparesis with

"
2

the inability to carry out continuous, seQuential movements smoothly 2
\ ’ >

~

1/2 months post injury. After six weeks of attempts to get Chern to move
his hand a prostigmine injection was administered whereby more normal
movenments’ were achieved. 3

2
De-inhibition  may sometimes, be accomplished by trying to change

10 , :
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-

the individual’s ;nental\ -orientation. The inhibition in such a case is a
\ . . -

cause of the person s attitude. For example, a patient appeared to be
d“u
S—
suffering from deafness and was asked to answer some questions which

were written on a form but were also repeated verbally. The written
legibility was slowly altered until the writing was totally 1Ilegible
-while keeping the auditorily presented questions constant. The patient
kept :nsyering the questilons accurately in spite of the ;:;mplete

~ o

illegibility.

"3.TheNewYork model of cognitive-perceptual rehabilitation

a

Members of the NYUIRM have developed a systematic intervention
program in the perceptual, cognitive, and interpersonal realms (Ben-

Yishay, 1981) which puts emphasis on presenting tasks‘hlerachieally

saccording to the level of dif,fy\i'culty. Their ihspiratd)ns'were derived
. ¢’ 4

from Luria’s hierarchical brain organization., This {ntervent lon

programme for cognitive remedigtion comprises five training modules

#

administered in the following order: (1) orientation remedial modtile

(ORM), (2) eye -hand integration with finéer dextertty task hierarchy
o
(DEX); (3) perceptual-cognitive integration "constructienal” task

"hierarchy (CON); (4) visual information processing task hierarthy (VIP);

(5) verbal, logical reasoning - task hierarchy (LOG) (Horton apd Miller,"

-

1984). The number of moddles are tailored to the individual’s need and

presented at a rate to maximize mastery (i.e., reach plateay). The above
five modules are individually administered fniformly over a period of 20

consecutive weeks. NYUIRM patients are not limited to these five modules
- N . e

-~ but are also involved in social skills-training, personal counselilng,

[

l
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and community activities (see Ben-Yishay, 1981 for a detailed
Y

discussion); The NYUIRM patients have sometimes been referred to as an

"elite'" group for rehabilitation (Horton & Miller, 1984) since selection

3 criteria include such things as: IQ > 80; independent self-care and

ambulation; 12 months post trauma; no premorbid history of psychiatric

W ’ problems, alcohol and drug abuse and many Bchqrs (Ben-Yishay & Diller,

‘

1981), and the program is extremely expensive.

4. The Hawaii Model of cognitive-perceptual réhabilitation

.

.

At the Hawaiil State Hospital the staff of the neuropsycﬁblogical

service have systematized a rehabilitation procedure designed for

-

cognitive retraining which they call "neurotraining'. Neurotraining- is

the "... systematic application of psychological and neurological

v

principles for the purpose of enébling individuals to overcome or
compensatévfor deficits that result from central nérvous system
dysfunction" (Crain, 1982, p.85). Crain (1982) presents eight principles

2

", insplred by neurological and psychological theory: 1) there 1is

g

plasticitysof function within the central nervous system - due to the’

. - ‘
. observation th#t varying amounts of recovery take place subsequent to

brain damage; 2) cerebral cortical functioning may be halted or slowed

as a result of injury L since the nervous system is highly maleable and

adaptive, adaptation may be achieved through stimulation provided by the

training program; 3) learning results from repeated activity which

A
results in it being organized into a‘functional system of behavior -

s

O )
consequently, relearning pertaining to rehabilitation occurs through

'

repeated practice of a task; 4) training must recapitulate the patient’s

- . 1

original acquisition of a skill = rehabilitation efforts should

’
’
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A

therefore, emphasize devélopmsntal methods; 5)‘co%pl§x higher cortical
functioné‘involve multipte §ensor§ modalities -~ pgiring an 1ntac§
mogality with an iﬁﬁaired mo&é&ity to accomplish g skill will eventually
help ré-develop tge less inté:Eimodality; 6) fraining must pépTote and

develop the processes underlying learning - the patient must be started

at a level in which he can succeed in completing a task and gradually

increase the difficulty of the task; 7) training is dependent wn the

« -

degree to which the deficit has been specified - rehabllitat ton
» J
_according to this principle implies that‘ic should be deticit -

specific; 8) crucial to neurotraining is consistent and direct teedback

-~ graphing training results which produce‘learning curves will provide

[y

progress information to the patient.

The three above models are ‘somewhat differeant and interrelated {n

¢
.

their apptoach., Luria makes use of existing intact functions whercas
the Hawaii group take a dysfunction approach . In contrast the NYU
group use a hierarchical approach to'remediation which is very chh.
along the Lurian approach of hierarchical bra£n organlzation, Their

) )
ideds and formulations are amalgamations §%emm1ng from neurology,

neuropsychological assessmentkdevelopmenp;l psycholbgy, behavioral
psychology, cognitive psychology, learning theory, and education,
Rehabilitation efforts may Bé maximal by the complementary use.of these
three models. The design of the present rchabilitation study comprises

elements of all three of the models. A hierarchical approach will he

used both in the stdmulation of the nervous system (lower to higher

order functioning) and in ‘the presentation of the stimull (from simple}

-

to complex). Five functional modules will be incldded. Constant

. T
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feedback will be.provided to the patients. Tasks will be presented to

the patients in a fixed order in arder to respect minimal requirements

of nomothetic science and method&logical gbals of replicagbility and

objectivity.
C. Recovgry from CHI
1. Neurological recovery from CHI _ v

Many rehabilitation programs in traditional settings 2ave focuged

" on the recovery of physical abilities (Alan & Finlayeon,'l983; Bond &
Brooks, 1976). Admission to rehabilitation prbgrams for cognitive
rehabilitation was unheard of in those settings h!spite the fact that
head injury patients were in dire need of cognitive rehabilitation
(Braiy, 1983). Only when the head injured individual showed signs of
aphasia, hemiplegia or-a’very obvious disorder was he likely to be
;dmitted for treagmenclin a rehabilitation center. For many years an
aura of pessimism has exiﬁted regarding the possibility of
rehabilitating individuals that had sustained brain damage. The view was
that once a neuron died tvete was nothing that could be doné for the
dndividual involved. This view, however; had to be revised in light of
publications of various §Cudies presenting more optimistic data. Brain
injured individuals have a multiplicity of physical and cdgnitive

deficits (Kreutzer & Morrison, 1986). Rehabilitation, therefore, should

not be limited to the recovery of physical abilities but also viewed es

~

~an attempt to restore mental functions. Rehabilitation may vary from'

global to specific focus and,rrom complete to minimal amount of Eecovery
achieved (Crainefa 1982)., The-type of —rehabilitation program therefore
W

. ' ‘ 14
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that seeks to restofg\?europsychologlcal functions willilikely vary

‘depending on thé patient”s functional capacity.

Neuropathological changgé following CHI have great implications for
néuropsychological recovefy (Levin, et’ai. 1982). There are many
variables that may'influénce the outcome of neurological recovery
(Miller, 1984). These include such variables as age, time elapsed since

injury, .coma (Lezak, 1983; Miller, 1984). With.comparable lesions

younger subjects show less behavioral disruption and better recbvery.

»

In CHI patients under forty yea¥s of age and who had been in a coma more

than 24 hours (Gilchrist and Wilkinson (1979) demonstrated that age was

not predictiveof degree of recovery but that length of coma was.

- ~

FXeld (1976) further suggested that rehabilitation outcome may be

influenced by emotional sequelae: That 1is, 1ndividualsﬁw1th realisgtc
self-appraisal fare beté;t3than those with dLminished self insight, Ben-
Yishay (1983) and Miller (1984) support Field” s view that the
individual®s awareness of his or her problems may affect cognitive
remediation, GrdswaT fr, Mendelson, Stern, Schechter and Najegson (1977)

fouhd that behaviorai disturbances as well as unawareness of disability

are severe obstacles to a sgcéessful outcome in rehabilitation. Such

disturbances werxre found to persist 30 months post injury.  Other studies

s

suggest that preinjury characteristics as well as severity of, Injury are

primary determinants of outcome (see Levin_et al., 1982 for a more

.

detailed discussion). Moreover, the severity bf‘the‘ihjury appears to

vary with recovery in that the greater the severity the less optimistic

is recovery. Severity has often been measured using as an index

.
-

duration of coma or length of unconsciocusness. - .

4 -
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2. :Neuropsychological recovery curves in CHI

2
‘There are varisus questions’ which a researcher- is faced with when
] Y. . . .

plotting recovery curves. Should the .individual learning curves be

-~ !

averaged7 In averaging che learning curves tr[al to~ trial variations due

¢

to individual differences would be smoothed out. f&%;k{s-casc precision
1s gained at the- expense of qualitattve understanding of the
individual’s performanée, That is, the averaged curve would, not be

characteristic of any individual subject. Although it may be possible

<

not to average the burves with a few subjects (N <5, as in Newcombe,

MErshall, Carevick, & Hiorns, 1974) it-may not be feasable when working

’

with larger groups since this ma;\§imply confuse the picture. On the

’

other hand) d&éraging the data makes it difficult to use these curves in
clinical settings as a reference of recovery potentia%. Nonetheless, a’
learning curve may be a convenient way to summarize‘the,reSUICS (i.e.,
make sense). In such instances where da{a haQe been averaged and

standard errors o® deviations plotted it 1s best to then look at

-

individual subject”s deviations from the averaged curve, It has been
suggested tﬁat the shape and form of the learning curve may depend on

different things such as past expérience, the.nature of the task, and so

t

on (Hulse, Egeth & Deese, 1980).

°

Attempts have been made to describe the course and rate of

recovery after head injury (Hiorns & Newcombe, 1979). Newcombe,

L. . ; , '

et al., 1974) were“concerned not only with the rate of recovery, but at
which point {n time post injhry recoJery reaches a plateau. To

v

investigate f@;s bHenodepon they assessed word reading in three patients

16



with acquired aphasia. The plotted error curves as a function of time

demonstrated that recovery in reading reached a plateau on the twentiech

-

week post injury In two of the three patients observed. 1t is possible

that since the third patient was tested after the point in time where

improvement is at a minimum, no skgniﬁicant recovery was observed. \It-

LN .
was suggested that this patient’s potential for recovery was limited due
to his premorbid poor reading skills in sthool. It has been suggested by

others (e.g., Miller, 1984) that reédihg tests may manifest appreciable

~

practice effects. Consequently the degree and rate of recovery in such

v

1
cases may be -exaggerated.

‘\
" .

. Van Zomeren and Deelman (1978) investigated recovery over a long
period post injury. The main aim of Fhe study was to construct -recovery
curves fFor simple and.cﬂoice reaction ;}Re over a petdod of twb'yuars
post injury as a function of severity. Length of coma @as used as an

¢

index of severity. Fifty seven CHI subjects subdivided into three groups

3

( > 1 week unconsciousness = severe; >1<7 days = moderate; <60 minutes

= mild) were given 10 practice trials fol%owed by 40'experimentn1 trials
with interstimulus intervals of five secpnds ghére each scimulu; was
preceded by a warning signal. The subjects were tested gt 6, 12, 18,
a;d 26‘months intervals. They found that the slopes of the recovery

curves of each group were different for simple and cholcg reaction time

tasks. The mild group appeared to reacta platecau sooner post injury,“

whereas the scevere group kept Improving their choice reaction time two
years post injury. It was concluded that cholce reaction time is a more
sensitive discriminator of severity.

In a subsequent study, Hiorns and Newcombe (1979) piottad recovery

curves for writing,reading and spelling of patients where attemp&s were

[l
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made to remédiate thege processes using paper and pen&il techniques, A
characteristic curve of recovery was demonstrated with most improvement
taking place in the early phase of recpbery. The pattern of the recovery '

curves for these three tasks however, showed variations in'impairment.
. . ‘ A
That is, reading, writing, and spelling are differentially affected by

.

central nervous system dysfunction.
.:Roberts (1976) was concerned with physical recovery and plotted

recovery. curves for various motor functions after cerebral insulte

~

Although the recovery curves were similar to those reported by Newcombe

and colleagues (1974), unlike the‘latter, Roberts averaged the data of

L
v -

all the subjects. !
. . f
3. Efficacy of perceptual-cognitive rehabilitation ir CHI and some

N

methodological consideratiahs -
y

Most previous studies looking at recovery have facussed ‘upon

. 3

cognitive functions in isolation such d4s information processing (van
’ -
Zomeren & Deelman, '1978), language (Kertesz & McCabe,; 1977), memory

(Lezak, 1979), or reading (Newcombe et al. 1974).' Performance on any

'

t;sk may be 'impaired for more than one reason (Levere, Davig,.& Gonder,
- 1979). For examﬁle inability to acéomp&ish a serial additign task may{pe
advérsely affected by attention ﬁroblems (Brouwer, Brettsqﬁneider &
Deelﬁan, 1984; Van Zomeren, 1981), memory problems, language problems,

motivation and/or any combination of these. The degree to which a single

3

behavior will be normal (or pathologic) hay depend on fts interactions

»

)
® between different cognitive functions 4ﬁen-Yishay & Diller, 1981L

1\\ Since lesions rarely*if ever have- Just one behavioral effect, it is

s
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important to keep this in mind in studies which investigate only one
function, It seems therefore that one should attempt to investigate

multiple functions in CHI since a given function under observ;tion may

-

- often miss the real nature of the deficit. Ben-Yishay (1983) claims that.

"... remedial training will have to encompass the entire range of

functions, ranging from basic‘atcentionaL functtongfgbrbugh the various
psychomotor and perceptugl motor tntegratidg funétionsud' (Eﬁ).

Other, studies have consideréd recov;ry during the first year after
injury, that is, in the acute phase (Brooks & Aughton, 1979; Kertesz &
McCabe, 1977). Previous stuaies suggested (see Néwcombc et al., 1974)
that the }ate of recovery is most rapid during the flr%t three months
post injury. During this phdge.sp;ntaneous recovery is at a maximum
(Brooks et al., 1984) and may have occurred in ahy{case. 1f recovery
declines as time elapses then it may be possible that treatment outcome
is an ;rfefact of spontaneous recovery. For example, when ;omparisops
Letween 42 treated aphasics and 27 untreated aphasics were made, it was
found. that there were ro statistical diffgrenceb between these two
groups (Vigyolo, 1964), Kertesz and Mcﬁ)be (1977) also found no
‘significant differences between the treated and untreated groups for

) v
aphasia.

Studies that have investigated recovery pdst the spontancous
recovery period have found signifié@nt improveménts in recov;ry two to
three years post trauma (;ands, Sarno, & Shankweller, 1969; Priga;ano.
Fordyce, Zeiker, Roueche, Pepping, & CaseIWOod, 1984). Although the
acute phase approach addresses the i§sue of\whether cognitive retraining

implemented early in the recovery process enhances cognitive recovery,

‘this approach. does not usually control for spontaneous recovery (Malec,
' t

10
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Jones, Rao, & Stubbs, 1984). The proposed study will address the issde
of the effects of cognitive retraining (i.e.f>eéfects on learning) after
spontaneous recoye}y.

Iy A nhumber of 3arfables may affect outcome and therefore must be
taken into consideration (Milier, 1984), These include such variables as
age, hahdedness, time elapsed since ihjury, ;oma, and so on (Lezak,
i983; Miller, 1984). Given comparable lesions, yo;ngqr subjects-show
less behavioral disruption and better recovery. Moreover, the severity
of the injury appears to vary with recovery 1in ;hgt the greater the

[ ,
severity the less optimistic .is recovery. Severity has §ften been

measured sing as an index duration of coma or length of
unconsciousngss. With respect to time elapsed-since injury, as time,
. *

increases recoyery declines. This may be due to the artefact of

spontaneous recovery.

Yo ‘ : - i

D. -Computers in Head Injured Populdtions

.

1. Advantages of computers in perceptual-cognitive rehabilitation-

L] . . n
In less than a decade, with the increasing popularity and low cost

efficiency of the micro-processor, cognitive rehabilitat{on of the brain
injured patient has been carried out by many clinician; (Alan &
Finlayson, 1983; Ben-Yishay, 1983;\Ben—Yishay; Rattock, & Diller, 1979{
Bracy, Iggﬁ; Glanutsos, 1982; Léétsch, 1983; Lynch, 1983, 1984a, 1§8Ab;
—Mglec, et" al., 1984; Perez, Brown, Cooke & Grabois,l98b;Ticer,l985)
.and rehabilitation centers (Bracy, Ly;ch, Sbordone & Berroi, 1985;
Diller, Ben-Yishay, Gerstm;;, et, al., 1974; Ensley, McLean, & Lervark,

1984; Crain, 1982) with the aid of computers. There may be several

13 R
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reasons why computers are becoming increasingly popular in
rehabilitation. For instance unlike humans, computers: dare reliable in

presenting \repetitive given tasks (Alan & Finlayson, 1983) whereas it

-

becomes monotonous for a person; are capable of presenting tasks
K '

hierarchically with fine difficulty increment; provide (mmedtatg

: feedback; are reliable in the collection of data; are easily available,

t T .

are inéxpensive and therefore "easily available tor use by the patient’s

3

family. The diversified software programs which may be puréhdsud are
easily aghtlablé on the market (e.g., Bracy, Sbordone, Gidnutsoé, Smith,
Katz, etc.) (for a review see Braun, 1987). The type of micro-processor

mostly used in rehabilitation, at the present time, is the Apple 11

series. The most versatile ot the Apple Il series, which also uses the

largest number of rehabilitation software, is the Apple Il-e,
1 . ‘ . ‘ .
Contrary to popular belief abouE the ‘triviality of most’ sottware,

several r€habilitation software programmes should not be undersold das

trivial and only useful in passiing time. They are sophisticated and

¢

deal withgCOmplex strategy and even abstract thinking. For example, they

require that the user concentrate, formulate programs of action and

evaluate the consequences of thdge'actyons. Additionally they are menu

driven, provide detailed feedback, contain excellent graphics, and seem

‘neuropsychologically sound.

s

2, Efficacy of computer rehabilftation.ig neuropsychology

Although there are many anecdotal and individual case studies
(Lynch, 19§4a) of the efficacy of cognitive rehabilitaticn with a
\\‘\\\d~computer, there are no controlded group studies (Bracy,et al., 1985;

v
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Gianutsos, 1982). ' ) . o

Lynch (1983) presented data of 4 patients (one right frontal

cerebral vascular accident victim (CVA), one cerebellar tumor, two

diffuse head injury) who recelived computer assisted remediation. The
+* \

subjecrs were required to play "Caverns of Mars". In this game the

player, with the help of a joystick, must manoeuver a “spaceship”
' t

downward dhr6§§h a twlsting cavern and must try to avold crashing into

the walls or other abstacles. One of the Miffuse head injured patients

showed no ability to learn the task despite extensive training (100

games). In addition he failed the, 600 millisecond barrier tor the first

five session but reached a consistent level of under 500 m{lliqeéonds

[}

after 15 sessions, It is obvious, from the plotted learning curves of

+ the subjects,. that there was an improvement in performance on game

softQare (e.g Caverns of mérs) but in softwaredwhich involved speed
(e.g., Simple Visual Reactieon, see Appendix 2) there did not appear to
have been any léarning Sp the diffuse head idjured patient.

Bracy (1983) presented two case histories of patients who received

one year, of computer assisted cognitive rehabilitation/therapy.

Measurements' taken at the end of each period were ‘contrasted for
‘ .
(non)treatment effects. Both the traumatic head injured patient dﬁd the

1

stroke patient were reported to have had IQ gains exceeding 20 points.

laince these patients were three years post injury, it is unlikely that

the gains in 1Q could be attrt uted‘to spontaneous recovery. These

selected cases represent, of course, unusually efficacious oﬁtcome.
Malec, et al. (1984) investigated what effects practice has on

sustained attention in 10 patients with craniocerebral tfauma. To

evaluate the effectiveness of video games (e.g., Target Fun) on

v T 22
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sustaimed attention they used a randomized double crossover design. A
' 7

treatmenf period was alternaéea'with‘a non-trea;méni period twice in
succession. Measurements taken at the end of each period were' contrasted
for (non)treatment effects: As a group the Subjects‘showed'some
improéemeﬁt in sustained ac;ention with treacﬁent, alchouéh there were
no significant diEferenceg found between Fhe."no"gaﬁes" and’ﬁgames"
¢onditions (i.e., no treatment vs, treatment). Since each subjéc£ acted
as.his/herﬂoyn control any improvement could not be attributed to
spontaneous recove;y.' in this study, contrary to previous findings,
there Qas no relationship found betweén improverent ‘and age, sex, ;cngth,.
25 coma,‘é} extent of brain damage as indicated by CT scans. Sarno and
Levita (1971) also found age, Sducat Lon and inittag'perfurmance not éo
correlate with change.

'Moge recently the effectiveness of an a&téntion trainl%g~progrdm,
which was a hierarchical multilevel treatment program, assis;ed H} the
microprocessor was evaluated by Sohlbeég'and Mateer (1987). tFtour
~éub5ects (I*'CVA, 1 guashot, 2 CHI) rec;;ved between seven dand nlne
remediational sesstons per week gsingyarious computer tasks such as
tasks of visual stimulus discrimination. Tdsés were arranged {(n
hierarchies of difficulty based on complexity and speed requirements.
It is’not clear, however, how long each session lasted nor which ‘tasks
were .used in each, nor how many times each task was performed. These
authors concluded that all four subjects demonstrated significant gains
in attention; It is not possible, however, to evaluate thi; contention

since it is ndt reported how statistical significance of dependent

measures was established (i.e., which tests). Unfortunately this study

A

~
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does not present data on the performance meafures of the computer tasks

used during. remediation. . )
An attempt was made to illustrate a neuropsychological approach to
the princiﬁles and practice of cognitive rtmediation and ‘the efficacy of

microcomputer-assisted remediation using one single case study

(Finlayson, Alfano & Sullivan, 1987).

The patient was a righthanded single female with a B.A. degree who
had sustained'a severe head injury in a motor vehicle accident. She was
uncgnscious for 19 days. The age of the patient and the.tyée of head
1njﬁry were not repbrted. The rehabilitation qf'this patient was

carried out Il months post injury (i.e., during spontaneous recovery)

and covered a period of only 12 weeks/twice weekly. The duratibn ofﬁ

.

-

each session was nog reported nor was it clear how many computgr
exercises were used in total, although }our were described, nor how
often‘these exercises wefe repeated per session, The patient was
reported.to have had significant {improvements in rehabilitation. There

were, however, no results reported on which to base this claim.

[y

Furthermore, these authors claih that the performance of a.single task
\

may be used as a baseline. It would be preferable to usg multiple
baselines with which ta evaluate performance in other aspects of

. a
rehabilitation. The gains made on one computer exeri-ise is hardly

\ -

adequate in making generalizations to independent test berformanée.
Moreover, it is qifficult to determine whether these rgsults suppdrt
the potential efficacy of microcomputer—assisted coéhiﬁ%ye remedéation
sinée remediation was gi;en duriné the éeriod of spontadeous recovery.

. Methodological difficulties plaguing the above studies,.-are such

that scientific research is still réquired to demonstrate efficacy ot

¥
v
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cognitive-perceptual rehabilitation assisted by a microprocessor,

E. Learning

1. Human learn’ing: spaced versus massed schedules

7

According to learning theory (Hull, 1937) there are two crucial
conditions if an organism is to learn.. These conditions are temporal’

contiguity <of events and contingent reinforcement. Temporal contiguity

’

refers to events which occur close together in time, these events tend

A -

to be associated or learned, Reinforcement refers to a form of reward or

i
feedback given to the organism following somg behavior. Temporal

contiguity max‘also be interpreted as a form of continuous repetition of

. a task in a-short period of time or what is most commonly reterred to by .

conditioning paradigms as massing of practices The effects of massed

+

practice may help to increase the s%rength of 'the memory trace since
sporadic (1i.e., npt repeatedly reinforced) learning (spaced practice)
ma} result in the integration of cthe Fearned material with other traces.

The empirical law statfng that “spaced practice” is superior to

5 .
‘massed practice” has  been found to hold under nearly all conditions in

~

-normal populatioens (0sgood, 1953). Essentially a massed practice

+

schedule requires that a given task be performed repeatedly, with a \

predetermined number of trials,xwithout rest periods between successfve,
trials. In contrast a “spaced practice schedule” Is one where a gi}'/en
task fs performed at predetermined time intervals. - '
Although spaced practice has been esp0us.ed as a better learning
cc;ndition, some. studies seem to contradict this methodology. For

example, Lorge (1930) compared various tasks using a spaced or a massed

o
*
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practice condition. Subjects performed tasks of mirror drawing, mirror

reading and code gsubstitution with one minute. and ope day practice
»
intervals. Their results indicated that massed practice'was as

beneficial as spaced intervals. One criticism bf this experiﬁent was

)

that there were only two extreme time intervals‘in&estigated ‘and -that

perhaps the most beneficial schedule may have been between one minute

‘
.
o

,and a day.

Kientzle (3946), however, did -not find any significant differences

/

j
when varying the time between tasks beyond 45 seconds. Subjects were

required to print upside down éq many letters of the alpgabet possible

»

in time intervals of 15, 30, 45, 60, 75, 9d\sec6nds, or 'seven days.
There were no significant gains between the first and teath practice

trials when the time distribution interval weat beyond 45 seconds. That

F]

,

is, subjects reached a plateau at 45 seconds without subsequent gains in

performance. Inteerlated rest periods may have beneficial. effects
(i.e., maximal) only within short time intervals. That’is, gains in
« ; a

petformance are maximal when'the repetition of a task occurs in less

than 45 seconds.
) | In.a subsgquént study ﬁovland (1940) 'investigated the superiority.-
of retention &inder massed and spaced practice. It was expected that when
the same criterion of maséery(e.é.,one perfect repetition) of a¢ask'
— is used‘in both conditions then massed prac;lee would be.superlor. The
> resulﬁ!‘demonsféated théc'in theaspacéd condition the slope ot\the
learning curve yas'flatCer than in the massed condition Iin the first few
« mingutes. This gmélzes that learning improved to a greater extént wﬁen in

'

‘a massed conditiontin the first few minuifs. What 1is also appiyégt from
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these learning curves ‘1s. thalt:: beyond a few minutes there s a
;jetérioration in learning rate in both conditiods., In point of fact, the
learning ;:&nrye in a spaced condition demonst‘rated__a_—c-oum;\t
deterioration of learning rate across trials over time, Contraty to

, previous findings, the above studies therefore, do ndét support the idea

that spacing of practice both facilYtates learning and leads to superior ~

“a

retention in normal subjects., a

i
nt

n
'

2, Practice schedules in the clinical setting

Clinical reports indicate that 1it- is possible to enable a,

LY

significant portion 6f brain damaged individuals to live autonomously
‘and in some cases to return to ‘gainful employment (Ben-Yishay et al.,
/1979, Scherzer, 1986). Such projects., however, Iinvolve a

.multidisciplinary teaLn and can be yery costly. With the -advent “olf the

N 3

microprocessor there may be some promise in permitting a more economical

means of remediating cognitive dysfunction. There are tvo important
considerations to be made in rehabilitation of .CHI, repetitive

‘stimulation and feedback. ,
A massed practice may be a very ‘useful method in providing
reinforcement co'n‘tingencieé and repetitive stimulatfion. When the. patient

N
’

R S B
has severe neuropsychological impairement a massed practice

schedule ®ombined withreinforcement would be -appropriate to help torm

associations between behavior and the response to ehat behavior (Wood,"

1984). Furthgr, Golden (1978) stresSes that maximum eéfecta may be

achieved by providing. immediate clear, ack:.urate feedback tq the brain

. 1

injured patient, and this could be made possible through th‘e%d‘Bs of
| PR

" computers.

» .
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Moreover, neuropsychological sequelae after CHI such as impaired

. 4 )
attention and memory deficits mean that particular attention is

3 °

-1

required in the sfyle or way reinforcement is -given to the patient.
Optimal conditions must be provided {if the patient is to make the

association between behavior and relnforcement. Reinforcement may be in

“the form of performance feedback, praise, encouragement, or simply

giving the fndividual attention. Preferably, reinforcement should be

given as immediately as possible and in a highly salient manner to

’

L ‘
epsure that appropriate assoclations are made (Wilson, 1983).
, ¥
., Johnston and Diller (1983) investigated error evaluation ability of
right hemisphere brain iesioned patiehtg who had received perceptual-

cognitive retraﬁglng. The results emphasize the importance of making "

I4

patients aware of thelr errors when performing a task. Their subjects

.

tended to underestimate the errors made. As well, the patients‘weré not

able to predict when or where mistakes occurred. Similar results were

obtained by Wolfe, Dennis and Sport (19847 where CHI subjects afso coﬁld
not accurately evaluate their own performance. Furthermore, .contraty to

Dolon and Norton (l977)_thesé results ‘indicated that the subjects with

impaired performance failed to profit from teedback. That is, in spite

of the feedback chey:di& not change their strategy in order to
successfully accompish the task. Feedback in this case_involved cues
(1.et,"ye§","no")given by the experimenter regarding categorization

of cards on the Qisconsin Card Sorting Test. This type of feedback mé}.

be too sutle for a CHI individual. Accordinglt%_Crainfs (1982) eight

-pripcipleé of neurotraining, withoutrgohsistenc feedback and

reinforcement the brain damaged patient may become overwhelmed by the

f ‘ e p
. . ) L oe28-
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enviéonment_and by his or her limitations. Any and all means of
réporting back to the patient his results shou{d be used (Luria,y 1973).

