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CHAPTER I 

INTRODUCTION 

Overview 

Loss of memory function as a frequent result of closed head injury 

has been well documented. Memory loss appears to be virtually uni

versal among those patients who have experienced substantial head 

trauma. Although the degree and types of memory loss among patients 

with such injuries have been described qualitatively in the literature, 

few studies have addressed the issue quantitatively. Furthermore, few 

studies have assessed systematically the potential effects of particular 

subject characteristic (moderator) variables on later memory functions 

following closed head injury. The primary focus of this study is to 

investigate the unique contributions of level of education, estimated 

premorbid I.Q., coma status, time of testing post-injury, and patient 

age to memory loss subsequent to closed head injury. Primary dependent 

measures are taken from the patients' Revised Wechsler Memory Scale 

scores. The existing literature relevant to the areas being considered 

within the purview of this investigation subsequently are reviewed. 

Introduction 

The interest in memory has been traced back to the \jery beginnings 

of recorded history (Gromulicki, 1953). Adams (1976) has credited 

Ebbinghaus with the beginnings of the objective study of memory. Since 

Ebbinghaus' pioneering work in memory in the late 1800's, a variety of 

behavioral and medical science specialty areas have focused their 

attention on the study of memory. In recent years, neuropsychology and 

neurology have attended to the clinical examination and assessment of 

memory functions in humans. However, the laboratory study of memory 

has been a key focus of experimental psychologists, and it is to this 

specialty area of psychology to which we owe our basic understanding of 
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the psychological processes involved in memory. Debt is owed to 

physiological psychology for anatomical and physiological considerations 

of memory. 

An examination of the range of topics subsumed under the rubric of 

"memory" in the psychology literature has indicated a broad range of 

activities. However, one consistent element has been almost always 

included in such work, and that is the reference to a trace, engram, 

representation, or some permanent change in the central nervous system 

(CNS). In other words, all conceptualizations of memory apparently have 

included a reference to some kind of permanent CNS change which can 

later be reproduced. Russell (1981) has defined memory as "a persistent 

central nervous system change consisting of both environmental 

information and activities of the organism that can be reproduced by 

the organism after some interval of time in an exact or equivalent 

form" (p. 288). 

As a foundation for understanding memory pathologies and types of 

memory, the general process of memory, as it is understood in its 

broadest terms in contemporary psychological theory, is reviewed in 

this section. Only an overall outline of memory processes is presented; 

for more specific details and nuances, the reader is advised to consult 

expert sources (e.g., Adams, 1976; Broadbent, 1958; Kesner, 1973; 

Kintsch, 1977; Miller, 1956). 

Sensory Memory 

The memory process begins with the input of sensations into the 

organism. These sensations generally are preselected by the organism 

according to attention and personal interest factors. The input is 

placed immediately into the yery brief sensory memory (Crowder, 1976). 

With regard to vision, this memory has been called "iconic memory" 

(Coltheart, Lea, & Thompson, 1974; Sperling, 1960), while the auditory 

equivalent has been termed "echoic memory" (Baddeley, 1976). The 

anatomical substrate of sensory memory is still an issue in question. 

More specifically, the argument at present is whether this memory is 

located centrally or in the periphery of the nervous system (Craik, 

1979). Regardless of its location, it seems quite certain that these 



types of memory serve as a first memory register that almost completely 

is unprocessed by the brain (Crowder, 1976). The duration of these 

inputs into the sensory register usually last no more than 250 to 500 

msc (Haber, 1970). 

Short-Term Memory 

The second stage of information is short-term memory (STM). STM 

evidently constitutes consciousness since people are aware of cognitive 

processes that are not automatic (Shiffrin & Schneider, 1977). Accord

ing to Norman (1973), the duration of STM is only 20 to 30 seconds, 

with the maximum length reported in the literature being 40 seconds 

(Shiffrin, 1973). However, material can be held longer in STM with 

rehearsal, but new material tends to displace the old material (Norman, 

1973). 

Furthermore, STM appears to control long-term memory (LTM) in the 

sense that items are transferred both into LTM and retrieved from LTM 

through STM processes. Encoding appears to be the key in the transfer 

of material from STM into LTM. Craik (1979) suggests that encoding is 

the process which tags information so that it can later be retrieved. 

Another process used by STM is that of retrieval of material from 

storage, which is the final step in memory processing and is discussed 

below in a later section. 

Hebb's (1949) dual trace theory, which maintains that there are 

two types of neural processes that underlie memory, is still largely 

accepted. Hebb's theory postulated the concept of reverberating cir

cuits so that neural stimulation sets up a reverberation around the 

circuit that lasts for a short period of time. This concept fits 

nicely with the reported 20 to 30 seconds duration of STM. 

Research has shown that there are different types of STM (Milner, 

1970, 1975, 1978) which have different cortical locations. For example, 

STM for verbal material is a left hemisphere function (Benson, Marsden, 

& Meadows, 1974), while STM for nonverbal or figural material is a 

right hemisphere function (Warrington & James, 1967). Collectively, 

then, the research has indicated that there are many types of STM 

(Craik, 1979) and that their anatomical substrates are located in dif

ferent parts of the brain. 



Long-Term Memory 

Long-Term Memory (LTM), the type of memory traditionally called 

"memory," represents the permanent record of events and learned mate

rial for an organism. LTM begins within about 0.5 seconds from the 

time that an item enters attention. Thus, there is a period of overlap 

between the beginning of LTM at 0.5 seconds (decay of sensory memory 

and beginning of STM) and the end of STM (approximately 20 to 30 

seconds). Evidently, LTM has three stages or processes: a) encoding; 

b) storage; and c) retrieval. 

The consolidation of memories apparently involves two different 

subprocesses: the transfer of material into LTM storage and the con

solidation of that memory therein. Transfer is the movement of mate

rial either from STM into LTM storage or perhaps directly into LTM 

storage from sensory input guided by STM (McGaugh, 1966). 

McGaugh (1966) has suggested that consolidation itself takes much 

longer. Essentially, the consolidation process consists of a pro

gressive strengthening of the memory trace(s) in order to become perma

nent. The greater time period for consolidation appears supportive of 

Hebb's (1949) hypothesized requisite CNS growth process (to be dis

cussed below) for LTM store. 

Rehearsal also is a major element in the transfer and consolidation 

of memories into LTM (Atkinson & Shiffrin, 1971). The rehearsal of an 

item increases the total time of attention paid to that item and thus 

reinforces its memory. Rehearsal also plays a part in the process of 

coding in that rehearsal, as a form of attention, selectively cate

gorizes items during the rehearsal. In STM these items then are trans

ferred into LTM coded under the category used in rehearsal. Thus, 

rehearsal, as a form of attention, maintains items in STM, codes them, 

and transfers or consolidates them into LTM. 

Hebb's (1949) dual trace theory is involved traditionally as an 

explanation of the physiological changes underlying LTM. More specif

ically, Hebb postulated that during the establishment of long-term 

memories, some form of neural growth occurs that establishes new and 

relatively permanent connections among cortical neurons. This growth 



has been conceptualized as involving the development of new synaptic 

knobs or dendrites. Since there is no mammalian evidence for growth 

or change of major neuronal pathways in the brain after their initial 

formation (McGeer, Eccles, & McGeer, 1978), it appears that the struc

tural basis of LTM lies in the modification of synapses (Eccles, 1970). 

The anatomical substrate of the consolidation process is well-

known. Much of this knowledge is due to data presented by Milner 

(Milner, Corkin, & Teuber, 1968) and Scoville (1968; Scoville & Milner, 

1957). In 1953-, Scoville operated on H.M. in an attempt to alleviate 

his intractable epileptic seizures. In the neurosurgery, the anterior 

mesial tip of the temporal lobe (which included the anterior two-thirds 

of the hippocampus, the hippocampal gyrus, and the amygdala) was 

resectioned bilaterally. The result was a permanent and virtual total 

loss of ability to learn new material and thus form LTM. Apparently 

H.M. lost the ability to consolidate STM into LTM. LTM formed prior 

to surgery remained intact. These results clearly implicated the 

hippocampus in the consolidation phase of memory. Butters and Cermak 

(1975) have indicated that other limbic system structures, such as the 

fornix or mammillary bodies, also may play a role in the consolidation 

phase of memory as their destruction apparently produces a somewhat 

different form of amnesia. 

Storage is one of the most vital processes related to memory. 

Long-term storage is a relatively permanent store of consolidated mate

rials reflected by Hebb's hypothesized physical changes in cortical 

synaptic connections. The form in which the LTM trace is held is that 

in which it was originally encoded. Two of these major forms are 

episodic memory and categorical memory. 

The distinction between episodic and categorical memory was intro

duced by Tulving (1972) and has gained widespread acceptance among 

contemporary psychologists (Craik, 1979). Briefly, the distinction 

between the two is that episodic memory refers to memory for spatio-

temporal events, while semantic (categorical) memory refers to memory 

for words, verbal symbols, and semantic relationships. 

Regarding episodic memory, research has demonstrated (cf. Barbizet, 

1970) that if the lateral surface of the temporal lobe is stimulated 



electrically, sequences of episodic memory can be retrieved. However, 

these data must be qualified since the subjects were epileptics and the 

nature of their elicited episodic memories seemed strikingly similar to 

the types of memories which occurred on occasion during epileptic auras. 

Nonetheless, the possibility still exists that episodic memory may be 

stored in a discrete area of the brain, perhaps the temporal lobe. 

There is obvious difficulty in determining the anatomical location 

of categorical memory when such memories exist. Since categorical 

memory refers to material that was learned previously, it is difficult 

to separate this memory from the consolidation process. What is clear, 

however, is that the hippocampus is not the area for storage of either 

episodic or semantic memory, since the work of Milner et al. (1968) has 

shown that patients with hippocampal lesions can retrieve stored mate

rial . 

Retrieval is the third process related to LTM and refers to the 

process of locating and accessing material held in the LTM store. One 

major issue in retrieval is whether the retrieved information is 

exactly the same as that which was input originally, or whether some 

transformation of the material has occurred (cf. Bartlett, 1932). 

Thus, it appears that retrieval takes at least two forms: a) either 

direct access to verbatim material; or b) access to a general idea of 

the original input and a transformation or reconstruction of the final 

output. 

The central problem in retrieval is that of access to the memory 

store. According to Atkinson and Shiffrin (1971), the essential prob

lem is how to tag the material at the time of encoding in such a manner 

that it can later be retrieved reliably from storage. Craik (1979) has 

shown that the type of cue used to gain access to the stored material 

is virtually the same cue used to encode that material. It appears that 

the process of encoding attaches specific cues to the material and the 

codes then are used to retrieve the material. 

Overview of Theories of Memory Loss 

A variety of theoretical explanations of the process(es) involved 

in memory loss exist. Perhaps the oldest theory is the trace decay 



position, which states that over a period of time the trace, or engram, 

deteriorates gradually. Time is purported to be the culprit here; no 

specific process is invoked. Recently, Baddeley (1976) presented a 

more sophisticated version of the trace decay theory. In short, 

Baddeley maintained that the trace decays because of the neural back

ground activity (viz., noise) that occurs in the brain. In other words, 

the ongoing physiological processes in the brain tend to destroy traces 

over time. 

A variety of interference theories have been proposed to account 

for memory loss. In general, these theories hold that memories do not 

decay, but that a loss of memory is due to interference by other 

memories. Proactive interference (the effect of learning a list of 

words on the retention of a subsequently learned list) and retroactive 

interference (the detrimental effect seen on retaining an initial list 

of words after a second list has been learned) are empirical effects 

concretely allied with this theoretical stance and have generated 

literally thousands of research studies. Clearly, it is evident that 

interference exists. However, according to Baddeley (1976), it also 

seems clear that interference may not have a profound effect on memory 

under many circumstances. 

At least two versions of interference theory apply to the neuro

psychological understanding of memory. The first is the response com

petition position championed by Warrington and Weiskrantz (1974). This 

version maintains that one group of responses made by the organism com

petes with a new group of responses and thus produces interference. 

A second version of interference theory has been proposed by Luria 

(1973). Essentially, Luria presents a neurochemical inhibition theory. 

More specifically, Luria has suggested that there is an inhibitory 

influence of prior memories on new traces that interfere with the 

retrieval of new traces. In this sense, Luria seems to define inhi

bition in a manner almost identical to classical interference positions. 

Overview of Theories of Memory 
Loss Due to Head Injury 

At least four theories have been proposed to explain memory loss 

due to head injury. They are presented briefly to serve as a prelude 
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to the following sections on the anatomy and pathophysiology of closed 

head trauma in humans. 

In the first instance it has been purported that memory loss is 

caused by a loss of brain substance incurred by the physical effect(s) 

of the closed head injury. Essentially, it is believed that the actual 

memory traces in a particular cortical area are destroyed by the brain 

damage (Russell, 1981). 

The second theoretical cause of memory loss in brain damage is 

hypothesized to be due to interference or response competition and 

inhibition (cf. Luria, 1973; Warrington & Weiskrantz, 1974). In short, 

these authors hold that brain damage increases the amount of inter

ference by weakening the brain's ability to prevent interference from 

competing memory traces or responses. 

The third theoretical cause has been a product of Milner's work 

(Milner, 1978; Milner et al., 1968) and points to a failure of con

solidation as the reason for memory loss. Milner's work has shown 

rather convincingly that hippocampal lesions produce a failure of con

solidation. 

A loss of the intention to memorize, particularly in head trauma 

with frontal lobe damage, has been put forth by Luria (1976) as a 

fourth theoretical cause. Luria's work has shown that midline frontal 

damage in particular produces an inability to follow any intention for 

a period of time. Consequently, the person is unable to censor irrele

vant stimuli and is unable to maintain the intention to memorize the 

material. 