It is also preferable that reinfércement be given as often as possible

“ -

he
to help-consolidate the behavioral

-

Fa

over an extended period in,order

response (Wood, 1984), ’ ' »

-

. « . [~a .
Dolan and Norton (1977) investigated the effects of ‘relnforcement

on acquisition and retention in brain injured patients. They had three

A

groups (Concingentflnaterial & verbal reinforceﬁen;yvconcingent

reinforcementy no training) petform in a picture and question condition,
B ’ ‘ ' .
The pre/post test results demonstrated,that the materidl and praise

-
N

groups performed significantly better than the.contrul group on post-

- .

test measures in spite of the fact that all groups weve ecfijuivalent on
s *«? .

pre-test. The authors stressed the point that when- working with such a

v population, psychologica11§ and economically speak}ng it may be more

.

effective to use verbal praise (reinforcement) alone since group one and

-

two did not dfﬁfer in post-test performance.
: The method which espouses *the process of repetitive stimulation
' ’ Iy . ‘/ ' . ' * ‘ N -t '
N may help the behavioral .response. The literature stresses that CHIL

individuals manf'fest severe short term memory (SquiEe, 1986) and short

attention span {Malec et al., 1984), Reperitive pfactice may lead to a
1. 7 '
deeper level of processing that may improve the original behavioral

response. This procédpre i{s also less likely to result {n a loss in the

strength of association between the stimulus and response. This form of

- “ [

~ learning may also diminish the posslBility of forgetting or extinction

© ) of such. responses. It is also possible that repegitive stimulation may

4

~

\ help the behqyioral response to generalize to other situations which are

. .. %

less éontrolled. The scope of the present study, however, will be.

SN
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limited to "Intra-task” and will not deal with generalization to other

» measures, That is, generalization measures are relevant to consider

/ §
and will be dealt with «in a subsequent project. The relative efficacy

of massed practice versus spaced practice 1in remediative, training has
7

not been assessed. Such a methodology has not been” attempted with closed

head injured individuals, be it with or without computer assisted

L4

remediation. It is only superficially, by.looking at studies that had
. .

patients perform a task repeated{y, ¥hat perhaps some knowledge may be
gained aboug@the effiqécy of massing of practice in head injured
p;pulatiops. . ‘ -

Glasgow, Zeiss, "Barrera and Lewinsopn (1977) prgsentea fHwo case
stﬁdizs ip which they attempged to improve memory retention. Of most
relevance hére was the gasgfwhere a repetitive strategy and the PQRST

(Preview, Question, Read, State & Test) strategy were used to improve
aCademi; skills ‘of a 22 year old female who had suséalned left
hemisphere brain damage in an automobile accident 3 1/2 years prior to
'rehabiiitation. The PQﬁéT method produced retention of thg majority of
the material (85%) half a/w;ek latér; One week later memory retention

had drapped to 83%. The first method of retention (i.,e., repetition

strategy), although clearly inferior to the second method, helped

felevépce to this study., <

Glisky, Schacter and Tulving (1986). attempted to ameliorate memory
in CHI patients with the help of a microprocessor. Similar to Glasgow et

I3

al. (1979), the results demonstrated that a good deal of new knowledge

u

30

improve r%oall after a one week interval by an average of 13%. The.
N — i .
- second case that was presented i1s not reviewed here since it has no
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may be acquired through extensive repetition. The étudy conducted by

.

Van Zomeren and Deelman (1978) discussed above also used repetftive
stimulation, Learning kept improving in the severe group even beyond
spontaneous recovery.

The use of repetition (massing of trials), thérefore, appearé to

[y

be a useful-stracegy to facilitate retention. Méximal eftects may be
observed by inteqéive and coordfgated presentation of.task; since CHI
individuals demonstrate a multitude of residual difftculgies especially
in igarning and remembering (Prigatano et al., {984L

It is reasonable to believe from the above 1itgr;ture review that
‘to dhtain the best cumulative effe;t; of cogqitive_rcmedtgl training,
the presentation of stimuli should be organized such that the relatively
simpler tasks (e.g., tasks of reaction timé) be présentgd flrst.and
more complex tasks (e.g., problem solving tasks) be presented toward the
end of the program (Ben-Yishay, 1983; Ben-Yishay & Diller, 1981; Luria,
1963; Lynch,1984a). Such a remediational model which requires that
easier and less complex tasks be presented and mastered tirst Is more
likeiy\to ‘be accepted by the head-injured individual, since greater tdsk
demands would probably be discouraging, leading possibly to low sclf-
esteem, feelings of inadequacy, discouragement and-so on with ultimate
consequences of attrition. More important however, 1is the tact that {if
the integrity of the nervous system has been disrupted or compromized by
head trauma, such tth the moét fundamental functions ot
attentién/conce%tratioq are affectsd, tﬁen it would not be reasonable to

expect improvement of residual higher order functtons.- It is {mportant

to keep in mind that such a remediation model precludes randgkization of

7

the presentation order of the tasks,

1
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' The most appropriate software package available which is also

. hierarchical in natufé, and explicitely derives its inspiration from
1 } - ,

Luria’s model, is the Psycho{ogical Software- Services Cognitive

. Rehabilitation Package (PSSCRP). Th%y package contains -software

diskettes which comprise tasks of attention, visual-motor cqudinatton,‘

audition, memory, and problenm sélving.' These software vary in

complexity and/or speed of presentation; '

[y

Thé‘primary goal of the presentA study was to investigate whether

[

féarning occurs in computerized cognitive-percep%{al rehabiliratiaon of -

CHI 1individuals, gﬂ{”if yes, whether learning imptoves as a function of
. - . . L
practice condition ({i.e., massing of practice versus spacing of

« "practice). It was hypothesized that learning would be facilitated by

-

massing of practice compared to spacing of practice. Other goélk
included the investigation of: which function bést describes. the

learning curves; whether variability 1s stable between trials as a

[N

function' of condltion; +of which type’ of exercises (attehtion,

13

visuospatial, auditory, memory, problem solving) promotes learning the

‘
’

moét.
.t . . (
These goals are formulated in the following null hypothesis form:

‘ l. The slopes of the exercises will be flat.

2. There will be no difference between the slope steepness of the
. . .

massed versus spaced pfac;ice conditions, .
. /
+ 3. There will be no interaction between the practice condition

1

factor (i.e., spaced vs massed condition) and the repeated factor (i.e.,

Nl . ‘ ¢
S— ttials 2 versus 10) of the ANOVA. :

,
e e s

4. The type of function (e.g., linear, quadratic, cubic, etc.)

-
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- Method

Subjects

|

" /ﬂ/ The study comprised 22 individuals who had sustained severe closed

head 1nj;ry (19 males and. three females). This disproportion of fhe
7sexes was due to the fact t%ac the majority of victims, due to car
accidents, are males betwéen the -age of 15 and 25. This sample
therefore, was reptesentative of the population of traumatic clos¥d head
injury patients with confirmed brain damage of severe magnitude, Six

subjects were outpatients from the Lethbridge Rehabilitation'Cencer, 11

. ’
subjects were referred by Maison Lucle Brumeau, and 5 subjects were

. recruited with combined efforts (i.e., advisors and graduate students)

from the Montreal General Hospital (n=1), Regie d’accideLt automobile du

7

‘Quebec (n=2), and word of mouth (n=2). Of the 22 subjects, 2 did not

complete the entire rehabilitation protocol. One suffered medical

complications and the other lacked motivation.

Since the 11teratufe seems to suggest (see above) that variables
such as age, education, coma, and so for;h may have_an effect on
rehabilitation éutcome it was decided CO,obtain measures on these

-

variables for statistical‘aﬂal}sis. Moreover, 1n order to further

demonstrate neuroﬁsychological cerebral lesioning, standardized

neuropsychological testsdwere adminiétered (see below). The following
informatipn was therefo}e, collected from the 'subjects:

.-Demogéaphic 1nform;tion included age, education, employmént status,
interval since trauma and pre-testing in the pre;ent project, drink

(i.e., alcoholic) consumption during the study, and illicit drug

consumption during the study (see Table 1). T

34
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Table 1

S

Desgriptive variables for all subjects combined (Meaﬁs-M. standard

.
-

deviation=SD, Range=R)

. | , ' ,
DEMOGRAPHIC - All subjects MEDICAL All subjects
Age(year) M 30.27' Skull Fracture =~ YES 13
SO 8.55 NO 9
LR 19-50 » ' .
* . Brain surgery YES 9
Education M ll.14 NO 13
(years) SD  2.74
R 5-19 Svmptoms reported
. 4 by subject M 18.5
[nterval since 1 79.14 S0 6.l
trauma  (months) SD, 58.43 . R 9-30
R 12-204 \
’ Medicatlon YES 11
Employment YES 0 (Dilantin) -.NO 11
NO 22 during study
Alcohol used NONE 6 " NEUROPSYCHOLOGICAL
during study * FEW 14
<2/day 2 Vocabulary M 19.18
>2/day 0 (raw score) SD 6.24
Other illegal YES 5. Percentage M 33.29
drugs NO 17 deficits . \§g 15.39
MEDICAL Most Functional ,
Hand Right 12
Coma(days) M 106.82 Left 10
Sh 196.48 : he
. E 7_960 ’
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~Medical information included coma duration, presence or absence of
{ - ‘

skull fracture, brain surgery, type of medication consumed during

study, and number of symptoés (off the neuropsychological questionnaire,
e
see Appendix 1) reported by the subject (see Table™ 1), l

-Neurppsychological assessment inc%uded determination of the subject’s
most functional hanrd, from the Eest scores on the Finger Tapping Test,
Dynémometer Test, and Tremometer Test, WAIS (Wechsler, 1981) vocabuiary
score, and percentage of deficiencies on 3? neuropsychological test

scores (see Table 2). The dependent mefsures~obCainqg from the most

functional hand was used so as to permit making interpretation ot

dependent measures between and w{thin subjects in terms of the "best

hand performance'" rather than "dominant hand performance'". O0f=- course,

the§e~were cases in which these coincided. )

Inclusion / Exclusion Criteria

The lubjects were selected according o the following criteria: 1)
Having passed a minimum of tﬁree days in a coma; 2) Were between 18 and
50 years of age; 3)-Werelable to understand verbal instructions and
were able to verbalize; 4) Had the ;bility to mobilize self, with the

——
help ot a cane, crutches or wheelchair; 5) Did not havé premorbid

J\
psychotic symptoms or severe behavioral problems; 6) Werd not epileptic

or were seizure-free during the study; 7) Were autonomous with respect
to elimination; 8) Were available for a period of six months twice
weekly, two hours per session; 9) Gave their consent to participate in
this research project and agreed to the other standard ethical concerns
(c.g., confidentiality, right to withdraw at any/ﬁime,'eCCJ; 10) Had

neuropsychologically and neurologically confirmed cerebral lesions.

36
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These criteria were determined from an iniéial one hour 1nterv1éw with®
the subject using rating scales as ‘well as from the neuropsychological
questionnaire. One was completed by the experimenter/subject and one by
a fémily member or custodlap (see Appendix 1) at pre—test and at post-
tests Further information about the subjects wa; obtained when required

through the institutions and hospital medical reports obtained yifh the

subject’s consent.

1

I

Materials

Six|hicro—processors We{e used to present the software to the
sﬁbjects. These included twé Apple Ile; two Apple I1lc; one Apple f[+,
and one Apple II clone., Each computer was equipped with a cathodlc color
‘monitor. There were six Atari joysticks as well as four sets of Kppte
II+ game paddles which were available to tacilitate mdnual control {a
the execution of a task. Four joystick / paddle - computer connections
wegi made possible through Sirfps Ljoyporc connectionsg while two had
direct computer connectiong,

i

. A diversified selection of sottw%je programs were stlected from the
Psychological Softwage Services Cogditive—percgptual remediation packagp
(for a description and norms, see Braun, Baribeau, & Ethier, 1987).
These were contained on 5 Apple II disket;es named Foundations, Visual-
Spatial, Memory, Auditory, Problgm Solving. The Féﬂndation 4éétware
package cgmprised 12 eiercises focusing on attention, shifting,

P

.discrimination, initiation, inhibition and making differential responSes
(see” Appendix 2). Visual-Spatial included nine exercises degsigned to
improve skills in visuomotor integration and visual percepcion(éee

Appendix 3). The Memory package included 9 exercises focusing on verbal

memory (sequenced, nonsequenced, and reversed) and spatial memory (see-

37
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Appendix 4). 1In the Auditory package two exercises'gesigned to

* )

strengther auditory tone discrimination were used (see Appendix 5)4

Finally the Problem Solving software comprised five exercises. These
[ L )

-

were exercises focusing on executive functions (e.g., planning) (see

0 Al

Appendix 6)f ' .

Codingysheets were used to record the following: dates and duration

of rehabilitation.per sqssion (see Appendix 7); which and how mapy

a

times each exercise was petrformed (see Appendixe 8); perférmancé‘on each
exercise. The subject’s individual cumulative performance record on each

exercise was recorded on a separate sheet which also provided visual
N

feedback to the subject (see Appendix 9).
A battlery’ of standardized neuvropsychological tests was used to

assess central nervous system dysfunction (see Table 2). Tpe rationale

in the choice of these tests was as followsa the objective of chg

testing should serve two'goals. First, performance on a-large range of

s

problémétic behavioral dimensions in CHIl was to be meqsured‘including
attention, sensation, perception, motor control, memory, cognition, and
language. Second, the integrity of cerebral zones clearly circUmscribed
was to be determined in the brain in such a way as to allow subséquept

neuroanatomical interpretation of obtained results. In both cases it is

" obvious that standardized tests were required; and their ability to

localize had to have been already established in the neuropsychological

_literature. The target zones of the brain in the present project are the

left and right frontal, temporal and parietal lobes. The Jécipital lobes

were to be superficially evaluated since their role is primarily

)

sensory, therefore, less pertinent in the type of practical intervention



Table 2 . ' -
3 » ! B -
Neuropsychological Tests Included in the Battery '
¥ : — :

e
1

Related  to Integrity of the Frontal ‘Systems /
Design Fluency
Benton C.0.W.A.T. (Word’ Fluqncy) : ©
Finger Tapping \ - )
Dynamometer -

1/ Kolb Sequgntial Praxia ;

Wisconsin Card Sorting

Related to Integrity of the Temporal Lobes o ’
Russell Delayed Recall. )
Dichotic Listening . . : )
-Ekman Facial Affect e '
Verbal-contextual B .
Audiometer ' “

L

Related to Integrity of the Parietal Lobes
' Benton Right-Left Discrimination rt K
. Tactual Performance . ) ) '
. -- Aesthesiometer : " v
Single and Double Simultaneous Stimulation _ .
. Semmes Body Placement . ) ‘
. -— - - .o&
Related to the Integrity of the Occipital Lobes ) .
Perimetry . . :
Visual Acuity '

Auxiliiry tests
D :

Vocabulary ; »

Token ) . N
Tremometer '

Humour -- .

Corpus Callosum : \ : ‘ o
Harris Lateral Dominance

Reaction Time ’ L

. - ' o~

Notes For detailed description of this battery, see érat_m & Baribeau,

¢

1987. . | T
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in this project. .
F ; ¥
Procedure - %i -

v

Interview—-Initially each subject was seen in private interview,

lasting approximately one hour, by a graduate student in which the

neuropsychdlogfcal questionnaire was completed by the interviewer with

the help of the subject. In addition the subject was informed about the

objectives and procedures of the study, exactly what their participatiod.
5

” . >
*involved (g.g., days per week) and the type of rqﬁabilitation therapy
they were to receive gived £hat they met all the inclusion criteria.

QSOHe was informed that participation.in this study was voluntary, (s)he

had the right to discontinue or withdraw from this project at any time

(s)he wished to do so. It was explained that there were no risks of

psychological ot physical harm iavolved in this project. The subject was

, told that (s)he was guarantéed full confidentiality of his/her files

\ i

with thk exception of professionals, and graduate students involved in

the project. Since performance feedback was provided throughout the

?

» . - -
project there were no debriefing instructions necessary. The subject was

then asked to sign a consent form (see'Appendix 22)’ Following this
LJ . ‘-z

interview the subject was scheduled according to availability for

<
I3 )

neuropsychological assessment., The same questionnaire was completed by a

parent or custodian of‘the,subject independently.

Neuropsychological assessment-The neuropsychological asséssement

lasted between two to three days (in most cases consecutive days)

»

depending on the subject™s speed and capacity to perform. Tésting began

at 9:30 AM, until 4 P.M..with intermittent restrperiods as well as an -

hour lunch break: If the subject was unable to endure testing all day

<
b

- e
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% ’ 1Y . . * -
// ¢

due to fatigue he or she was allowed to leave and return the following

, -

day. The subject was assessed for perceptual, cognitive, sensory, and

motor functjons. The order of teésting (i.e., neuropsychological tests)

was such that there was a variability of difficulty and duration of the
tests in order to prevent overtaxing the subject (see Appendix. 11).

Test administration and instructions provided to the subjects were L(n
. /

accordance with standard recommended test insfructions as specified f{n
. ~ R N

the test manuals. "

"
'

Rehabiditation procedure- The subject received two hours of

N

rehabilitation (which éonstitute& one session)'tw;ce weekly, for a

period of six'months.. The time df day of ééhqbilltafion was

counterbalanced to control any possible time of ddy influence., That i{is,
half the subjects were required to present themsglves for rehabilitaction,

the first sessiod in the week in the morning and the' second gsession in

a

A

The subject was randomly assigred to a “massed” {ile., 10

AN

the week in the afternocn, and vice versa for the following week.

¢ l

3
consecutive repetitions of a given exercise) or a “spaced” (fie., one

presentation of a given exercise per session) schedule for the first

N

exercise. Subsequent exercise schedules alternated with the ftirst. For
example, suppose subject one performed exercise one in’'a massed

schedule (randomly determined) then exercise two was performed ina’

spaced schegule and exercise three in a massed, and so on. Subjéct two s\

4

schedule depended on subject one’s first exercise schedule, so that if
it was massed for the first subject then subject two performed exercise
one in a spaced schedule and exercise two imca massed schedule and 8o

forth, An exercise was defined as one specific computer ﬁrogram from a

given package (e.g., Simple Visual Reaction 1). .Atrial constituted ot
3 .

* v

.
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comp[etién of a gi;rexf exercise. ¢ ~
‘ . i ¢

SN -The sybject was seated comfortably, ‘together with the experimenter,
7/

n ‘a_' well lit and ventﬂilated room which conta}ined he computer. The
siibject was instructed on how to perform the. first exercise which wasd

presented by the microprocessor (l.e., Simple V1isuél Reaction 1).and if
- i )

there were no questions proceeded in complet‘ling the given exercise.

i
¥

Performance measures, mean errors, variance, and speed of execution wetre

recorded by the experimenter \95\ specific recbrding sheets (see Appendix

12). Besides the immediate performance feedback that was provided by the

]

microprocessor the subject was shown a graphed performance chart after
. N e

completion of a trial, Foliow{ng completion of exercise one (trial one)

‘ ¢
%

the s:ubject wad elither instructed on how to accomnplish completion of

N 3

N

[ . °
exercise two or repeated exerc’is’e one (f.e., 1f the condition was

*
-

massed) and the same procedure was followed for each trial. T’he\date and
duration of rehabilitation were recorded at the end of each session (see

lrcise (see Append ix

12), S ) \

2 | .

lAppendix 7) as well as the completion of each exe

All subjects be.gah with simple to co;n;\niex gfcezrcises. in the
* Foundat’ion software p;kage. Updn complet‘ion oof aprackge the subject
proceeded co‘compl.ete che néxt pe.zckage (i.e., Visdal Spatial package“
then the Mémqry packagelefo'llou}éd‘b.y the Auditory pacﬂ‘kage ‘and finally the

Df’roblem\ﬁdlving package). Each package had to be completed before going

on to the ‘next. The number of sessions required to complete a package

v

varied with the subject’s ab\ililty and continuity of sessions.

v

¢
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.- Results

A: Descriptive anaiysesfor all subjects in all conditions
(Means, Z scores, and slopes)

’
— g~
[y

. The exercises used in this rehabilitation program did not all yleld
v - . 3

the same dependent meaSures. Table three (see Table 3) presents the

means add stadndard deviation for all the dependent measures on a‘li'

‘exercises for the two practice conditions. The N does rot always add up
to 22 or is not equal for both conditions for ,various reasons. 1)

Sometimes a subject did not want to repeat an exercisé more than once

per session due to fatigue, boredom, or motivation, consequently for
A

that exercise the condition would be spaced instead ot massed. 2) If

more than one dependent measure was missing for an exercise it was not

entéred in the analyses. 3) Cases were deteted from the analysts if the

dependent measure wds beyoad limits (+ 3 SDs). 4) There were subjects

[
~

who were af)raxic of an upper limb and these subjects could not perform
an exercise that required the use of both hands (N=2). -5) There were

exercises that were too Eomplex for some subjects and this, aftected the

N (e.g., PS3 level 2). The SD for some exercises was sometimes in

excess;of the X or close to it (see for example VS6, PS2). In order to

I

.'permit descriptive comparisons betwfeen disks as well as exercises all

the dependent measures were converted to standard scores (i.e., %

scores). To determine whether performance {mproved across 10 trials (Tl

- -

" to T10) as a result of repetitive stimulation, pérformance‘slopes for

- all exercises were calculated always using trials as the X variable and

o™

the dependent measure as the Y variable. The equation for the

XY - (EXEYYN)

calculation of theslope wasas-follows:b =

5X3 - (&



o
b
Table 3. Means (X), Standard Devidations (SD) of performance measures
{ ’ ., and number of subjects(N) per condition for each
) -\ exercise. . ~2 ' )
! ' ’ !
7 . . .
. & . ' p ,
' Condition - T
Massed . Distributed g
y 7 Bxercise N X _ Ssb N X . sp
Fl(time) 1y 40 14 N ¥ CW42 .11
F2(time) 10 .46 Jd0 12 .39 , 12
- F3(time) ° 10 .53 .16 - .12 .57 - " .16
F4Ctime) 9.6 .65 .25 . 13 . .52 12
F5(time) 10 .71 24 \ 11 .83 .38
F6( time) 9 ¢ .41 .16 13 .32 .11
® F7(time) 10 . «66 .18 © 10 .78 .29
F8(%) 11 81.29 13.07 ) 10 92.30 4,14
F9(z) _ 10 73.98 28.07 12 70.55 28.25
F10( time) 8 ok 217 14 .34 .09
F11(time) 10 . .61 .39 R B .67 .23
F12(time) 10 ' .46 A5 0 0 12 .34 .08
VS1(time) 12 47,22 27.83 10 ¢ 65.11 23.87
-VS$2(time) - 8 126,68 ~ 71.60 14 74.44 27.61
vS3(errors) 12 _ 77.09  46.55 10 155.70  105.28 _.
" VS4(errors) 8  390.95 128.33 . o130 263,24 84.90
VSS(errors) 14 161.96 79.83 , 6 251.47 113.65
VS6(hits) 10 19.62 23.21 12.  63.83 70.52
- Vs7(%) 1 77.93 0 13.72 ) 10 69.61 7.95
~ VS8(%) 10 68.64 . 10.64 U T 12 73,27 11.37
. VS9(time) 12 4i9.68 169.21 ., "8 661,13 331,60
p _ Mi(moves) 14 57.37 25.35 - . 8 74.39 16 .64
" (steps) 14 5.70 .90 |, 8" 5.9 .82
. _ (time) 11 123.55 110.38", . 8 230,19 133.47
‘ M2(words) 9 12.49 5.04 , 12 . 13.40 6.18 -
M3(tones) . 11 = 14.91 9.48 ™ 9 . 15.38 © 7.91-.
M4(score) 10 5.27  © 4.81 10 © 4.82.  5.34
’ . (tdme) = - . 8  219.89 56.31 - 6 181.72 39.95
S ' M5(level) 10 . 3.12 .48 12 3.2 .67
. ) M6(level) 10 . 4.11 1.28 ‘ 12 . 4,77 - .79
. M7(errors) 11 - 3.63 34 10 3.49 .82
' (level) 11 2.95 . 1.11 - 10 - 2,22 .81 .
M8(level) 9 2.16 .62 12 2.38 .50
M9( level) 12 3.85 1.15 -9 4.00 1,09
AD1(error) ' 10  '14.15 9.15 o g 6.47  3.40
AD2(error) 11 8.79 . 5.10 .8  11.65- 6.78
PSl(errors) 10- 8.89 4,98 10 5.31 3.06
- (tadpe) 10 256.91  176.74 .o 10 158.50  32.08
, PS2(moves) 9  57.61 .31.82 . 10 52.86  15.1%
" (time) ° 10 355.62 280.15 - . - 9 595.59  478.14
L ' \ . L
. ‘ A , .
- 44 '
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Table 3 continued A
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B ¢

2.06 9 .90
14.26

PS3(level 1) 10 - 2.02

’ :.(level 2) 4 .14,10
PS4, ' e ‘

- . (wrong moves) 12 ' 4.46 3.88 I 7

PS5 : ‘

(wrong moves) 9

(delay)

10.76

-
10.81 . !'s5.40 12
8 10,37 26, 11

9.03
15.15

| .80
&3.43

9.75.

. 4.93
44,05
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(Minium & Clqu, 1982), The %arger the slope (b) coefficient-the steeper
the glope—the better the éerformance. All dependent measures were

converted into standardized scores (for each exercise) and then a mean.
was calculated for eacﬁ trial. Graphed performance curves were ascending
1f there were lhprqvements in performance. To maintain consistency
reaction tim€ curves Qére inverted. The analyses of standardized scores
{1lustrated that the subjects” performance improved from trial to trial
when all dependeﬁt measures 4across all'exércises were combined (see
Figure 1). Whereas on Tl performance waé at 2 =-.9 from the mean, by

T1O berformance improved to Z‘= +.4, Improvement in performance{

however, was not similar on all the disks. The most improvement across

t¥lals, determined hy the slope coefficient, in descending order

occurred on the Auditory disk, Vﬂsuospacial disk, Problem Solving
disk , Memory disk, and Foundation disk (b = .259, .158, .15, .125,

076 respectively). .

l: Descriptive statistics for all subjects on the Foundation exercises

On cEé Foundation Aisk the subjects reduced RTs from TL to TLO (see
Figure 2). Decrements id RTs, dete;mined from the slope steepness from
standardized scores, were greatest in desce;di&g order for Fl2, F6, F3,
FS5, Fl, F10, Fé4, Aﬁd‘F7 (b = .262, .145, .121, .098, .069,‘.065, .052,

.016 respectively). For exercises F2 and F1l1 the slope 'was in the
opposite direction, consequently RT increa;éd instead'of decreasing
across trials (b =-301 and —;1 respectively). The mean RT flucttated
constderably from trial to trial from cg% bést fitting line for these

two exercises.

Exercises F8 and F9 were not speeded exercises but rather looked at

46
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the hit rate. The slope was steeper for F8 than for F9 (b = .216 and

.192 respectively). * . -

.
Foundation exercises that were speeded also provided dependent
measures of the variabi;ity between stimulus presentatlion and response.
These variances were also converted to standard scores for all subjects,
combined a&ﬁ performance slopes were calculated. The steepness of tLe
slopes illustrated that variability of response improved most from trial
to trial in descending order oa F5, F10, F1, F12, F6, F3, F2, and F7.
For exercise-k4 theﬂgubjects were unable to stabilize khuir response
from trial to trial, the single best predictor.for this exerclse was éhu
Y mean (i.e., Z = O)? For exercise‘Fll variability tncreasea instead ot
decreasing,'the slope was, tHErefore, in the opposite direction,
fhe mean score for each trial of a gliven exercise was calculated
for all subjects combined for descriptive purposes. The mean BT on Tl
varled across Foundation exercises from a mean of .4l s to .81 s. After
having completed 10 trials of these exercisé;-RTs,déz;eased, depending
on the exercise, from between .36 s to:.63 s (see Figure 3). The
exercises_ihat produced similar RTs were Fl,‘FZ, 96, F10 and FiZ.- The
exercise that required the most pracessing time was F5 (range = ,50 s)e

)

There was great varfation in response from trial to trial for

’ {
exercises involving RT (see Appendix 13). This variatfion {s not obvious

-

from Figure 2. The greatest decrement in RT (Tl minus Tl0) was observed
for Fl1 which was a reductionof 120 ms. This;exerbise also resulted in
the least variation of responses across trials, ranging between 380 ms

[l

on T2 to 430 ms on Tl10. The mean response on Tl, however, was 560 ms.,

The exercise that resulted in most erratic responses from trial to trial

was F7. For this exercise the subjects” RT fluctuated between 770 ms on

ﬂ S 49
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T6 to 670 ms by T10. . '

For non-speeded exercises (i.e., F8 and F9) there was a steady

-

improvement across tcials.’ The hit rate for F8 ranged from 78% on Tl

to 91% on T10. For F9 t

and down to 74% by T10."

~ v

2: Descriptive statistics for all subjects gﬁ the Visuospatial exercises

A

Performance on ‘a exercises combined improved from TI (z = =-1,1)
to T10 (Z =+.6) (see Fiéure 4). The slopes calculated on standnrdlzea
scores for the Visuospatial exercises illustrated that the greatest
improvement in performance occurred on VSL (excrcise completid: time)
and VSé. These two exercises had the same slope coefficlent (b = .264),
The exetcises that resulted 10:1999 lmprovements in performance compared
to VS6 and VSI in descending order were: VS9, VS5, VSZ(time)x VS8, US4,
. ] ‘
VS7, and VS3 (b = .212, .193, .113, .105, .099, .096, and .075
respectively).

t —_— -

.The mean time required to complete VS| decreased from Tl (X = 70 8)
to TI0 by 22 s. 1In a maze of higher comple#ity (XSZ) the'm;an time
required to complete the exercise improved from 112 s on Tl to 98 s by
.-T10. For VS3 the subjects reduced the mean error rate ?rom 136 on Tl to
104 by T10. On a more complex tracking exercise (VS4) the subjects”
_mean error rate declined from T1 (X = 329) to T1Q by 26 errors. In a
subsequent tracking exercise that required the use of both hands (VS5)
the subjects reduced errors from Tl (X = 231) to TIO by 53 errors.