Thus, a variety of theories have been proposed to account for 

memory loss in general, and memory loss due to head trauma in partic

ular. Attention now is devoted to closed head injury, unconsciousness, 

and memory loss in humans. 

Closed Head Injury 

"Head injured patients are so commonplace that they often fail to 

attract the attention they deserve. . . . Head injuries constitute a 

major health problem in all westernized nations" (Jennett & Teasdale, 

1981, pp. V, 1). These quotes from a recent neurology textbook 



highlight the surprising lack of data on head injuries. Although head 

injuries are probably one of the most common presenting complaints 

found in emergency rooms and neurologist's offices, they nonetheless 

remain one of the most poorly understood phenomena in medical science 

today. A perusal of the 9th edition of the International Classification 

of Diseases reveals a glaring absence of the term "head injury." 

Head injury is a common cause of death and disability, partic

ularly in the first half of life (Jennett, Teasdale, Galbraith, Pickard, 

Grant, Braakman, Avezaat, Maas, Minderhoud, Vecht, Heiden, Small, 

Caton, & Kurze, 1977). While good documentation is lacking (Jennett & 

Teasdale, 1981), it is estimated that approximately 3.6% of the United 

States' population sustained some sort of head injury in 1976 with 

over one million of these being classified as severe (Caveness, 1979). 

Dikmen and Reitan (1977) estimated the incidence of head injury in the 

United States to vary between 750,000 to 3,000,000 per year. Caveness 

(1979) estimated these head injuries to result in 10,234,000 days of 

bed disability and 24,525,000 days of restricted activity. Dikmen and 

Reitan (1977) estimated that 60,000 persons annually in the United 

States were disabled permanently by head injuries, while London (1967) 

estimated that at least 1,000 persons became handicapped each year in 

Britain as a result of head injuries. 

More recently, the National Head Injury Foundation (NHIF) has 

claimed that head injuries have become "a national epidemic." They 

estimated that 100,000 persons die annually from head injuries, and 

that over 700,000 have injuries severe enough to require hospitalization. 

Between 50,000 and 90,000 hospitalized head injured persons annually 

are left with cognitive or behavioral deficits of such a degree as to 

preclude their return to normal life. 

Available clinical and experimental data on head injuries remains 

more descriptive than empirical, partly because "the mechanisms under

lying impaired consciousness after head injury are incompletely under

stood" (Jennett & Teasdale, 1981, p. 91). In fact, the first studies 

of head injuries did not appear until the late 1920's, when Symonds 

(1928) began his speculations on the topic. Numerous descriptive 

studies of head injuries followed Symonds' (1928) investigatory work. 
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Shortly thereafter, head injuries were dichotomized as open or closed, 

which referred to whether the dura of the skull had been penetrated. 

The distinction of head injuries as missile or non-missile, blunt or 

penetrating, became popularized in the neurology literature following 

World War II, based to a large extent on returning disabled veterans 

who had received shrapnel wounds in the head. These terms are still 

in use today, and the distinction appears to be a viable one. 

The differences between an open and a closed head injury are dis

tinct and apparent from medical-surgical, psychometric, and neuro

logical perspectives. According to contemporary medical-surgical 

literature (e.g., Roberts, 1979), open head injuries can be more life-

threatening and demanding of immediate intrusive intervention. Psycho-

metrically. Black (1973) reported significantly different patterns of 

results on the Wechsler Memory Scale (WMS: Wechsler, 1945) when he 

compared closed head injury patients to penetrating missile wound (viz., 

open) head injury patients. Neurologically, deficits of a cortical 

sort are more focal and discrete in open head injuries, while cortical 

dysfunctions are typically more diffuse in closed head injuries (Smith, 

1961). Thus, open and closed head injuries appear to be separate and 

perhaps mutually exclusive entities. This investigation will focus 

solely on closed head injuries. 

Definition of Closed Head Injury 

Closed head injury is defined as a blunt, direct insult to any 

portion or portions of the head caused by dynamic forces. According 

to Hoi bourn (1943), impairment of function and damage to neural struc

tures can be initiated statically (forces applied slowly with 

durations less than 200 msc) or dynamically (forces applied with 

durations less.than 200 msc). Since static injuries are uncommon (e.g., 

crushing of~the head slowly), most cases of closed head injury are due 

to dynamic forces. 

Pathophysiology of Closed Head Injury 

In the first explanation posited for the pathophysiology of 

closed head injury, Symonds (1937) suggested that the injury depleted 
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the neuronal functional reserve. Since Symonds' time much progress 

has been made in identifying the pathophysiology of head trauma and 

traumatic unconsciousness. Recent experimental, clinical, and patho

logical evidence all suggest that impaired consciousness caused by 

blunt head trauma is due to acceleration/deceleration forces acting on 

the brain as a whole (Jennett & Teasdale, 1981). Such acceleration/ 

deceleration forces are the dynamic forces described originally by 

Holbourn (1943) and refer essentially to the impact and resultant wave 

propagations that occur when the human head is met violently with a 

blunt instrument or surface. 

Thus, dynamic forces, the most common cause of closed head 

injury, can be initiated either by direct blows to the head (impact) or 

by sudden movement of the head (impulse) produced by impact elsewhere. 

Both impact and impulse inputs can injure the brain by the stresses 

and strains of inertial loadings associated with the sudden changes in 

motion of the head; in addition, impact adds the effects of contact 

phenomena, which consist primarily of skull bending, fracture, and 

wave propagation (Goldsmith, 1970). 

Ommaya and Gennarelli (1974) concluded that rotation of the head 

during acceleration/deceleration trauma appears to be necessary for 

loss of consciousness. These authors subjected primates to violent 

rotational head movements and found evidence of shear strain forces. 

These forces were most pronounced at the junction between the white and 

grey matter in the medial temporal and orbito-frontal areas of the 

brain. Thus, varying degrees of shearing damage of the white matter 

appear to be a viable candidate as the pathological substrate of 

altered consciousness after closed head injury (Jennett & Teasdale, 

1981). It may be, however, that shearing forces of a degree that 

tear only a few axons, but cause a stretching of many (with subsequent 

failure of conduction in the fibers), may be an equally viable expla

nation of closed head injury pathophysiology. It seems certain, 

however, regardless of whether axons are torn or stretched, that the 

final common pathway for injuries that cause impaired consciousness is 

the inactivation of a sufficient proportion of the cerebral cortex. 
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However, the reticular system also has been implicated in head 

injury and traumatic unconsciousness. The relative amounts of damage 

to rostral brain stem areas and to the cerebral cortex has been an 

issue of controversy for some time. According to Ommaya and Gennarelli 

(1974, p. 637), "Paralytic coma (traumatic unconsciousness) develops 

when the magnitude of shear strain is large enough to reach the well 

protected mesencephalic part of the brain stem and thus complete the 

disconnection of the alerting system of the brain." 

Specific mechanisms potentially responsible for the behavioral 

sequelae of closed head injury have included altered central neuro

transmitter metabolism (van Woerkam, Teelken, & Minderhoud, 1977), 

neuroendocrine disturbance related to pituitary involvement (Paxson & 

Brown, 1976), reduced cerebral blood flow (Taylor & Bell, 1966), dis

ruption of the arousal effects of the mesencephalic reticular formation 

(Ommaya & Gennarelli, 1974), and reduced or disrupted information 

processing (Levin & Grossman, 1978; Levin, Grossman, & Kelly, 1976). 

Thus, the extent of cortical and sub-cortical involvement in 

closed head injury is significant and the probability of peripheral 

damage appears to increase proportionately when the amount of strain is 

large enough to affect the rostral brain stem and produce the typical 

case of traumatic unconsciousness. In short, it appears that damage to 

cortical areas are involved in virtually all closed head injuries. 

However, it appears that the pathophysiological substrates of traumatic 

unconsciousness include direct damage to cortical/subcortical areas and 

either direct or indirect damage to the rostral brain stem (the 

mesencephalic reticular formation in particular). Furthermore, it 

seems that when the patient leaves coma (an index of restoration of 

reticular functions), more long-lasting detrimental effects are seen at 

the level of the cerebral cortex (Ommaya & Gennarelli, 1974). 

Additionally, it is quite possible that the cortex suffers damage 

secondary to the initial trauma during continued coma. Jennett and 

Teasdale (1981) described widespread hypoxic/ischemic damage that 

developed after the initial injury, thus exacerbating cortical dys

function and increasing the amount of intracranial damage. 
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Damage other than that due to hypoxia/ischemia can further com

plicate matters. Raised intracranial pressure, due either to brain 

swelling or to surface brain compression, has been described by Adams 

and Graham (1972). The presence of a hematoma has been noted fre

quently, but certainly not always (Roberts, 1979). With or without 

hematoma, the consequences appear to be similar--raised intracranial 

pressure, edema, and internal herniations, all of which appear to 

affect consciousness either by impairing perfusion of the cerebral 

cortex or by exacerbating dysfunction in the ascending midbrain 

reticular system, due probably to midbrain distortion, infarction, or 

hemorrhage. 

Thus, the secondary effects of severe closed head injury may be 

clinically indistinguishable from the primary effects. Furthermore, 

the lack of a good animal analogue to mimic the acute phases of closed 

head injury with or without resultant coma have hindered severely 

efforts to separate impact damage from secondary pathophysiology. 

It is clear from the foregoing discussion that the cortex and/or 

rostral brain stem may be involved in various closed head injuries. 

More specifically, though, Courville (1942, 1950, 1958), Gurdijan, 

Webster, and Arnkoff (1943), and Lindberg and Freytag (1957, 1960) 

all have pointed to the orbito-frontal and temporal areas of the brain 

as being the most vulnerable to damage in closed head injury. Adams 

and Graham (1972) described wedge-shaped infarcts found in hippocampal 

and cingulate gyri adjacent to the tentorium and falx. Ommaya and 

Gennarelli (1974) implicated the temporal lobes as most vulnerable, 

primarily because of their rough surface covering. In short, aside 

from the rostral brain stem, most cortical damage in head trauma tends 

to occur in the orbito-frontal and temporal areas of the brain. 

It is essential to consider that brain damage is typically diffuse, 

as opposed to focal, after closed head injury. The foregoing dis

cussion supports the contention that the neuroanatomical areas involved 

in severe blunt head injury cover frontal, temporal, and brain stem 

areas. Given the fact of contre-coup effects, i.e., trauma to the head 

may produce injury to the brain either beneath the site of external 
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injury (coup) or to an area of brain opposite to the external injury 

(contre-coup), diffuse damage, and the neuro-anatomical areas involved, 

it would appear unlikely that lateralized deficits would be seen 

uniformly in traumatic head injury. In other words, the site and side 

of brain impact would seem to have little direct bearing on resultant 

specific dysfunctions. According to Roberts (1979), "Analysis of the 

relationship between the side of head impact and defective memory 

failed to reveal any consistent association" (p. 66). Furthermore, a 

review of the results presented by Courville (1942, 1950, 1958), 

Gurdijan et al. (1943), and Lindberg and Freytag (1957, 1960) cor

roborated Roberts' (1979) finding in that bilateral damage was 

evidenced regardless of the site of head impact. 

Thus, it appears that in head injury and traumatic unconsciousness, 

patients receive substantial damage to orbito-frontal, temporal, and/ 

or rostral brain stem areas. Furthermore, the damage is most fre

quently bilateral and quite diffuse. Since rostral brain stem functions 

are at least recovering (if not recovered) when the patient comes out 

of coma, this neuroanatomical area will no longer be considered specif

ically in this study. Rather, cortical areas (which are the primary 

areas assessed by memory and neuropsychological testing) will be the 

focus of attention since these areas tend to bear the brunt of the 

insult. 

Sequelae of Closed Head Injury 

Levin, Benton, and Grossman (1982) have presented an empirically-

based monograph that concisely documents the numerous and varied 

sequelae of closed head injury. Comprehensive attention is devoted to 

the mneumonic, cognitive, language, perceptual-motor, and psychiatric 

sequelae of traumatic head injury. In their discussion of memory 

functions following closed head trauma, the authors concluded that 

". . . memory disorder is likely to be a prominent sequel of closed 

head injury" (p. 99). 

In reporting the results of his study of 33 severe closed head 

injury patients, Roberts (1979) commented: 
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A persistent impairment of day-to-day memory without evidence 

of personality change . . . was one of the most frequently 

encountered mental sequelae of these head injuries. . . . This 

frequently encountered disturbance of memory functions seems 

certain to reflect damage on both sides of the brain in the medial 

parts of the temporal lobes, that is in both hippocampal regions 

and in their different pathways via fornices to mammillary bodies, 

(p. 62) 

Similarly, Jennett and Teasdale (1981) reported on 150 closed head 

injury patients in Glasgow who had been comatose for six hours or more. 

They found that the most common deficit among their patients was in 

verbal and nonverbal memory functions. 

Other researchers have reported remarkably consistent findings. 

Obrador, Bustos, and Fernandez-Ruiz (1973) studied 100 severe closed 

head injury patients who were rendered comatose for nine or more days 

and found that approximately 70% of their patients had defective recent 

memory. In a study of patients who had been comatose for over three 

weeks, van der Swann (1969) also reported that memory impairment was a 

frequent complaint. Levin et al. (1976) found persistent impairment of 

recognition memory in their head injured patients several months or more 

post-trauma. Brooks (1972) found that closed head injury patients were 

significantly worse than controls on memory tasks for verbal and figural 

stimuli. He also reported that the head injured patients acquired less 

material and forgot more than controls. Taken together, these studies 

suggest that memory dysfunction is a high base-rate behavior among 

closed head injured patients, especially for those who have been 

rendered unconscious. 