The mean percentage accuracy for VS7 improved from Tl (X = 72%) to
[§

T10 by 3%. On VS8 subjects improved thelr mean percentage accuracy from

65% on Tl to 74% by T10. The final exercise on this disk (VS9) resulted

51
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in reduced time (mea5u;ed_ in cbmputer cycles as time units) from 831 on
Tl to 502 by T10 (see Appendix 14 for VS exercises).
On the Visuospati};l, exerclises, mean ‘performance measures between

trials varied tremendously and not always in thé expected direction.

@

That is, 'performance did -not always improve as a function of practice.

.The most erratic performance between trials occurred for VS4, Most
¢ ’ .
errors committed were on T8 (X = 338, range = 3%) for this exercise.

Performance measures that incteased in a consistent way (i.e., in the
' L4

expected direction) between trials were observed primarily on VS6, with
the exception of T8 where performance declined. Absolute performance.

~

fmprovements (Tl minus T10) were greatest on VS9.

3: Descriptive statistics for all subjects on Memory exercises

Standardized performance measures of all the Memory exercises
co.mbined (all subjects combined) increased from Tl to TIO. Wherchy on
Tl recall was at Z = -.8 by T10 the subjects improved their recall to Z
= +,6 (see Figure 5%. From the 9 memory exercises the time required to
completetlie task was collected for M1 and M4. For both these exercises
the slope was in the opposite direction.

The performance slope, from standardized mean total scores, was
steeper for M4 than it was for M2 and M3, The slopes were i(n the
expected direction (b = .272, .271, and .184 respectively). Slope
calculat;ed for errors on M5 was in the wrong.-direction (b = -,188),
This was not the case on M7, errors decreased with practice (b -..1214).
The num‘ber of items retalned (l.e., level) per trial’ imprm)ed for memory
- exercises. In a descending order the steepness of the slopes for M5,

M9, M2, M3, M6, M7, M8 and M4 were respectively, b = ..305, .239, .238,

53 ’
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’

.185, .177, .139, .137, and .125. , | ’
According to unstandardized measures on Ml the subjects started
with 4.8 steps on Tl, increasing to~ 6.6 by T10., However, as steps
increased so \diduthe number of moves (43 vs 77) requirc\ad to complete the
exerclses In terms of time required, in spite of increased demands,
speed varied by only 3 s (f90 s tlo 187 s). Where subjects required on
the average 190 s to complete the exercise at 4.8 steps, they only

required 187 s at 6.6 steps (see Appendix 15 for Memory exercises).

Mean cumulative word recall for M2 fmproved from Tl to T11 (10.7

words to 16.7 words). The number of words the subjects were able to

recall, however, increased by only .6 (3.32 to 3.82).
With respect to tone recall on M3 the subjects” mean cumulative

retention per trial increased from 10.8 da Tl to 17.8 by TlO. The number

of tones recalled at any one time ranged from 1.9 to 3.4 tones,

On M4, which trained visuospatial memory, the odverall mean

re;‘ention increased from 3.82 to 5.91 objects. The number of ob‘jccts
and thelr locations recalled at any:' one time, however, was only
increased from 2.09 to 2.27. The amount of time required to complete
the exercise varied from Tl to T1O0 by 7’3 (218 to 225).

In recall of nonsequenc.ed letters (M5) the retentinon level
increas;ed from 2.16 on Tl to 3.59 letters by TL0, There were more
errors as retention level increasea (2.99 to 3.84), “In recall of

sequenced letters (M6) the level increased from 4.35 to 4.71 on the

final trial. In recall of letters ina reverse order (M9), the number

L4

of letters recalled increased from 3.68 to 4.40. *
On M7 errors declined from 3.82 to 3.42 as recall level increased

from 2,40 to 2.90 for nonsense visuospatial nonsequenced designs. For
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M8, where designs must bz recalled Jn a sequence, the mean number of

? -~ .

designs recalled increased from 2,06 to 2.71 by the final trial.

4: Descriptive statistics for all subjects on Auditory exercises

Analyses of standardized sco}és illustrated that the mean errors
decreased linearly as trials increased for both ADl' and AD2 (see

Figure 6). The steepness of these two slopes differed by .02 (b = .25

’

[ ,
and .27 respectively). Mean errors on Tl (Z = -1.5) decreased by TI0O

\

(Z =+ .9) for both exercises.
Unstandardized scores on ADl indicated that mean errors ( the

difference between the choice and the .actual correct response) decreased

4

from 13.2 on Tl to 7.9 by T1O. On AD2 (which is similar to ADl except

that the subject can only hear one tone at a time), the mean errors were

-

18.2 on T! -and decreased to 6.8 by the final trial. The mean % erpbrs'

reached a plateau from Té6 to 15 {see Appendix 16). -
‘ .

5: Descriptive statistics for all subjects on Problem Solvi&g
exercises )

Subjectg’performance improved from Tl (Z = —1&% to T10 (Z =+.5)
for combined’exercises (see'Figure 7). There were three e;ercises for
which exercise .completion time wﬁs Fecorded (PS1, PS2, PSS5). Unlike F2,
F11, M1, and MA; the slope was in tﬁe expected direction. The steéaest
slope was on PS1 (b = .281) followed by PS2 (b = .277) and PS5 (w;oné
moves)q(b = ;156). On éSl,,Z ranged from -1.5 to +1.2 from Tl to T1O.
In contrast the rangé for PS2 was between -1.5 and +1.0, and for PS5

from -.8 to +.8. The steepest slope for errors occurred for PS5

. (deiays)‘(b = ,202) compared to PS1, PS3, and PS4. Least reduction of

1

: e . 56,
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errors on a}l PS exercises was observed on PS4 for\which the Y mean
(i.e., i = () became the single best pfedictor of performance;

Aqalyses_of raw scores demonstrated that on PSl, error rate
increased from 7.39 on Tl to 7.55 by 110 whereas exercise completion
time was reduced from 272 s toJ169 Se .

6n PSZ\ﬁ%e number ot moves required to sol;e the numeric puzzl@
were reduced from 100 to 49 by TI10. ?he Subjects also shortened the
exercise completién time from a mean total ot 997 s on Tl to 1306 s by
T10.

%

On PS3 mean total errors. made were not reduced for level oné with
‘practicg (1.550 ,to 1.535). 0; level two, however, errors decreased from
20.86 to 15.57 by the last trial.

Wrong moves in a maze of moderage complexity {PS4) declined trom
13.4 on T1 to'6? by_flO. Tn contrast, mean,delays increased from 28 on
Tl to 48 on TIO. On a4 similar but moure complex task (PS5) subjects
reduced wrong moves (l1.5 to 6.9) as well as delays (l?? to 73.9). In
addition, mean completion time for PS5 improved trom 25'?‘to 5s (sece
Appendix 17 for PS exercises). ®

On the problem solving exercises there was a plateau reached on PS2
from T3 to T10 with very slight variation across trials (range = 4 wrong

moves), PS3 (level one)‘demonstrated tloor effects across trials on

mean errors. Subjects made on the average 2 errors on each trial.

Dependent measures across trials were most,erratig for PS4 with respect
4

to the mean delay. There was a trade-off betweer delays and wrong moves

for PS4 observed. The subjects made less wrong moves but did not

improve delay.



(AT

B: Analyses of the Practice Conditions (Descriptive statistics, Slopes,
Trends) .

L

Ld

1: Descriptive analyses of the massed and spaced conditions
(Standard scores (Z), Means (X), and Stand.rd Deviations (SD)) ®

Standard scores, of all exercises combined, indicated that the

-~

spaced condition resulted in more improvements in performance than the

massed condition, Subjects” performance in the'spaced condition ranged
from Tl to TLO0 from 2 = -1.0 to +.6. In cont;ast subjects” performance
in the massed condition ranged from Z = -.9 on Tl_to +.5 by T10 (see
Figure 8).

Standardized pertormance scores ot all exercises per disk and‘per
condition indicated that 6n the Foundation disk performance in the
massed condicion'ranged between Z = =-.8 on Ti to +.2 b; T10. In
congrast petformance measures in the spacéd cogdition on Tl was Z = -.9
aéd by TLO improved to Z = +.3. On the Visuospatial disk tﬁe subjects
in the spaced condition improved their performance from Tl (2 = -1.5) to
TiO (Z = + .8). 1ln contrast the subjects in the massed condition
fmproved their performance from T1 (Z =-.9) to le by 1.6 Z scores. On
the Memory disk the spaced condition resulted in similar improvements,
from Tl to TlO(;’ﬂ-nB to +.6), as that of the massed condition (Z =

-.6 to +.6). On the Auditory disk, howevq%, the subjects in the spaced

condition did better than the subjects in .the massed condition (Z = -2.0

v

1

to +1.0, -1.3 to +.8 respectively). Finally on the Problem Solving disk

the subjects in the spaced condition improved more from Tl to T10 (2 = -
1.0 to +.6) than the subjects in the massed condition (Z = -1 to +.3).

Standard score distributions 1llustrated that on Foundation

60



I , , . S|PWY

N

QaASSVYW — —
Q3aovds T,

+

L - T

*1eTa1l 'JO uoj3IdUNY 8B cowqumvo 90730814 3yl Jo Yoed 103 <

. » 838Td1axd PauTquo) JO S3INSEIY aouew103ji84 pazypaepuels °g 3andyq -

- - . [N

~ : e

61



\

.

exercises subjects ih both conditions improved their performance most on
F12, Performance variéd from Z'= -1.5 on Tl to Z = +2.0 by 'T1O0.
Performance on F11, for both conditions, declined from Tl to T10. The
massed con@ition for flO also showed decrements in performance while
decrements in the spaced condition were observed (besides F11) on F7.

Tge variability between stimulus onset and response on the sﬁ%eded
Foundation exercises indicated that, in a massed condition, stability in’
response was hampered on Fl, F4, Fl1, and F12. The spaced condition in
contrast manifested this effect on exercises F2, F3, F7, and F11. In
the’spaced condition variability between stimulus onset and response was
improved most across trials on Fl, 1In the massed condition the least
variability in responses across trials was observed on Fb6.

On thé Visuospatial disk subjects” performance, in the massed
condition, deteriorated with practice on VS2, &S3,and VS7. The most
improvemcnts in this condition were observed on VS6 in which on T1 Z = -
1.5 and by T10 Z = +2.0. Subjects in the spaced condition in contrast
improved their performance with practice on all the VS exercises.
Performance improved most in this condition on VSI(time) where Z ranged
from -1.5 on T1 to +2.0 by T10.

/
On the Memory disk subjects in the massed condition improved their

pérf;rmance most oﬁ MS (level) (é(f -1.5 to +2.5 by T10). The errors,
howe;er, increased from Tl to T10 (2 = +.5 to —5.3). The spaced
condition also 1llustrated superior performance increments on M5-(level)
(Z = -1.5 to +2.0 by T10) compared to the other exercises. Performance
decreased in the spaced conditioh ;n M5 (errors—increased as trials
increased), Mé gtimj), and M1 (time). X

For both Auditory exercises performance in the spaced condition

»
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improved more than in the maRsed condition. In the spaced condition

performance increased more on ADl whereas in the massed condition there
were'greater improvements on AD2, \

On the Problem Solving exercises subjects In the spaced condition

decreased the exercise completion time on PS1 and PS2 more than subjects
in the other conéition.. Standard scores in the former condition ranged
fromZ =-2.1on Tl toZ=+1.5by T10 for PS1., 1In the latter condition
scores ranged from 2 = -2.5 on Tl to +.5 by the final trial.
Performance improved leas} in the massed condition of PS3 (level 2

\
errors) whereas this was the exercise in the.spaced condition which

improved most on (Z = -2.0 on Tl to +1.0 by T10).

‘4

2: Analyses of slopes per exercise and condition

K4

Slope coefficients that differed between conditions by less than or
equal to .005 were not considered as large enough differences to
conclude that one condition resulted in a steeper learning slope than
the other condition since a .005 coefficient manifests a Qery
negligable difference. On Foundation exercises slope coetficients of
‘reaction time were in favour of the spaced practice condition (sece Table
4). L

On visuospatial exercises the slope was steeper for the spaced
conditionﬁ out of 9 times than the massed condition (3 out of 9) (see
Table 4)., This difference resulted from exercises where peerrmance
level was 3uperipr in the spaced condftion (vVs7, vS8, and VS9). With

regard to error scores, the two conditions were.similar ( 3 and 3), that

is, the massed condition had a steeper slope on 3 exercises (VSl, VS4,
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Table 4

Performance slopes for each exercise in the Massed (M) and
Spaced (S) Conditions (Condn).

E;cercise~ Condn Slope Exercise Condn Slope
Fl M - .0l vs3 M .508 %
S L001¥ S - 4,662
F2 M - .002% VS4 M - 1.834 ,
S - 0004 s ! S - 10182 /
, F3 M - 014 " VS5 M - 8.086 ,
S - 0002 S - 3.103
F4 M .005% VS6 M 1.933
s - .009 s . 8.320 <
‘ *
FS M - - .003 VS7 M - 069
; s - .008 . R g 1.02 ~
F6 .M - .002 . . VS8 M .378 .
S - .007 S 447
F7 M - .002 vs9 M ~13%73
] .006% ’ S -40.978
F8 M 011 M1 (moves) M 5.521
. S .013 S 4,677
F9 M «325 (level) M .212
S 2.129 S .217 X
-~ FI0 M .003 & (time) -~ M 7.561% ' ,
: s - 014 s .355% ———-—(-‘—\
Fll M .019°% M2(score) M .598 . :
) S - 100012' S P 0698.
" F12 M - .006 (level) M 074
S --.01 S .061
VSi(time) M -2.649 M3(score) M .18
S -2.022" S .877
VS2(time) M 267% . (level) M 041
s -2.956 S 2213
- A | o 64 “
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Table 4 continued

M4(score) M
S

(level) M

S

(time) ﬁ
M5(error) M
(level) M

\ S

M6 M

M7(error)

n X

(level)

wn

M8

m X

M9 M

AD1

w X

AD2

wn X

0

.053
.087

071
.023

.001
.092

.085
.054

«521
974

.598
1.243

PSl{error)
(t1$e)
PS2(time)
{moves)
PS3(level 1)

(level 2)

PS4(wrong moves)

(delay)

'PSS(wrong mov

(delay)

(time)

n

XX

M,

w X

M
S

M

S
M
S

es)

n=TrunzZnz

A

!

.113
.105

9.95
8.752

1

I

-57.707

-1 0898

023 %

= 00810

- .061,
h l728

- .18
.409
495

1.231 %

664
.822
1.973
7.416
1.816
- 1.498

% Indicates that the slope was in t'he wrong direction consequently this
condition did not result in improvement of performance.

the slope coefficient the better the performance.
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VS5) and the spaced condition had a steeper slépe on 3 other exercises
(V§2, vSs3, VSe6). . . /

For Memory exercises the slope was found to be steeper for the
massed ‘condition on 5 But of 8 exercises where level was analysed (M2,
M4, M5, M7, MY) (see Table 4). On M5 and M7 for which both level
reached and errors were analysed there was a strong condition effect as
indicated by the steepness of the performance slopes across trials. The
massed condition slope was steeper for errors (i.e., more errors across
trials) but also steeper for level reached (i.e., greater retention).

%ho slope of both auditory é;ercises was‘steeper in the spaced
condition compared to the massed condition. The greater steepness on
AD2 resulted from the initial greater percentage error decrease fromiJl
to T2 in the spaced group (23 to 13).

On PS exercises on which tiﬁe to complete the task was recorded
(pS1, PS2, and PS5), the massed condition had steeper slopes. The
massed condition also had steeper slopes (i.e., less errors across
trials) on 2 of the 5 exercises performed (PSl and PS2) whereas the
spaced c;ndition had.steeper error slopes on PS3, PS4 and PS5. It is of
interest to note that the spaced condition reached a plateau on trial\S
of PSI1 (time) with very little variation between T5 and Tl10, ranging
begtween 132 to 145 s. .

On PS2 (time) the massed condition manifested a plateau on Té
ranging between 233 to 210 s while the spaced condition reached a
plateau on T8 ranging between 101 and 337 s. With respect to errors
neither conditgon demonstrated much of an improvement on PSl. For\PSZ

the massed condition imprbved their mean total rate from 127 on Tl to 48

by T3 and scores remained stable from T3 onwards, with mean total errors

v a
2 '

-y
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.ranging between 51 and 45. On PS4 the spaced condition issustrated. a
trade-off between the steepness of the wrong moves slope and the delays
slope. That is, while the mean wrong moves slope was negative 6%409)
the delay slope was positive (1.231). On PS5 although the massed
condition did not improve wrong moves as much as in the spaced condition
(slope = -.644 vs -,822 respectively) the time to complete,the exercise
improved more in(the massed condition (slop; = -1,816 vs -1.498
respectively). On both PS4 and PS5 the stability of reséoﬁée across

f

trials was extreme.

3: Analyses of Trend for the Massed and Spaced Condition

Subjects were required to complete 10 trials of each exercise,

_consequently the number ot functions that may have contributed to the

trials main effect were nine. These analyses were motivated by the
interest in finding the simplest function that would adequately
de§cribe the results. Interpretation of these results were in
consultation with Keppel (1973). The number of peaks and troughslin th;
curves of the different figures and the changes in/the direction of
these curves provide an intuitive indication of the complexity of the
function underlying the data.” Appendix 18 presents the functions that
account for the greatest percengage of the trial majn effect. The more
complex or higher order the function, the more reversals in the curve.
For example, function one refers to the "first order" function or what
is called "linear component in the data. The second function refers to
a "second order" function or quadratic component in the data, and 80 on.

Trend analyses calculated by condition indicated that simpler

13

67



functions (of the first, second and third order) explained a greater

percentage of the trial main effect in the spaced condition compared to

the massed condition. Of the 37 exercises analysea 21 exercises resulted
;n less reversals in the trial to trial mean in the spaced condition

while only 9 exercises in the massed condition. The balance were equal

in terms of complex functions in either conditio§ (see Appendix 18).

On the 12 Foundation exercises there were 7 that resulted in less
reversals in the mean between trials irl{he spaced condition and 2 in
the massed éondicion{ In the spaced condition for F1 the variatiog
among the means was'aécounted for mostly by the linear component. This
was not the, case in the massed condition. In terms of percentage, the
linear component represented 73% of the trial main effect in the form?r
condition and only 21% in the latter condition. .In the massed condition
1t was the cublc component that explained most of the trial main effect
(31%). 1In the spaced condition the only other exercises for which the
linear component accounted for the greatest pércentage of the trial main
effect were F9 and F12., In contrast for the massed condition the linear
component explained most ¢f the trial main effect on F12, F8, and F1l.
This was not, however, always superior to that of the spaced condition
(see Appendix 18). Highly complex functions (i.es, beyond cubic)
described the changes in the direction of the performance curve on most
of the Foundation exercise; for both conditions, however.

From the Visuospatial exercises only subjects in the spaced
conqicion manifested stability of résponse with respect to variation

among the means between trials on 5 of the 9 exercises. In this

condition the linear chponent accounted for 887% of the trial main
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effect on VS6 while in the massed conditi;n, the Iinear component
.

represented 65X, Thg linear trend explained less of the triai main

effect on other exercises (i.e., beside VS6) in either condition., In

fact in the massed condition changes in the direction‘ of the curve were '

best accounted for by complex f(mctions for most of the exerctisels on

this disk. This was nof always the case in the gpaced condition.

On Memory exercises 'the conditions were similar . on all exercises
except M5 and M6. That is, exercises M1, M2, M4, and M9 iliust'rated the
least variation among the means. M5 showed mc;re revers\als in ‘the means
between trials in the spaced condition. M6 manifestéd less. changes in
the' direction of the curve in the massed condition.

Both Auditory exercises in the spaced condition manifested least
variations among the trial' means since the linear con;;)onént ex;)lair;ed‘
most of the trial main effect., In the massed condition there were more

a8
changes in the direction of the performance curves than that-observed
for the spaced condition. For AD! the linear component accounted for
83% of the trial main etfect in the spaced condition and only 35Z in the
massed condition. In the latter condition for this‘exercise the fifth
function represented the.greatest percentage (53%) of the trial main’
effect.

The only exergises on Problem Solving which {illustrated a  linear
or at worst a quadratic trend in both conditions were PS1 and PS2., On
the rest of these exercises for both conditions there were more

reversals in the direction of the curve than that ‘observed on PS] and

PS2.
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C: Analyses of Variance

&

« Despite the risk ofrreducing'ﬁhe‘power of the ANOVA tests,

4
.

dependent measures that weére beyond +3 standard scores from the mean,
from the expected direction, were excluded becéusé it was'observed that
such extreme scores only arose from subjeéts who were not perfoféing the
exercise., If these data had been included in the analyses it wéuld have
been more lifely to conclude that a Ereatment was effective. .Thus -this
precaution reduces the risk of inflation of errors.

Trial 1 was uded as a habituafiqn and practice trial. Performance
was, therefore) calculated using T2 versus’TlO for all ANOVAs., The:
ANOVA design comprised factor A (treatment condition) which had ‘two
levels (massed, spaced) and factor B (trials) which also had 2 levels

(T2; T10). The a priori propability level was set at .05. Table 5

summarizes p values and degrees of freedom for all ANOVAS (see Table 5).

l:RPractice condition main effects

Of the 37 exercises used in these analyses, 6 dependent measures

significantly differentiated the two treatment conditipns in exercises
Fll, F12, vVS4, VS8, M4 and PS4 (see Table 5), Fully detailed ANOVA

summary tables for each exercise are found in Appendix 19.

Foundation exercises

4

From the 12 exercises on the Foundations disk two significantly
differentiated the two conditions. A significant condition main effect
for F11 was in favor of the massed condition (F(1,17) = 5.14, p<.03)

with a shorter RT compared to the spaced condition (.40 vs .57 s). The

*
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Summary of the probability and degrees of freedom(df) from ANOVA

LR

Table 5.
tables. for the practice condition(C), trial(T), and practice by
trial (CxT) effects for each exercise. , g - \
X Probability Prosability
Exercise df’ C T CxT Exercise df C T CxT
Fl 19 .43, © .70 44 M4(score) 12 .04 .08 .78
F2 20 724 .95 .88 (level) 12 .14 .36 .36,
F3 19 .57 17 .85 (time) 12 .44 .gga .97
Fé 19 J1. W43 .42 M5(errors) 18 .36 . .84
F5 20 .07 02 .03 (level) 18 .23 .00001 .84
F6 20 .22 20 .50 M6(level) 19 65 .04 .99
F7 16 - .23 .38 .92 M7(errors) 16 .81 .14 47
F8 19 .055 .02 .08 (level) 16 .34 .17 43
F9 20 62 21 .05 M8(level) 18 .14 .02 61
F10 20 .06 10 .66 M9(level) 19 .70 .02 .82
Fl1 17 L0469 43
F12 20 .02 .03 .33 ADI 19 .06 .00l . .55
~ . . AD2 17 .36 .02 .37
Vsl 19 .08 .001 .70 ° '
Vs2 19° .11 .07 .57 PSl(error) 17 .27 , .43 .43
vs3 19 055 .99 (56 ¢time) 17 .12 .002 .45
VsS4 19 .02 34 .31 PS2(moves), 16 .90 .17 .78
VS5 18 14 038 .76 (time) 16 .07 .02 .32
VS6 18 .27 09 .28 PS3L1 N
VSs7 19 W49 74 56 (error) 8 .96 .87 87
vs8 19 .008 .89 .90 PS3L2
Vs .17 . .35 001 .049 (error) 8 .96 .85 .85
, Ps4 (Wrong moves) l
Ml(moves) 15 .16 003 .40 17 .05 .94 .81
(steps) 15 :58 .0001 .95 (delay errors)
(time) 15 .07 157 .91 , 17 .04 .05 .08
M2(score) 18 94,0004 .44 PS5 (wrong moves)
(level) 18 .49 .03 .74 17 .33 .06 33
M3(score) .18 91 058 .59 (delay errors)
(level) 18 .66 18 .93 - 17 .16 .63 .26
- ] (time) 17 .23 .41 .28
)
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» 8lgnificant condition main effect for F12 was in favor of the spaced

2

condition (F(1,20) = 6.64, p<.0l1) in which subjects reacted faster than

the subjects in t};e massed. condition (.31 ,vs .45s respectively). F8
apgraached (R>'055) but did not rleach significance ‘(see Table 5).
In the Foundation exercis“es, after having grﬁphe;d each
; exercis;e by cc;ndition there seemed to be a systematic-.shift in the
- . ‘perfor“ of one group of suLjects relative to the ot’her,.irresbgctive
-’ i of ﬁprz;ctice condic’ion. Ir; other word§, ‘thcle*shbjects in or;e grtoup,
irhqspeétive of practiﬁe“’condition, were‘outper;orming the subjects in
the: other group (although.noﬁ always sig{nificantly) (see graph’s"l to 12

Lt . . \/4\.’. N
in Appendix 23). This shift is possibly due to accidental sampling bias

v ™ -which sometimes occurs in small n studies. This possible small N '

Il

sampling bias will be verified and tested in section E of the Results

»

. ghapter.

Visuospatial exercises' - . C

~ )
\

h L . 0f the 9 VS exercises analysed from th d‘icsk two attained
signif.icarit condition m'ain e’ffects. ;..Fo‘r ng;(l,l% = 7.‘09,“p_(.01)
' £ the sub'jgzcts in th‘e ébace_d ncondit'ion‘outperformed the subjeg\ts ir; the
massed condition (X = 246 vs 376 errors). ) &
x . , :
i ’ For VS8 (F(},19) = 8:96, p<.007), the berc.entage accuracy score of

the spaced condition (X = 81)/was greater than that of the massed

condition (X = 69). vs3 approached (P_).OSS) but failed to reach

83

significance (see Taplé 5).

Memory exercises a

bnly one of the 9 exercises signiffcantl_y differentiated the two

”

, . 2 .
. “treatment conditions. On M4 (F(1,12) = 5.18, ,9<.04) for the correct

I
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total number of objects recalled, subjects in the massed condition
demonstrated better recall than in the spaced condition (X =6.75 vs 2.83
regpectively). The reason for tﬁe 13 degrees of treedom for this
exercise was bécause BMDP2V rejected all cases where recall was less
Ehan one.

Neither of the two depe%devt variables used from the Auditory disk

(ADI, & AD2) demonstrated significant conditioh main effects.

I

\ -
Problem Solving exercises i

-

Of the five excrcises only PS4 differentiated the two conditions.
There were significant. main éffects on the number of wrong moves

(E(1,17) = 4.33, p<.05) as well as on delays (E(1,17) = 5.06, p<.03).

Subjects in the spaced condition made significantly more wrong moves and
e ) ?
A -

mdte delays respectively than in the massed conditfion ((1) X = 9.9 vs

4.2, (2) X = 13.7 vs 49.6 respectively).

J

i: Trial main effects

! *
of the’57 exercises, 17 reached significant trial main effects (see

summary of ANOVAs in Table 5 and full list in Appendix 19).

Foundations exercises

dn this disk exercises F5, F8, and Fl72 were found to be
significant. For F5 the significant trial main effect (F(1,20) = 6.43,

p<.01) resulted from the reduced reaction time on TI0 (ﬁ = .82 vs »71

A

s). In F8 (F{(1,19) = 6.24, p<.02) the significant effect again resulted
/ - ‘ 4

Y

from the performange ratio increase in correct response on T10 (.81 vs

\
.91). Subjects also improved the speed of response from T2 to T10 on
@

~
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F12 by 53 ms. ' Reaction time decreased ‘from 406 ms to 353 ms (F(1,10) =

, / ..
5.73, p<.02). . : .

Visuospatial exercises

The exerciseé which resulted in significant trial main effects on
this disk were not the s;a'me exercises that differentiated the two
conditions. Signific;nt trial main effects (F(1,19) = 13.09, p<.001)
were observed f;)r time on V51 where time declined from a mean of’57 s on
T2 to' 43 s. by TI0. For VS5 (F(1,18) = 5.02, p<.03) the subjects
reduced theif’error rate from 215 on T2 to 162 on TIO. For VS9 (F(1,17)
= 15,87, p<.001), the mean computer cyc;les dropped from 461 on T2 to

351 on TIO.

Memory exercises

0f the nine exerc?s&s analysed, six yielded significant trial main ,
~ .

effects. For Ml (F(1,15) = 12,95, p<.002), the subjects made more

moves on T10 compared to T2 (62 vs-34 respectively). This increase,

‘however, was because the number of steps (i.e., recall) from T2 to TiO

was increased significantly from 4 to 7. This 3 point increase rgsultéd
in a significant trial main effect (F(1,15) = 33.85, p<.00001).

On M2 both the cugmulative word recali (F(1,18) = 19.27, _pi<'30004)
and the level reached (E(l.,IS) = 5.69, p<.02) demonstrated a
significant trial main ef‘fect. The mean for cumulative word recall)
increased from T2 (9.8) to T10 by 6.65 words. The number of words
(i.e., level) r;tained increased by .6 words.

"The number of nonsequenced letters rec.:alled fc;r M5 by T10 was

significantly larger (F(1,18) = 32, p<.00001), ranging from 2.5 wor@s on

T2 to 3.85 words by T10.
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Where the subjects were required to recall letters in a reversed
¢

order .of presentation (M9) the trial main effect was significant at
p<.01 level. 'Subjects increased their recall from 3.57 letters to 4,38
letters. For M6 the sequenced letters recalled were significantly
different from T2 to TI0 (F(1,19) = 5.01, p<.03). Sequenced letter
recall on T2 was equal to a mean total of.b letters and increased to 4.8
letters by Tl10. On M8 for sequenced visuospatial recail the total

number of designs recalled from T2 (2.2) to TI0 (2.85) was significantly

different (F(1,18) = 6.67, p<.01). S

L)

Auditory exercises

1

Both auditory exeréiées resulted in significant trial main eftects’
On ADI1 (F(1,19) = 14.02, E(.OOl) subjects decreased the total number of
errors from a mean of 15.2 on T2 to 7.7 by T10. On AD2 (F(1,17) = 6.24,

'

- p<.02) number of errors decreased fromall.l on T2 to 6.7 by TIO0.

Problem Solving exercises . . .

.