Gronwall (1976) and Gronwall and Wrightson (1981) have presented 

data that support the contention that memory dysfunction secondary to 

closed head injury is a result of reduced information processing. This 

position also has received empirical support from the research of Levin 

and his colleagues (Levin & Grossman, 1978; Levin et al., 1976). The 

resultant psychophysiological effects of disrupted information proces

sing is still an open question, although most theorists (e.g., van 
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Zomeren, 1981) agree that disrupted information processing affects 

arousal. 

Prigatano, Stahl, Orr, and Zeiner (1982) studied sleep data on 

ten closed head injured patients and reported less stage 1 sleep and a 

greater number of awakenings than age matched controls. They inter

preted this reduction in stage 1 sleep as reflective of difficulty in 

sustaining arousal. More specifically, Prigatano et al. stated that 

". . . patients after closed head injuries may not have sufficient 

internal regulation of arousal and attentional mechanisms to adequately 

process information" (p. 79). These authors cite the model of attention 

offered by Pribram and McGuinness (1975) as being consistent with their 

results. In short, Prigatano et al. believed that reduced information 

processing secondary to closed head injury is a result of decreased 

arousal and attention. Their findings also are supported by the 

results of several WMS factor analytic studies (to be discussed in a 

later section), which show that the "attention-concentration" factor of 

the WMS often can separate closed head injured patients from controls. 

Van Zomeren (1981) has investigated the issue of arousal in closed 

head injured patients via reaction time studies. He found that closed 

head injured patients show significant slowing on reaction time tasks. 

The essence of van Zomeren's position is that head injured patients' 

slowed rates of information processing tend to reduce "channel capacity." 

Thus, less information is being input with subsequent poorer retention. 

He, too, like Prigatano et al. (1982), posits that arousal is the cul

prit in slower rates of information processing secondary to closed head 

injury. Unlike Prigatano et al., however, van Zomeren suggests that 

increased arousal is responsible for poorer information processing. 

Van Zomeren has offered a "coping" hypothesis to account for 

sustained over-arousal. This hypothesis states that head injured 

patients expend great efforts in their attempts to meet premorbid 

performance expectancies in the face of residual deficits in infor

mation processing. In other words, van Zomeren has suggested that 

sustained over-arousal is responsible for poorer information proces

sing, as head injured patients essentially hyperextend their abilities 
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in an attempt to compensate for, or recover from, memory and other 

cognitive deficits. 

At first glance, the positions of Prigatano et al. and von 

Zomeren may appear contradictory, as one position (Prigatano et al.) 

suggests hypoarousal, while the other position (van Zomeren) indicates 

hyperarousal as the reason for reduced information processing. It 

would seem quite possible, however, that both positions are correct, 

depending upon specific characteristics (e.g., age, education, pre

morbid I.Q., etc.) of the patients studied. It may be reasonable to 

assume that an older, uneducated, and unemployed patient would be less 

likely to strive for recovery of functions than would a younger, highly 

educated patient who may have a promising professional career ahead of 

him/her. Thus, it is quite possible that the subject characteristics 

of closed head injured patients may account for both the seemingly 

divergent theoretical stances and possibly for the frequently unclear 

empirical findings. 

Variables Potentially Associated 
With Recovery 

Carlsson, von Essen, and Lofgren (1968) presented a general model 

of possible outcomes after closed head injury. Following head trauma, 

patients may or may not lose consciousness. Patients rendered comatose 

may die, may remain in persistent coma, or may regain consciousness. 

Those patients who regain (or never lose) consciousness may show 

residual neurobehavioral deficits or may recover fully. Carlsson and 

his colleagues studied 496 closed head injured patients and reported a 

mortality rate of 34.5%. Death usually was due to primary cerebral 

injury. Only 1% of the patients remained in a persistent coma. The 

remaining 64.5% of the patients either regained or never lost con

sciousness, and these patients were followed by the authors to deter

mine eventual recovery of cognitive and vocational functions. This 

study was one of the first systematic attempts to elucidate the 

potential roles and relationships among various patient characteristics 

and recovery of functions post-trauma. 

"Recovery of function after acute brain damage is a remarkable 

phenomenon, the mechanism of which is almost wholly obscure" (Jennett 
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& Teasdale, 1981, p. 253). Although the physiological mechanisms may 

be unknown, it would appear useful to delineate variables potentially 

associated with recovery as a starting point based on the paradigmatic 

precedent offered by Carlsson et al. (1968). Subject characteristic 

variables of potential relevance include sex, premorbid intelligence, 

age, time of testing post-injury, education, and coma status. Each 

potentially relevant variable will be discussed in the context of prior 

research. 

The literature suggests that the vast majority of closed head 

injured patients are male. A review of five relevant studies (Brooks, 

1976; Jennett et al., 1977; Kear-Colwell & Heller, 1980; Prigatano & 

Parsons, 1976; and Vega & Parsons, 1967) revealed that the percentage 

of male head injured patients ranged from 81% to 91%. Taking these 

studies as a representative sample of the sex distribution of closed 

head injured patients, it would appear that approximately 85% of such 

patients typically are male. 

Sex of the patient in severe closed head injury has been inves

tigated systematically in only one study. Carlsson et al. (1968) found 

sex of the patient to be an inconsequential variable in determining 

outcome whether defined in terms of memory dysfunction or restitution 

of work or other mental capacities. Thus, sex of the patient does not 

appear to be a relevant variable with this select population. It would 

seem plausible to assume that the pathophysiological consequences of 

closed head injury affect males and females equally. 

The potential relevance of the patient's premorbid level of intel

lectual functioning has received scant attention in the literature, 

perhaps due to the difficulty inherent in such assessment. Adams, Boake, 

and Grain (1982) suggested that this variable was a relevant subject 

characteristic in neuropsychological diagnostic accuracy and classi

fication. They posited that those patients with lower levels of pre

morbid I.Q. were more likely to be misclassified as brain damaged (i.e., 

false positives). Miller (1979) indicated that premorbid I.Q. was an 

important variable in predicting long-term adjustment. Dresser, 

Meirowsky, Weiss, McNeel, Simon, and Caveness (1973) reported that 
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those head injured patients of higher premorbid I.Q. may have better 

long-tenn prospects for restitution to gainful occupational status. No 

study reviewed, however, showed empirically whether premorbid I.Q. 

affects recovery of memory functions. Since the few available studies 

suggest some relationship between premorbid I.Q. and post-injury 

sequelae, this variable may well be worthy of study. 

The factor that has received the greatest attention in relation 

to memory outcome in closed head injury has been the age of the patient. 

Russell (1934) was the first to consider the age of the patient as a 

relevant variable in closed head injury memory outcome. In his review 

of the relevant literature. Smith (1961) also concluded that the age 

of the patient was an important variable. In his series of studies on 

closed head injury and memory impairment. Brooks (1972, 1974, 1976) has 

shown that although immediate memory is not affected by the age variable, 

other types of memory (e.g., STM and LTM) are so affected. Brooks, 

drawing on data from the neurosciences, has hypothesized that selected 

memory functions are affected by age because of reduced cortical plas

ticity. McGeer et al. (1978) have presented data supportive of this 

position. Carlsson et al. (1968) also have pointed to age as a crucial 

variable in determining outcome from closed head injury, and concluded 

that restitution of mental functions declined with increasing age. 

Miller (1979) has suggested and Kear-Colwell and Heller (1980) have 

shown that the younger the closed head injured patient, the better the 

memory performance. In short, patient age appears to be a crucial 

variable in recovery of cognitive functions following closed head 

injury: the younger the patient, the better the memory performance. 

Symonds (1962) suggested that the effects of closed head injury, 

no matter how slight, may not be completely reversible. Fodor (1972) 

gave memory tests to closed head injured patients one, two, three, and 

four days post-injury and found no improvement in their scores. Conkey 

(1938) serially tested closed head injured patients on five occasions 

during the first year post-injury. She found gradual recovery of 

memory functions. By the fourth testing (34 weeks post-injury), closed 

head injured patients' scores approximated those of control subjects. 
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No further improvement was noted at the fifth testing (50 weeks post-

injury). The results of Conkey's research suggest that the memory test 

performances of head injured patients "recover" (i.e., equal the per

formances of control subjects) by roughly eight months post-injury. 

Brooks (1976), utilizing the WMS, and Dikmen and Reitan (1977), 

employing unspecified "various measures of memory", (p. 492), found that 

memory dysfunctions among closed head injured patients recover, or 

remit, within six months to one year post-injury. Mandelberg (1976) 

reported that head injured patients' Verbal, Performance, and Full 

Scale Wechsler I.Q.s equalled those of a control group within three 

years post-injury. Taken together, these studies suggest that the 

recovery of cognitive functions in general, and memory functions in 

particular, occur regularly and within relatively specific time periods 

post-injury. These studies, along with many case reports and clinical 

observations, seem to form the primary basis for the assumption of 

recovery of function with 12 to 18 months post-trauma, if recovery is 

to occur. 

However, studies reporting rather different results have appeared 

in the literature. Dencker (1960), using a novel strategy, studied 

36 monozygotic twins who had sustained a closed head injury, and com

pared their scores on immediate numerical and short-term verbal memory 

tasks. No significant differences were obtained. However, these 

patients were tested approximately ten years post-injury, thus leaving 

open the question of whether memory decrements had resolved prior to 

testing. 

Brooks (1972) assessed the memory functions of 27 closed head 

injured patients with three WMS subtests (Visual Reproduction, Asso

ciate Learning, and Logical Memory). The large majority of the 

patients were tested between six and eight months post-injury. The 

correlations among memory scores and time of testing post-trauma neared 

zero. Brooks speculated that the near zero correlation was due to the 

restricted range of times at which patients were tested. 

Brooks (1974), utilizing a continuous recognition task based on 

signal detection theory, studied the memory functions of 34 closed head 
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injured patients at times ranging from 1 to 32 months post-trauma. Two 

dependent measures were employed: a) d̂ ', a measure of memory sensi

tivity, and b) beta, an index of decision-making criteria. Head injured 

patients, as opposed to controls, showed a reduced memory component 

(d̂ ') and were considerably more cautious than the controls in their 

decision criteria (beta). Neither measure was correlated with the time 

of testing post-injury variable. These two studies by Brooks resulted 

in his stating that ". . . recovery has finished by the time the 

patient is tested" (1974, p. 800). 

It is of particular interest to note that these two studies are 

the only ones of all research reviewed to show no recovery of memory 

functions over time. In their comprehensive review of memory function 

following closed head injury, Schachter and Crovitz (1977) concluded 

that "... memory performance following closed head injury does 

improve with time" (p. 167). They hastened to add, however, that 

"... not enough points in time post-trauma have been sampled for us 

to be able to draw a precise picture of the time course of memory 

recovery" (p. 167). What seems reasonably certain from the review of 

these studies is that recovery of memory function following closed head 

injury does occur as a function of time. Therefore, this variable is of 

primary interest and is to be included in the present research. 

A related issue is whether different types of memory (e.g., verbal 

versus figural) recover at different rates following closed head injury. 

Miller (1979) suggested that verbal functions recover more quickly than 

figural based on the results of a related study reported by 

Mandelberg (1976). In this study, ten closed head injured patients and 

ten control subjects were tested serially with the Wechsler Adult Intel

ligence Scale (WAIS). Mandelberg found that the head injured patients' 

Verbal I.Q. scores equalled those of the control subjects within one 

year post-trauma. Performance I.Q.s, however, did not equal the level 

of the control subjects until three years post-injury. The issue of 

possibly different recovery rates among various memory functions fol

lowing closed head injury has not been investigated and would seem 

worthy of inclusion in this study. 
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The role of level of education has received considerable attention 

in clinical neuropsychological research and practice (cf. Parsons & 

Prigatano, 1978). The results of such investigations, however, have 

been unclear, perhaps due to differing patient populations studied, 

neurobehavioral functions assessed, and statistical analyses employed. 

Finlayson, Johnson, and Reitan (1977), in an investigation of the 

relationship of level of education to brain damaged and non-brain 

damaged adults* performances on the Halstead-Reitan Neuropsychological 

Test Battery (HRB), found that level of education exerted a pronounced 

effect upon the dependent measures. The Memory component of the Tactual 

Performance Test (TPT), an index of incidental learning, was the only 

dependent measure employed by these authors that is specifically 

germane to the current research. Finlayson et al., using analyses of 

variance, found no statistically significant differences on this 

measure of memory as a function of education level. They did find 

significant differences on virtually ewery other HRB variable, however. 

Vega and Parsons (1967), using a correlational approach, inves

tigated the effects of education level on brain damaged and control 

patients' HRB scores. The TPT Memory score was the only index of 

memory assessed, and a nonsignificant correlation of 0.05 was obtained. 

The authors concluded that education level was unrelated to brain 

damaged patients' HRB scores. 

Prigatano and Parsons (1976), in a cross-validation study of the 

Vega and Parsons (1967) research, employed a correlational design and 

reported a correlation of 0.00 between level of education and brain 

damaged patients' TPT Memory scores. They interpreted this finding, in 

conjunction with their overall results, as supportive of the contention 

that education level does not affect brain-damaged patients' HRB scores. 

They concluded that "With respect to education, it is reassuring for 

the clinician to know that it is not significantly related to per

formance for brain damaged subjects" (p. 532). 

Adams et al. (1982) assessed the performances of brain damaged and 

non-brain damaged patients on the Background Interference Procedure 

version of the Bender-Gestalt Test. The authors concluded that the 
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interpretation of neuropsychological test data should be considered in 

light of various subject characteristics, one of which was education. 

This study clearly did not involve an assessment of memory functions, 

but it is considered relevant in that the authors concluded, in contra

diction to the conclusions of Vega and Parsons (1967) and Parsons and 

Prigatano (1976), that education was a relevant variable in brain 

damaged patients' performances on tests of cerebral integrity. 

Three additional studies implicitly have assumed that education 

level affects brain damaged patients' performances on indices of neuro

psychological functioning. 

Brooks (1972) assessed the WMŜ  performances of head injured and 

control patients and reported that educational levels between the two 

groups were not significantly different. Brooks did not comment fur

ther on the role of the education variable, but the fact that he 

attended to it implies at least the potential for this variable to 

affect the results. Dye, Saxon, and Mil by (1981) utilized education 

level as a covariate in their investigation of head injured and control 

patients' scores on tests of neuropsychological functioning. Again, 

the implicit assumption of the relevance of level of education was 

highlighted by its use as a statistical covariate. Finally, Dikmen 

and Reitan (1976), in a repeated measures analysis of head injured and 

control patients' scores on a variety of unspecified measures of 

neuropsychological functioning, matched the groups on education level. 

Matching was done in order to rule out positive practice effects as an 

explanation for possible improvements demonstrated by the head injured 

group. 

These studies suggest that level of education does not affect 

brain damaged patients' memory performances when the dependent measure 

assessed is TPT Memory. It should be emphasized, however, that TPT 

Memory scores are best viewed perhaps as an index of incidental learn

ing and memory, and may bear little relationship to other direct 

measures of short- and long-term memory (e.g., WMS). However, some of 

these studies indicate an implicit assumption that education level may 

exert an influence on brain damaged patients' performances on measures 
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of neuropsychological integrity. Since no study reviewed has con

sidered short- and long-term memory functions of closed head injured 

patients in relation to education level, this variable will be included 

in this research. 

The presence or absence of coma in closed head injury is another 

relevant variable. Although no study reviewed directly compared 

memory functions in head injured patients with coma versus those with

out, the fundamental assumption seems to have been that the presence of 

coma signals more severe impairment of memory functions in these 

patients. In fact, the bulk of research on memory dysfunction secon

dary to closed head trauma has focused on patients rendered comatose. 

In many cases, especially in the British laboratories, head injured 

patients not rendered unconscious have been excluded as subjects for 

empirical study. Reasons for this assumption seem to make intuitive 

sense. For example, it has been shown that in all likelihood, there 

is greater physiological-anatomical damage when coma occurs (secondary 

to closed head injury) than when coma is absent. Since damage to the 

brain stem (either direct or indirect) seems necessary for coma, it 

seems reasonable to assume that since brain damage is greater in amount 

in coma, the resultant memory dysfunctions should be more profound. 

Results of empirical studies seem to lend support to this position. 

For example. Dye et al. (1981) reported that closed head injured 

patients rendered comatose performed significantly worse than controls 

on the TPT Memory score, and that patients with longer comas had poorer 

scores than patients with shorter comas. Similarly, K10ve and Cleeland 

(1972) found that patients with prolonged comas performed more poorly 

on memory tests than patients with shorter comas. Additionally, 

Carlsson et al. (1968) found that the probability of restitution of 

cognitive functions and occupational status decreased with increased 

length of coma. These findings are reflective of a generally accepted 

maxim in neurological medicine: the longer the duration of impaired 

consciousness, the poorer the prognosis for restitution of virtually 

any function (cf. Smith, 1961). 

The convergent lines of thinking from neuroanatomical, physio

logical, psychometric, and vocational data seem to support the idea 
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that the greater the duration of impaired consciousness, the poorer the 

ultimate outcome on a host of measures (e.g., cognitive functions, 

restitution to work, etc.). The inherent assumption has been that head 

injured patients not rendered unconscious represent the near zero 

point on the continuum of impaired consciousness and thus should per

form significantly better than those patients with coma. Since this 

issue has not been addressed empirically, it is worthy of study in this 

research. 

In surmiary, on the basis of the reviewed research it appears that 

the sex of the head injured patient is unrelated to recovery of functions 

following closed head injury. Convincing empirical data supports the 

contention that the patient's age is a potent influence on recovery. 

Premorbid intelligence level (or estimation thereof) has been posited 

as a potential influence on recovery of memory functions following 

closed head injury but has not been investigated systematically. 

Level of education has produced limited and unclear results in terms 

of its potential influence on recovery of memory functions. Inves

tigations of the time of testing post-injury variable have, in the 

overwhelming majority of the cases, supported the notion of rather 

distinct recovery curves for memory functions. Coma status intuitively 

seems relevant to the issues at hand, but since it has not been estab

lished empirically as a relevant variable, its inclusion would seem 

pertinent. Finally, the question of whether verbal and figural memory 

functions recover at different rates following closed head injury is a 

pertinent one. 

The remaining issue is the choice of a method for assessing memory 

functions. For the method to be useful, it should be applicable in 

the wide range of hospitals where severe head injuries are treated. 

Furthermore, it is profitable to concentrate on data that can be 

gathered easily and reliably; the extent of the data considered should 

reflect what is realistic for the non-specialist clinician to collect 

in a minimum amount of time and with minimum apparatus. It is of 

little value to recommend a procedure that is feasible only for a 

specialist or research fellow on a head injury project to carry out 
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effectively. Thus, it seems sensible to utilize an available, well-

known test of memory function that is short, easy to administer, and 

relatively simple to interpret. A viable candidate would appear to be 

the Wechsler Memory Scale (Wechsler, 1945). As Erickson and Scott have 

written, "With the exception of the Wechsler Memory Scale, there are 

no widely known clinical tests of memory functioning. . ." (1977, 

p. 1130). 

Wechsler Memory Scale 

Since its introduction in 1945 into the armamentarium of clinical 

psychological tests, the Wechsler Memory Scale (WMS) "... probably 

has become the most widely used clinical instrument for assessing 

memory functions. . ." (Bak & Greene, 1981, p. 186). Originally, its 

expressed purpose was that of "... a rapid, simple, and practical 

memory examination" (Wechsler, 1945, p. 87). Although the WMS was 

assimilated rapidly into general clinical use, research studies were 

relatively sparse until the last decade. Since that time, however, 

hundreds of published studies surveying a wide variety of WMS appli

cations have appeared in the literature (cf. Prigatano, 1978). 

In addition to the assessment of memory functions, the WMS has 

been used to assess a diverse range of psychological and physical 

conditions (cf. Prigatano, 1978). Thus, an overview of the studies 

using the WMS as a dependent measure has suggested that the WMS has 

been a yery popular clinical and research instrument for measuring 

memory and other aspects of psychological functioning. 

Description of the WMS 

The WMS is comprised of seven discrete subtests: a) Personal and 

Current Information, which assesses the patient's ability to determine 

his/her age and date of birth; b) Orientation, an assessment of the 

patient's time and place orientation; c) Mental Control, in which the 

patient is asked to count backwards from 20 to 1, recite the alphabet, 

and count by three's from 1 to 40, all under time pressure; d) Logical 

Memory (LM), which assesses the patient's ability to recall the number 

of verbal ideas presented in two brief literary passages which are read 
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to the pat ient ; e) Memory Span, the reca l l ing of d ig i t s (forward and 

backward) in a manner analogous to the Dig i t Span subtest of the 

Wechsler Adult Intel l igence Scale (WAIS) and i t s recent revision 

(WAIS-R); f ) Visual Reproduction (VR), which assesses f igura l memory 

for geometric designs; and g) Associate Learning (AL), which assesses 

the pat ient 's a b i l i t y to recal l newly presented paired associates that 

have been read aloud over three t r i a l s . 

Wechsler's or ig ina l version of the WMŜ  has been known as Form I . 

Stone, Girdner, and Albrecht (1946) introduced the alternate Form I I of 

the WMS short ly a f ter Wechsler's o r i g i na l . Stone et a l . (1946) main

tained the same seven subtests, but al tered the content s l i g h t l y . 

Bloom (1959) compared the two forms of the WMŜ  and found some d i f 

ferences in the d i f f i c u l t y level of certain subtest items, but con

cluded that "the two forms of the WMS are of comparable d i f f i c u l t y 

when the complete tests.are given" (p. 74). 

Modifications and adaptations of the WMS have appeared in the 

l i t e r a t u r e in recent years. Nott (1975) introduced six new paral le l 

forms of the Associate Learning subtest. Fowler (1969) constructed a 

non-language paired associate test (using common household objects as 

s t imu l i ) patterned af ter the WMS Associate Learning subtest. The most 

pronounced and i n f l uen t i a l modif ication of the WMS was introduced by 

Russell (1975). In Russell 's revision of the WMS, the Logical Memory 

(LM) and Visual Reproduction (VR) subtests are readministered one-half 

hour a f ter the i r i n i t i a l presentations so that half-hour semantic and 

f igura l memory scores can be calculated. Bak (1979) constructed an 

adaptation of the Associate Learning subtest that yielded half-hour 

memory scores. Russell 's revision w i l l be discussed in further deta i l 

in a la te r sect ion. 

Standardization and Norms 

The WMS was standardized on a sample of 200 normal, non-hospitalized 

male and female subjects, aged 25 to 50 years. Using an "essent ial ly 

empirical method" (Wechsler, 1945, p. 90), Wechsler plotted the mean 

memory scores for d i f fe ren t ages against the weighted scores of the 

Wechsler-Bellevue Scale (age group 20 to 24 years) and then u t i l i zed 
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various constants to keep the mean Memory Quotient (M.Q.) for any age 

group equivalent to the mean I.Q. of that age group. In short, 

Wechsler computed age correction factors which were added to the WMS^ 

raw score, and then were converted to the M.Q. The M.Q. was intended 

to be essentially comparable to the I.Q. Furthermore, Wechsler extra

polated these results to include norms for subjects ranging in age from 

20 to 64 years. 

More recently, Ivinski.s, Allen, and Shaw (1971) extended WMS norms 

to lower age groups (i.e., 10 to 14 and 16 to 18 year ranges). 

Extensions of WMS norms to older age groups have been provided by Bak 

and Greene (1981), Cauthen (1977), Gilleard (1980), Hulicka (1966), 

Klonoff and Kennedy (1965), and McCarty, Logue, Power, Ziestat, and 

Rosenstiel (1980). A more thorough discussion and overview of the 

studies related to aged adults' performances of the WMS^ has been 

offered by Bak and Greene (1981). Taken together, these studies have 

resulted in tentative extensions of WMS norms to individuals aged 10 to 

94 years. However, no attempts to develop an age correction factor for 

these younger and older subjects have been made, so one still cannot 

derive M.Q. scores for these extreme age groups in the population. 

However, these authors typically have reported means and standard 

deviations for WMS total and subtest scores, thus providing the clinician 

with rough guidelines for what may be considered generally average 

ranges for these groups. 

Other recent WMS studies of interest include the introduction of 

standard score transformations for WMS subtests (Osborne & Davis, 1978). 

Although these authors offered transformation equations for subjects 

ages 15 through 54, their results have yet to be cross-validated. 

Furthermore, they did not include the Russell revision to the WMS (to 

be discussed below) in their data. Also, Charter (1981) has provided 

a technique for prorating WMS scores. 

Scoring 

Wechsler's or ig inal scoring instruct ions directed c l in ic ians to 

sum the raw scores obtained on each of the seven subtests, add the 
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appropriate age correction factor, and convert this score to an M.Q. 

Many clinicians continue to score the WMŜ  in this fashion. 

Russell (1975) introduced a new multiple scoring method which used 

the WMS I as its basis. The general instructions and scoring method 

for the WMS proper essentially remained unchanged. However, a half-

hour after the administration of the WMŜ  the patient is asked to 

recall the memory material from both the LM and VR subtests. This pro

cedure, which was in part a response to various criticisms of the WMS 

(to be discussed later), yields one-half hour semantic and figural 

memory scores, respectively. These scores are neither combined nor 

transformed into a M.Q. Russell has incorporated this new multiple 

scoring method into the memory test that he calls the Revised Wechsler 

Memory Scale (RWMS: Russell, 1981). 

Factor Analytic Studies of the WMS 

Seven factor analytic studies (and one replication) of the WMS 

have appeared in the literature to date. The first to appear was the 

study reported by Davis and Swenson (1970).- WMS scores of 622 neurology 

and psychiatry patients, ranging in age from 15 to 87 years, were sub

jected to a centroid factor analysis with an oblique rotation. Two 

factors emerged and were labeled Memory and Freedom from Distraction. 

The second study was conducted by Dujovne and Levy (1971). The WMS 

scores of 276 normals (ranging in age from 16 to 71 years) and 158 

psychiatric patients (with a similar age range) were subjected to a 

principal axis analysis with a varimax rotation. Three related, but 

slightly dissimilar factors emerged from each group's scores. General 

Retentiveness, Simple Learning, and Associative Flexibility were the 

three factors found in the group of normals, while the three factors 

that emerged from the patients' scores were Mental Control, Associative 

Flexibility, and Cognitive Dysfunction. 

Kear-Colwell (1973) studied 250 patients (mean age of 47.76 years) 

referred by neurology services. She analyzed their WMS scores via 

principal component analysis with an oblique rotation and reported 

three major factors: Learning and Immediate recall of complex novel 

information. Attention and Concentration, and Orientation. These 
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results were replicated with the same factor analytic strategy in a 

similar population by Kear-Colwell and Heller (1977). In 1980, Kear-

Colwell and Heller again found similar results with 70 closed head 

injury patients. 

Bachrach and Mintz (1974) analyzed the WMS scores of 42 neuro

logical patients with confirmed cerebral dysfunction and 42 unspecified 

patients (mean age of 34 years) via principal component analysis with 

an oblique rotation and reported three unnamed major factors: Factor 1, 

composed of the Visual Reproduction, Logical Memory, and Associative 

Learning subtests; Factor 2, composed of the Information and Orientation 

subtests; and Factor 3, the Mental Control and Digits Forwards/Backwards 

subtests. 