*

Of the faive exer?ﬁnm three yielded significant trial main
effects. On PS1, a serial addition task, although the number of errors
did not signiﬁioqntly decrease £Lrom T2 ‘to T10 the exercisezcémpiction
time was significantly different érom T2 to T10 (F(1,17) = 12.91,
p<.002), On T2 the subjects required an average of 224 5 to
.complete the exercises, this processing fime improved to 145 s by TIO.

g
On PSZﬂthere was a159 a significant trial main effect for the exercise
completion time but not for the number of moves (F(1,16) = 7.34, p<.0l).
|

Time improved from 537 s on T2 to 295 s by TI1O0.

On PS4 the delay.Yn decision making was significantly different

\

{~
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(F(1,17) = 4,53, p<.04). The mean total of 14.5 delays on T2 increased

to 39.4 by TIO.

3: Practice Condition EX Trial Interaction (CxT)

0f the 37 exercises there were 3 significant interactions found.
Two were frbm.the Foundation disk and.the other from the Visuospatial
disk., Figures (9 & 10) will not be presented in this section to
{llustrate the significant interaction. They will be presented in the
ANCOVA section below since the interactions did not aiway; remain

'
significant as a result of ANCOVA.

On Foundations, the two exercises that Fesulted in significant
praccfce by trial interaction were F5 and F9. F8 approached
significance. For F5, (F(1,20) = 5;12, p <.03), this interaction
resulted from the subjects in the spaced condition having a longer RT on
T2 compared to the subjects in the massed condition (.97 vs .65 s), and

then reducing their RT on TI0 by .20 s, whereas RTs in the massed

condition remained stable. For F9 the significant interaction (F

i

\\(1,20) = 4,48, p <.04) means that the pewrcentage of hits 'of the subjects

~,

1& the massed condition remained somewhat stable from T2 to TI0 (76 vs

A 4
73) whereas in the spaced condition performance improved from T2 to TIO

(62 vs 75). b
Of the 9 Visuospatial exercises only VS9 resulted in a
significant interaction (F(1,17) = 4.50, p <.04). Performance in the"

spaced condition on T2 was superior to that of the massed condition (i =

544 vs 34%), on T10 the massed condition surpassed the performance of

the spaced condition (X = 353 vs, 349). ‘ *



Of all the exercises on the Memory, Auditory, and Problem'
Solving disks there were no significant interactions. The closest to

approaching significance was PS4 (delays) for which in the spaced
/

condition there was a deterioration in performance on T10. Where the
delays on T2 were 19 this increased to 79.6 by T10. The masagg_

condition also increased the delays on TI0 but npt so drastically (11 wvs

16) . , :

® . 1
’ D: Other Variables .

N

Previous literature has indicated the possible influence of age,

interval since trauma, education, duration of coma on the outcome ot

v

rehabilitation. It was, therefore, decided to calculate analyses of
r'd
covariance for these variables. All four covariates were entered into

thé\Ehalyses for each df the 37 exercises on the first run. Since most

analyses showed that only one covariate was significant, and since the
q =

_power of the test is lowered by using four covariates, ANCOVAs were

rerun only for the exercises where there was a significant covariate

and dnly with the significant covariate. To avoid redundancy the
LY

results from the first analysis will not be reported in the text for

exercisas in which the more parsimonious second analysis was run,’ but
A\

rather the results from the second run will be reported. A summary of

the covariates and the probability are found in -Appendix 20.

S

1: Analyses of Covariance

Foundation exercises

Analyses of covariance demonstrated that on exercises F4, F5, and

" ) '
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Fl0 respeétively, the covariate coma was significant or approached
éignificance(.OO& <p < .07). On F4 coma was significant at p < .004.
The length of coma was shorter in the spaced condition than the massed
condition (79.8 vs 145.8 days).’ The overall mean RT in!the massed
conditioﬁ was originally .734 s and was adjusted to .704 s. For the
spaced condition the mean was adjusted from »487 to 508 s.

For F10, coma demonstrated to be significantly related to the

) dependent measure at p <.004. For this exercise subjects in the massed

condition had a longer coma duration than subjects in the spaced
condition (153 vs 81 days).. The standard error (SE) of the mean was
much greater in the -massed condition than the spaced condition (115.9=vs
19.7). Means were adjusted fron:\bb S to .42 s in the massed condition
and from'.32 s to .33 s in the spaced condition;

The only other exercise that h;d a significanE covariate was Fli2.
For this exercise, ho;ever, it was not coma but age which was the
significant covariate (p <.01). Age as the only covariate demonstrated
that subjects in the massed condition were older (X = 32 years) than
subjects in the spaced condikion (X = 28.8). Means‘ were adjusted in
the massed condition from .45 s to .44 s. In the spaced condition they

wére adjusted from .31 s to .33 s.

Visuospatlal exercises

On VS exercises age was the only significant covariate (987-and
VS8) except for VS9 in which coma was the only significant covariate.
On VS7 when all covariates were used only age covaried with performance
(p < .04). Vhen age was covaried alone it was no longer significant.
For VS8, which is similar to VS7, age covaried significantly with

H
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percentage accuracy (p <.02). Subjects in the massed condition were
'
older than subjects in the spaced condition (32 vs 28 year). Percentage
accuracy means were adjusted in the massed condition fr&m 69% to 70.6%.
In the spaced condition it was adjusted from 77.6% to 76.6%. For VS9
all covariates in combination were significant Cﬁ < .0001) but this
significance was attributable td coma which covaried most with
performance (p < .00001). The mean duration of coma for subjects in the

massed condition was 76 days whereas in the other cqondition it was 316

days. Means were adjusted from 382 computer cycles to 447 in the massed

- ~

condition and from 609 computer cycles to 511 in the spaced condition,

Memory exercises

Of the 9 memory exercises, M2, M8 and M9 had significaﬂt

L

-

covariates. For M2, coma was a significant covariate (p <.009) for the
t;tai number of words recalled. Duration of coma for subjects in the
spaced condition was shorter than thosé in the massed condition (81 days
;s 167 d;ys). While the SE was 114 days in the massed condition it was
only 23 days in the spaced condition. Means were adjusted from\lé.Z
words in the massed condition to 13.8 words and from 13.04 w;rds to
12,6 words in the spaced condition. When subjecté were'gequired to
recall nonsense diagrams in order (M8) both age and 1nterxal since
trauma were significant covariates (p <.0l) with age contributing most
to this significance (p < .008, vs p < .04). Subjects in the massed
condition were.younger in age than the spaced condition (28.9 vs 31}.2
years) but the interval sirfce trauma was shorter in the latter (65.8 vs
86,1 months). Means were adjusted by a difference score of .12 in the

-

massed condition (2.25 to 2.{3) and by .08 in the spaced condition (2,71
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to 2.79). ‘

Recall of letters in a reverseé order (M9) covaried both with age
‘and coma (p <.002). Age, however, contributed most to this significance
compared to coma (p < .004 vs p < .04). Subjects in the massed
condition were older (31 years vs 30 years) but had a shorter coma
duration (83 days vs 148 days) than subjects in the spaced condition.

Means were lowered by .l in the massed condition (3.9 to 3.8) but raised

in the spaced condition (4.1 to 4.2).

Auditory exercises ' 4

For AD2 when all covariates wére included in the ANCOVA, coma
was a significant covariate (p < .04). Coma duration of subjects in the
massed condition was shorter than that of subjects in the spaced
condition (58 vs 195 days). Education approached but did ‘not reach
significance (R < .06) and the four covariates in comgination were not
significant nor was the covariate coma when lookeé at in isolation.
Adjusted means taking into consideration the combination of covariates

weré\géi\:rrors for the massed condition and 8.1 for the spaced

condition.‘

Problem Solving exercises

On PS exercises coma was a significant covariate for PSl, PS4 and
PS5. On the serial addition task ’(PSI) coma‘'was a significant
covariate for both errors (p < .001) and time required to complete the
task (p < .00001). Coma contributed most to the significance
of all the covariates (errors = p < .0, time = p < .00001). The

"subjects in the spaced condition had a shorter coma duration (X = 63
, .

b

80



]

days) than those in the massed condition (f = 159 days). Education had

a slight contribution on time required to complete the exercises (p

1

<.01). Both unadjusted errors and time were legg in the spaced

condition (X errors = 9.3, X time = 252 §). Mean adjustments for errors )

and time in the spaced condition were 7.07 errors and 200.5 s
respectively and in the massed conditi‘c;n they were 8.27 errors and 216
s respectively,

For PS4 coma was the only covariate that covarled with thc“numbur
of wrong moves made (p < .03) but there werg no significant covariates
with respect to\ delays on this exercise, Duration of coma was shorter

in the massed condition than in the spaced condition (59 vs 211 days).
Means were adjustedl from 4.2 to 5 days in the massed condition and from
9.9 to 8.5 in the spaced c;)ndition. w‘“‘ﬁ"'

Coma was not a significant covariate for wrong moves or delays

-

when the exercise was more complex (PS5) but rather education
(p < 01) contri‘buted to7the delays in decision making. The subjects
in the spaced condition had a lowér educational level (10.6 vs 12.5
years). Means 1n the massed condition were adjusted from 117
delays to 96 delays and from 57 delays to 71 -delays in tHe spaced
condition. The massed condition was also at a di'sadv{anltage with resp;ct
to time required to ' complete the exercise and coma covaried
significantly (p < .00001) with thisrt ime. The massed condition had a
shorter mean coma duration than the spaced condition (76 vs 135
days). Means were adjusted for time in the massed condition from

3.2 s to 5.6 s whereas in the spaced condition the time was

reduced from 8.5 to 7 s.

81
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2: Changes Iin ANOVA Practice Condition Main Effect as a Result of ANCOVA

Originally, F4 was not significant in terms of cond‘it“i}o;‘zJ main
. i N

effect but after having covarjed coma the practice condition effect
approached sigpificance (p < .056). The mean RT in the spaced condition
wa; adjusted from .49 s to .51 s and in the massed condition it was
adjusted from ,73 s to .70 s.

For F8 the use of covariance refmoved 4 df, therefox:e, resulting in
a higher probabiliry level (.09 vs .055). This effect was also observed
for F10 (.09 vs .06). Moreover, whfare Fl1l condition main effe‘ct was
significant originally (p < .03) this was no longer the case after
having used covariance. The condition main effect for F12 was originally
p < .018~and after having covaried age this condition effect‘was reduced
top < .U26 (see Appendix 20).

Analyses of covariance obliterated the significance levels
for VS4 and VS8, For VS4 the probability level changed
from'p < .02 top> .14; for VS8 it was alq;:ered from 008 to .27._

o~

For M8 (level) the practice condition main =2ffect resulted

1
A

in significance once age 'and interval since traum.a were covaried
(p < .02). Once adjusted, means differed in the massed condition
negatively (2.25 vs 2.13) and positi:'ely in the spaced condition (2,71}
to 2.79).

The orj_.ginal significant condition main effect for both
wrong moves (’f)_ < .05) and delays (p < .04) on PS4 re.su'lt:ed in

nonsignificance once coma was covaried (condition main effect

P> .9, p> .09 respectively).
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3: Changes in ANO\}A trial 'main effect as a result of ANCOVA

On VS1, V59, Ml (moves and steps), PS2 (ﬁoves and time), PS5 (wrong
moves) the original probability level from the ANOVA trial main effect
was changed by the ANCOVA. For VS1 it was changed €rom 001 to 009,
On VS9 it was no longer significant (from .001 to .95). On M1 (moves)
the original probability level (.003) changed to .04, and for steps it
changed from .00001 to .000l. For PS2 (moves) the trial main effect
was not significant originally (p = .90), ANCOVA demonstrated that the
main effect was masked by the four covar¥ates and was now at p < .02.
On PS2 (time) the trial main effect was now not significant
(from .02 to .20). On PS5, the original trial main effect was m;sked by
éhe four covariates and was now significant (p < .04). The balance of
the o:iginal significant trial main effects remained unchanged.

L

4: Changes EE.ANBVA interaction effect as a result of ANCOVA

The original significant interaction for F5 remained unchanged
y

as a result of covariance (see Table 5 and Appendix 20). The means in
eéch practice condition by trial were, however, siightly adjusied. Ic
is for this reason that figures for the significant interactions are
being pregented in this section (see Figure 9). For F9 the interaction
probability remained unchanged as a result of ANCOVA, Fhe adjusted
means were also used in the figure of the interaction since there were
slight change in the means (see Figure 10). For VS9 the interaction was

originally signifféagc but this was no longer the case with ANCOVA

(p > .55) (see Appendix 20).
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E: Baptrolling for possible subject selection bias

e

In order to control for the possibility that there may have been a
kY

sampling bias due to the small N on the Foundation exercises the two

v
L

samples were defined as "fast" or '"slow'". The Foundation exercise

dependent measures Qere then pooled indepehdently of practice condition
(i.e., massed or spaced). 1If there h;d existed a small Nsampling bias
then the fast/slow groupimg main effect’'in the ANOVA sh9u1d have been
significant. This analysis demonstrated that the group @ain ettect

(fast vs slow) was not significant (F 91,15) = .04, p >.89). The reason
why df was/only 15 was because some subjects were not included in the

.

analysis since they could not be classified into efther fast/or slow

. . . i N
grouping on all the Foundation.excrcises,
4 4 LY
I

!

o 'F: Case Results

For clinical purposes as well as to illustrdate the extremeness of
respunge frém trial to trial single szject raw data will bu.prgsented
here. One exercise fYom each disk was randomly, selected and two
subjects” Taw scores (i.e., the best performer and the worst performer)

[y

were plotted for illustrative purposes (see Appendix 21). The

il

independent variable or.which the best perforier and the worst performer

differed most on for these exercises was coma (see Table 6): Pof F5

S
mean RT was erratic from trial to trial in a more severe case

(determined from coma duration) and varied from .85 s to 2.39 s
dependent on the trial. In contrast an individual with lower coma

duration did not reduce mean RT from trial to trial but his RT
N -

~
v
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manifested less variation in response. Reversals in'the performance

4 curves Netween trials was evident'on all the exercises for the’severe
b O 3 0

cases buf not for their less severe. counterparts with the exception of

N

M5. Bot caSes on M5 had a comparable performance on Tl but diverged

thereaftgr.
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Discussion

]

A: Overall learning

*

-

The results indiEated that there we;e appreclable- improvements in
perfdrmaﬁée.hPerformance improvement, as measured by standard scores for
all exercises, increased by a facgor of 15 6y T10 relative to Tl (see
Figure 1). These results concur with those of Prigatano et al. (1984)
and Sands et al. (1969) who alsqﬁfound significant improvements in
performance past spontaneous recove/ry two to three years;after trauma.

A

There were improvements in pertormance or all the disks. Variations

in extent of learning from disk to disk were observed, however. CHI

appears to differentially influence pérformance n memory, auditory

~ N

discrimination, problem solving, visuospatial processing, and attention,
Sued effects have been reported 17 other functional systems such as
reading, writing, and spelling which are differentially affected by head
injury (Hiorns & Newcombe, 1979). 1In the present study the most
consistent improvements occurred for the audftory disk on which
performance improved linearly with trials. Neuropsychological profiles
indicéked that 73% of this sample were not deficient on auditory

perception suggesting that intact systems (residyal fupctions) are the

ones mosl likely to support learning., This supports, of course, Luria’s

1

model. .
Somewhat comparable improvements were observed on the visuospatial
and problem solving disks. There were more peaks and troughs in the

trial‘means, however, for the visuospatial disk than for the problem

solving disk. Perhaps exercises that require multiple integrative

1



C ,

processing, such as the VS exercises, tend to préduce erratic behavioral
. . o
responding.‘ The VS exercises required the subject to aécbmplish cJRpLex
visual scénning, to decéde complex spatial relations §nd to perform
complex motor routines as fast as he or she could, simultaneously.
Performance improvements on the memory disk were observed, but
were somewhat lower than those observed on the auditéry, problem solving
and visuospatial disks. There was, as for the visdospaiigl disk,
J;riation in performance from trial to trial and not always in the right
direction., That is, linear improvement was less evideint on this éisk
than was obéerve& on the auditory disk. Nonetheless, pertormance on t;c
memory exercises did improve with practicé in this study ;nd lendﬁ
support ‘to Glisky et al. (1986) who found improvements in retention when
CHI subjects were required to learn simple computer programs. Which type

of memory process (e.g., encoding, storage, or retrieval) was involved
in improving performande was beyond the focus of this tudy. " Brooks
(1974) tested various memory functions in CHI and found no significant

correlation between memory performance and time since injury. He

concluded that memory does not. improve beyond spontaneous recpvery. The

., results indicate that memory recovery does not appear to cease at a

relatively early stage after {njury as had been suggested by Brooks

(1974). Conclusions such as Brook”s have very important implications in

‘the remediation of CHI individuals. The efficacy of procedures designed

to improve memory are thrown into question., Our results do not lend

support to such pessimistic conclusions.
‘The Foundation disk also elicited improvements in performance but

less so than other disks. 1In addition, performance from trial to trial

was more variable (i.e., more peaks and troughs) than any aother disk.
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Neuropsychological test scores i?dicated that the majority.of these

A

subjects had deficient RT scores: previous to rehabilitation (72%).

This, once again supéorts Luria’s notiqn tha; rehabilitation can only Bé
o ~ -~
effective to the extent that it uses regidbal function (1n;act brain
circuitry) for the establishment of new func;ioﬁal systems. Sinc; these
exercises are known not to manifest aépfeciéble practice effects on

, .
speed it seems safe to presume that this disk improved’ speed of

»

processing in these CHI individuals,

_ Learning over time, determined from slope coefficients of pooled
o -4 '

subjects per exercise, © showed that there .were improvemehts in

performance over time 1n 88% of the dependen{‘mqasures and only 12%' of

dependent measures were in the opposi&e“ﬂﬂréction. This 12% was

—_ manifest mostly-on—specd—of processing—{esg;—Foundations exercises) and.

48
not performance accuracy. Perhaps CHI individuals perform better when

4

emphasis Is not on speed. . ‘ - »a -

B: Trial effects.(Pooled subjects)

0f all the exercises that were used in this project 49% resulted in

significant improvements from T2 to T10. Thirty—five’percentlof the

-
7

dependent measures weTre speed related, 28% measured error xgte, and 377
' f,h -

measured accuracy.“Gf the significant trial effects 507 was
‘ attributable to exercises that measured hit accuracy rate, 29% from
error performance, and 24% to speed of processing. Slope analyses for

4

all subjects indicated that 3 of )17 RT measures and 1 of 14 error.

measures were in the opposite direction. The exercises that manifested

slopes in the opposite direction were not.statistical!)" significant.
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. . Neuropsychologic'alutest scores indicated-that SS_Z"ofvt;he subjects

had severe memor‘ deficits on~ the Russell adaptation of the WechsTer
Memory Sc/alé (Russel, 1975). Eiéhty-—eight percent of the memory

exercises resulted tn significant trial main effects with an additional

.

22% approaching significance. These regu'lts are sip;ilar to those of

N o
Glasgow et al. (1979) and Glitsky et al, (1979)

who also demonstrated
& o

.

.that amelioration in very short term memory (attention) occurs 1@'n CHL

individuals with the help of a micx@processor. Bracy’s memory exercises

do not tap pure mcmoyry since the delay between stimulus presentdtion and

‘ /
recall 1s insufficient., Perhaps these exerclses.tap more into the

. s /
individual’s ability to be attentive with particular emphasis on

accuracy over speed, )
/ '
/

'Siﬂv)’ﬁ?_rFSMW_ iolving exercises resulted/ in significant

<7

v /

improvements withractice and ”éOZ approa‘ched- signi/f/icance. This is
plro'bably due to improved sustai'ned attention, ,This,éupports previous
findings by Malec et al, (1984)., 1t may be thaf p{'actice on previous
exer'c.ises, on Foundation, Visuosp‘atial and P/lemory, resulted  in

generalization to these exercises. Since previous exercises heavily
v '

> ” .
'(nvolved spatial relations, the reason why there was no-generalization

to PS! and PS3, may be due to the fact that these exercisesg load on

—_—

/ \
/
/ ~ e

verbal functioning. )

On PS3 only LU subj'ects were able to complete the exercise (3
\ /

massed, 7 spaced), This exe€rcise i1s similar to PS! except that there

N

are 4tv;'o levels. On level two the exercise requires serial addition of

J .
numbers in twe co}dmns simultaneocusly. This exercise may be a measure

~ H

of "channel capacity", that is, the amount of informatipn that can be

handled at one time. Channel,f/capa'city has definite limits (Broadbent,'

1\ , "
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39%;) and CHI' may reduce these‘limiCSlfurther. Iteﬁg requiring

-

simultaneous processing may be somewhat beyond the mental capacity of

po-

- N ) .
some CHI individuals. For such exercises, therefore, CHI individuals

manifest inadequate information processing. Gronwall and

3

Wrightson
= \ .

(1974) found that as the number of items to be processed are increased,

performance of head injured patients was reduced and diverged further

)

Y : ~,
from that of cﬁntrels. Repegpcussions from such demands in CHI are

~ LY :
obviousy These researchers found that there was an emergence of

t

symptoms (i.e., irritability, desire to end the sesgion, and so on) as

channel ‘capacity requirements increased. ‘Rather than presenting ‘items
simuiltaneously, perhaps in such situations the individual may_ cope

better by presenting exercises equentially and by adjusting the rate of

presentation to sgit iQd%%{;UB; needs. Unfortunately this oﬁgion was
not afforded by this disk. It may be the reason why only one

significant trial effect was observed. '

’

v
1

Visuospatial exercises and Foundation exercises seldom resulted in

significant trial main effects (33% and 30% respectively). Improvements

[

N .
were nevertheless observed. Subjects spent between two to two and a half

v

months on the Foundation exercises involving speed. Perhaps-significant
- ‘

trial main effects on F12 and VSl may indirectly indicate a form of
. ~

~

. }
generalization from one exercise to the next. Kennedy, Bittner, and
] ‘ ’ ' ’

Jones (1981) bring partial support to this hypothesis. These authors

found that results.demonstrated generalization from practiced video

-

- games to novel games.

- - 4 . ( : —
praun, Ethier, and Baribeau (1987) developed norms for most of

the software used 1In this study.  After ten repetitions of each

93
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o H1 individuals frequently departed from the normat{ve mean
[0 o

(based on one trial on each exercise by undergraduate:students),

exercise,

depending on the disk. The Foundation exercises permitted six

comparisons to be made (i.e., F1, F3, F5, Fl0, F11, F12) 1in which pooled

subjects were -1.7 to -6.5 standard deviations from the mean. Whereds

i

for F1 they were —6.5 Sbs from the mean by TIU, by the time FlZ2 was

-

completed these subjects were only -1.7 SDs from the mean by TIO.

2

From the visuospatial exercises only two comparisons could be made

with norms (VS2, VS3), Or e rexerciscs were completed, CHI individuals

r

were able to achieve performances that differed from normative

v

functioning by between -1.6 ag¥ -1.8 SDs.

Memory .exercises (M2, M4, M7, M8, & M9) once practiced permitted

4
’

almost evquivalent performance to ncrmals in CHI individuals (SD = -1 to

'
v

. -3). Recalling letters in Ia reversed. . order (M9) which requires mental
rotacion.appe)ared to be most difficult for CHI inldi;/i.duals on this disk
(SD = -1). This_is not altogether-unexpected sincg CHI have been
reported to have rotational problems with digits.

With respect to auditory discrimination (AD1) the CHI individuals

were able to reach performance.levels equivalent to those of normal

v -

subjects (SD=0). N

r
»

0f the problem solving exercises available for comparison PSl and
PS3 proved to be most challenging for CHI. The best performance on PS1
was achieved at T7 but this departed from the normative mean by -23.7

SD. By TIO, the mean had deteriorated to -27.5 SDs which was the same

as at Tl. CHI individuals, however, matched the performance of normals

©

on PS5 (wrong twbves) at Tl and by T10 surpassed the normative mean by

+.4. SD.

%
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AN

“ 0f-the 16 exercises available for comparison 38% reached

+

significance and 197 approached significance. These exercises also

manifested smaller deviations from the norm than the nonsignificant

P -

exercises. Smaller deviations from the norm were associated with mote

<

trial main effects in this CHI-sample.

C: Does practice condition influence outcome: the practice

)

. condition by trial interaction

’

Due to the nature of this study and the different dependent

measures, 1t was not feasible to use multivariate analyses of variance

(i.e., there would be less than five measures per cell, therefore,
\

« making this fyptﬁgf analyses inappropriaté). Thére are chances of
o ’ ,

‘ attaining statistical\;TEﬂifihance on at least five percent of the
! dependent measures. “Results m;st,~therefore, interpreted with caut{ﬁn
given the lérge number of univariate tests célpulated.

For F5 at T2 the spaced condition manifest:d\a longer RT than the
masse&\tondicionj but significantly decreased RT on T10 compared to the

.

,
-

latter condition. Perhaps the subjects in the massed condition did not
manifest as great improveménts from T2 to T10, compared to the spaced

P condition, due to a ceiling eff%ct. Reducing RT ‘may be facilitated when

——

you start off '"slow'". Previous literature has indicated that

rehabilitation outcome may be related to coma duration.

L

It was demonstrated that coma was a significant covariate for F5.
. Note, that although subjects in the1qgssed condition had a shorter

, o~ ’ . » '
: ' duration of coma their performance was, nonetheless, inferior to the

subjects in the spaced condition., These results are not in keeping with.
)

»
N
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Gilchrist’s and Wilkenson’s ¢E§%9) findings that coma duration was

A

closely related to recovery. On simple reaction time exercises (e.g.,
&

F4 and F10), however, the ionger the length of comé the more time

[

_vequired to procéss)}he exercise. Perhaps severely injured individuals

“«

lave lowered tonus and therefore require more chalfenge in order to

achieve an adequate level of alertness, .This would explain why the

learning slopes were not always in the expected direction. The subjects
in the spaced condition had a longer coma duration though this was due

to one subject., If this subject’s coma duration 1is not considered, then

4

a murh shorter coma duration results in this condition. 1t may be that

'

shorter coma duration in the spaced condition put these subjects at a
clear advantage desplite the "starting time" (i.e., T2). 1In fact coma
"approached significance tor this exercise..

~*Another possibility is that extréme cautiousness in the massed

.condition resulted in less decrements in RT. The raw scores on errors

-

(not analyzed in results chapteér) indicated that subjects in the massed
condition made fewer errors on T2 (X = .6, SD = .7) than in the spaced
condition (X =1.3, SD = 1.4).6n T10 subjects in the massed condition
maintailcd a low error score (X = .7, SD = 1.1) whereas in the spaced
condition €rror rate was still high (X = 1, SD = 1.6). It is
interesting to note that the steepness of thefslppe for these conditions
differed only by .005. This implies that decrements 1q RT across trials
we;e some;hat similar in,both conditions. Moreover, trend analyses
indicated that complex funétions explain the trial eftects in each

l
4
condition. Neither condition, therefore, manifested linear improvements
P

1Y
in performance with practice.

Perhaps efficiency - in performance declines when CHI patients are
. LY . t
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required to maintain vigiﬂance:for a prolonged period of time (Van

Zomeren, Brouwer & Deelman, ,1984). Goldstein (1942) reported that Egain -

injured patients showed that initial simple and choice RTs were well

.
i

[N

within normal limits. After the first 10 trials ({i.e., stimulus//

/

exposure) these patients were likely to show both a lengthening in RT

and an increase in variability within the limits investigated (30
trfals). .
Similar effects were obgerved in the significant interaction on F9.

The spaced condition demonstfated a sharp performance increment by T10

fcompaqed to the massed condition. 1t may be argued that spacing of

practice iﬁproves performance with practice, but why it does not for the

. other exercises is not clear. Coma approached significance for this

exercise. The very same subjects that were in the spaced condition for
FS were also in the spaced condition for F9. Thé pessibility of
sﬁurious significént effects a;e possible given the multiple univariate
ANOVAS and ANCOVAS caléulated. The most parsimonious explanation for
these intepact%gg% is that there may be a selection bias effect that is
being observed.

The fofiowing discussion section will include an integrative;and
speculativ;‘view of all the.analyses. Treunds, slopes, ANOVAS, and
ANCOVAs 'will be looked at iﬁ/combinacion.

Massing of practice in CHI individuals does‘not necessarily
facilitate learning: Combination of all stanéardi;ed scores into one
plot for each condition suggested that spacing of practice leads to-
greater performance gains than massing of practice; leatning slopes;,

for all exercises (comb%ned standard scores), were steeper in the spaced

~

\

}
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condit{pn on each of' the five disks. Moreover, spacing of practice also
resulted in less peaks and troughs in the learning curves (fqr each
exercise) which implies that.in the massed condition performance was 1in
the opposite direction on more.trials than in the spaced condition.
Ittis interesting to note in F8, F9, and FlZ_that spaced practilice pver

time resulted in less variation from trial to trial since a simpler

M
2

trend function explajned the larger percentage of the practice condition

main effect. In addition, the spaced condition for these exercises

a "y

also manifested a stéeper slope, consequentl& more learning was observed
in this condition when all trials were considered. In fact F9
demon;trated a significant interaction and F8 approached significance.
&he slopes suggest ‘that CHI individuals may benefit more ftom cognitive
rehabilitation if practice of the function to be remediated i; spaced

“over time and does not become too taxing on the inddvidual. Over taxing

~
may generate boredom, fatigue, loss of motivation, feelings of emotibnal

inadequac#; These observations are supported by Gronwall and Wriglitson
(1974) who found that flooding head injured individuaigbwith information
may‘be detr£é;nta1 to performance. It is tnteresging to note that the
sugjects in the massed coﬁdition manifested a slightly better
-performance on the early trials (i.e., trials one to five) compared to
the subjects in the spaced condition (see Figure 8), It may be possible

that a short (e.g., 5 minutes) intermediate break from work may help CMI

individuals improve or maintain performance. - This observation may have

important implications in setting up rehabilitation for CHI individuals.

Further research on this point may be necessary.
In exercises requiring primarily fundamental functions of

attention and concentration (i.e., Foundation exercises) only F11 and

4
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F12 resulted in significant differences between massed and spaced
conditions and these differences were not consistently in favor of the
massed condition. It appears that the significance observed can be
attributeri toﬁ'covariates ofxage, interval since trauma, educat.:,ion, and
coma for Fll. For FI2 the si.gnifi’cgnce resulted f’x'om the j\ﬁje/r/e’rﬁlce in
' age between the subjects in the two conditions.” The subjects in the
spar;ed condition’were on average four yéars; younger than the subjects in
the massed c‘ond.ition, and speed of response was shorter insthe former.

- >

Although this exercise provided an:opportunity for the subject to ready

himself for action (i.e., a visual warninhg appeared prior to stimulus

presentation),this was not sufficient to enable the older subjects to
' &
match the performance of the younger subjects.

This finding 1s not_ altogether surprisins because previous studies

have found that the older the indijvidual who Ras sustained-CHI the less

obcim’istic the outceme of rehabilitation tends to be (Brooks, 1975;
Lewiun,Marshal, & Roberts,, 1@79; Lynch, 1984b). Malec et al, (1984) and

Sarno and Levita (1971) did not find 'a.ge to c'orre%l_ate with changes in

performange. Age, however, may,noht be the only *factor affecting

&

performance. Impairments in sustained attention (Benton, 1986) may

’

result from distractibility and fatigue (Lezak, 1983). These
) irr;pairr'!\ents are most likely relared to lesions seen'in the brainstem

(Strich,z 1979) influencing the individual'swleveli of arousal (Luria,

12

. - 1
1973). 1f the individual®s level of arousal is affected by fatigue then

.

the massed conditionﬂ should be at a disadvafxtage by "T10 c_ompared‘to'the
. P ' - )

7 . ¥ -
spaced condition. FSd'and F9 interactions hay suggest that spacing of

5

practice did not lead to fatigue.

v
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It seems that if CHI individuals are monomorphically stimulated

§ .

(i.e., as in the case of massirg of practice) their performance will

most likely deteriorate., This becomes clear from F5 and F9 in which the
significant interaction resulted from thé spaced group’s supe}ior

performance from T2 to T10 from the subjects in the spaced condition. —

The inferior performance'in the other subjects may be due to fatigue

1
¢

(Lezak, 1983) resulting 1n a slowness of information processing (Benéon,

1989). If féfigue daoes set in then variatdon in response should be,

’

eXpected and this is precisely what was observed on these exercises for

L}
Y

the.massed cchdition. Benton and Blackburnm (1957), however, did not
find support’for the clinmical view that brain injured patients may show
an undue susceptibility to fatigue as a result of practice reffects In a

similar situation. There was, however, a significant increasce in within,

subject variability with continued practice fon)simple RT exercises in
. - " .

!

the Benton and Blackburn study. An alternate e%planai}on may be that F5

requires a tecision process favoring the le C%emisphere, and the

subjects in the massed condition were more defi Yent than the subjects
in the spaced condition in the ?ecision process itself.

Due to chance with randomized subject sclection,-scventy percent of

-,
the subjects in the massed condition hag to use their left hand, This .

~ L) 0
may have retarded their response sirce the majority were forced left

handers. The subjects in the spaced condition would Qave been

[N Q

advantaged since 66Z were right handers who would probably not have

shown as much deterioration in sustained hand' use over tin?i."~
1 N - // N 4
It has been found that simple RTs are strongly impaired after right
“ N .

hemisphere damage (De Renzi & Faglioni, 1965; Howes & Beller, 1975). In 4

suppurt of Van Zomeran and Deelman’s (1978) study, it was indicated that ’
M n‘ . .

v

4
4 -]
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choice RT exercises differentiated the massed from the spaced conditions

f
more readily than simple RT exercises. The simpler RT exercises (e.g.,
4 . -
F1, F2, F3, etc.) all failed to differentiate the subjects in the two
P ; .
. ° A .
conditions, It may be argued that the subjects in the massed condition

on F5 and F9 were already performing at their peak level. Consequently
-

they could not have been expected’to improve their performance,

In the Foundation exercises the subjects generallyAdid not reach a

—plateau (see Append%; 23). The only exception was on F9 where in both

v

-

¢
conditions a plateau was observed on T7 and was maintained up to and

including TI0. It is'possible that. if an attempt is made to improve

processing speed in CHI, then 10 trials are insufficient to observe

ceiling effects of reactior time. In these exercises there were 15
stimull per trial, therefore, even 150 exposures to the stimulus was

insufficient. ,

The position of the stimulus in space of all the Foundation

Iy

exercises varied at each presentation, with the‘gxception of F9,

Perhaps processing time was affected as a result of having varied the

-

stimulus location. Verfaellie, Bowers, Williams, and Heilman (1985)

found that knbwledge about where in space a stimulus will occur does
4 ' .
affectlprocessing efficiency both by facilitating responses.at the

expected pobitib} and retarding them at the unexpected position,

Perhaps CHI inéividuals require more static (i.e., predictable)

N

environments in order to improve and stabilize responding over time,

given that these individuals are very much affected by change in

v
>

environmental conditions. ,

Although the data on each tfial were averaged separately for each

~

.
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condition, the learniﬁé curves failed to demonstrate the smooth

»

characteristic curves reported in previous studies (e.g., Hiorms &
Newcome, 1979; Roberts, 1976). Qualitative understanding of performance

wds not affected by the averaging of learning curves in .this sample ,and

did not result in smoothing out of trial to trial variation. Both

conditions demonstrated tremendous variability between trials on the
N e " . , J
Foundation exercises. 1In fact, even when all the subjects” data were.

v [

pooled, per trial, we still talled to observe this characteristic
' g
learning curve repotted in the literature.
For exercises Fl, F2, F4, F7, F10, and Fll theisubjects who were in

the group re[erreq\to as the "slow group" (see results section E) did

nog,benefit from either learning across time or rote learning in simple

RT exercises. Perhaps it was these subjects who also contributed to the

opposite direcgiéqality of the learning slopes that were calculated fpr
all subjects, combined on F7 and Fll. One hundred and fifty repetitibns
of a sgimulus were not enough to reverse the learning curve in the
appropriate direction. It is tempting to gring into quostion whether

this particular routine is really doing what it was designed to-dor

¢

(i.e., improve attention/concentration). However, the slope coefficlent

for these exercises, although they were not in the appropriate

direction, was negligible.

.

On the Visuospatial disk VS4 and VS8 did differentiate between the

1]

two conditions. The significant practiée condition main effect for VS4
resulted from the better performane in the spaced condition. This

exercise is similar tb VS3. Perhaps the Epaced condition produced

%
significantly superior performance on this exercise because of an

-

advantage of receiving more repetitive stimulation (massed) on VS3, In

,
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fact, where on VS3 the learning slope in¥the massed coddition was not
in the expected direction, these same subject’s slope was in the
- appropriate direction for VS4. The subjécts may ‘have fequired more

N
exposure to the exercise in order to reverse their learning curve in the

.

right direction. The same comménrs_apply to VS7 and VS8.
Miller (1980) found {hat s2verely head injured subjects showed

cansiderable improvement on _a iask relying heavily on visuospatial
L3

ability when given extensive practice, Miller further observed that the
shbjects demonstrated good 'transfer from one ‘stimulus to another

analogous sLimu{us. In a limited way our results on V54 may demonstrate

) &
- this transfer effect observed by Miller. Additionally, massed

stimulation resulted in a steeper learning.slope.

. \

.1t is important to note that across. trials the greatest percentage

of the practice condition main effect for VS4 was explained by a

quadratic function in the massed condition but not in the spaced

condition. In terms of "absolute" learning from T2 to TI10 (T2 minus

T10) it is subjects in the massed condition and not in the ‘spaced

condition thaf improved most. This, became obvious from the_§teepmess of

the learning slope.  The absolute difference in the massed group was 31

-

whereas in the spaced group it was -1.

For VS9 th%,§FOVA significant interaction was attrlbutablg to the

\

¢rior fine motor performance of the subjects in the spaged condition

for t¢hat exercise. This ;;&li to make very fine rotational finger

movements, required to manipulate the game paddle does not appear to be
" () .

affected by the duration of coma since these subjects demonstrated

superior performance in spite of the longer coma duration. That is, the
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subjects in the massed condition had "absolute" gains in performance of

60 from T2 to TI10 ih spite of the shorter coma duration. .In contrast

the subjects in the spaced condition had ”absi}ute" galns of 195,
/§b9rter coma duration in this fine motor coqt;GI exercise does not

resuit in superior performance. 1In point of fact, the significant

interaction for F5 and VS9 point to the possibility that CHI individuals
_with shorter coma duration do not Ee%efit from rote 1e$rning.

The right hemisphere has been found to be dominant for attention
and intention (Heilman & Van Den Abell, 1980). 1Intention concerns
preparation for motor action. Patients with right hemisphére lesions
appear to have intention defic}ts for movements of the contralateral
hanﬁ(i.e” the left), 1t may be that responding was facilitated more
in the spaced condition‘as opposed to the massed condition ov VS9 for
this reason. Neuropsychological profiies demonstratedxthat 62% aof the
subjects preferred their left hand in the spaced condition for this

exercise. 1In contrast only 407 of the subjects 1in the masséd condition

wvere mare left hand functional. The subjects in the spaced condition,

¢ therefore, may have obtained faster RTs because of better preparation of

L]

tha\ieft hand for action, However,the significant interaction on VS§9

that\resulted ffom ANOVA, unlike ¥5 and F9, was no longer significant

once coma was covaried.

These findings are quite surprising since the 112frature SUpports

the view that severity, determinéd by lemgth of co% , 1s related to
rehabilitation outcome‘(Lezak, 1983; Miller, 1984)J1n order to shed
some light on this situation it was decided to retufn to the raw data.
There was a ;ubject in the spaced‘condition for tﬁe exercises that

_Ttesulted in significant inyfractions (i.e., F5, F9, and VS9)-that had a

104
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& coma.duration of 960 days. 1t was this subjects datum that greatly
' 7

/ ‘
affected the group mean for coma. After having removed this subject’s

©

~

’ . ‘ . A
coma datum from the mean it was found that the subjects in the spaced
~ ~

condition did indeed. have shorter coma duration (adjusted. from 114 days

N\

to 37 days on exercises F5 and F9). On VS9 the coma duration in the two
conditions now differed by only 1l days (in favor of the subjects in the
N ‘

massed condition) whereas before removal of this subject the means were

apart by 121 days,
However, these explanations may be too simplistic. Visuospatial

exercises requiring a motor response require integration and subsequent

action of two modalities, visual and sensorimotor. Integration at
-~ %

~

various levels iﬁvolves‘receiving sensory‘information, analyzing this
information, makfngzadecision,gnd acting upon thiiéecision(Luria,
1973). Suppose that systems in the sensory input (visual and motor) are
intact; 1in addition that the functional systems required in the
anaiysee and decisioq:making aré also imrtact, but that the systems
transmitting information from the visual cdrtex to fhe sensory motor
cortex or vice versa are compromised by head injury. Adequate feedback
in such.cgses does not reagh either functional system to permit
correcting the g;haviorai response. Or perhaps the feedback recetved is
inadequate 6r somehow incomplete due to‘microscopic lesions within a
funtcional system. ‘

Lesioﬁs ipsilateral or contralateral in the visual and/or motor
cortex can result in behavioral disr;ption. Furthermore, it may be that

. lesions-often observed in the corpus callosum as a result of CHI

prevent interhemispheric communication (Strich, 1979). These phenomnena
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/ .
were observed to some extent in at least one of our subjects. A.B. was a
young’/male whose most functional hand was the right. From the
A‘ '
neuropsychological test profile A.B. had deficient to profoundly

deficient scores op design fluency, "left hand finger tapping, feft hhnd
o

" dynamometer, left hand tactual performance, and left hand RT which

pertéin'mostly Lo integrity of tbe right hfmisphere.\ He also had
deficient scores¢ on five tests used to assess the'corpus callosum. When
perfbrming one of tnese exercises requiring visual-motor integration
A.B. was observed persisting ﬁo manocuvre the joystick in the wrong
direction when he used his right hand. Completion of this exerclise,

.

given its loading on visuospatial functioning, which is related to

7 7~ ’
functions qof the right hemisphere, required interhemispheric relay when

the subject used the Right hand. Although A.B. understood the task
requirements, he appeared to be unable to correct his behavioral
response. Alternate explanations were precluded since A.B. did not
demonstrate this problemn when using his left hand. '

From the Memory disk, only M4 (level reached), which is mostly a
visuospatial exercise for location and objécts, differentiated the two
conditions. M4 appears to be the most challenging exercise on this di;:

since multiple memories must be activated-in order to complete the

exercise (i.e., convergence 'of multiple functignal systems such as

v

verbal, spatial, and motor systems). For example, the objects to be
. v i

remembered tap verbal labelling associated with.the integrity of the .

©

left hemisphere (e.g., an "H", an "L", etc.). The results-indicated
that memory was improved and sustained more for this exercise with a
massed condition. The massgd schedule, however, resulted in explaining

l%ss of the practice condition main effect. This implies that there was
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gsomewhat more variability bet ween trials in this condition. This is

further supported by the larger standard error. The learning curves

B -

were steeper in the massed condiiion, however.. A massed condi;ioanor
this exercise not only improved'level but aiso resulted'in steeper
learning slopes for” both the number of objects recalled as well as the
exercise completion time, -

Both age and interval since trauma—to—projecﬁ appear to affect

N '

recall of sequenced designs (M8) which also dones not necessarily load

'
y \

most on right hemispheric functioning. 'Mgs exercise taps the }uhctions
of both hemigphereq in that the left hemisphere is activated for logical
scduential procesgigg and the right hemisphere' for designs.

For M7 which also involves visupspatial mévory, but in nonsequenced
order, although the practice conditions did not differ and thege were no

covariates masking performance, a trade-off was observed in the learning

s

slope ot the spaced condition between eYrors and the number of designs

" N

et .
recalled. The subjects in this condition were able to reduce the error
. , .

rate more but at the expense of remembering less. Trade-offs were also
, ’

obseérved for verbal excercises (i.e., M5) for which the number of

letters recalled went up but so did the errors made in both cénditions.
There was also a trade-off observed for M2. Although there were on the
average less sequenced words recalled per trial by the subjects in the

massed condition, the learning slopé“azg\steeper for overall score

- reached across trials. The view that CHI individuals have a cautious

2 PRI

approach to learning (Schacter & Cravitz, 1977) 1is supported by these
findings. qBrooks (1974) concluded from his results, which were based on

Signal Detection Theory, that cautiousness in responding results in poor
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memory performance by CHI\Iggfgnts. When the exercise to be remembered

‘(1nvolves mostly verbal sggn backwards, being older also affects

[ . ~

performarice negatively.

5

For Ml (level), although the subjects in the spaced condition

reached a slightly steeper learning slope they required more moves to do

so. Subjects in the massed cdndition‘however, took less time to
. !

\

complete the exercise thdan subjects ' in the spaced condition (X= 90 sec.
» P
less). In spite ot this, the steepness of the learning slopes (with
respect to numbeﬁ of moves made) was greater in the masgéd condition.
This may have resulted from ghe‘extreme departure from the slope, on T4,
Trend'analyses indicated tgaé the linear trend explained most of

the practice condition main effect—in the spaced condition on seven of

- the nine exercises and only on three in the massed condifion, So massing

\ of practice does lead to greater variab&lity Betwéen triais on memory
exe;cises, but this is compensated by steeper learning slopes. Learning
slopes on the Memory disk were all in the expected direction except for
M1 (time) and M5 (érrors). With the excéption of M4 the learning curves
were not smooth across trials, and a pla;eahrwas not observed on any -of
tgese exe}cises., ’ h X ‘i
d

The results demonstrated that the two practiée copdition did not

produce different performance on the Auditory exercises.. It 1is,

.

‘"

leads to s}eeper and simpler learning sldpes. Simple} because more of
the practice condition main effect was explained by simpler functions in
the spaced condition. Although this exercise i{s designed to remedigte
difficulties in tonal discrimination, it is somewhat monotonous ;nd

long. Completion of ten consecutive trials could entall decrements of

108§
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however, important to note that spaced practice on these exercises.

“



‘sustained attention as well as of motivation. On the average it took

-
’ ’

.

~

about one to 1 1/2 hours to complete ten trials,, at which time several
subjects expressed irritation. Although improvement across tria}s was

observed for all subjects combined it is not recommended to use a massed

P _— A

practice schedule for these exercises.
Some support for the above conclusions for the Auditory exercises

may be provided by a case observation. C&.was a 50 year old female

who had” sustained CHI secondary to a car accident 15 months before she

»
4

was seen for remediation. She was in a coma for 105 days and the extent
of her damage resulted in 38% of deficient scores on her
neuropgycholoéical tést profile, The sight of impact was té the frontal
lobes. She did not have a skull fracture, cherefor;, 1ntracragial
pressure. 1f pre%?nt was not released nor did she require surgical
intervention. On Fll and M3, which'are audico;y exercises, C.G. was in
a spaced condition. She completed these exergcises, albeit with very * '}
]ittle_improve@snts. When she was required to dé ADI in a massed /
conditign her'motivglggn to complete this task could not be sustained'

beyond 4 trills and she expressed in no uncertaid terms that she did not

a; ’
wish to continue. 1In point of fact, not only did she not complete this

exgrcise but was also not willing to do the other auditory exercige
(ite., ADZ). There are various impressions which can be drawn from this
anecdotal casé obsq;vation.a One is that this -subject sutfered
motivational problems due to frontal lobe dysfunction. Since she did

|
complete all previous exercises in _either a massed or spaced condition

this explanation was less likely. Another, and pefhaps more likely .

possibility is that this exercise, is laborious especially in a massed

. N '
’
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condition. -~ Most subjects in the massed condition eipressed feelings of
N \

boredom while performing these two exercises. .
» * ,’-)* N [
The results for the Problem Solving exercises demonstrated that

[
-

neither practice. condition succeeded 1in significantly 1ﬁbroving

~

~n
performance with the exception of PS4 (wrong moves). The subjects {n
the spaced condition were unable to logically reason out a strategy that

minimised wrong moves. Perhaps having been exposed to this exercise

‘ . .

only once per session was not enough 'in order to allow formulation of a
; .

plan. This view,‘however{ may be insufficient since a massed condition
on a similar exercise (PS5) was inadequate in improving performance.

PS5, however, was a puzzle of higher complexity than PS4 and this

" probably contributed.to the lack of a significant practice condition

. /
main effect. Another reason why PS4 may have resulted in a significant

practice condition main effect may be that longer coma durations of the
r

subjects in the spaced condition hindered performance. Coma was a
significant covariate on three of the p}oblem solving exercises and PS4
was opne of them. For PS4 the condition effect was not significant after

ANCOVA., Trial was, however, significant and the. interaction approéched

but did not reach significance., It may be that Ehe massed schedule

_paraded as a betrer condition when in fact it was the reduced coma

]

duration in that condition that had an influence on performance.

Across trials for PS4 there was a learning slope tradé;otf in the
spaced group. These subjects took a cautious approach to the problem
consequently makiag less wrong moves but as a resth their slope was
steeper for the error delay variable. These s;me subjects én PS5 had

trade~offs similarfy between errors and task completion fime. They were

. . , "
able to complete the exercise faster but at the cost of making more

- 110
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wrong moves, Cautious behavior in CHI 1is not exclusive to memory, but

‘ ’

also permeates exercises which requiré executive functioning, and which
may be related to the integrity of the frontal lobes., Rigidity of
response is another very common behaviour observed in cases that have

sustained frontal 1lobe damage secondary to CHI. Rigidity of response,

) - therefore, may hamper learning of exercises that require intrinsic

planning and sequencing of behavior. That is; the'frontal patient is
’ : . ' a
) '\ unable to flexibly alter the behavioral response to meet task, demands..

. -
. &

The organization of goal directed activity suffers appreciably from

N—

frontal lobe lesioning. Patients may show an inability to concentrate

* on an internal behavior (Luria, 1963). Such functioning implicates
Luria®s third unit of the brain involved ip programming of actions,

regulrﬂing behavior in relation to the program and verifying that the

behavior is adequate for the program and mects the demands of the task
(Luria, 1973). Lurda (1963) further claims that sucacessful restoration
~of disturbed funct ioné may require stability of motivation which becém;s
an essential factor for some brain injured patients. -Such a fur)damentalj

condition may be significantly modified as a result of frontal lobe

. -damage, This claim became obvious in at least one of our subjects, who

- failed to complete the remediational protocol due to instability of

‘motivation.

.

. Problem solving exercisgs were started at approximately four months

1

into rehabilitation. The results demonstrated that for the exercises in

" which té‘sk completion time was recorded (i.e., PS¥, PS2, and PS5) the

learning slopes were st%per in a massed condition (see Table 4).

-

Perhaps a considerable number of hours in rehabilitation are required

. —
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before any relative improvements'occur in exercise completion time., 1In

fact proceésing time in CHI approached (~1.4 SD) that of a normal non
head injured group (Braun, et al. 1987). At the beginning of

rehabilitation CHI individuals deviated considerably more from the norm

than they di1d toward the end of fehabilitation, with the exception of

PS1 errors.
In terms of variability trend analyses indicated that the more
complex functions, which comprise greater variability, accounted for the

practice condition main effect on problem solving exercises than other

v

exercises performed during the course of rehabilitation, There were-

more peaks and troughs in the 1eérn1ng curve on these exercises than
other exercises. The exception was PS2 in which subjects in the spaced

condition manifested a linqé;?functfgn that was unsurpassed by

performance on any other exercise or ‘condition. This {s surprising in

v
-

view of the fact that onceja person gets the "hang of 1t" so to speak,

-

the number of moves requifpp should reach floor effects. There was a

*floor efﬁect’(i.e”\plateaub observed for this exercise in the massed

condition between T3 and T8, In fact this g#bup did get the "hang of

it" by the third trial with very little change in their responsc

.

thereafter. Repeating the(exercise, therefore, beyond three trials

. n
appears to be of no benefit to this sample.
,Ptoblem Soiving exercises in this éampf%sresulte& in a lot of

frustration. The performance of all subjects combined 1illustrated

extreme reversals in the learning curve means from trial to trial with

the exception of PS2 moves. It is believed that these subject§ were

perhaps not’'ready at this point of rehabilitation to be introduced to

. such exercises. On the other hand, if lesions in this sample tended

.
- !
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more toward the frontal lobes (i.e., greater than 507% deficient scores
g

on the frontal tests) perhaps there 1s no "good tifie" to introducé these

‘

indiwiduals to such exercises. Finally, perkaps CHI individuals
~ f

independently of dlocus of lesion become ambﬂionally inundated when

— 1

flooded wiéyinformaciondue to their limited informﬁ%fén'proéessing
capacity (Gronwall & Wrightson, 1974). .

- 4
D: Conclusions and suggestions for future research

A
’ 4 's‘~

L

1f a subject is relatively impaired for a specific function then

1

the behavioral ‘response is likely to show tremendous gvariability across
trials compared to his less impaired \gllow patiert. These 1individual
4 ' ‘

curves may be used as.a reference of recovery potentjal in a clinical
4 '\l' .

setting. Some individuals manifested substantial performance

]

improvements on a given exercise. Other cases, however did not manifest

improvement in performance as a result of practice, Case ‘profiles put

the clinician in a dilemma as to what should be reported? Case studies
# .

N

in the literatﬁre globally report favourablg‘outcome as a result %f
rehabilitation. The present project, however, illustrated that &s a
"éroupw, with no a posteriori exclusions, these individuals, who
averaged seven yearslfost trauma, improved on nearly every exercise,
These results beg the guespion as to whetﬁer expenditure in
providing specialized COgnitiye—perceptual rehabilitatiop with the use
of a microprocessof éould be justified fin;nciall; and/or economically.
It is concluded that the ;S$CRP put forth gy Dr. Bracy may be widely

used with severely CHI individuals and would no. be expected to result

in performance deterioration on any of the exercises reviewed here,

’ P



except for certain aspects only of a few exercises. Real improvement

can be expected on a large proportion of the exercises,

Though an average of between 80 "to 100 hours of individual

cognitive-perceptual rehabilitation wqe given to each subject it is nog
possible at this point to decide which OK the two learning schedules,

massed or spaced, globally influences M\he outcome ot cognitive-

»

\perceptual'fehabilitatiqg,in.sevefély CHI‘individuais. The results {ean

-

toward favoring spaced practice over time. :

Whether further expenditure woulgibe justified to answer this
., 4 N ‘\ !

question is difficult to determine. Future research that may be of
benefit may involve: 1) Converging gdldgncg from neuropsychological test

results, deuropsysiological results (1i.e., polfg}aphiqyindices, Evoked

Potentials) and computer rehabilitation. 2) The creation of norms for

’ ¢

these exercises in normals and CHI individuals. 3) The investigation of

c

cognitive-perceptual rehabilitation generalization to neuropsychological

.

test scores and activities of daily living. 4) Investigation of the
interface between cognitive-perceptual rehabilitation software and

’

neuropsychological test batteries,

114 ° c

C fe ekt

¥



! Re ferences

Alan, M. & Finlayson, J. (1983). Microcbmputers in cognitive retraining

~f brain injured adults. C.P.A. Meeting, Winnipeg. 8
Alexander, M., P. (1982)., Traumatic brain injury. n D. F. Benson

and D. Blumer (Eds.), Psychiatric aspects of neurologic disease

-

(Vol. 11), (pp. 219-249), New York: Grune & Stratton Inc. .
Annegers, J.F., Grabow, J.D., Kurfand, L.T., & Laws, E.R. (1980). Thq

incidence, causes, and secular trends of head trauma in Olmsted

\ .

County, Minnesota. Neurofng, 30, 912-919.

Antofani, C. C., & Smith, A. (1979). The single and double

simul taneous (face hand) stimulation test (SDSS) manual. Los

Angeles: Western Psychological Services.-

Anzola, G, P., Bertoloni, A., Buchtel, H. A., & Rizzolatti, G. (1977).

Sﬁatial compatibility and anatomical factors in simple and choice
)

-

reaction time. Neuroﬁsychologia, 15, 295-302,

-

N

Barth, J., & Boll, T. (1981). "Rehabilitation and treatment of central '

_-nervous system dysfunction: A behavioral medicine perspettive, In
' K}

C. Prokop & L. Brandley (Eds.), Medical ps}chology: Contributions
) - A~

“

/\v-.{:

to behﬁvioral medicine. New York: Academic Press.

Becher, B. (1975). 1Intellectual changes ‘dfter closed head injur}._

Journal of Clinical Psychology, 31, 307-309.

Beriton, A.L. (1969). Contributioms to Clinical Neuropsychology.

Chicago: Adlin% Publishing Co. '

® A
Benton,*A. (1986). Reaction time in bradin disease: some reflections,

‘

- Coltex, 22, 129-140. \

Benton, A. L., & Blackburn, H. L.(1957); Practice effects in reaction

’ . -

X

Q

LY

V.



R

time tasks in brain-injyred patients.' Journal of Abnoi;mal and
. _ . i

Social Psychology, 54, 109-113.

Benton, A., Hamisher, K., Varney, R.N,, & Spreen, O. (1983),

~

‘Contributions to neuropsychological assessment; a clinical manual.

Ben-Yishay,Y. (1981). Working approaches toremediation of cognitive

deficits in brain damaged gérsons, Monograph # 62. New York: New
3 - . . N
York University Medical Center.
Ben-Yishay, Y. (1983). Cognitive remediation viewed from the perspective

of é'syst'ematic clinical .research\program in rehabilitation,

Cognitive 'Rehabilitation, 1(5), 4-6.

Ben-Yishay, Y., & Diller, L. (1981). Rehabilitation of cognitive and

perceptual defects in people with traumatic brain damage.

N

International Journal of Rehabilitation Research, ﬁ, 208-210,

Ben-Yishay, Y., Rattok, J., & Diller, L. (1979). A clintcal strategy for

L
the systematic amelioration of mentional disturbances in severe

head trauma patients. Presentation Eo the International

Neuropsychfglogy Society, New York.

/

Bogen, J. E. (1985). The callosal syndromes. In K. Heilman and E.

s

“Valenstein (Eds.), Clinical neuropsychology (revised Ed.), (pp.
295-338). New York: Oxford University Press.
Bolger, J. (1981). Cognitive retraining: A developmental abproach.

Clinical Neuropsychology,4, 66-70.

Bond, M.R. (1975). Assessment of the psychosocial outcome after severe
. .
head injury. 1n ciba Foundations Symposium No. 34, Qutcome of

Severe Damage to the Central Nervous System. Elsevier, Amsterdam.

Bond, M.R. & Brooks, D.N. (1976). Understanding the.process of recovery

*

' . - .

70



e ld
1 as a basis for the investigation of rehabilitation for the brain

injured. Scandinavian Jourhal of Rehabilitation Medjcine,8,127-133.

Bornstein, R. A. (1985). Normative data on intermanual difference on
/. .
' three tests of moter performance. Journal of Clinical and

Experimental Neuropsychology, 8, 12-20.

" Bracy, 0. (1983). Computer based cognitive rehabilitation, Cognitive

Rehabilitation, 1(1), 7-8.

-

Bracy, 0., Lynch, W., Sbordone, R., & Berrol, S. .{1985). Cognitive

v

retrainjing through computers: Fact or fad? Cognitive

¢

Rehabilitati Harch/April, 10-23.
-7

Braun, C, (1985). Nokmes pour le tremometre (Test d"adaptation et de

stabilite au travgil; G. Leblanc). Montrealx Testotheque de

1”universite du Quebec 3 Montreal.

Braun, C.M.J. (1987). La readaptation en neuropsychologie. In M.I., Botez

o

(Ed.). Neuropsychologie clinique et Neurologie du Comportement.

i

Paris:Masson, Ch. 27.
Braun, C., & Baribeau, J. (1987). Subclinical aphasia following closed
. . .
head injury: a response to Sarno, Buonaguro, and Levita. 'In R.