Ski 1 beck and Woods (1980) subjected the WMS^ scores of 150 neuro

logical patients (mean age of 44.4 years) and 156 psychogeriatric 

patients (mean age of 73.3 years) to a principal factor analysis with 

an oblique rotation and found three factors in each sample. For the 

neurological patients, the three factors were Learning/Recall, 

Attention/Concentration, and Information/Orientation. 

Dye (1982), using a varimax rotation on the WMS scores of 99 older 

male normals (mean age of 63.43 years), found three factors: Learning 

and Retentiveness, Attention/Concentration, and Orientation. Dye 

speculated that it was the Attention/Concentration factor that dis

criminated patient from non-patient populations. 

What seems reasonably clear from the foregoing studies is that the 

number and types of factors gleaned from such research depends on the 

types of patient populations utilized and the type of factor analytic 

technique and rotation employed. Ski 1 beck and Woods (1980), in their 

review of WMS^ factor analytic studies, concluded that a three factor 

solution existed for samples of neurologic patients: General Learning, 

Attention/Concentration, and Information/Orientation. Of major rele

vance to the present study is the fact that Kear-Colwell and Heller's 

(1980) study of closed head injury patients found Factor l--the Learn

ing and Immediate Recall of new information (Logical Memory, Visual 

Reproduction, and Associate Learning)--to be intimately related to the 
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c r i t e r i on of closed head in ju ry . These data lend support to Russell's 

select ion of LM and VR as mul t ip le measure subtests on the RWMS. 

Closed Head Injury and the WMS 

Three empirical studies have appeared in the l i t e ra tu re in which 

the WMS performance of a closed head in ju ry patient sample was compared 

to that of a control group. A l l three studies have been reported from 

Br i t i sh laborator ies. 

Brooks (1972) studied 27 (1 female) closed head in ju ry patients who 

had experienced a mean post-traumatic amnesia (PTA) duration of 46.0 

days and who had been tested an average of 6.9 months post- in jury 

(SD = 6.7). Brooks' subjects ranged in age from 15 to 65 years (M̂  = 

32.2; S2 = 12.3). He found s ign i f i cant differences between the head 

injured patients and the orthopedic controls on the WMŜ  subtests of 

Logical Memory and Associate Learning, but not on Visual Reproduction. 

Furthermore, Brooks s p l i t the head injured patients into a young group 

(less than 30 years of age) and an old group (30 years and older) but 

found no s ign i f i can t differences on any of the dependent measures. 

In a second study. Brooks (1976) examined 82 (9 females) closed 

head in jury patients who had experienced a mean PTA duration of 40.3 

days and who had been tested 13.1 months post- in jury (S£ =13.3 months). 

These patients ranged in age from 16 to 60 years {\A_ = 31.7, SD_= 13.2). 

Brooks found that the head injured patients scored s ign i f i can t l y worse 

on the WMS subtests of Visual Reproduction and Logical Memory than did 

the orthopedic controls. Again, Brooks dichotomized his head injured 

sample using the 30 years c r i t e r i on and found s ign i f icant differences 

only on the Associate Learning subtest, as younger patients did better 

than older ones on the last t r i a l s . 

Kear-Colwell and Heller (1980) studied 70 (8 females) closed head 

in jury patients who ranged in age from 15 to 59 years (M̂  = 32.58, 

SD = 13.53). The authors found that the head injured patients were 

s ign i f i can t l y worse than the controls on a l l three WMS factors (as 

delineated by Kear-Colwell in 1973 and repl icated by Kear-Colwell and 

Heller in 1977). Factor 1 (Logical Memory, Associate Learning, and 

Visual Reproduction) accounted for "the major cognit ive differences 
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between the head-injured patients and the general population Ŝ s. . . " 

(1980, p. 785). The head injured patients were dichotomized at the 35 

year age l e v e l , and no differences were found on the Factor 1 subtests. 

In general, these studies suggest that head-injured patients do 

not fare as well as non-head injured persons on many WMŜ  subtests, thus 

lending some support to the contention that the measures yielded by the 

WMŜ  are sensit ive to memory impairment in closed head injured pat ients. 

Cri t ic isms of the WMS 

At least f i ve major cr i t ic isms have been directed at the WMS. The 

f i r s t c r i t i c i sm is based on the factor analyt ic studies previously 

noted. Even though the studies vary in terms of patient populations 

and factor analyt ic st rategies, i t is clear that at least two factors 

emerge in every study. The obvious psychometric conclusion is that a 

single en t i t y i s not being measured. In other words, these studies 

suggest strongly that memory is not a unitary concept (cf . Dujovne & 

Levy, 1971). Thus, the value and meaning of the M.Q. becomes suspect. 

The second major c r i t i c i sm of the WMS is i t s lack of r e l i a b i l i t y 

and v a l i d i t y data. The current l i t e ra tu re review found wery l i t t l e 

data on these issues. In a 15 year follow-up of hospital ized "psychotic-

organics and psychotic non-organics," Howard (1950, 1966) found a 

median M.Q. change of zero. Rather than interpret ing such data in any 

sense of r e l i a b i l i t y , Howard at t r ibuted such findings to the effects of 

i n s t i t u t i o n a l i z a t i o n . Ivinskis et a l . (1971) reported a s p l i t - h a l f 

WMŜ  r e l i a b i l i t y of .75. Ryan, Morris, Yaffa, and Peterson (1981) found 

the tes t - re tes t r e l i a b i l i t y of the M.Q. to be .75 for a group of 34 

normals, and .89 for a group of 30 hospital ized psychiatr ic and neuro

logic pat ients. In a study of al ternate form r e l i a b i l i t y of the RWMS 

with 25 elder ly females, McCarty et a l . (1980) reported r e l i a b i l i t i e s 

of .74 and .71 for immediate r e c a l l , and .67 and .60 for delayed recal l 

on Logical Memory and Visual Reproduction, respectively. 

Va l id i t y studies with the WMS_ typ ica l l y have taken the form of 

assessing the a b i l i t y of the test to discriminate between organic and 

non-organic pat ients. Cohen (1950) and Parker (1957) reported that the 

WMS could not separate re l iab ly the two groups. Bachrach and Mintz 
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(1974) and Kljajic (1975) reported techniques for distinguishing 

patients with brain pathology from those without, but these equations 

did not survive cross-validation (Prigatano, 1977). It is quite 

unclear why this controversy exists. In particular, why should any 

memory test be capable of doing anything other than assessing memory? 

It appears that the inherent and perhaps faulty assumption is that 

memory impairment is always a characteristic of ewery brain/CNS dis

order. Such may be the case. However, if the WMŜ  were capable of 

discriminating organic from non-organic patients, this might still say 

little about memory per se. 

The third criticism of the WMS revolves around its correlation 

with standard I.Q. tests. The question inherent in such correlational 

studies is whether the WMS measures anything different from that which 

is assessed by standard I.Q. tests. Although memory and intelligence 

are related (Guilford, 1967), they are not necessarily the same. Thus, 

if the WMS and I.Q. tests (e.g., the WAIS) correlate highly, then the 

probability of their measuring the same aspects of mental functioning 

also would appear to be high. Libb and Coleman (1971) correlated the 

WAIS and WMS scores of 16 retarded rehabilitation patients and found a 

correlation of .61 (p<.01). Fields (1971) correlated the same two 

measures among 126 Veterans Administration patients (aged 19 to 65) with 

confirmed brain pathology and found a correlation of 0.83. Fields' data 

in particular suggest that the two measures are highly related. In 

fact. Fields suggested that "the clinician may expect a reasonably 

accurate estimate of the Full Scale I.Q. of the Wechsler Adult Intel

ligence Scale from the much briefer Wechsler Memory Scale" (1971, p. 

673). Fields' speculation must remain suspect, however, until his 

results are cross-validated. Even if such were to occur, the appli

cability of those results to the WAIS-R would still be an issue subject 

to empirical validation, both with brain damaged patients and other 

populations. The issue still is unclear but merits further attention 

since the WMS^ may be viewed by many as little more than a shortened 

I.Q. test. 

The fourth criticism of the WMS is another psychometric one, that 

being the fact that the WMS was standardized against the 
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Wechsler-Bellevue Intelligence Scale, a measure that has been outdated 

for years. In fact, the Wechsler scale has gone through two revisions 

since the WMS was constructed. This issue is more grist for the mill 

of those who justifiably call for the restandardization of the WMS. 

The fifth criticism of the WMS is a cogent and crucial one. This 

criticism was posited originally by Eysenck and Halstead (1945) who 

questioned the ability of the WMS to measure memory. Essentially, 

these authors suggested that the WMS measured new learning and not 

memory per se. Hall and Toal (1957) criticized the WMS for being based 

on an ambiguous, common sense definition of memory. More specifically, 

Hulicka (1966) noted that the WMS neither controlled for original 

learning nor did it provide for a set interval to recall. Essentially, 

Hulicka concluded that the WMS^was a measure of new learning, not 

memory. She concluded: "The WMS does not, however, appear to provide 

a wery direct measure of memory" (1966, p. 144). Ivinskis et al. 

(1971) echoed this view by saying that ". . . the WMS is of questionable 

validity as a test of memory ability" (p. 357). Furthermore, the 

heavy loading of the WMS^with verbal items (cf. Prigatano, 1978), 

coupled with the above criticisms, suggests that the WMS may be more of 

a measure of new short-term verbal learning than memory. 

To be sure, these criticisms of the WMS are indeed serious. For 

some clinicians, the problems with the WMS may tend to override its 

more positive attributes. The conclusion of Erickson and Scott (1977) 

is germane: "... one can perhaps salvage information relevant to 

memory from the WMS. The evidence suggests, however, that a new and 

more straight-forward strategy is in order" (p. 1135). Such a strategy 

has been offered by Russell (1975, 1981). 

Russell's Revised Wechsler 
Memory Scale (RWMST 

Russell (1975) was fully cognizant of the limitations and criti

cisms of the WMS, yet credited Wechsler for a job well done given the 

state of memory research in 1945. Russell's revisions to the WMS 

(briefly described previously) have answered, to a large extent, the 

criticisms and shortcomings of the WMS. 
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Russell attempted to salvage and improve the clinically useful 

parts of the WMS while simultaneously dealing adequately with the 

criticism levied against it. He agreed with Dujovne and Levy (1971), 

who showed that memory was not a unitary concept whose verbal and 

figural aspects were additive. Furthermore, he was cognizant of the 

psychometric limitations of the WMS (i.e., reliability, validity, 

standardization). Finally, Russell was acutely aware of the con

tention that the WMS was measuring new learning and other concepts, 

but perhaps not memory. 

Thus, Russell attempted to rectify these problems. Desiring a 

test that would measure both short- and long-term verbal and figural 

memory, Russell reviewed the factor analytic studies of the WMS. His 

finding was that the factor most frequently associated with a sensi

tivity to memory dysfunction was Kear-Colwell's (1973) and Bachrach 

and Mintz's (1974) factor comprised of Logical Memory (LM), Associate 

Learning (AL), and Visual Reproduction (VR). After careful con

sideration, Russell dropped the AL subtest in his revision because it 

loaded on two separate factors in the Bachrach and Mintz study. 

Additionally, from an intuitive perspective, Russell also may have 

dropped the AL subtest in an attempt to respond (at least in part) to 

the criticism that the WMŜ  was weighted too heavily with verbal 

functions. Having dropped AL, Russell was left with the LM subtest, 

a measure of verbal, left hemisphere function (Kimura, 1963), and the 

VR subtest, a measure of figural, right hemisphere function (Milner, 

1970). Essentially, Russell chose two presumably lateralized measures 

of brain function. 

By readministering the LM and VR subtests one-half hour after the 

initial WMS administration, Russell was able to gather three scores 

each for verbal and figural memory: verbal short-term memory (VST), 

verbal long-term memory (VLT), a verbal difference score (VDS), 

figural short-term memory (FST), figural long-term memory (FLT), and a 

figural difference score (FDS). The difference scores have been 

expressed as percentages, while the other four scores have been 

reported in their raw forms. 
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The reliability of these tests was determined by the internal con

sistency method. Since the WMS contains two stories in the verbal 

section (LM) and four designs in the figural section (VR), Russell 

estimated the reliability by correlating the two scores and by cor

relating VR Designs 1 and 3 with Designs 2 and 4. Russell corrected 

his correlations with the Spearman-Brown formula to estimate the 

reliability of the total test. His results were as follows: a) VST, 

.83; b) VLT, .88; c) VDS, .84; d) FST, .84; e) FLT, .85; and f) FDS, 

.51. All correlations were statistically significant at the .01 level. 

The only correlation that was marginally acceptable was FDS (.51). 

This lowered reliability score was due in part to the process of trans

forming low raw scores into percentages. 

Russell utilized two methods to validate the results of his 

multiple scoring method. In the first, Russell conducted a series of 

F_ tests in which he contrasted the brain damaged group with the 

controls on each of his new subtest scores. All F_ values were signif

icant beyond the .01 level, so Russell concluded that his method could 

reliably separate brain damaged (and in this case, memory impaired) 

subjects from control, non-memory impaired subjects. 

The second validity measure consisted of correlating each of the 

memory subtests with the average Impairment Index of the Halstead-

Reitan Neuropsychological Test Battery (cf. Russell, Neuringer, & 

Goldstein, 1970). Negative correlations (indicating that as the 

impairment index increases, the number of correct responses on the 

memory subtest decreases), all significant at the .01 level or better, 

were obtained. Russell concluded that the amount of memory loss was 

related strongly to the average Impairment score produced by brain 

damage. 