Brookshire (Ed.), Proceedings of-the 17th Clinical Aphsiology

Conference,'Minpiapolis: BRK Publishing.
Braun, C.M,J., Ethier, M., & Baribegu, J.M.C. (1987)., Initiation and
termination &iteria and combarison of performance by gender for

the Rsychological Software Services Cognitive-~Perceptual
e

Rehabilitation Package. Cognitive Rehébilitation, July/August, &44-

-

48. -

-

‘\ o
Braun, C., Baribeau, J., & Ethier, M. (1987). Development of a

psychometric performance measure of humor. Journal of Personality

’

117



Assessment (in press).

Brickenkamp, R. (1962). Test D2 (test d attention concentree).

Bruxelles, Editest. )

Bricoio, A., Turazzi, S., & Feriotti, F..(1980). Prolonged post-

traumatic unconsciousness: Therapeutic assets and liabilities.

< N

Journal of Neurosurgery, 52; 625-634.

Broadbent, D. (1971)., Decision and stress. ﬁew York: Academic Press. -

-2
Brooks, D.N. £1972). Memory and head injury. Journal of Nervous and

Mental Disease, 155, 35U-355.

Brooks, D. N. (1975). Long and short term memory in head injured

patients. Cortex, 11, 329-340,

»

Brooks, D.N, (1974)., Recognition memory, and head injury. Journal of
{

1 - : . .
. Neurology, Neurosurgery, and Psychiatry,., 37, 794-801.
- = .

Brooks, D.N. & Aughton, M.E. (1979). Psychological consequences of blunt
~

head injury. International Rehabilitation Medicine,l, 160-165,
Brooks, DbewDeelman, B.G., Van Zomereﬁ, AJL,~Van Dongen, ﬁ” Van

Harskamp, F., Aughton, M.E. (1984}, Problems in measuring cognitive

recoveryafter acute head’ ingury. igﬂlﬂél. Clinical

Neuropsychology,b; 71-85,

Yo

Brouwer, W.H., Brettschneider,'H., Deelman, B.G. (1984). Delayed recall

‘after closed head injury. Seventh European INS Conference, Aachen
June 13-15. ,

Brouwer, W.H., Pij1l, J., Van Zomeren, AMH., & Rothengatter, T.A. (1984),

Sustained attention after. closed head injury. Proceedings of the
7 . .

\\‘\\\j, 13 th Annual INS Meeting, San Diego. : '

Craine, J.F, (1982). Principles of cognitive rehabilitation. In L.E;
. "~

*

118 : ’



AN

Trexler (Ed.), Cognitive rehabilitation:Conceptualization and

intervention, (pp. 83-98). New York: Plenum Press.

‘De Renzi, E.;'& Faglioni, P. {(1965). The comparative efficlency of
. ; , ~ll
intelligence and vigilance tests in detecting hemispheric cerebral

damage. Cortex, 1, 410~433.
. - N

v
Diller, L. B?n-Yishayff?., Gerstman, L.J., Goodkin, R., Gordon, W. &

Weinberg, J. (1974). Studies in cognition and rehabilitation:
* Rehabilitation monograph #50. New York:Institute of Rehabili-
' ‘tation Medicine, New York University * Medical Center,

Ditller, L., & Gordon, W. A. (1981). 1Intervention for cognitive deficits

[ 3

in brain-injured adults. Journal of Consulting and Clinical

Psychology, 49, 822-834,

Dolon, M.P., & Norton, J. C. (1977). A programmed training technique

: that. uses reinforcement to facilitate acquisition and retention in
P4 - .
brain damaged -patients. Journal of Clinical Psychology, 33,

496-501.

Ekman, P. & Friesen, W.V. (1976). Pictures of Faclal Affect./ Test
3 - ‘ .

.

1

Manual.

Bhsley,C.,McLean,J.,& Lervark, N. (1984). The rehab—careapproachﬁo
PR . ¢ X

cognitive retraining: A success stoiy at Portsmogth General
Hospital, Cognitive Rehabilitation,2(2), 8-11.
f

Ethier, M. (1985). Development of emotion discrimination measuges in a

\
.

3 ) normal population. BA Thesis, Concordia University, Montreal,

Canada.,

o

; ' Field, J.H. (1976). Epidemiology.of Head Injury in England and Wales:

) With Particular application to rehabilitation. Leicestes: Printed

for H.M. Stationary Office by Willsons.

' ' 119



-

7

vFinlayson,‘M.A"L, ‘Alfano, D.P., & Shllivan,,J.F. (1987). A
neuropsthélogicél approach to cognitive remediation: microcomputer

applications. Canadian Psychology, 28(2), 180~190.

Gianutsos, R., (1982). Personal computing and the transformation of an
" :

injured brain into an actiVe mind. Congress of-Rehabilitation
* Medecine, Houston, Texas.

Gilchrist, E., & Wilkenson, M., (1979). Some factors determining

prognbéis in young people with severe head injurjies. Archives

t

Neurology, 36, 355-358. . .
Glasgow, R.E., Zeiss, R.A., Barrera, M., Jr., & Lewinsohn, P.M. (1977),
Case studies on remediating memory deficits in brain-damaged

individuals. Journal of Clinical Psychaology,33, 1049-1054,

Glisky, E.L., Schacter, D.L., & Tulving, E. (1986). Computer lea}ning by

El

ﬁgmory—impqired patients. Acquisition and retention of cbmplex

knowledge. Neuropsychologia, 24(3), 313-328,

Golden, C. J.'(1978). Diagnosis and Rehabilitation in Clinical

Neuropsychology. Springfield, Illinois: Charles C. Thomas.,
%

Goldstein, K. (1942). After-effects of brain injuries in war. New

York: Grune and Stratton.

Gronwall, D., (1976). - Performance changes during recovery from closed

head injury. Proceedings Australian Association Neurology, 13,

143~147.

Gronwall, D. (1977). Paced auditory serial addition task: a measure of

recovery froh concussion. Perceptual and Motor Skills, 44, 367-

373.

Gronwall, D., & Wrightson, P.-(1974). Delayed recovery of intellectudl

120

T,



i»x
e Wl

T

? 1
function afterymiﬁor head injudry. Lancet, @A 6é)~609.

Gronwall, Df: & Wrightson, P. (1981). Memory and information'processing

.

capacity after closed head injury, Journal 2{ Neurology, Neurosurgery, .

f .
and Psychiatry, 44, 889-895.

'

Grosswasser, Z., Mendelson, L., Strern, M.J., Schechter, I., Najenson,
T. (1977). Reevaluation of prognostic factors in rehabilitation
after severe head.injury. Assessment thirty months after trauma,

g Scandinavian Journal of Rehabilitation, 9(4), 147-149.

Gummow, L., Miller, P., & Dustman, R.E. (1983). Attention 'and brain

injury: A case for cognitive rehabilitation'of attentional

4

disorders. Clinical Psychology Reviwe, 3(3), 255-274,

Harris, A.J. (1958). Harris tests of lageral dominance. Manual of

«

directions for administration and interﬁretation(3 rd ed.). New

York: Psychological Corporation.

Heaton, R. (1981). Wisconsin Card Sorting Test Manual. Odessa, Florida:

Psychological Assessment ResOuUtrces.

Heaton, R.H., Grant, 1., & Mathews, C.G. (1986). Differences 1in

' \
neuropsychological test performance associated with age education

\ ”
and sex. In I. Grand and KM. Adams (Eds.), Neuropsychological

assessment of neuropsychiatric disorders, (pp. 100-120). New York:

Oxford University Press. ) Ve

,

Heilman, K.M., & Van den Abell, T. (1980). Right hemisphere dominance

> for attention: The mechanism underlying hemispheric asymmetries of

inattention (neglekt). Neuroiogz, 30, 327-330.

Hiorns, R.W., & Newcombe, F. (1979). Recovery curves:uses and

limitations. International Rehabilitation Medicine,l, 173-176.

Hyrton,A.M.,& Miller, w;cuél9842. Brain damage and rehabilitation,

s,

) 1L .



¥ -

In Charles *J.‘ Golden (Ed.), Current Topics in Rehabilitation

Psycholcgy, (pp. 77-105). New York: Grune & Strattonm.

Horton, A.M., Jr., Wquing, D., & Phay, A. (1981). Current peispectives

on assessment and therapy for the brain-damaged individual., In

C.J.Golden (Ed.), Applied techniques in behavioral medicine, (pp.

59-85). NewYork: Grune and Stratton Inc, -

P

Hovland, C.I. (1940). Experimental 'studies in rote-learning theory:VI,

’

Comparison of retention following learning to same criterion by

massed and distributed practice, Journal Experimental
N .

Psychology,26, 568-587.

y - ‘ . .
Howes, D., & Boller, F. (1975). Simple reaction time: Evideénce for

focal impairment from lesions of the right hemisphere.- Brain, 98,

- 317-322. ‘ ' . .

Hull, C.L. (1937). Mind, mechanism and "adaptive behavior.,

-~

oo,
Psychological Review, 44, 1-32,

Hulse, S.H., Egeth, H.,u& Deese,. J, (198({3\. " The Psychology of Learning

‘

(5th edition). Ney York:McGraw-Hill.

Jennett, B., & Teasdale, G. (1981). Management of Head Injuries.

Philadelphia:F .A, Davis Co.

Jerger, J. (1963). * Modern developments in audiology. New York:

\Academic Press Inc.

)
+

Johnston, C.e—& Diller, L. (1983). Error evaluation ability of right-

.hemisphere brain—lésioned pat\ients who have had perceptual~

/

cognitive retraining. Journal Clinical Neuropsychology,5(4), 401~

1 4

402,
» ,
Jones-Gotman, M., & Milner, B. (1977). Design fluency: the invention of -
122 . a

N



nonsense drawings after focal cortical lesions. Neurggs&_chologia,
.

15, 653-674.

v

Kalsbéek,' W.D., Mcla2urin, R.L., Harris, B.S.H., III, & Miller, J.D.

I

(1980). The Injury‘Survey:Maljor Findings. ‘Journal Neurosurgery

(SUEEI.), .5_3’ 19-310
Kennedy, R.S., Bittner, A.C., & Jopnes, M.B. (1981). Vido-gave and

r

conventional tracking. Perceptual and Motor Skills, 53, 310.
L

Keppel, G. (1973). .Design and'Analyses, Englecliff, N.J.: Prentice

Hall.

Kerr, T.A., Kay, U.W.K., & Lassman, L.P. (1971).. Characteristics of

s -~

patients, type of accident, and mortality in a consecutive series

-

IS

“~.of head injuries admitted to a neurosurgical unit. British Journal

Preventive Social Medicine, 25, 179-185. o

—

Kértesz, A., & McCabe, P.‘ (1977). Recovery pa;:terns and prognosis ,n

aphasia. Brain, 100, 1-18. ' ,

' K{entzle, M.J. (1'946). .Properties 'of learning curves under varied

“distributions of practice. Journal Experimental Psychology,36,

187-211.. , ;

Kimura, D. (1961). Cerebral dominance and the perception of verb'al_

stinuli. Canadian Journal.of Psychology, 15, 166-171.

Kimura, D.:(1964), Left-right difference in the perception of

- ' [ .
melod“s. Quarterly Journal of Experimental Psychologyl, 16, 355-

. °

358.

Kolb, B., & Milner, B.€1981). Performance of complex arm and facial

mégements‘after focal bré#in lesions. Neuropsychologia, 19, 491-
_5030 . . * ‘ * < . [

123

AN

(o)



L3

Kreutzer, J.S. & Morrison, C.N. (1986). A guide to cognitive

‘rehabilitation sottware for the Apple 1le/klc computer. Cognitive . .
. & , -
Rehabilitation, Jan/Feb, 6-17.: ‘

\“\Liaiih'\l" (1983). Development of a memory training 'program. Cognitive

:

" Rehabilitation, 15-18.
—_ - Y i

_Langfitt, W.T., & Gennarelli,’A.T. (19 n the outcome from head

3 P

injury be improved? Journal Neurosurgéry,_Sg, 16-25.

Al
n *

Leftoff, S. (1979)., Perceptual retréining in an adult ‘cerebral palsy

_patient: a case of a deficit in cross-modal equivalence. Journal ' “

K

of Clinical Neuropsychology, 1, 227-239. ;

1l

LeVere, T.E., Davis, N., & Gonder, L. (1979). Recovery of function after

_brain damage: Toward-understanding the deticit. Physiological

Psychology, 7, 317-326. | o J
4

»

ﬂ, .V ~ "
f leVere, T.E., & LeVere, N9®. (1982)., Recovery of function after brain
damage: support for the compensation theory of the hehavioral
< ‘ . . : / ,
: deficit. Physiological Psychology, 10, 165-174. o

Levin, H:S., Benton, R.G., & Grossman, R.G. (1982). Neurobehavioral

Gonsequences of Closed Head Injury. New York:Oxford Unlversity '

4

. Press.

-

v

Levin, H. S., Grossman, R.G., Rose, T.E., & Teasdale, M.B. (1979).

Longterm neuropsychological outcome of closed head 1njury. Journal
0 . %
Neurosurgery,50, 412-422,

.

Lewin, w.,' Marshall, T.F.D.C., & Roberts, A.H. (1979). Long-term
k \ . < ‘

~ outcome after severe ‘head injury. British Medical Journal, 1533-
' 1538. ' , - . i .~ “\, |‘ )

. Lezak, M. (1979). Recovery of memory and learning functions follodrin?

traumatic bhrain injury. Cortex, 15, 63-72. . . .
/‘ . - l o s . L
o A2 , .

-~ o /



€

ot

+ Lezak, M. (1983). Neuropsychological Assessment (2 nd. Edition). New

York: Oxford University Press.

-1 N
‘. '

Lishman, W.A. (1978). Organic ‘Psychiatrl. Oxford; Blackwell Scientific

r~ Publications.
Little, M.M., Goldstein, P.C., Klisz, D., & Resebaum, G. (1985).

Evidence for specific attention deficit in closed head injuries,

-

‘Paper presented at INS, San Diego. .

I3

Lorge, 1. (1930). influence of regularly interpolated time intervals

PO ,

‘'upon subsequent each. Coll. Contr. Educ., #438. \

\

o
Luria, A.R., (1973). The working brain. New York: Basic Books. -~

’ -

Lurfa, A.R. (1963).f Restoration of Function After'Brain Injury. New.

York:MacMilia O.

’

Lynch, W. J. (1983). Cognitive retraining using microcomputer games and

e
» e T

commercially available software. Cognitive Rehabilitation, 1(1),

© . 19422, : ' :
¥ , .- 3
Lynch, W. J. (}984a)., A rehabilitation ‘Program for brain-injured

adults. In B.A. Edelstine and E.T. Couture (Eds.). BehaAvioural

1
Assessment and. Rehabilitation of the Traumatically Brain Damaged,

(pp. 273-312).Nev'z~York:P1enum Press.
Lynch, W.J. (1984b). Comp’uter-assis&ted éognitive retraining. Paper

presented ~ at the Conference Controversies in Rehabilitation

for Eiurologicél Trauma and Disease. ' U.of Miami School of

‘

Medicine. o

‘Lynch, W.J. (1984c). *Microqomputers in rehapilitation. Paper

: . ' pregented at Models and Techniques of Cogmitive Rehabilitation IV.

x

Malec, J., Jones, R., Rao, N., & Stubbs, K. (1984). Videogamé practice

’ .

. . %
. 3 S has T .

. B
. .
%&Q . ; o | '
2 L3 ’ ' : ’
ey R W - . - EE N T * : | LI S



LE]

“ -

’ - *

effects on sustained attention in patients with craniocerebral

6 -

trauma. Cognitive Rehabilitation, 2(4), 18-23.

McKtnlay, W. W., Brooks, D.N., Bond, M. R., Martinage, D.,P., &

v hv ]

short~term outcome of severe blunt head

1

Marshall, M.M. (1981).. The

<" injury as reported by relatives of the injured persons. Journal
s, of Neurology, Neurosurgery, Psychiatrz,&&(g), 527-533.

Miller, E. (1970). Simple and choice reaction time following severe

13 b a
head injury. Cortexq 6, 121-127. . o =

Miller, E. (1986). The training characteristics of severely head-

2

‘ - "injured patients: A prelimiﬁary stﬁdy. Journal Néurology,
Psychiatry, 43, 525-528. . ' i -,
. - , » -
. + Miller, EJ (1980a). Psychological intervention in’ the management and

rehabilitation of neuropsychological impairments., Behavior and’

i »

Research Therapy, 18, 527-535. T

"

Miller, E. (1984). Recovery and Management of Neuropsychological

Impairments. -Toronto:John Wiley & Sons.

", Minium, E.Wlpﬁ Clarke, R.B.(l982).1§leﬁents‘g£ statistical reasoning.

L

.

Toronto: John Wiley and Sons.

4

Newcombe,- F. (f9825. The psychological consequences of closed head

LAY

RS . . <
injury: Assessment and rehabilitation. Injury: The British Journal

\ n

. ‘ of Accident Surgery,”14(2), 111-136.

3

T s Newcbmbe, F., & Artiola i-Fortuny, L. (1979). Problems and persectives

in the evaluation of psychological deficits after cerebral lesions.
v

International Rehabilitation Medicine, 1, 182-192,

Newcombe, ¥., Marshall, J.C., Cgravick, P. J., & Hiarns, R.W. (1974).

. Recovery cwrves in acquired dyslexia.‘JOurnai gg Nehrblogigal
~ | » ‘,Séien'cez 24, 127-133, ° — | -
\'. - - n N . %
B ) : } 123' xﬁ\ n
v : .k o R :



o

\

. Bl * o

4

0sgood, C.E. (/1953). Method and theory in Experimentai Psychology. New
‘ -

York:0xford Universityf Press.
Parente, F. J., &'Andeirson, J.JX. (1983). Techniques for "improving

cognitive "Pehabilitation: Teaching organization and encoding

. skills. Cognitive Rehabilitation, 1(4), 20-22.

Parsons, O.A:., & Prigat.ano, G.P. (1978). Methodological considerations

.

-in clinical neuropsychologicial res;zarch. Journal of Consulting &

J '

Clinical Psychology, 46(4), 608-619. .

¥

Perez, F., ‘Brown, G.A.;@Cooke, N., & Grabois, N. (11980).' Stroke

- . {
/ patients: A computerized-behavioral approach to cognitive assesment

o

and )r'et‘i‘aining. Archives of Physical%Medicine and Rehdbilitation.

61.

Plum, F., & Posner, J.B. (1980). Diagnosis of Stupor and Coma(3 rd.

-

L "] & .
Ed.). Philadelphia: F. A. Davis.

" Prigatano, G.P., Fordyce, D.J., Zeiker, H.K., Roueche, J.R., Pepping,

L

M., & Case Wood, B. (1984). Neuropsychological rehabilitation

.

after closed head injury in young adults. Joutrnal of Neurology.,
‘ L P,
Neurosurgery, and Psychiatry, 47, 505-513.

Roberts, ‘A.H. (19.7(?). .Long-term prognosis of severe accidental head

k4

!
injury. Proceedings Royal Society Medicine, 69, 137-140.
5 22

Rosenbaum, M., Lipsitz, N., Abraham, J., & Najenson, T. (1978). A
e ’
description of an intensive treatment projects for the

‘rehabilitation of severely brain-injured soldiers. Scandinavian

Journal of Rehabilitation Medicine, 10, I-6.

' Rochi,\llJ. & Horner, J, (1983), Restitution and Substitution:Two

Theories of Reéovery with Application to Neurobehavioral Treatment.

*--\- . ‘ . .

L 121



Journal of Clinical Neuropsychology,5(1); 73-81.

Russel, E.W. (1975). A multiple scoriﬁg method for the assessment of

complex memory function. Journal of Consulting Clinic Psychology,‘
- - ' L)
43, 800-809. . 4 -

, Sands, E., Sarno, M.T., & Shankweiler, D. (196Y), Long-term,asscssment

:)E .languaéé function in aphasia due to stroke. Archives of

Physical Medicine and Rehabilitation,50, 202-207,
Sa‘rno', M.T., & Levita, E. (197 )t.‘ ‘Natural course of recovery in severe’

aphasia, Archives of Physical Med'icine and Rehabilitation, 52,
. ( 7 -l

¢ 175—129.

Schacter, D.L., & Cravitz, ll.l;. (1977). Memotjy function after c‘losgd.
head injury: A review of the quantitative research. Cbrte'x. 13,
150-176.,

Scherzer, B.P, (1986). Rehabilitation ‘following severe heéd trauma:

Results of a three-year program. Archives of Physicél Medicine and

Rehabilitation, 67, 366-373.

Y v

Semmes', J., Weinstein, S$., Ghent, L., Teuber,.H. L. (1960).‘

Somatosensory changes after penetrating braim wounds in man,
/ -

Camebridge: Harvard University Press.

Squire, L.R. (1\986). Mechanisms of memory. Science, 232, 1612-1619.

"

Sohlberg, M. M., & Ma&eer, C} A. (1987)., Effectiveness of an attention-

training program. Journal of Clinical Experimental
14

Neuropsychology, 9(2), 117-130. .

-

~* Spellacy, J.F. & Spreen, 0. (1969). A short form of the Token test.

Cortex, J, 390-397. - @ ‘ "

) Strich, S. (1979). The péthalogy of brain damage due to blunt head

injury. In A.K. Walker, W.F. Caveness, & M. Critchley (Eds.). The '

-

128



late effects g_fhead injury. (pp. 501-524). Springfield, Ill.: C.C+
P ’

Thomas. ol

Teasdale, G., & Mendelow, D. (1984). Pathophysiolfggy of head iﬁjuries.

In N.'Brooks (Ed.), Closed head injury: Psychological,  social and

family consequences .(pp. 4-36). New York: Oxford University

.

Press.

LY

Ticer, S. ‘(.11985). Therapy on a disc: The computerized road to mental

w

healtH. Business Week, 19, 75-77.

!

Trexler, L. E. (Ed.). (g&z). Cognitive. rehabilitation:”

Conceptualization and inter enti'oAn. . New York: Plenum Press.’

Van Zomereu, A. H. (1981). Reaction time and attention after closed

head injury. Lisse, Swets and Zeitlinger.

~

Van Zomeren, A.H., Brouwer, W.H., & Deelman, B.G. (1984), Attentional

deficits: The riddles of selectivity, speed, and alertness. In N.

.

Brooks (Ed.), Closed Head Injuty: Psychological, Social and Family

Consequences, (pp. 74-107). Oxford University Press: Oxford.

van Zomeren, A. H., & Deelman, B.G. (1978). Long-term recovery of visual
. . _ .
reaction time after closed head injury. J. of Neurology,

L

———

Neurosurgery and Psychiatry, 41, 452-457.

Verfaellie, N., Bowers, D,, Willians, D., Heilman, K.M. (1985)..
- o ) L ]

Dissoclation of attén/vion and intention in normal subjects.

Presented to the INS, San Diego, Calif.

vignolo, L. A. (1964). Evolution of aphasia and language

‘

rehabilitation: A retrospective exploratory study. Cortex, 1,

Q s '

344-367.

»

Warrington, E.X., & Rabin, P. (1970). Perceptual matci'ning in patients

4

129

’

¢



E;; ’
b AL .
S

with cerebral lesions. Neuropsychologia, 8, 475-487.

Wechsler, D. (1981). Wechsler Adult Intelligence Scale-Revised Manual.

New York; Psychological Corporation.

Wilson, P.B. (1983). Software selection and use in language and
' V- ' ® -
. cognitive rehabilitation.. Cognitive Rehabilitation, 1(1), 9-10.

Wilson, J. T., Brooks, D. N., Phillips, W. A. (1982). Using a micro-

' computer to study perception memory and attention. after head

injury. Proceedings of the éﬁh International Neurqpqycholoéy

g Society Conference. Depuvillﬁ, France. ' . @

WOlgf, S.J., Dennis, S.S;, & Short, R.,H. (1984). The role -of problem-
solving in the feaﬁjustment of clgsed head:injured adults.
thublished manuscript. - g .

Waod, R.'L.(l984); Behavior disorders following sévere brain 1n}gry:_‘
Their presentation a;d psychological managémeﬁt; In N. Brooks

~

(Ed.), Closed head injury: Psychological, social, and family

consequences, (pp., 195-219). New York: Oxforé UniVersity

Press.

130

Y e L

e



. » . .
~ . - N *
. % »
{~ :
n
s .
o . * L
/ * ! .o . . : .
. ) « -
. . .
- ) .. . . * -
. . . . .
. . . ‘ ) . , ‘
, . . ’
. R v . . ‘
B . ‘ -~
t - v - B .
3 . * '
’ » . .
. - »
: ~ - .
. .
.
] - S ~
' - e ‘ N . .
- - . . 3 . . -
N - L]
v . , ]
L4 v .
. ‘ , R ,,
. N . . N .
« : !
. . f
L] . - ’ *
i - . ' ! N
. * T M b T
. s . - Ve
T
' . J '
) N N , o
.
. N s Vo o
. ! . .
\‘ ‘ M ,
AR <+
Appendix 1 : . ' #
0 A !
- ~ .
Lo , ) R
. - . N .
- "_ N . - *
.

! ]
¢

. NeurDPBYChOIOgical questionnéire,132:oo.f.-}c000;03o.o‘uoooooooolo.-143

[ ' el

. . i, N
4 ' ’ e
. - )
. * '
., ’ ' ! ' . 0
N k3 M N . s
. .
.
‘ * N ' .
.
: . N
. .
" . R . . ‘
. N « » -
, ’ . ; ) . . , .
. .
, . .
. N . y) . . -
. , - .
. . -
, .. .
. LI .
N i - N .
: . ) +
. . i . . -
. R . \ . . . . .
. . .
- . T . .
. . .
£} , ., R - {
. R » - . :
* v , . . ' ' L2 .
. L. * - ' . ~ 4
S/ , .
. . o, ‘
. ‘ . - N
. - .-
L4 N B ’ *
. { -
b .
. . , -
. - - s
o ’ xv
r) ¢ ‘ . ’ ’ .
. ’ .
. . . N . .
* “ - ’ '
. g ‘ . i . . R
' ' . . . v € N . . *
R i . . °
e ' N . s N , B .
B . N
. .
B L}
, . ' . . ' .
. . . .
. . “
\ . . . . I . -~ .
: 3 : , : . .
- N . '
. . . . L]
. . . . +
. e \ . . . .o
at - ’ N
.« e . . . - . - . ¢ ,
. . . ' -
L * ' .
. . : . ‘e
- ' e 131 '
- - . . . ’
. ) . o “ N
. N .
vow . - ' . a ‘
R et - a N




NEUROLUGICAL‘OUESTIGNNAIRE

-

1. ,Name of respondent
Q .
2. ® Phone number
3. Relation of respondent to patient (parent, sibling, spouse, etc.

4, Present date (day, month, vear)

-5, Duration of cofra (unkonsciousness) b - .
é. Duration of post traumatia amnes;a (memory lose) ) .
7. Name of patient
8. .D;te of birth of patient (dav, month, ye;r) .

?) . Date of trauma (dav. month, vear) \

10, ° Education of patient

1. Highest diploma (specify discipline)

12. Address of patnent‘(cnclude postal code?
13. Patient’s phone Qumber

14, Name of patient’s medical doctbr
15. Phone number

16. Skull fracture Yes ~ No
17, JSurglcal intervention to bra{n following head trauma
18, - Presently employed

Yes © - (R
No .o )

19, Type of work at present

a) same as pre-injury
b) less demanding ‘ )
- ¢) sheltered ,
d) unemployed X /
e) homemaker : ) '
. 4) don’t Know o : '

o2 -



20.

) ) (. .
Status of present .ob

3) full

b) pairt

€) unemploved

d don’t Know '

Income

;) patient

- b) spouse

¢) children .
d) extended family

@) private insurance

7
> /
21) primary

22) secodary

23) tertiary

33.

) social welfare , e
' g) unemployment 24) fourth . ~
K h) court award -
i) tnvestment
J) don‘t Know . : )
- P
"Position Dates/time Part/full
13 ° .
25. Prier to injury
. 26. Prior t& injury P
////////// 27. Prior to injury
- o
28. Since injury -
~/ (.
v 29. Since injury
N 3
y 30.. Current
31. Occupation of father
32, Occupation of mother ¢
) . .
Type Amount

Disabifity/Compensation

a) Yes
b) No

"¢) don’t Know

]
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Marital status T .
a) single : 34) Pre-traumatic
b) married/cohabiting
c) ‘separated c 35) Post-traumatic
d) divorted - :
e) widowed " 36) Singe last

questionnaire
Psychiatric history

a) none 37N Prg-traumatic
b)> yes, did not seek help

¢) outpatient treatmen’t 38) Post-traumatic
d) hospitalization "

e) don’t ' Know ‘ 39). Since last

questionnnaire
' 7

40, Transportation

a) alone .
b> accompanied .
C) none

d> don’t Know

41, Pre-injury arrest Type
Sentence

42, Post-injury arrest Type ) -
Sentence
43. Previous cerebral commotion
. v
.Yes . . Date
No ;

.44, Previous trauma " .

Yes Date

Type

-

45. Treatment-received for present brain trauma

»

a) hospital b) ¢linic
c) rehabilitation center d) other institution - . -
e) individual treatment ) psychology, MD etc. e

44, Previous Central nervous system damage or disease:

'
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47. Present MeBical‘complaints: ‘ . ¢

[} .V

48, Neurologléjﬁ diseases of family members: - .

2 O

b

D | - N ¢ .
‘\
~ \’
-# . ) ' . ' . Y
Compare to Rre-injury Compare to last
: ' time questionnaire

’ — ‘ was answered

: . A
- ,
A 0] . »

49, Dizziness

a) no charge C .
b).mild increase ; ,

" ¢) markKed decrease . .
d) improvement ' : . ‘
e) don’t know ' , . oo

50. Coordination
. ; , .
a) no ghange . -
b) mild increase . ) S .,
: c)> marked decrease ’ - o . ' .
d) improvement . . 2 .
e) don’t know ’ ‘ ‘

~ ¢

51, Headaches

a) no change - . \ ‘ {,
. .+ b) mild intrease - , .
o - c) marKed decrease o ° .