Furthermore, Russell carried out a lateralization study. On the 

basis of an analysis of variance of short- and long-term verbal and 

figural scores of confirmed right- and left-hemisphere damaged sub

jects, Russell concluded that, since the main effects were not signif

icant but the interaction was, the semantic versus figural comparison 

did lateralize damage. Additionally, Russell interpreted the lack of 
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main effects as a validating result since it meant that the scaling 

procedure was not weighted toward either right- or left-hemisphere 

damage. 

Russell concluded that his new method was both reliable and valid 

in assessing memory functions, in lateralizing damage, and in being 

sensitive to general cortical dysfunction. It should be noted that 

his results have been cross validated by Logue and Wyrick (1979). His 

method responds quite well to those WMS criticisms discussed earlier. 

Of great practical importance was the fact that Russell has retained 

a useful clinical tool (albeit in modified form) with which many 

clinicians already are familiar. Furthermore, his modifications can 

be learned and implemented with ease. Also, the RWMS can be used 

readily in conjunction with the Halstead-Reitan Neuropsychological Test 

Battery. Finally, he has considered well contemporary memory and neuro

anatomical research in conceptualizing his revision. Thus, the RWMS 

is an excellent candidate for the assessment of memory functions in the 

present research. 

To date, no research has delineated the RWMS correlates of closed 

head injured patients. Furthermore, there has been no systematic 

investigation of the unique effects of subject characteristic variables 

(e.g., coma status, age, education level, estimated premorbid I.Q., 

and time of testing post-injury) on closed head injured patients' RWMS 

scores. Thus, the potential effects of these variables on the psycho

metric memory correlates of closed head injured patients is unknown. 

It would be of value to assess the potential influence of these 

variables and to establish normative RWMS values for these closed head 

injured patients. 

Summary 

Current psychological and neuroanatomical research on memory 

processes has been reviewed and integrated. A broad conceptualization 

of memory, as it is understood in contemporary psychological theory, 

has been presented. The overview of memory processes has drawn data 

from the domains of experimental psychology, biochemistry, neuroanatomy, 

neurosurgery, and clinical psychology. 
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The pathophysiology and neuroanatomical substrates of closed head 

injury in general, and the resultant memory losses in particular, have 

been reviewed and discussed. Deficits for recognition, short- and 

long-term memory among these patients have been well documented in the 

literature. The potential relevance and importance of demographic and 

subject characteristic variables, as they might affect recovery of 

memory functions following closed head injury, have been discussed. 

The genesis of the WMS has been described, and the literature 

relevant both the WMS^ and to the problem of assessing memory dys

function with the WMS after closed head injury has been reviewed. A 

variety of criticisms that have been directed at the WMŜ  have been 

addressed. The construction and rationale for the RWMS have been 

reviewed in some detail. The RWMS has been shown to be a sensitive 

indicator of memory dysfunction. In particular, studies have docu

mented the ability of the RWMS to detect short- and long-term memory 

deficits both of a verbal and figural nature. The ability of the RWMS 

to lateralize memory dysfunction also has been documented. As dis

cussed previously, the critical shortcomings of the WMŜ  have been reme

diated by the RWMS multiple scoring method. 

Finally, the need for assessing the potential influence of demo

graphic and subject characteristic variables on closed head injured 

patients' RWMS scores has been addressed. 

Experimental Rationale 

As stated earlier, the purpose of this investigation is to assess 

the potential effects of various subject characteristic variables on 

closed head injured patients' RWMS scores. These variables hold 

potential importance for a more precise understanding of their relevance 

in neuropsychological assessment in general, and in the assessment of 

memory dysfunction secondary to closed head injury in particular. 

Additionally, since neuropsychologists frequently are asked to assess 

memory functions, empirical memory correlates would appear to be a 

valuable aid to neuropsychologists involved in the assessment and 

prediction of closed head injured patients' memory functions. Further

more, since the WMS and the RWMS are the most frequently used clinical 
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memory tests in current neuropsychological practice, this scale and its 

revision appear to be an ideal dependent measure, both from clinical 

and research perspectives. 

Hypotheses 

The following research hypotheses are posited and are to be 

evaluated within the present investigation. 

Hypothesis I: Level of education is not significantly correlated 

with recovery of memory functions following closed head injury. 

Hypothesis II: Age is significantly correlated with recovery of 

memory functions following closed head injury; younger subjects will 

show higher mean scores on the six RWMS measures than older subjects. 

Hypothesis III: Premorbid I.Q. (estimated by the Vocabulary sub

test score of the Wechsler Adult Intelligence Scales) is not signif

icantly correlated with recovery of memory functions following closed 

head injury. 

Hypothesis IV: The occurrence of coma is not significantly 

correlated with recovery of memory functions following closed head 

injury. 

Hypothesis V: Verbal and figural memory functions recover at the 

same rate following closed head injury. 



CHAPTER II 

METHOD 

Subjects 

Participants in this investigation were patients diagnosed as 

suffering from closed head injury selected from the files of the fol

lowing facilities: Psychology Clinic, Texas Tech University; Depart

ment of Psychiatry, School of Medicine, Texas Tech University; 

Veteran's Administration Medical Center, Oklahoma City; and Department 

of Psychiatry and Behavioral Sciences, School of Medicine, University 

of Oklahoma. Patients of both sexes, of all racial/ethnic groups, and 

who spoke English as their primary language were considered for 

inclusion. 

Patients' ages ranged from 16 to 50 years. Younger patients were 

excluded because of their heightened cortical plasticity and better new 

learning skills (Brooks, 1972). Patients older than 50 years were 

excluded because of their reduced cortical plasticity (McGeer et al., 

1978), because of the increased probability of dementia (American 

Psychiatric Association, 1980), and because of the substantial decline 

in cerebral vascular integrity that tends to occur at this point (Reitan, 

1955). 

Any patient with a history of CNS disorder, diagnosed substance 

abuse, mental retardation, psychiatric disorder, or previous head 

injury of any sort was excluded from participation. Patients with 

specific focal neurological symptoms (e.g., visual impairment, 

hemiparesis, aphasic disorders) also were excluded from consideration. 

The estimation of closed head injured patients' premorbid levels 

of intellectual functioning was assessed via their scaled scores on 

the Vocabulary subtest of the Wechsler Adult Intelligence Scales. The 

rationale for utilizing this procedure comes from Adams and Jenkins 

(1981) and Lezak (1976). Essentially, the assumption was made that 

40 
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certain well-established a b i l i t i e s , such as vocabulary s k i l l s , f re 

quently are preserved in patients with brain in jury, while other 

specif ic sk i l l s appear impaired. Clinical observations support this 

assumption, as i t seems that specific over-learned sk i l l s (such as 

vocabulary) often are not affected by cort ical insul t . Although i t 

would be ideal , of course, to use standardized test data obtained prior 

to the in jury as a measure of premorbid I.Q., rarely is the c l in ic ian 

afforded such a luxury. Given this state of a f fa i rs , i t would appear 

that the Vocabulary subtest scale score would serve well as an estimate 

of premorbid I.Q. 

The f ina l patient c r i te r ia for inclusion as a participant were the 

ava i lab i l i t y of the following information in the patient's f i l e : 

a) time elapsing between injury and test ing, b) education leve l , 

c) Vocabulary subtest score of the Wechsler Adult Intelligence Scales, 

and d) the six scores yielded by the RWMS. Approximately 2,000 f i l es 

were systematically searched; a total of 142 patients met the c r i te r ia 

for inclusion and served as subjects in the study. 

Instruments 

The WMS and RWMS scoring methods were employed as the core assess

ment instruments of this study. The six scores yielded by the RWMS 

( i . e . , VST, VLT, VDS, FST, FLT, FDS) served as the primary dependent 

measures. 

Procedure 

The principal investigator systematically searched the files of 

the aforementioned facilities and a) ascertained that medical record 

and clinical file data unequivocally qualified the patient for inclusion 

as a subject, and b) after checking the scoring of the WMS and RWMS 

protocols (see Wechsler, 1945, and Russell, 1975, respectively, for 

scoring instructions), copied the relevant data onto computer sheets. 

All tests were administered by qualified psychologists, psychometricians, 

or supervised paraprofessionals. 
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Distributions of Independent Variables 

In many respects, the current research was an initial investi

gation into the recovery of memory functions following closed head 

injury. Thus, a closer look at the obtained distributions of the per

tinent independent variables may shed additional light on the nature 

of various subject characteristics in this select population. 

Sex 

Of the 142 patients studied, 118 (83%) were male, yielding a 

male to female ratio of 4.9 to 1 in the present sample of closed head 

injured patients. The sex distribution obtained parallels quite 

closely the trends seen in previous research with closed head injured 

patients (e.g., Jennett et al., 1977). This ratio may be biased 

slightly, however, since 23 patients (approximately 16.2% of the sample) 

were from the Oklahoma City Veteran's Administration Medical Center. 

Since the V.A. patient population is predominantly male, this selection 

factor may have slightly biased the obtained sex distribution. Even 

if one were to assume, however, that this bias in selection slightly 

increased the percentage of males studied, correcting for this bias 

would still preserve the male to female ratio generally found in prior 

research. 

Age 

Methodological demands of the current research restricted patient 

inclusion a priori to those aged 16 to 50 years. Of the 142 patients 

studied, the mean age was 30.27 years (SD = 11.61), while the median 

age was 27.5 years. The obtained mean of 30.27 years was wery close to 

the mean ages of patients studied by Brooks in 1972 (Nl = 32.2 years, 

^ = 12.3) and in 1976 (M = 31.7 years, SD = 13.2). The modal patient 

ages were 20 and 50 years (N[ = 13 each), with 16 year olds being the 

third most frequent age (]i = 12). No observations were noted at ages 

37, 41, and 42. Interestingly, only four patients (2.8%) were noted in 

the 37 through 42 year age range. 

The high frequency of 16 and 20 year old patients was not sur

prising when one considers the high rates of motorcycle, automobile. 
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and athletic-related injuries sustained among members of this age 
bracket. However, the high rate of closed head injuries among 50 year 
olds, and the virtual absence of such injuries among the 37 through 42 
year age range seemed remarkable. Although a sampling artifact may 
best explain these observations, some other idiosyncratic explanation 
may exist. 

Estimate of Premorbid I.Q. 

Premorbid I.Q. was estimated in this study by the patients' 

standard score on the Vocabulary subtest of the Wechsler Adult Intel

ligence Scales. The obtained distribution ranged from scale scores of 

1 through 19. In other words, the full spectrum of scale scores was 

covered. The mean score was 9.20 (SD̂  = 3.23) and the median/mode was 

9.0. The distribution of scores among these patients tended to parallel 

quite closely those distributions found in the Wechsler Scale manuals. 

In short, it appears that the obtained distribution of Vocabulary sub

test scores (premorbid I.Q. estimate) was essentially normal. 

Education 4 

The mean educational level among the patients was 11.87 years 

(SD = 2.83). The range of the patients' education was 3 through 20 

years with a median/mode of 12 years. Thus, education levels ranged 

from fourth grade drop-outs to physicians, attorneys, and those with 

doctoral degrees. Roughly one-third (35%) of the patients were high 

school educated, while one-third were educated less and one-third 

educated more. The obtained education distribution was in close agree

ment with the data reported by Finlayson et al. (1977). 

Time of Testing Post-Injury 

The distribution obtained on this variable was perhaps the most 

remarkable of all as it had the widest range of values of any of the 

variables studied. Based on the present sample, closed head injured 

patients were referred for memory function (or neuropsychological) 

assessment anywhere from 2 weeks to 30 years (1,560 weeks) post-injury. 

The median number of weeks elapsing between injury and assessment was 
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30, which is quite near the mean time of testing post-injury reported 

by Brooks (1972, 1976). Fifteen patients (10.6% of the sample) were 

not tested until five years or more post-injury. 

Coma Status 

In the present sample, 61 patients (43%) were rendered unconscious 

during the course of closed head injury, 40 (28%) retained consciousness, 

and definitive data were unavailable on 41 patients (29%). Thus, almost 

half of the head injured patients were rendered comatose. Slightly less 

than one-third did not suffer coma. Slightly less than one-third of 

the patients could not be classified as having suffered coma. Part of 

this problem may be poor record keeping. A more likely culprit is the 

difficulty inherent in operationally defining coma. More precisely, 

the issue is one of defining consciousness, since unconsciousness is 

the unequivocal hallmark of a comatose state. The definition of 

consciousness is a problem that has plagued psychologists for centuries. 

The research attending to this definitional problem has utilized 

different, although related criteria. For example, Reusch and Moore 

(1943) defined their patients as conscious if they were capable of 

submitting to psychological testing. Roberts (1979) implied that 

patients were unconscious if they did not show comprehension of the 

spoken word by obeying a verbal request. Similarly, Pazzaglia, Frank, 

Frank, and Gaist (1975) described patients as conscious if they were 

verbal. Carlsson et al. (1968) also defined consciousness in terms of 

the patient's ability to verbalize words. Frowein, auf der Haar, 

Terhaag, Kinzel, and Wiek (1968) defined consciousness as the patient's 

being able to keep his/her eyes open in response to painful stimuli or 

a verbal command, or until specific motoric behaviors were carried out 

on command. 

Relying on the spoken word as a definition of consciousness, in 

and of itself, would appear to be lacking in the sense that aphasia is 

a common neuropsychological dysfunction in many closed head injury 

patients. The most comprehensive definition of coma/unconsciousness 

to be found in the literature was that of Jennett and Teasdale (1981, 

p. 80): "... not obeying commands, not uttering words, and not 
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opening the eyes." Conversely, the patient was considered to be con

scious, or out of coma, when a) eyes were open, and when the patient 

either b) initiated meaningful verbalizations, or c) carried out 

specific motoric behaviors on command. It would appear valuable to 

use the criteria proposed by Jennett and Teasdale in future research 

as it standardizes the operational definition of coma and is cog

nizant of the attendant limitations in previous definitions. Wide

spread use of this definition would allow for greater accuracy in 

classification. 