\\g\‘; d) improvement ) . .
e) don‘t Know . ' , oo
. 52. Vision - - g I o

. @) ‘no change - S .
! b)> mild increase ©
c) marked decrease . . ,

d> improvement : , ’ .

e) don’t Know P o -

-
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éompare to Pre-injury Compare to last' -

~

time questionnaire
, was answered ' .

o

53. Bait (walking)

a) no change

b) mild increase ;
t) marked decrease

d) improvement ’
e) don‘t Know

é;. Fainting

ba’ no fhnnge

b) mild increase
c) marked .decrease
d) improvement

‘e) don’t know -

55. Sleep

a) no change

b) mild increase
¢) marked decrease
d) improvement

e) don’t Know -

56, Trembling ‘Chands)

a) no change

b) mild increase
¢) marked decrease
d) improvement

e) don’t—Knew«T/

5?; Pronunciation of wqrds

a) no change

b) mild increase
¢) marKed decrease
d> improvement

e) don‘t Know

58. Muscle twitching

a) no_change
b) mild increase,
¢) marked decrease -
d) improvement
" @) don’t Know

-~



LY

'

‘L

3
Compare to Pre-injury

o
’

Compare to last
time questionnaire
was answered

-59.§Bladder‘contro{,

a) no change
b) mild increase
¢) marked decrease

. d) improvement

e

60

é1.

e) don’t Know
Bowel contro!

a) no chande

> mild increase
{c) marKed decrease
d) improvement
e) dop’t Know: -

Sense of balance
R

a) no change

b) mild "increase

c) marked decrease

o) impyovement
e) donft Know

&2. Pain (other than headache)

»
a) no chhnge
b)> mild ‘increase
@) marked decrease
d> improvement
e) don’t Know

63. Handwriting"

44,

a) no change

b)) mild worsening
c) marked worsening
d) improvement

¢) don’t Know

Roading.

.
4

a) no change °
b) mild wors¥ning
c) marKed worsening
d) improvement

- @) 'don“t Know

A
 far

“F
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to qujinjury

o

Compare to last &
time questionnaire’

-
o

was answered

.

+ 43. Feeling of numbness in’
a part of the body

. ) no change

by
c)
d)
. e)

mild increase
marked decrease

‘mprovement P

don“t Know

66. Muscular Qﬁﬁknass

’

a)
h?
c)
)
e)

no ‘change

mid increase
marked decrease
improvement”
don‘t Know

67.,Stability.of mood,

a)
by
=
¥, 3
e)

no change

mild unstable
marked unstable
more stable
don’t Know

68, Speech

a)’
b)
c)
d)
e)

i

no change -
mild worsening
markKed worsening
improvemen t

don” t kqom

[

-6%9. Ability to live  independently

Al

L]

a)
b)
<)
+ d)
e)

70, AbifT;> to dress

3)
b)
- e)
d)
e)

no change

mild wdrsening
marked worsening
improvement
don’t Know

no change

mild worsening
marked worsening
improgoment
don’t Know
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A
Compare to Pre-injury

¢t
.

Lompare to 1ast
time questionnaire
was| answered

‘N

72,

73.

'

‘d)

Hearing

a) no change

b) mild disturbance

c) marked disturbance

dr improvement
e) don‘t Know

Taste and smell

a) no change

-b) mild ‘decrease

c) marKed decrease

d) improvement
) don” t Know

Sejzures

“ . 1,

. ‘9 “
a) none ) ‘
b) pre-injury disorder P

c) at.time of impact
after initial hospi talization

Ycand d .
) don‘t Know .

74,

7.

Tp ipking

a) no decline

b) mild dec)ihe
c) marKed declihe
d) improvement
e) don’t Know

Conco‘ntratibn

a) no decline
b) mild decline
c) marked decline
d) improvement
@) don’ t Know "~

Recent memory

.

. ©

":

e

a) no dgcllm.

b) mild decline
c) marked decline
d) improvement
®) don’t Know
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. Compare to Pre-injury - Compare to )ast .
. . : ) s time questionnaire
, . was answered ’
] ' 4 E - »
77..Remote memory ' '
~ '\ oo . ) ’ ’ !
. a) no decline . ‘¢
b) mild decline X .
c) marked dectine , :
d) improvement oL : . i
e) don’t “Khow ‘
o]
78, Depression o " : -
a) none i : Ty ,
'b) mild : ' e 4
€) marked - .
d)- improved ' & »
e) don’t Know N '
79. Gppetite ‘ S % X
. » R 4
+ \ . K
a) no change ) e : . .
b) increased ) - , .
c) decreased s . ’ ) ) - . '
d) don’t Know . . , o
~ e ’ ' ' ¢ Vo 3
+80. Sleeping ‘ ‘
¥ . j . . N 1 o~ ! -
. a) no change : ‘ ) ‘
. b) increased . ST o . ,
c) sleep disturbance . o . ‘ S
. . d) don’t knowb« : . ) o
* 81. Energy level Coo e ’ L ‘ ) '
\ _a) no'change ’ : L, P A o ' L
b) “Increased o ' o L , e
c) decreased - R s O . .
d> don’t Know . T ) ’ -
82, Sexual fungtioning ot s - ‘ oL .
- . . ! Ve ’ , or . . . : ° ' ’ . 123 v @ "
a) no change L .Y © " X
.. b) mild decrease activity/ ¥ ) .
"~ Carousal - . ) oL e
e) not marked decreased - . S S :
, = d) increase oo s )
e) don’t Know : . C ‘ ) ’
- § __f M ¢ o A
B m——— ' ]
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o ‘ ’ ‘ ’ Compare to Pre~injury . Compare to last
. ' ‘ time questionnaire -
~ . { v ) ’ ) was answered
e\ 0 " . . .
- B3. Anxiety - - ’ o

a) no change a . - '
’ . . . ! , .
b) mild |ncqea§e y 3 - ‘ g
. €) not marked increase o 4
. c i d). decrease ) '
e) don’t Know -

y ‘ 84. Fatience ) o o
R . - L ‘

a) .no change ‘ e S oot
" , b) mild decrease . o . AT
. €) not marked decreased . , “ '

.

d) increase . o . .
P ‘ - - . . “

- ™ e) don’t know T . ‘ - .

85. Temper/impuise control : o - o e
a) no change S ' .o L e
b) worse - . - . ) . .
i¢) better . . . , . oL T,
-d) don‘t Know 4 .J . T

84, Hallucinations : ‘ ‘ y -
. a) none : B " o
b) auditory . « . ) Lo

. ’ " ¢) visval . B ’ 4m§% : R )
' d) auditory and yisual o ' L , n
. e) don’t.Know. . - _ : , .
) ', 87. Managing household chores = . T S (?ﬁ'
* " @) no change _ T ] S e ‘
o b) mild decrease . T, o e A
c). not marked decreased . . R
d). improvement - ° "’ R ae .
- ¢) don’t Know : IR . -
- g8, Lega3 dispute o ' L ‘f:f ' . -

] A J .

. a) no - . . S : . " : . :
B b) patient initiated = - ¢ L ‘ . —
o c) against patient .. - - ' A
2z o ‘s .d) bandc ‘ SR S N A
a ‘ ‘ ¢ don’t know . - . o 0 ’
. ‘ .

S ey
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’ noL Compare to Pre-injury Compare to las :
' ' time questionnaire
. ’ was answered
] L v

89.
-

90.;

91,

-~

93,

© d) don’t know ‘ ' e - . T "

_a) as well as before

'a).as much aa before

‘Mentd) | LT - S .

How .getting along with
spouse? : o ”*‘~,\\\\ ‘
¥ ’ Al

b) better "than before T
¢) not as well '
d) does not ‘apply

How getting along wi th ‘ ' .
family/$riends? : "o .

.a) as well, as before - - : . .-

b) better than before u . _—_—
t) not as well
d) does not apply.

Social-activities ‘ ' ' .
a) as much as before : i

b) more than before - . ‘ ,
c) less than befope : 2 ‘ C

4d) hardly at all - e e ‘

Sports/recreation .

b) more than before .
€) less than. before .

d) hardly at all o - ' .

General improvement

P

Physical,

a) improved ) . .

"b) no change _

¢) decline R

a)-imﬁroved I . .‘ ‘
b). no change: - ' . , L : i
¢) decline # - '

4 don‘t Know o . ' T a ‘

. . . ~ ' .
. ' <
' M . LY . - : ‘ !
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. g 9, S 96, 97.
; : : Since last
Pre~injury . Post-injury questionnaire
. Prug Use =~ .
- Marijuana
' - Hallucinogens '
- Stimulants - ’
(cocaine, amphe tamines)
) , - Sedatives/hypnotics
(Qualudes, barbiturates) ' \‘
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Description of Foundation Exercises

3

Simple Visual Reaction 1 (F1)
One-inch yellow square is presented at random locations after random
delays., Tho,5ubj§ct reacts as quickly as possible by pushing the

Joystick buttom. Reaction time (RT), variance, and errors are prowided

A}
but only RT and variance will be analyzed.

Simple Visual Reaction 2 (F2)

This task is similar to Fl except that stimulus squares are 1/4 as

large. The same statistics as Fl are provided and the same dependent
111 b nal d.

measures wi] e analyze %@

’ Visual Reaction Stimulus Discrimination 1 (F3)

‘'

On a. random $chedule, either a blue or a yellow one-inCh square is
b

displayed at random location after random delays. The subject must react ~
as quickly as possible to the yellow square d%d inhibit making a

response to the blue. RT, variance, and errors are displayed, both RT

and variance will analyzed. '

-

Visuai Reaction Stimulus™~Discrimination 2 (F4) ) '

]' This task is similar to F3 except that the stimuli are smaller. The same
dependent measures are provided as F3 and the same measures will be

e

analyzed.

-

. . Visual Reactisn Differential Response .1 (F5).
The monitor s;reen is divided into halves. When a small red square
appears randomly on the screen‘after a random delay, the subject is
required to push the joystick toward the half of the screen in which the
square 1s displayed. RT, variance, and errqors are provided. RT and

variance will be analyzed.

= 1Y
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Vidual Reaction Auditory Prestimulus (FOJy

This program operates similarly to Fl except that each target stimulus
is preceded by an auditory prestimulus to which the. subject must inhibit
responding. RT, variance, and errors are provided. RT and variance

will beVanalyzed.
®

Visual Discrimination Differential Response 1 (F7)

The subject must make a di;crimination between.two possible stimuli and
respond with either the*néft o; right hand, depending upon the stimulus
displayed {(red stimulus=left ﬁang, blue'stimulus=righ£ hand).. RT,

variance, and errors’ are provided, RT and variance will analyzed.
. H . .

Visual Discrimination Differential Resporse 2 (F8) !

Three larée squares are presented that vary in color randomly. When
either of the outside squares match with the center square in color, the
subjec€ must push the joystick toward the matching side.  Number of
correct hits, number of misses, and the total of possible correbt
responses’are provided. Number of correct. hits in preoportion to

possible correct responses will be analyzed. ) ) ' '

Visual Scanning (F9)

A darkline is plotted, one biock at a time in a scanning pattern as

used for rcading, beginning from the wpper left cornet. On a random

«

schedule, a lighter block is plotted instead of the dark. The subject

~

must react within a time limit. This exercise provides only the -

o )
percentage correct acturacy

Simple Auditory Reaction (F10)

A torne is pfesented after random delays. The. subject reacts by pushing

-the joyétick button, RT,\variance, and errors are provided. RT and

\

variance will analyzed



T T

‘3
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.

.Auditory ReactTon Stimulus Discrimination (F11)

A target tone 1s'presenteé for a few seconds. The subjéct must react by
pushing the joystick button whenever.this tone {s repeated, and must

“inhibit r;spondingﬂwhen another non-target tone is presented. The same
statistics as Fl10 are provided and will be analyzed.

Auditory Reactin Visual Prestimulus (Fl2)

?his program operates the same .as Fl0Q except that each target stimulus
is preceded by a visual prestimulus to which the subject must inhibit
;espoqdinéj_ This exercise provides RT, variance, and errors measures,

RT and varjance will be analyzed.

e 147
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J Description of Visuospatial Exercises

, g

The subject must use the joystick to move a small block through the maze

Maze 1 (VSI1)

. . !
as rapidly as posgible without hitting the walls. The nun;ber of wall

! 'bumps (moves) and the time required to complete the task are displayed.

o B .

Maze 2 (VS2) ' ° .

This task .is similar to VSl except that a'more complex maze is

Cjilisplayed. Same statistics as \Sl. » ‘ &
.. Cube in.a Box 1 (VS3)
. The computer randomly moves a largé open square around the screen. The,
subject\anttempts, using the joysr_i’ck, to keep a,small cube within the
\ large square, The number of times the paJtient touched or was'out&ot
the open square 1is displayed. ‘ ‘ K A\‘ -
Cube in a Box 2 (VS4) | ) |
Same as VS3 except the computer’s square 'i's smaller. The,'s_ame
statistics as VS3 a‘re displayed. ?
" Bilateral Motor Integration (VS5) ;
This task 1s similar to VS3 except that the integrated effort of both
hands 1is r%i red to move the s\mall cube around the screen. The same
statistics as VS3 are provided. - vd

Paddle Ball (VS6)

A "ball" must be intercepted at the bottom of the screen to keep it in
play. The subject controls the 'racket'" by turning the knobh on the
computer game paddle. The ball speed was set at 9, the "racket" length

was set at 3 inches, and difficulty option was ‘ised. The number of

149 ;




interceptions over ten trials is provided.

Line Orientation 1 (VS7) ‘ .

r

An eleven ‘point compass is presented o,%\ the left sidet of the screen. On
a random schedule, one of the lines changes to a different color. Using

the joystick, the subject must rotate a single line displayed on the

right side of the ‘screen so that it matches the anﬁle of the target

. hoad ) '
line on the compass. The percentage accuracy score after ten

‘ L4
repetitions of the stimulus is displayed.

o

Line Orientation 2 (VS8) :

9 . 4 *

An eleven point compass is presented on the center of the screen. On a

random schedule, one of the compass lines changes color. After a few
4
seconds, the screen,clears except tor a single horizontal line which the

subject must rotate. 'From memory, the subjéct must try to match the

angle of the preceding. target line. The same statistics as VS7 are

displayed.

Fine Motor 1 (Vs9)

Using the.game paddlp, the subject must turn the knob to move asmall
cube back and fprt.h and up the screen at a rate that will maximiz‘zespe.ed
while not exceeding the present maximum rate. If the knob is turned too
Irapidly, the s‘ubject is automatically started\,over at ‘the béginniﬁ\gz.

The time to completion (i.e., computer cycles) as well as number of

a

restarts are provided.

150
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' .
Description of Memory Exercises

Spa£131 Memory (M1)

A trail,through a maz; of rooms, is randomly generated by khe computer,
consisting o¥~én é;;érimentor indicated }meber of steps. Without clues,
the subject must learn the trail thréugh trial and grror.}dhenever an
error is committed the computer starts _the subject over in %oom number
one., In order to successfully complete‘the task, the subject must
traverse the trail from beginning to end without error, Initiglly 4
steps were u;éd anaﬁﬁassage to a higher step level requifed two
consecutive performances at'or below criterion level. Criterion levels
were as follows: 5 steps - 50 moves;.é steps - 69 moves; 7 steps - 81
moves; 8 steps — 106 moves.These criterion levels were set in order to
avoid cha#ce performance, The number of moves requtréd to traverse the
maze of rooms are displayed. In addition to the moves thé time rrequired

to complete the task was calculated.

Verbal Memory Sequenced Words (M2) , /

The program starts with the presentation of three A-lgtter words, which-
the subject must briefly study and then recall in the orderpreserted.
If the subject recalls correctly at’the current level then the computer
adds one word to the next presentation. Word order 1s randbmly ch?Sen

so subject gets different sets at every, session. Bccdll is by
A ' :

recognition from a list of sixteen words. The average number of words

recalled per presentation as well as the overall total words recalled

” -
»

are displayed. ‘ .

Auditory Memory (M3)

A series, of tones that either slide up or down the scale beginning with

152
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one tone are presented to.the subject .to mimic (via the joystick).

A v -
i

‘Success at the current level results in a increase in the number of

———

tones.presented. The samg statistics as M2 are provided.

Visual/Spatial Memory (M4&) v

Objects are preéeqted at random locations on the monitor screen. The
subject must éétall which objects were diéplayed and the 1locations in

which they were displayed. Success results in the addition of more

[

objects. The same statistics as M2 are provided. The time required to

complete the task was collected,

Verbal Memory Nonsequenced Letters (M5) | &

Alphabetical letters are pFesented, scattered over the monitor screen,
The length of presentation and the number of letters 1ncrea§es
proportionately wicﬁ each successful trial. After the letters clear
from thescreen, the entire alphabet,appears~across the bottom _of the
screen, The subject must press the letters on the computer keyboard to
indicate the leétters seen during the presentation.( The errors made as
well as the number of 1§ttérs recalled per presentation are displayed.

Verbal Memory Sequenced Letters (M6) 3

Alphabetical letters are presented, one at a time, in the center 6f the
screen. After the last letter, the alphabet 1is displayeé across the
bottom of the screep; The subject responds as on MS. However, for this
wtask, the subject must respond in the same ordg} as the letters were

presented. The number of letters recalled per presentation are

displayed.

Visusspatial Memory Nonsequenced Designs (M7)
Graphics characters are presented instead of letters as on M5. A row of

all graphics characters is then presented across the bottom of the

i g 153
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' Visgfspatial Memory Sequenced Designs (M8) , ™ °

. : - .
Verbal Memory Letters Reversed (M9) ' . %

. ~. 2 x
] l , . ) ) N . . 4
screen, The subject must move (via the joystick) the solid block{pndet v
R B Ve . N -
the chatacter'chgught to be the correct response; The choice is selected - -\

o 4

by'pushiqg the joystigk‘button. Order. is not impﬁrtant.( The same

’
’
0

statistics as M5 are prdvided.

-~

- -

‘Graphics characters are presented, gne at a time, in the capter of the

v

- screen. Afker the last character, all,the graphids :chdracters are

* .

v

displayed across the bottom of the screen. The subjéctwiﬁdicates, in

[ . -

order, resﬁonsgs.as for M7. The level reached per presehtétiqn is- .
) . . . . ]
provided. . ‘ o - .

. . [
. o

o
]

Alphabetical characters ate yreSented, one at a time, in the center of -

the screen. The subject must give the appropriate response in.reversed - -

' A

-

ordér, The average number of letters recdlled per presentation are .
M N L . ! . ,
provided. Lt . i . ’ s
1 ' - o5 ) «
1] ) ‘ - <
- ’ - ' L] -
K,//F\ . n
) ’ hd <
. -
® - - ’ N . »
. ‘ -p
° ) " ’ ’ -
¢ 4 ] N
~ 9 “~
e
¢ . ' o
< ¢ ’ 0
B » N . . .
4
.S @




o m v 2 ¥
( . ron P R L .
A . ' N . 7 . . - . . u
e 14 . ’ ’ - s
Sﬁ I3 B . v A O
» ’ ’ !
. R (-

. f
.. . » N . .
* s ‘ 1 i - * *
N . N
) o . . . -
v - : L3 M i L
. N . \\ \ e . . "
. » .
. L .- .4 . . ;& .
- ] - e e ! i i .
B .
e s “ . . B “ . f f ’
.7 v - . . , - I . ) . . . N .
\ o . . N b -t ¢
. b ! N 4
’ : 3 , ’ - .
o . - B
. o + . : . ' -
3 N \ - N . PR
. . ‘
N N . . N " ' . - .t . ) ’ .
. ' > - ot ' -
. : ) . . t R
- LN ¢ e N . vy
- - * . ,
L4 \ / ,I ! . ’ M - * N
/ o . : L e ‘ .o .
« B ‘ ! . - . . . . i
- 0 L - . .
'Y T . . v ‘ s L
. . . . . “ . B
a v . B . ., ‘o . . ~ .
- . M B .
' \ . . . - . N - . «
“ - ’ . ' . “ ! - . * ¢ . .
. . f .. ' :
f . r 2 . W o “
x N . .t L .
. o , . e o, . ,
N . - .
) . . . o B .
, PN . , .
> - . o, 4 ‘ o '
s . . . . . b ) v . @ - . X . é N
i B ; . . P . .
« ) N : V B 1S
. , 4 N . . . ' .
P N . . ‘ ! ‘ , . [, '
0 . N .
Appendix 5 o c . . -
. . - ‘ L R ) g . ,
. , N ) . ' N ;
v . <= . i
i . NP - L, ,
. ’ ~ . ' Ny -
. PN ~ .
d . ¢ . -
' .. “ . . . '
- f : v v . . . '
. - . Description Of Auditory Exercises IS&..... c-macooonoooi‘occl‘56 ,
- . , . . °, ST
[ . . 4 . '
- ¢ - ., . B L .-
D . o - : N )
. . . . . . . N . v
¢ < . . Lot . . s .
- Lo ’ . ‘ [ . “
. - . , . . T
- R - - 1 .
- Do P P N . 4. v . L .ot . .
. . . f P X . .
. \ ‘ - .« . .
Lo o £ . - .5 ’ . . - o H .
- B, C. v . ) . ' ' . =
'l -~ . f . * ty
. . . - v q a .
. ' L4 * N Vo B ‘ . "
w - . . )
{ ‘ ! ) :
s .
. o . ' 3 . t -
S j, v ” , , .
¢ . . N . . -~ . .
' o R g . ‘ . .
) ) ’ . P w ' ol c . - .
3 -, - . '
.
. ’ R ‘ A - 0, f
N \ . . . ), . . .
. L , . . R
. . P . e .
' . . . o o ' ’
‘. . ,," * ’ * ’ . "
. ’ v N .’ .
. . L.
¢ c, . ‘ °
, 0 . ? , , '
/, - ! . v : I
i [ v .
7’ * . R ) ' ' .o 8 - .
' ' ' - R o . Lew” o
. . . . < ) . N ar
. . PR . N . N . [ R
iey - ~ - ¢ . E Y.
* LT : ) T . ‘ M T ~ *
.. 3 . , . ) .
. . . . . . . :
. .o , N . - .
. - . B N T . R o - o i
. e . ’ . . Ld . ! oW . .
. * « - . ' . . R . ’ .o
) - .. K . . . , . .
. . " . .
N ) . ) N ne . ! ; ' ! * )
- N . + *
o s P . . ) . .
o - . : " .
- , , . K . o } . o~ . . .
N . - . - . . . . ,
» . [y - A . . . T e " ' . - .
[ " . c, ) . B ’. - N ‘~ )
-l I3 -~ . .
[<3) ) r 2 . IR Y . ’
i . : . ¥ . - A .o ‘ L
Z. , e, 5 . . L ot . ) . e .
o . . N 3 . . . »
- s . 1y
) PR . /\ . ., ) . f \ ! o
' " . ' < o w " ‘ .




-

Auditory Discrimination 1 (ADI1)

, . .
The cowputer instructs the: suUbject ;F listen to a target tone. A visual

aid, consisting of a vertical lin

reference. The computer fhen instructs the subject to "Close your eyes"

and it presents a second tone accompaniéd by a-short line. Using the

“joystick, the subject raises or lower the tone until it matches the

‘target. The movement of the short line corresponds with- the change 1n'
pitch-produced by the subject. The short line will line up on top ol

"the lénger line when the two tones match,

.

Auditory Discrimination 2 (AD2)
This program is éimilaf to ADl-except that the subject is able to hear
o%}y one tone at a time. “The target tone.can be reviewed at any time

with the press of a button.

\\
For both of these exercises the mean error (difference between the
\ .

choice and the actual correct response) is produced. .
- §
- ) .
)
]
> 4

Q

‘ o 156
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on the monitor, is provided as a’
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Description of Problem Solving Exercises

Number Manipulations 1 (pPsl) .

Thig is a ;isually presented serial addition task. For each presentation
the subject mugt add the most currently presented number to the one
ﬁresented just prior to it. The sum of these two numbers must then be
indicated at the bottom of the screen. When the answer is entéred into
the gomputer, immediate feedback informs as to the correctness while
"simultaneously a new number is flashed in the center of thelscrcen.
There are twenty presentations., The total number of errors are

provided. Task completion time was collected'as well.

Number Manipulations 2 (PS2)

A number puzzle must be sglved to correctly sequence a string.of numbers
by appropriate reversals of portions of the string. The exercise -starts

of f by 3 digits in a mixed order and increases by one number 1f the

L]

. Previous numbers were properly sequenced. The number of moves required

to correctly complete the sequegge of a string are provided, the time

’

required to complete all the sequences was collected.

Number Manipulations 2 (PS3)

. \ &
At successive stages, the subject must keep cumulative total of a series

-

of numbers and provide answer. Levels range from one to two sets tog
simultaneous presentation of both sets. The number of errors per level
on each exercise is displayed as well-as the speed per level. The speed
score, however, is not always accurrate. The errors will be analyzed.

¢ -
Eggg.Puzzle~l_(PS4)

A maze of moderate complexity is presented. Each puzzle has only one

solution. An orange block that is initially located in the upper left

I
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L mEe LT TWERTS T

corner'of the display can be moved through the maze via the joystick.

The subject must move the orange block-through the maze and land it on

the yellow block. lf the block is kept stationary the
computer scores errors (delays) against the subject. The number of wrong

moves as well as the delays are displayed. Bothe measures wiii be
L §
analyzed.

Maze Puzzle 2 (PS5)

This task is similar to PS4 except that the puzzle is of high

complexity. The same statistics as PS4 are provided.
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__ TESTS RELATED TO INTEGRITY OF THE FRONTAL LOBE SYSTEMS

"

Design fluency: Tests the ability to generate nonsense designs on

J command. In the fﬁgst part of this test the individual is given five
/ L - .
minutes in which to draw as many nonsense deésigns as possible. The

¢

second part of the test requires that as many nonsense designs
comprising only four lines edch be drawn during four minutes (Jones-

Gotman & Milner, 1977). y

Benton C.0.W.A.T.: This tests the ability to spontaneously generate

~

¢ words on command. During a five minute period the individual is required
~to write down as many words as possible that begin with the letter "s".
The second part of this test requirgd the subject t9 write down in four
minutes as many words as possible tKat begin with the letter "C" but
each word has only four letrers (Benton, Hamisher, Varney & Spreen,
1983). '

Finger tapping: Tests the individual’s ability to initiate and

inhibit a motor response (i.e., index finger) as rapidly as possible.
The individual is given five 10 seconds trials in which to tap as
quickly as possible (Bornstein, 1985).

Dynamometer: This test measures motor strength of the upper

extremities. Two trials are employed with each hand, provided that

trials do not overlap in excess of five kilograms (Bornstein, 1985).

t

Kolb Sequential Praxia: Tests the individual”s ability to sequence

nhnd execute arm movements demonstrated by the experimenter (Kolb &

R

7
Milner, 1981).

Wisconsin Card Sorting: Tests conceptualizétion, perseveration,’

\
failure to maintain set, and inefficient learning across stages’of the

Y

e , 167
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5

test. The stimulus cards (n=4) and, response cards (n=128) display

! .
4

figures of varying forms (1.e§ crosges,. squares, triangles,u or

- . Y
circles), numbers (i.e., one, two, three, or four forms), and colors

-

(1.e., yel{ow, green, red, or blue) (Heaton, 1981),.

@

TESTS RELATED TO INTEGRITY OF THE TEMPORAL LOBE

’

Russell delayed recall: This test investigates the individuals
v &
“ . i .
ability to retain verbal and spatial material half an_ hour post

. presentation (Russel, 1975).

Dichotic test: This tests left-right auraf differences in the

perception of digits and melodies (Kimura, 1961, 1964).

Ekman Facial Affect: This test was designed  to test the
individual®s ability to descrimipate brimary facial emotional
expressions, The stimulus slides (N=44) include male (n=3) and female

(n=3) faces expressing a primary_emotion (i.e., happy, sad, fear, anget,

o -

surprise: or disgust). There are in addition six neutral slides to

investigute attributional style (Ekﬁan & Friesen, 1975).
u v ' )

Verbal-contextual test: This test is an analogue test of Ekman’s

Facial Affect test. It comprises‘3§ emotional situational sentences ( 6

. -
each of happy, sad, ‘fear, anger, surprise,or digust) presented to the

subjwct by a tape recorder (Ethier, 1985). e

-
——

Audiometer test: The individual”s hearing threshold is assessed

F using a fechnerién method. The individual is tested at 500, 100G, 2000,

v

4000, and 8000 dB with.intensity ranging from -10 to 70 Hz (Jerger,

1963)' »

z*
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. " TESTS RELATED TO INTEGRITY OF THE PARIETAL LOBES

Benton Right-Left discrimination: This LesLlcomprises 20 items

challenging the individual’s ability to discriminate right fgom left by

- indicating various right or left body (own and examiner”s) parts
i  (Bornstein, -1985). 7 ' o
L 1 - ) \
R " " Tactual Performance test: This tests. psychomotor problem-solving

1

ability. Blocks of varying sizes and éhapes are to be placed into

. respectivé'spaces on a formboard by the blindfolded individual. The

y ? - : ‘ ot

v individual uses the dominant hand first then the oppejitefhand and then
N ~_ -

€

\ ‘ both hands. The individualﬂis also'reqhired to reproduce frédm memofy the

.

bohrd and forms (Heaton, Grant & Mathews, 1986). ' 4

Aesthesiometer: This 1s a sensory test designed to measure the N

‘1ndividuéf's perception of the cutaneous two point threshold. Horizontal
" ) . ' . '.,
or vertical palm stimulation of various two point centimetric distances

are applied and the person must indicate whether. he or she feels one or
. \ ‘o %

two points (Setmes, Weinstein, Ghent & Teubet, 1960). ‘ng . .
; . o

3

o Single and Double Simultaneous Stimulation: This examines the .

—

accuracy with whiqh"oné can identify -single or double tactile
. g &
L2 £

stimulation tolghe cheek or/and hand and is sehs{tive to "extinction" in

- bilateral presentatibﬁ (Antofani & Smith[ 1979).

‘Semmes Body Placement:-This test investigates autocsteriognosia

L -

and employs five body parts dlagrams (Semmes, Weinstein; Ghent & Teuber,

r

- 1960). - ; ' .

TESTS RELATED TO THE INTEGRITY OF THE OCCIPITAL LOBES - . (/

_ Perimetry: This test investigates possible visual field loss or

vigual field shrinkage. The four visual quadrants of each eye are
séparately tested whili the person keeps her or his gaze centered on a
. 3 \ o




{taatd

‘N

N

amlirror.
-~ T o
Visual’Acuity: Investigates the individual“s visual acuity - using a

visual chart from a 20 feet distance. : ‘ /

AUXILIARY TESTS : . ’

-

»

D2: This test is a visual-motor cancellation test of attention. The
\ . ;
individual is given 20 seconds per line in which to cross out all the

letters "d" which have two primes. There are a total of 14 lines

’
e

{Brickenkamp, 1962).

»
f

Vocabulary: this test 1is a subtest from the Wechsler Adult

IntelligenceScale-Revised Manuai. It purports to investigate the ,
individualtﬁ vocabulary level (Wechsle}, 1981). . .
‘ Token Test: This test is a shortened version (16 items) of theh
Token Test and invaétigates possible aphasid. It comprises ghall and
” large tokens of vagious colors (i:e.k yellow, biue, green,red, and
Kwhité) and shapes’'(chrc)es ér squéres) (Spellacy &QSp;een, 19569).
Tremometer: This test 1nve§tigates hand séability. The individual

ig given 10 seconds per circle (i.e.,'there are 3 circles varying in

circdmferahce from one inch to 1/4 6f an inch). The individual is-

required to insert a stylus into the hole and keep 1t centered during 10
/ ‘

seconds without touching the sides (Braun, 1985).

Humour test: This test measures appreciation of humour, the -

- Al

individuals response consistency, and the ability to make connections

between (non)connegkéd fmagd~test (i.e., funny picture-funny text, funny
. . . \

picture-neutral text, etc.). This test comprises 30 such cards divided

~ o
into 5 subcategories (Braun, Ethier & Baribeau, in press). «

170 - * . o
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) Corpus Callosum tests: These tests measure the following
’ i

subcategories: 1) Cross replication of hand postures; 2) Unilateral

\ agraphia; 3) unilateral apraxia; 4) Unilateral tactile anomia; 5)

unilateral/bimanual sand paper comparisons (Bogen, 1985).

{

- ) Harris Lateral Dominance test: This tests the ind sidual”s hand,

-

a

foot and eye preference. The individual is asked to perform various hand
(e.g., \writing with left/right hand), foot‘(e.g., make belief person is

kicking a ball), and eye (e.g., look through a telescope) tasks. This-

testis believed to help determine the individual”s dominance.

(Harris, 1\958)). Since some individuals may have a forced preferance they
- ' are questioned as to whether they always used the left or right hand
after the test is completed (Harris, 1958).

v Reaction Time: This tests the Mndividual’s speed of ré®ponse, The

individual is asked to button press upon detection of a yellow square

\| . (n=15) presented by the computer. This task is performed with the left
, and the right hand given that the individual has two functional hands
(Braun, Ethier, & Baribeau, 1987). '
.v
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Order of Testing

A. Questionmlfe ~ v

1.
2.
) ' 3.

' 4.

- . 5.
' 6.
7.
8.
9.
10.

. 12.

. ’ 13.
' 14.

. 15.

First Day S L~

L

Ng6izn Fluencv

Visual Acuity -

Audiometer test . - N
Reaction time

Tremomater

Perimetry (visual)

Ha;'ria Laterality test

D2 Attention test , o R )
Wechsler Memory Test 1/2 hour, later-Russell Delayed recall
Dynanometer , '

Thurstone Verbal Productivity

Two point discrimination : . .
SDSS

BREAK

T‘?st Dichotique des Digits
Xolb Sequential Praxis . . -
Sermes Body Placement - . R

Stereognosis . C oy

o

' Se‘con::l Day ,‘
1. Token Test &

oL ‘ 2. Ecoute dichotique des Tons
3. Finger Tapping Test
4. Wiscofisin Card Sorting Test .
- ) a ' . 5. Benton R-i Discriaination
* . N 6: Tactual Perfqrmance Test

BREAK

iz‘i . " 7. Ekman
. . o . 8. Verbal Cassette

. 9. Kumour Test
# 10. Corps Calleux .
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Subject:

Sof tware:

Task:

Date Trial # Hand

SCORES

Experimentor:

Condition:
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Appendix 13

GrapHed Performance of all Subjects Combined on Foundation
ExerCises ]78..'.ll'0'.'.OQlIl..‘..00l.0"....'.0'!lt"'l.!....’l.l. 189
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Appendix 18

Performance

Ll

[

Curve Function and Perceniage of that Function
thgt Explains the Trial Méin Effect ‘224| .m......l...‘.-....-..-...-...-225
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~~

Performance curve function (F) and percentage(%) of that. function that
explains the trial main effect. -

v - / . \
Exercise Conditionl i . Exercisé Condition’
Massed Spaced . Massed Spaced
F % “F 7% F z EF %
F1 121 "™ 1 .73 [ F12 1 50 1 78
2, 16 4 18 7 14 2 10
. 3 31 - . L . '
‘ : Vsl 1 62 1 66
F2 619 5 36 B : 5 14 - 3 18
9 59 7 38 o ~ :
‘ - VS2 2 17 -1 66
F3 1 37 . 2 23 ° ' " 4 20 2 24
? 37 . 4 16 R g 38 ° :
. 7 °25 ‘ . '
= ‘ g D " vs3 2 22 . 1. 41
Fé4 2 46 I g 5 15 - 6 20
‘ 5 34 4 13 5 6 34 7 15
- Vol ) > 5 14 .. . oL )
' s ‘ VsS4 1 .11 1 18
Fd 2 "16 1 25 e S 2" 62 2 29
.5 28 3 18 - 9 11 5 12
7 31 / 4 17 . ' "6 28
. ' 9 22 : - .
. , - . VS5 2 33 1 64
F6 5 27, 1 32. - 7 19 2 23
© 7 36 ° 2 40 - 8- 14 ‘
F7 - 4 23 -3 15 J VSé6 165 1 88
) 8 37 4 24 4 13 P
: 9 37 5 : ‘
. . vs7 3 40 1 . 46
F8 1 43 1 .38 “ 8 27 6 - 31
.4 13 . 2 3. *9 21 A
5 16 3 10
6 12 L vs8 3 2 19 14
CoL ’ ‘ Ty 6 13 2 41
F9 -~ 2 28 - 1 10 -7 27 3 11
. 4 19 2 20, ' S
' -9 23 ) o vS9 1 40 1 43
. . : - ' ‘ 2 14 5. 11*
FI0 - 216 1 70 B 5 17 5 13
. 3 15 2 l4 . . R
5 36 3 20 . M1 1 71 1" 52.
- T . C 2 12
F11 . "1 32 .3 33 °
! T 224



\ -
e S < .
4 31 ¢ 5
6 17 8
M3 "4 23
: : 8 29 .5
, Mb 1 73 1
M5. . 129 1
' o2 44 2
9
M6 » 117
311 2
-8 18 :
9 39
MY 5 27 1
6 41 4
. 7'
M8 3 16 ’
8, .19 9
9 42 :
MI 1, 73 i
3715 2
' 4
° \\ B
\~

20

14

£ 67
12

77

35
2.

24,

' 43
17 .

19
24"

29
40
13

25
35

34

M2 1 .68 1 .68
0N
ADI "1 35 1 .83
6 . 53
AD2 ‘170 -, 1 64
5 16 ° 2 15
PS1 1 69 1 79 -
, 311 -
- PS2 1- 52 "4 .91 .
. 2. 33 on
PS3 (level one)- ;'j .
2 1l 1 2z
732 7 32
9 16. -8 .34
v (leyul two) )
7123 .1 20
6 16 3" 17
. 8 19 5 16
-9, 24 7 25
PS4 2 714 2 is
5 18 4 12
‘6 16 5 38
9 36 6 18
PS5 123 1 .20
6 16 317
8 19 4 11
.9 24 5 16
725

 ad

T

!

Legend: Function l:\first order ¢or linear; 2: 2nd order or quadrﬁiic;

3:'3rd'order or cubic; 4: 4th order ‘or quartic, and so forth.

kS

Percentage refers to proportion of total  variance explained

.
by the function.

4
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LEGEND : CgND-ﬁractice condition, TC~interaction between' trial and Practice

TAIL
PROB.

F

F1
s

»

DEPENDENT VARIABLE

SOURCE

¢

. 0000

. 4266

. b6
. 88iB

27. 2%

03869

9. 06694

_m

DEPENDENT VARIABLE
BOURCE
MEAN
VRCO
ERRO

TAIL
PROB.

ERROR
TRIAL
ERROR

DEPENDENT VARIABLE

TRIAL

2

’

anmwm

<
"

MEAN
SOUAR

F5
DEGREES OF .
FREEDOM

sum OF
SOUARES

oo

0nk
2

227



33
3¢ .

seuvgsr

APCOND
1 " ERROR

/ TRIAL
IA
ERROR

n

-

DEPENDENT VARIABLE
BOURCE”

MEAN
DDCOND
ERROR

TRIAL
2 ERROR

]

ANALYS1S OF VARIANCE
DEPENDENT VARIABLE

. BOURCE

DD-.CDND
ERROR

TRIAL -
ID
2 ERROR

ALYSIS OF VARIANCE
PENDENT VARIABLE -

SOURCE

%

e

»
m-
g!ﬂ
o -
b

SOURCE

©

SACOND
ERROR

TRIAL
18
ERROR

Y

Ee

surm OF

DEGREES OF MEAN
SOUARES FREEDOM SGUARE
S. b-'gga : 5.82335
 7ABes 20 03933
00976 1 " 009
00267 | oo;-z-?
11355 20 . 00563
SUM OF « DEGREES OF MEAN
SGUARES FREEDON SQUARE
14. 89960 1 14. B9960
. 05290 3 05290
54660 16 03816
. 00321 3 100321
. 00004 1 00004
. Ob264 16 00392
4
8UM OF  DEGREES OF MEAN
SQUARES FRE EDOM SOUARE:
31. 44818 1 31 AAB1E
189" b 18526
86279 | 1% < 04541
10052 1 10052
05576 1 05576
&07 i 7 [37°% W
"SUM DF DEGREES OF MEAN
SOUARES FREEDOM SQUARE
204729 74545 1 2DA329. 74545
J79. TADAD 1 379. 74545
30684, 35000 20 1534 2750
76. 37576 1 76. 371576
723 . bABAR 1 721 4ABAB
3220 28333 20 161 01417
- Flo .
sUM OF DEGREEES OF MEAN
SQUARES FREEDOM SGUARE -
%. 93018 | . %.93018
15248 3 152
(79208 © 20 . 03960
. 02165 1 . 02165
. o 1 00140
T s 20 . 00715
228

&S
4

o

144

. v

149
3

154,
1

[
&1

.73
. 48

(4 3
(T2 ]

28

nr !
(4 )]

N
[+ 1] 4]

b\

TAIL
PROE

TAIL
PROB.

0000
0636

0971
6624



P 'z;fr,%
¢ ' oy
N ' N
&
. ?
[} ’ v ’
DEPENDENT VARIABLE - FiL s
SOURCE SUM OF .DEGREES OF MEAN F. TA
SOUARES  FREEDOM SOGUARE PRGE.
MEAN 8. 70040 y 8. 70040 176. 42 ° . 0000
ARCOND . 25341 1 . 25241 S. ﬁ' ‘0
1 - ERROR. . 83743 ? . 04926 b
TRIAL " . 004 1 004 68 . 49 . & o
TA : 1 ' . 00438 . 67 . ‘
2%  ERROR - 06e38 7 . 60983 . 43{4
v
'4 "F ’ 5\ ’ »
’ - SOURCE SUM OF DEGREES cr .nam F Y
> SouarEs { “FREEDOM SAUARE . RREE.
MEAN
&. 49379 1 6. 49379 217.34 . . 0000
AVCOND .
4 BXeoN | 19843 o - i8Bas b b4 - 0180
mhar 02778 1 : s, ’
™ - 144 3 . 02775 5. 73 . Q266
1 2 ERROR . 09683 20 gty 108 - 3285
1] \‘
loo
ty . »
] ¢ "‘
', ’ ' .
. & ’
[ ) -
. . ¥
- ' 0
229 ' .
‘ - D



' 7
ANALYE1S OF VARIA
. DEPENDENT VARIABLI ~ . NSL '
SOURCE 8Um OF DEGREES OF aﬁm
SQUARES FREEDOM SUUARE
MEAN 108782, 38903 1 106782, 38903
. COND 3420 78183 vl 3420 78182
a - H
1 ERROR ° 18551, 29703 ‘19 976. 38405
. JRL 2005 9326
Py Egaon 23 0914 2 i L :oog 93222
2912. 517683 19 !53 29043
s or .
g All.E ) ll_g_z-
SOURCE OF  DEOREES OF
BlSEs PEREEn™ ems
MEAN - . 178234 1 226007, 17834
MZSCOND £592; As081 , 1 8308 43081
1 ERROR 95490, 56892 19 2920. 33426
1 1565. 96410
™ 1345 5818 1 142 4vm14 7
.2, ERROR sii3 9240 19 a7,
"ANALYSIS OF VA ) :
DEPENDENT VARI/ . lS_'_B_
SOURCE ‘UN OF DEGREES OF . MEAN
SOUARES FREEDOM P-BAUARE
363205. 23332 Ty :uszos 33332
) ' CBCOND 21463, 1332 | 21463 33332
1 ERROR 97884. 56944 19 5151. 81944
;’8‘- 656, %'fva i 456, 00198
2 ERRDR 35175, 90278 19 1831 . 36330
&
/ . ) -
YBI$ OF ‘ ' |
BEBIE NS
S0UR sUM EES OF MEAN
SEUATEs EDOM SOUARE
i W 3 3 I\I0LIB7. 743
Es'c'm 3771: 1 . 166809, 077 F
2 ERROR «cvoo. 39904 19 23%21. 07363
™ . 395 1 . 39383
7C s g‘g 1 B sy
,. = ERROR ‘@ 80 19 2432 94308
- TEPENDENT VARIARLI A- S °
SOURCE o= DEGREES OF NEAN
BOUAMES  CRREEDOM SOUARE
MEAN 9. 42976 1 1381619. 62976
BRCOND 1338632 2447 1 40894, 42976
1 EOR 310872. 94524 18 17270. 719362
™ mg 00" 1 20790
.J2%00 |, 1 2.
2 . &oa 7461 %oo 18 4149, 34147
» v , ¢ -

F TAIL
PROB
111 43 . 0000
3 5Q 0767
3
13 0% { 0018
.15 o=
F TAIL
- PROB.
111. &) . 0000
. B8 .3080 -

. 9943
. 9087

00 O
- .ll’l"
8

wy
o4
o8

=0 O
&§ wr
L ]
w



DEPENDENT VAR1ABLE
SOURCE
MEAN :
PBCOND .
ERROR
TRL
TP
o ERRDP

- S DF VARIANCE
ZNQLngénv VARIABLE -

SOURCE

[

9

MEAN
LOCOND
1 ERROR

TRL
TL
2 ERROR

ANALYSIS OF
DEPENDENT V

LO2COND
B ERROR
TRL

TL
'ERROR

ANALYS]S DF VARIANCE
DEPENDENT VARIABLE = e

SOURCE

[

MEAN
. FMCOND
1 ERROR
TRL
TF

ERROR *

4]

ANALYEIE DF VARJIANZE
DEPENDENT VARIABLE -

>S0UR CE

MEAN
MEr: COND
ERROF

(=3

TRL
™
ERROF

mn

LYSIS DF VAR]IAN
DEPENDENT VARIABLECE

© SODURCE _

MEAN
fE‘IEﬂl conD

(SN

TR
™
ERROF

"

. ysé

231

M OF DEGREES OF MEAN
SOUARES FREEDOM _ SOUARE
2 2500 3 230%0. 02500
23985 22380 1 “7404' 22500
19570 25000 16 1087 23611
‘ oo : 1476. 22300
1978 52200 i %70, 02500
8180 28000 16 4%4 4%B33
' £ DEOREES oF MEAN
SUUARES  FRE SOUARE
7 3 238130 63117
238110 &3403 1 141. 76063
5494, 35823 19 <289 17673
1298328 4 i3 13383
2599. 94B11 19 136. 8393
Vsg ,
SUM OF DEGREES OF N
SGUARES  FREEDOM SOOARE
23a2s2 07992 3 238252, 07992
1538 46666 ¢ 1 1%
33a2 595%% .8 15 70558
2 35046 1 2 %504
2. 13s46 1 L T304c
2438 01011 15 126 31632
SUM OF DEGREES “OF MEAN
SQUARES FREEDOM- SQUARE
60BR2767 21930 3 082767, 21930
35747 21930 1 35747 21930
660450, BI333 17 38850 6372%
143156 34211 3 143176, 34211
3. 81579 1 40985 81375
189357 25808 17 “9019. B3294
4,
Mmi MOVES
SUM DF DEGREES OF REAN
SQUARES FREEDOM saﬁn.gs
BOSHI, 7768 1 o rrepe
2328\30e30 1 ea%es 088a
Fie 16429 1% 1061 07762
o405 327z ) 5605 35672
332 7€ 1 383 20376
Te4€ 678 1% 506 91190
SUM OF DEGREES OF " MEAN
.BOUARES . ' FREEDO™ ShoanE
1170 40376 3 v '
Abaze 1 1170 acggg
i6. 47e%7 1% 1 23190
29. Obz 6}
7 00378 3 29 Qenel
2 eress e exprT

F TAIL
PROB
23 04 000}
"1 a9 2707
3.0% ohe-
1 2% o7t
F TAIL
PROB
0000
B33 2% 993
12 . 7366
35 35601
F TAIL
PROE
13687 %0 . 0000
B 9 . 0078
o2 8894
oo 8987
F TAIL
_PROB
156 57 0000
T 2 3509
15 67 001C
3 50 0489
ry .
F TaIL
. PROL
AL
b e
1z 9% 00z
7% 365~
F Talc
. PROF
9% 08 000¢
33 £9%
/
aoes . 0pos
ot o4g’



/

y ] ; /
VAR 1ANCE ML Time, )
s OF .
gg&ém VARIABLE - - . ¢ TAIL
. ’ DE OF MEAN -
SOURCE , B90aREs PFREEDOm SQUARE .  FROB
. 004
. 0029. 71807 1 630029. 71807 20. 0& 9
COND $39924" 60042 1 119961 60042 3. 82 069
! 2208 471119, 16429 13 31407 . - \
"
m Smmenn 1 vmzmenn o3 % -
2 ERROR 63210, 47857 - 19 4214. 03190
LYSIS 1ANCE .
PENDENT VARIABLE - , M2 SCoRE
SOURCE R SUN OF DEGREES OF MEAN F AIL
/ BOUARES  FREEDOM SQUARE 0B.
N MEAN ¥ 6636, 01667 1 © 6636, 016467 8s, 0000 .
VHEM ’ , 166 3 . 41667 . 01 942; "
N $ ERROR 1391 43833 18 77. 0324 i
- N », P
™. 395, 26667 1 395. 26667 19. 27 . 0004
W 13. Okb67 1 { 13 osag-; .64 4352
® ERROR 249, 20833 .48 . | 20.%11%7 . s
ANALYBIE DF VARIANCE
DEPENDENT VARTABLE - , - LEVEL
SOURCE . gun OF ' DEOREES OF MEAN F TAIL
SQUARES  FREEDOM SQUARE ; 0B.
- 476. 016467 = 1 476. 01667 294. 61 .'0
~ COND . Ble&7 1 81667 .83 4
1 ERROR 18 1. 61574 )
i ot~ A P v 95
2 ERROR f 10.33333 18 - 57407 ' i «
ANALYBIS OF - VAR I ANCE : . ’
DEPENDENT VARIABLE - M3 SCORE 3 ’ s ’
BOURCE SUM OF  DEOREES OF ° : \ ¢
S SQUARES FREEDOM sm"'s » F I%'ﬁ.
10013. 1840% 1 10013. 18409 ™)
AFMEMCOND " 78400 H . . 70 . 0000 .
1. ERROR 3420.09091 18 195, 00305 o1 9030
IR . 139. 40631 1 '
1A . - 40431 : 139. 20631 4. 09, 03583
2 ERROR 61386805 . 18 39 10582 -91° L3675
ANALYBIS OF VAR] - ' ’ ‘
DEP ENDENT UARTABLECE LEVEL = |
SOURCE OF  DEGREES OF MEAN
‘ S80MJEs  PESREES, BOUARE Fo s
HEAN 373. 39798 1 B ‘ .
AFEMCOND 1. 69798 ; 373. 35738 a4 16 0000
! EMROR 1sd: 85302 .4 6. 43235 ‘ 6594
TRL 391616 1 Y '
T . -3‘ 16 3 3.8%1614 1.9% . 179
. . . 0161 : '
2 ERROR X 18 11595 15 - . Qi 9255
, L. \
\ —y - ’ 3“

232 | L




-~

LYSI
ENDENT VARIA

S _OF \MR;LNEOCE

‘

mu SCORE _, _ ) \
SUM OF DEGREES OF MEAN F TAIL '
_BOUARES EREEDOM SQUARE | PROB. . .
1 629. 76Y90 31. 03 . 0001
xog xvoae 1 103, 15048 3 18 . 0420
12 20. 30556
26. 29762 1 26. 29762 3. 57 08X |
. 88333 1 . 88333 .08 .78%
88 416867 12 . 7. 36806 .
.
Vo LEVEL
SUNM OF DEGREEB OF MEAN F TAIL
SQUARES EEDOM BOGUARE . PROB
. 107. 48048 1 107. 44048 43. 93 0000 _
4. 29762 1 297 2 %8 13%
20, 16667 12 1. 68056 .
. 42857 1 . 42837 .89 . 3a®
| 42887 3 . 42827 'B89 . 3a29
5. 75000 12 47917 . - »
TIME e
SUN OF DEGREES OF
SQUARES . FREEDOM sﬁgs F ;35‘:'.
)
1177653. 76190 1 1172653. 76190 144 1% 0000
217. 19048 1 3217, 19048
34. 816467 12 8144 33378 . 4377
90. 10714 1 90. 10714 o2 9034
. 67857 1 8. 47857 .
70371.80000 . 12 5864, 59?5; s v
Ms _ ERRORs .
- .
SUM OF DEGREES OF MEAN < F TAIL .
SOUARES FREEDOM SQUARE PROB.
"®18. 40000 1 318. 40000 291. 60 . . 0000
1. 60000 1 1. 50000 “le0 ' 13393 ,
32, 00000 8 1.77778 r
2. 50000 1 2. %0000 1 04 . 3220
* 10000 -4 10000 .04 . B40%
43. 40000 18 o aii14
’ )
LEVEL ' ‘ *
SUN OF  DEGREES OF NEAN F TAIL )
SOUARES FREEDOM BOUARE PROS. /
3. 22500 1 403. 22500 147. 97 . v
403 2299 1 | 22500 13 9289
49. 05000 18 2. 72500
18. 22500 1 . - 18. 22500 322.00 .0000
» 02800 3 ’ . 02500 | 04 L8364
10. 25000 18 . 56944
) ‘D ) /‘
L} ! ¢
' . ] ¢ ' I
. /
. -
y 4 ! RSN



Y

L%
K
P
5
131
2

%

-~ Fa -
ANALYBIS OF VAR IANCE . "
DEPENDENT VARIABLE - !!L. ﬁ
SOURCE 8UM OF ~ MEAN
‘ SOUARES SOUARE
! © B17. 78571 B17. 78571 .
HMTBC OND - b42B6 . 64286
1 ERROR s7| 83333 3. 04386
. ™ . _ 143 4.57143
’ M . . 33000 . 00000
4 ERROR . 17333333 191228
»
ANALYS1S OF VAR IANCE
~—\  DEPENDENT VAR1ABLE - ERRORS
SOURCE SUM OF EES OF MEAN
x SOUARES EDOM SOUAR
F . . 501. 658
« ‘miccono ., 044888 . 648
1 ERROR a1 353 2
N . 168 5. 168
2 Egann ? 168 1.168
» 3. 637 3 2 102
' ANALYSIS OF VARIANCE
NT VARTABLE - LEVEL
, SOURCE © PuM OF DECREES OF MEAN
i SQUARES _ FREEDOM SQUARE
MEAN 264. 02 1 264. 02222
HTCCOND 1. 800 ‘1 1. 80000
) ERROR LR e 1-38%
) 1 2. 93889
} m 2. eee
- . 93889 1 . 93889
‘ 2 ERROR 23, 20000 16 1. 43000
YB]1S OF VARIANCE .
Mnﬂ‘ VARIA - . M'B . ,
SOURCE M OF:  DEGREES OF MEAN
UARES BGUARE
MEAN -
MTDCDND 36 01667 L 23601667
1 ERROR .~ ( 13- 948 2. gise7
TRL &8
. 3. 75000 3. 75000
. ™ .
. 15000 1150
2 ERROR 10; 12500 - - 42998
8 OF VARIANCE ,
BANLOTNASE . g ‘
sounce OF  DEOREEE OF  MEAN
' , \ - EglREB FREE%EH ‘BAUARE
'f MTEC OND . 00198 ) 456. 00198
R | ERROR e . 57344
! . . m’. i 3. &m
L 6 v
v ™ . . -6, 9087
2 ERROR P:g:’gg ! 04960
- ¢ »
. o

Y

F - TAIL
PROB.
268 67 . 0000 .
-} . 6510
5. 01 . 0374
.00 1. 0000
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éumm'ary of the probability and degr‘eeé of freedom (df) for. covariates of
age, Interval since trauma to project, education, duration of coma,
Practice condition main effect, ttial condition main effect, and
interaction (CxT) as a result of ANCOVA for all exercises.

° . )

~)

i o . 4

y
Probabbility
& . Covariate Combi;le_d " . Main Effect
Exercise df Age Interval . EducationComa CovariatesCondlitio,n Trial CxT
FL. 16 .62 ° .19 95 .8 .38 .27 .29 .23
F2 16 .5 .24 G w29 a9 3 .95 .88
P30 16 .51 .45 93 1 L33 - 4B .50 .72
¥4 16 74 .63 .40 .009 .06 ., .08 75 .76,
19 . 005 .06 _ .75 .76
Fs 16 .77 .19 L7 07 . .18 .09 .02 .03
F6 ° 16 .12 .96 3.3 .20 - W51 .20 .50
F7. 14 .31 .88 g9 a7 o 1, .28 .27
FB 15 .57+ .15 .52 26 .21 20 .02 .08
¥9 . 16 .39 . .81 .27 08 .22 T .92 21 .05
F10 16 .69 .42 a2 .007. .03 64 . 097 .66"
- 19 | , | .004 7 .09 097 .66
F11 15 .22 .34 .59 52 .58 .60 .72, 35
Fl2 -16 .05 © 385 89, . .38 .17 . .08 .03 .33
: 19 .01 . - 3 03 - .03 .33
vs1 16 .29 .33 85 , 7 sz - .19 .009 .89
v§2 ' 16 .47 12 42 660 .44 | .68, A 22
'vs3 16 .97 .24 .82 2 . .78 .12 87 .4k
VsS4 15096 .39 .4l 28 w7 RS U TR
vss 14 .06, .22 ¢ .30 a7 2 61 .04 .76
Vs 16 .07 .80 .23 .6 .37 - 49 .09 .13
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VST, 15 .04  -.34 ,27 41 .23 .70 T4 .56
18‘ 008 ‘( “ y N ) 095 071‘ ‘1056
vss 16 .01 .25 .46 .22 . .06 . . .34 “80 .61
. - 19 .02 ‘ » : Co 27 '
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~ 17 K .00001 41 92 .55 0~
ML . _ Q ’ .
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4 . . .r‘&7 * - ) . - ' ! '
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* 2

FORMULAIRE DE OONSENTEMENT

Jj'accepte de participer a un programme
d entrainement et de stimulation perceptuo-cognitives au moyen de micro-
ordinateurs. Ce programme consiste de jeux video et d'exercises sur les
microprocesseurs qui me permettront de pratiquer mes habiletés
auditives, visuelles, verbales et mnémoniques, ma coordination motrice
et mon attention et concentration.

la durée du testing, avant et apres l'entrainement, sera env1ron 3
demi-journées avec des periodes de repos. Le testing consiste
d'enregistrement de pqtentiels évoqués utilisant une technique de EEG.
Des &lectrodes de plastiques seront collées sur ma chevelure, 2 derritre
les oreilles, 2 autour des yeux. Il n'y aucune douleur ou incomfort.

Si je suis choisi pour participer dans ce programme de stimulation,
je devrai venir au laboratoire deux fois par semaine pour environ deux .
heures, ce, pour une periode de 3 & 6 mois. Les détails du programme .
m'ont ete présentés verbalement.

Je comprend que je suis libre de me retirer 3 n'importé quel moment,
quelle que soit 1g raison, avec 1l'entente que les donnees déJé
accumulees pourront &tre utilisées en toute confidentialité, pour des
fins de recherche scientifique. Du feedback sur ma performance sera
donne a mes thérapeutes aux centre de rehabilitation.

On me promet que mes dossiers sont strictement confidentiels et
~ seules les personhes impliquees dans ce projet y ont acces.

Je suis libre de participer & ce programme.

‘ Je declare qu'on m'a expliqué la procédure et les
raisons de cette &tude.

(client) (date).

: i (moni teur)_ (date).

[y
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