CHAPTER III 

RESULTS 

Frequency distributions for all five independent variables (i.e., 

age, education, time of testing post-injury, premorbid I.Q. estimate, 

and coma status) were plotted before assigning patients to groups. 

The means, standard deviations, and ranges for the independent variables 

are presented in Table 1. 

Table 2 lists the classification rules upon which patients were 

assigned to groups. Education was trichotomized on the basis of prior 

research (e.g., Finlayson et al., 1977) and on the basis of the param

eters of the obtained empirical frequency distribution. Groupings on 

the patient age variable were based on a quartile partitioning of the 

distribution. This age grouping was done on a purely statistical basis 

because of the often arbitrary manner in which the patient age variable 

has been previously divided (cf. Brooks, 1972). No precedents were 

available for partitioning the estimates of premorbid I.Q. Three 

different partitioning strategies were employed (i.e., median split; 

a trichotomization, and the reported quasi-quartile split). In each 

case, the results of the statistical analyses were virtually identical. 

The time of testing post-injury variable was divided on the basis 

of a quartile split since the range of values was so extreme. A clin

ically relevant finding of this partitioning strategy was the high

lighting of general referral patterns in clinical practice: a two 

month group, a six month group, a one year plus group, and a two year 

plus group. These groupings and ranges also were considered sufficient 

for the drawing of recovery curves over a prolonged time course. 

Table 2 also presents descriptive statistics for each group on the 

five independent variables. Descriptive statistics for all dependent 

and ancillary variables are listed in Appendix A. Intercorrelation 

matrices of relevant variables are presented in Appendices B and C. 
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TABLE 2 

INDEPENDENT VARIABLE GROUPINGS AND UNIVARIATE VALUES 

Variable 

Education^ 

Age^ 

Premorbid I .Q. 

(Vocabulary) 

Time of Testing 

Post-Injury 

Coma 

^Years. 

Group 

1 

2 

3 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

4 

1 

2 

3 

Wechsler standard (s 

^Weeks. 

N 

49 

50 

43 

40 

31 

38 

33 

41 

39 

34 

28 

35 

37 

35 

35 

61 

40 

41 

ca le ) 

Range 

3-11 

12 

13-20 

16-20 

21-27 

28-43 

44-50 

1-7 

8-9 

10-11 

12-19 

1-14 

15-30 

31-109 

110-1560 

Yes 

No 

Unknown 

scores. 

Mean 

9.00 

12.00 

15.00 

18.15 

23.58 

33.13 

47.97 

5.56 

8.56 

10.41 

13.93 

8.94 

21.38 

63.83 

405.97 

SD 

1.83 

0.00 

1.86 

1.69 

1.89 

4.42 

2.08 

1.66 

0.50 

0.50 

1.98 

3.37 

4.33 

23.73 

350.37 

Median 

9.0 

12.0 

15.0 

19.0 

23.0 

33.0 

48.0 

6.0 

9 .0 

10.0 

13.0 

9.0 

21.0 

63.0 

260.0 
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Appendix D lists the means and standard deviations for all RWMS 

verbal measures by independent variables and groups. The correspond

ing figures for all RWMS figural measures are given in Appendix E. 

These scores may be regarded as normative values for closed head 

injured patients' RWMS performances. For comparative purposes. Appendix 

F lists the RWMS means and standard deviations of Russell's (1975) 

control and organic patients. 

The potential influence of each independent variable on the six 

dependent variables was analyzed by a separate multivariate analysis 

of variance (MANOVA). Pillai's Trace was employed as an approximate 

^-statistic due to its relative robustness (Olson, 1976) and power 

(Larrabee, 1982). MANOVAs with Pillai's Trace Rvalues which were sig

nificant at .05 or less were considered statistically significant and 

worthy of further analysis. Between-group differences were analyzed 

via Duncan's Multiple Range Test. 

The Duncan test was selected for two reasons. First, the current 

research was an initial, exploratory investigation into the effects of 

closed head injured patients' personal characteristics on their memory 

functions. For this reason, it seemed plausible and worthwhile to 

analyze and compare all group mean scores in an attempt to extract dis

tinct patterns among the results. Unexpected patterns may have been 

overlooked if a comprehensive assessment and comparison of all group 

mean values had not been carried out. Second, it is well known that 

the use of a post-hoc index like the Duncan test is less conservative 

than certain a priori tests, and its use thus risks the spurious 

inflation of the experiment-wise error rate (Johnson & Jones, 1972). 

However, the use of independent MANOVAs in the present research was 

considered to be sufficient statistical control to offset the possible 

inflation of the experiment-wise error rate. In other words, although 

the Duncan test is less conservative than a priori multiple comparison 

procedures, its use was justified in this study since MANOVAs, as 

opposed to repeated, multiple ANOVAs, were employed. In effect, the 

use of MANOVAs and Duncan tests allowed for reasonably good control 

over error rate inflation and subsequent spurious results while 
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simultaneously allowing for a comprehensive investigation of the pat

terns of dependent variable results. 

Hypothesis I stated that the level of education would not be sig

nificantly correlated with recovery of memory functions following closed 

head injury. Education level was trichotomized as follows: Group 1, 

the Grade School group (3 to 11 years); Group 2, the High School group 

(12 years); and Group 3, the College group (13 to 20 years). The 

MANOVA resulted in a statistically significant main effect for 

education level (JF (12,270) = 1.88, p<.036), thus rejecting the null 

hypothesis. Education level was found to affect both short- and long-

term verbal and figural memory (i.e., VST, VLT, FST, FLT). Figure 1 

depicts graphically the VST and VLT scores. Both the College and Grade 

School groups performed significantly better on the VST measure than 

the High School group, but did not differ from each other. Figure 1 

also depicts the VLT results, which are virtually identical to the VST 

measures. The results of the FST and FLT measures are displayed in 

Figure 2, and the pattern of results is ^ery similar. In both cases, 

the College group performed significantly better than either the High 

School or Grade School groups, which did not differ significantly from 

each other. Thus, level of education was highly related to short- and 

long-term memory functions for verbal and figural stimuli. 

Hypothesis II stated that the patient's age would influence 

recovery of memory functions following closed head injury. Patients 

were assigned to one of four age groups: Group 1, those aged 16 to 20 

years; Group 2, ages 21 to 27; Group 3, ages 28 to 43; and Group 4, 

ages 44 to 50. The MANOVA resulted in a statistically significant 

main effect for patient age (£ (18,405) = 1.95, p.< .01). Significant 

negative correlations were obtained between patient age and both short-

and long-term verbal and figural memory functions (i.e., VST, VLT, FST, 

FLT). Figure 3 depicts the VST scores across the four age groups. 

Groups 1 (16 to 20 years) and 2 (21 to 27 years) were superior to the 

performance of the oldest group (Group 4; 44 to 50 years). Additionally, 

the mean VST score of Group 2 was superior (p<.05) to that of Group 3 

(28 to 43 years). Figure 3 also displays the mean VLT performances of 
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the four groups. The younger groups (Groups 1 and 2) performed signif

icantly better than the oldest group (Group 4). Thus, on the short-

and long-term verbal measures of memory, younger patients performed 

significantly better than older patients, as predicted. 

A similar pattern emerged on the figural short- and long-term 

memory scores as a function of age. On both measures, patients in 

Groups 1, 2, and 3 performed significantly better than the oldest 

patients. These results are depicted in Figure 4. Again, the trend 

for younger patients to perform significantly better than older 

patients was observed. Taken together, these results indicate that 

younger patients' verbal and figural memory scores are significantly 

better than those of their older counterparts, thus supporting 

Hypothesis II. 

Hypothesis III stated that estimated premorbid I.Q. would not 

systematically influence recovery of memory functions following closed 

head injury. On the basis of the obtained distribution of Vocabulary 

subtest scores, patients were assigned to one of four groups: Group 1, 

the Below Average group (Wechsler scale scores 1 to 7); Group 2, the 

Dull Average group (Wechsler scale scores 8 to 9); Group 3, the Average 

group (Wechsler scale scores 10 to 11); and Group 4, the Above Average 

group (Wechsler scale scores 12 to 19). The MANOVA yielded a statis

tically significant main effect for estimated premorbid I.Q. (£ (18,405) 

= 3.20, p< .0001), thus rejecting the null hypothesis. Premorbid I.Q. 

was found to influence all six RWMS dependent measures as positive and 

moderately high correlations (ranging from .24 to .41) were obtained. 

The pattern of results was virtually identical across all measured 

memory functions. 

The Above Average, Average, and Dull Average groups performed 

significantly better than the Below Average group on the VST and VLT 

measures (see Figure 5). Additionally, the Average group's mean score 

on both measures was significantly superior to the mean performance of 

the Dull Average group. 

A highly similar and remarkably consistent pattern of results was 

found on the VDS, FDS, FST, and FLT measures (see Figures 6 and 7). 
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In each case, the performances of the Above Average, Average, and Dull 

Average groups did not differ from each other, but were all signif

icantly superior to the mean score of the Below Average group. Thus, 

in considering the effects of premorbid I.Q. on the six dependent 

memory measures, it appears that the Below Average patients score con

sistently poorer than patients in the upper three levels of estimated 

premorbid I.Q. 

Hypothesis IV stated that the presence of coma would be unrelated 

to recovery of memory functions following closed head injury. On the 

basis of medical records and clinical file data, patients were assigned 

to one of three groups: Group 1, the Coma group; Group 2, the No Coma 

group; and Group 3, the Unknown group. The MANOVA resulted in a 

statistically significant main effect for the coma variable (£ (12,270) 

= 1.79, p .05), thus rejecting the null hypothesis. The coma variable 

was found to affect the VLT measure (see Figure 8) and the VDS measure 

(see Figure 9). On the VLT measure, the Coma group performed signif

icantly better than the Unknown group; no significant difference was 

found between the Coma and No Coma groups, or between the No Coma and 

Unknown groups. The VDS data revealed that the No Coma group obtained 

significantly better mean verbal retention scores (VDS) than either the 

Coma or Unknown groups. 

No hypothesis was postulated for the effects of time of testing 

post-injury on the six RWMS dependent measures since it was assumed, on 

the basis of neuropsychological clinical lore and various research 

studies, that this variable would show a main effect. On the basis of 

the obtained distribution of the time of testing post-injury variable, 

patients were assigned to one of four groups: Group 1, the Two Month 

group (median = 9 weeks); Group 2, the Six Month group (median = 21 

weeks); Group 3, the One Year Plus group (median = 63 weeks); and 

Group 4, the Two Year Plus group (median = 260 weeks). The MANOVA was 

found to be insignificant (£ (18,405) = 1.08, p .397), and the cor

relations between the independent and dependent variables were slight 

and nonsignificant, ranging from -.10 to +.11. The results are depicted 

in Figures 10 and 11. Since this result was rather surprising, 
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attempts were made to reclassify patients' group memberships on the 

basis of a variety of meaningful clinical and statistical criteria. 

In each case, a main effect for time of testing post-injury was not 

obtained. Thus, it appears that this variable alone, as assessed in 

the current research, has virtually no relationship to closed head 

injured patients' RWMS scores. 

Hypothesis V stated that verbal and figural memory functions 

return at the same rate following closed head injury. In order to test 

this hypothesis, stepwise regression equations were computed so that 

the resultant R values could be compared across all three verbal and 

figural measures (i.e., short- and long-term memory and difference 
2 

scores). R values were chosen as the unit for comparative purposes 
2 

since R is conceptually equivalent to effect sizes (Cohen & Cohen, 
2 

1975). Hypothesis V was evaluated by comparing R values (viz., the 

amount of variance accounted for in response variates as a function of 

a linear combination of independent variables). Table 3 presents the 

results of the stepwise regression equations employing various com

binations of the five independent variables as predictors (i.e., full 
2 

and reduced models). Visual inspection of the various R values 

indicates that there were no differences of any major significance in 

the rate of return of verbal and figural memory functions after closed 

head injury. Thus, the null hypothesis cannot be rejected. 
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TABLE 3 

FULL AND REDUCED STEPWISE REGRESSION MODELS 
FOR VERBAL VS. FIGURAL MEMORY 

Dependent Ordered Predictors^ « 
Variables** (Independent Variables) R 

^ VST A, T, ED, VOC, C .295 
•§ FST A, T, ED, VOC, C .320 

t VLT A, T, ED, VOC, C .237 
FLT A, T, ED, VOC, C .252 

3 VDS A, T, ED, VOC, C .129 
FDS A, T, ED, VOC, C J18. 

to 

5 VST A, ED, VOC, C .283 
FST A, T, ED, VOC .315 

VLT A, ED, VOC, C .237 
FLT A, ED, VOC, C .245 

VDS A, ED, VOC, C .120 
FDS A, T, ED, VOC Ji6_ 

VST A, ED, VOC .266 
S. FST A, T, VOC .305 

I VLT A, ED, VOC .221 
:Z FLT A, ED, VOC .234 

VDS A, VOC, C .115 
FDS A, ED, VOC dIO_ 
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Dependent Ordered Predictors P 
Variables (Independent Variables) R 

'^ VST A, VOC .219 

^ FST A, VOC .290 
A, 

A, 

A, 

A, 

A, 

ED 

VOC 

VOC 

VOC 

VOC 

VOC 

, VOC 

VLT A, VOC .189 

FLT A, VOC .220 

VDS A, VOC .102 

FDS ED, VOC .086 

^VST = Verbal Short-Term Memory FST = Figural Short-Term Memory 
VLT = Verbal Long-Term Memory FLT = Figural Long-Term Memory 
VDS = Verbal Di f ference Score FDS = Figural Difference Score 

A = Age T = Time of Testing Post - In jury ED = Education 
VOC = Vocabulary Subtest Score (Premorbid I .Q. Estimate) 
C = Coma 



CHAPTER IV 

DISCUSSION 

Discussion of' Hypotheses 

Level of education was found to influence patients' short- and 

long-term memory for verbal and figural stimuli. This result was in 

opposition to the findings of Parsons and Prigatano (1976) and Vega 

and Parsons (1967), who concluded that level of education was unre

lated to brain damaged patients' performances on measures of neuro

psychological integrity. The divergent findings might well be 

accounted for by considering the fact that the only index of memory 

assessed by these authors was the TPT Memory component, which is best 

regarded as a measure of incidental learning. It may be that level of 

education does not affect brain damaged patients' performances on the 

Halstead-Reitan Battery (of which the TPT Memory component is a part), 

but does influence patients' performances on more direct measures of 

short- and long-term memory (i.e., WMS and RWMS). Thus, level of 

education may differentially affect patients' tests performances 

depending on the manner in which memory is assessed. The current 

results indicate that level of education is a potent moderator variable 

in closed head injured patients' performances on the RWMS, and should 

be considered routinely in the assessment of these patients' short-

and long-term memory functions. 

The College group performed significantly better than either the 

Grade School or High School groups on figural short- and long-term 

memory. The Grade School and High School groups did not differ signif

icantly from each other on these measures. In general, this finding 

may represent better encoding and retrieval strategies of the more 

highly educated patients. However, this explanation must remain at the 

level of speculation without a control group of non-impaired individuals 

and more specific experimental methodologies. 
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Both the College and Grade School groups performed significantly 

better than the High School group on verbal short- and long-term memory, 

but did not differ from each other. 

The estimate of premorbid I.Q. (Vocabulary subtest scale scores) 

was found to influence all six RWMS measures of verbal and figural 

memory. Although the rank orderings of group performance varied 

slightly across individual memory measures, the overall trend was 

distinct as the three groups with the highest premorbid I.Q. estimates 

(scale scores of 8 to 19) consistently performed better than the lowest 

group (scale scores of 1 to 7) on all memory indices. These data sug

gested that those patients with Wechsler Vocabulary scale scores of 

eight or higher will perform significantly better on all measures of 

memory than those whose scores are less than eight. 

These results, when viewed in the context of van Zomeren's (1981) 

coping hypothesis, may be indicative of greater motivation to recover 

memory functions among head injured patients who have higher estimated 

premorbid I.Q.s. Also, these findings may be suggestive of greater 

cognitive resiliency among those patients with higher levels (greater 

than or equal to a Vocabulary scale score of eight) of estimated pre

morbid I.Q. A third possibility is related to the earlier discussion 

of the high correlation between intelligence and memory (e.g.. Fields, 

1971). In the present study, correlations ranging from 0.64 to 0.95 

were found among the various Wechsler Intelligence indices (i.e.. Full 

Scale, Verbal, and Performance I.Q.s, and the Vocabulary subtest score) 

and the WFS Memory Quotient (Appendicies B and C list the specific 

correlations). 

The conclusion from these data is that memory and intelligence, 

when assessed with Wechsler scales, do correlate highly, but do not 

seem to be identical. Item overlap among the WMŜ  and the WAIS/WAIS-R 

may well influence the correlation coefficients noted here. 

It is clear that premorbid I.Q., as estimated in the current 

research, strongly influences head injured patients' RWMS scores. It 

would be of interest to study the effects of other estimates of pre

morbid I.Q. For example, Wilson, Rosenbaum, Brown, Rourke, Whitman, 
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and Grisell (1978) have offered a strategy for estimating premorbid 

I.Q. from demographic measures. Although their novel approach does 

offer regression equations that provide indices of estimated premorbid 

intelligence, their results have not been cross-validated. In short, 

while estimated premorbid I.Q. does affect closed head injured patients' 

RWMS scores, it would be of value to use other indices as estimates 

in order to assess the validity and generalizability of this finding. 

Coma status was found to influence verbal long-term memory and ver

bal difference scores. Regarding long-term verbal memory, the coma 

group scored significantly better than the group for whom coma status 

was unknown. Non-comatose patients performed significantly better than 

either comatose patients or those for whom coma status was unknown on 

the verbal difference measure. These results were surprising, 

especially in light of the fact that there were no significant differ

ences in VST, FST, FLT, and FDS scores among the various groups. In 

effect, on four of the six memory measures, coma status was unrelated 

to memory scores, thus providing at least a partial empirical refu

tation of the clinical neurological lore on the effects of coma on 

memory. 

It is intuitively difficult to accept the proposition that a 

greater degree of brain injury (coma) results in better performance on 

a verbal long term-memory measure. The explanation for this finding 

may lie in the potentially diverse composition of the group of patients 

for whom coma status was unknown. Quite likely the case was that 

clearly comatose and/or non-comatose patients were included in this 

group as a result of poor coma documentation or differing physician 

definitions of coma. The end result may well have been a statistical 

artifact or more likely, a purely spurious finding. 

The results of the verbal difference scores as a function of coma 

status appeared to be more intuitively plausible. It would seem quite 

possible that the disruption of brain stem functions (comatose group) 

would result in more impaired performance than for those whose brain 

stem functions were spared. This result might best be .viewed with 

caution, however, since the reliability of the verbal difference score 
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is lower than the reliabilities of the other short- and long-term 

memory measures yielded by the RWMS. 

The results obtained on the variable of time of testing post-

injury were rather distinct and interesting, as no effect on RWMS 

scores was found. Since this finding tended to contradict the majority 

of previous research, as well as the bulk of clinical lore, it seemed 

possible that a reason for the absence of this effect was the manner 

in which this variable was partitioned (quartiles). Three additional 

classification strategies were attempted: a) median split, b) half-

year intervals, and c) equal thirds of the distribution. In each case, 

the resultant MANOVA was nonsignificant. These results support Brooks' 

(1972, 1974) data in which he found virtually no correlation between 

memory scores and time of testing post-injury. The implication seems 

clear: whatever memory exists at the time of testing is all that will 

recover, plus or minus the standard error of measurement. Essentially, 

these results indicate that after the initial memory assessment, recovery 

"curves" are in fact virtually straight lines, given the way in which 

memory was assessed and evaluated in this study (viz., using the RWMS 

and analyzing independent variables separately). 

The previous comment related to standard error of measurement may 

be germane to these results. It may be reasonable to assume that the 

specific memory measure utilized as a dependent variable may be somehow 

related to the appearance of an effect for the time of testing post-

injury variable. For example, in the current research and in the two 

studies reported by Brooks (1972, 1974) in which no effect was found 

for the time of testing variable, either the WMŜ  (Brooks) or the RWMS 

(current research) was employed. In studies where memory functions 

follow recovery curves after closed head injury, other memory measures 

have been used. For example, Dikmen and Reitan (1976) found a recovery 

curve but did not specify their memory measures. Conkey (1938) found a 

recovery curve but used a digit span measure of memory. Ruesch and 

Moore (1943), utilizing a serial subtraction test as an index of 

memory, reported a recovery curve. Levin et al. (1976), using two 

dimensional geometric stimuli similar to those utilized in the WMŜ  
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Visual Reproduction subtest, found no correlation between time of test

ing post-injury and memory scores. Thus, the possibility cannot be 

ruled out that it may be the memory assessment instrument utilized that 

accounts for the occurrence of an effect for time of testing post-

injury. This issue clearly merits further attention. 

The question of possible differences in the rates of recovery of 

verbal versus figural memory functions was answered in the negative. 

Two bits of data support this conclusion. First, there were virtually 

no differences in R values yielded by the stepwise regression equations 

computed for verbal and figural memory scores. Second, the previous 

comments on the lack of an effect for the time of testing post-injury 

are relevant. In particular, since recovery curves were not obtained, 

then the question of differential recovery rates became moot. Again, 

it should be emphasized that these results should be considered in the 

context of this study's particular design, which evaluated each 

independent variable in isolation. It is quite possible that a more 

complex experimental design may yield different results regarding dif

ferential recovery rates, as well as recovery curves. 

The full (five variable) models accounted for approximately 30% 

of the variance in short-term memory scores, roughly 24% of the 

variance in long-term memory scores, and only about 12% of the variance 

in the difference scores. The ordering of the predictors (independent 

variables) in each equation was identical: a) age, b) time, c) edu

cation, d) premorbid I.Q. estimate, and e) coma status. The ordering 

of the predictors, of course, was based on the amount of variance 

accounted for independently by each variable. 

These regression equations were quite valuable in evaluating the 
2 

current research. Although the R values for the short- and long-term 

memory scores were quite high for behavioral science research (cf. 

Cohen, 1977), they were nonetheless disappointing in the sense that 

these effect sizes indicated that there was much more unexplained 

variance in the model than had been expected. Also, the fact that the 

time of testing post-injury variable accounted for the second highest 

amount of variance, but was nonsignificant statistically in and of 
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Itself, was rather revealing. The current study evaluated each of the 

five independent variables separately. Interaction effects could not 

be evaluated reliably due to the number of patients required for such 

a factorial design. It was estimated that on statistical grounds at 

least 1,200 patients would be needed to evaluate appropriately all of 

the possible interaction effects in this study. What seemed quite 

likely was that the R values in this study could be raised substantially 

by the inclusion of several interaction effects. By including two inter

action terms (i.e., crossing age and estimated premorbid I.Q., and 

education and estimated premorbid I.Q.), R^ values were increased on 

the order of 11% for short-term memory (R^ = .41), and 18% for long-

term memory functions (R^ = .42). These increases appeared to be sub

stantial and may be an explanation for the lack of an effect for certain 

independent variables (e.g., time of testing post-injury and coma 

status) assessed individually. 

The upshot of this post-hoc analysis seems to have been that 

a) independent variables that did not show main effects may well be 

worthy of further study if included in interaction terms, b) the 

inclusion of crossed factors may well increase R values, and c) the 

model may not be as incomplete as it had appeared. Clearly, what is 

needed is a large scale research project, perhaps at a national level, 

that assesses the performance of 10 to 15 times the number of patients 

studied here. A patient sample of this size would allow for the statis

tical assessment of even third- and fourth-order interaction effects. 

It would seem reasonable to posit that the unexplained variance has 

been well hidden in these higher-order interactions. 

Other Potentially Relevant Variables 

It is possible that the predictive model composed of the five 

variables used in this study (age, education, coma status, estimated 

premorbid I.Q., and time of testing post-injury) could be expanded to 

include not only interaction effects based on the variables studied 

herein, but also to include other potentially relevant variables. 

Variables worthy of future study might include: a) emotional sequelae 

secondary to closed head injury, and b) litigation status. 
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Emotional Sequelae 

Clinical lore has indicated a high frequency of occurrence of a 

variety of emotional, or psychological problems secondary to closed 

head injury (Prigatano, 1982). Depression appears to be most common 

among these various reactive psychological problems. Dikmen and 

Reitan (1977) administered the Minnesota Multiphasic Personality Inven

tory (MMPI) to 27 closed head injury patients immediately after injury, 

and repeated the administration of the MMPI 12 and 18 months later. 

Relative to a control group, the closed head injured patients scored 

significantly higher on Scale 2̂  (Depression) at 12 and 18 months post-

injury, but not during the initial assessment. Dikmen and Reitan 

interpreted these results as suggestive of the presence of depression 

in these neuropsychologically impaired patients. Thus, it may well 

be that patients who do not recover well from closed head injury tend 

to become depressed. The converse position, that depressed persons do 

not recover well from closed head injury, is of course equally 

plausible. 

A study reported by Sternberg and Jarvik (1976) is relevant here, 

especially in light of the Dikmen and Reitan (1977) results. Sternberg 

and Jarvik reported distinct short-term memory impairment in endo-

genously depressed patients. They treated their patients with tri

cyclic antidepressants and found that the improvement in their clinical 

state was highly correlated with improvement in their short-term memory 

functions. Taken together, these two studies suggest that closed head 

injured patients may well suffer from depression post-injury, and that 

the impaired memory functions may be as much a function of secondary 

depression as of the head injury. If closed head injury frequently 

results in reactive depression, and if this depression persists over 

time (cf. Dikmen & Reitan, 1977), then it would seem plausible that the 

depression has become quite similar to the endogenous type. The simi

larities here are sufficiently striking to consider the addition of this 

variable (i.e., presence or absence of depression, or possibly other 

psychological conditions) as a potential influence on closed head 

injured patients' memory functions. 
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Litigation 

The psychiatric literature has paid a great deal of attention to 

what has been called "post-traumatic neurosis" (Bloch & Block, 1972), 

"accident neurosis" (Miller, 1961), or "compensation neurosis" (Ford, 

1978). In these cases, the patient frequently has been noted to cling 

to his/her symptoms for inordinately long periods of time. Often 

there is financial benefit for the patient in the form of Workman's 

Compensation, company benefits, and/or litigation. Ford (1983) has 

addressed the various aspects of secondary gain sought and achieved 

by these patients, be it financial or psychological in nature. In fact. 

Ford (1978, 1983) discussed the "Humpty Dumpty Syndrome," referring to 

those patients who could/would not return to any semblance of their pre

morbid state of functioning, no matter how much effort to assist them 

was expended by human service professionals. The case may be that dis

ability payments (or litigation) were sufficient reinforcers to preclude 

recovery. Therefore, this variable in particular, and perhaps motivation 

level in general, may be worthy of further study in relation to closed 

head injured patients' scores on memory and other neuropsychological 

measures. 

Thus, it appears that psychological (e.g., depression) and financial 

(e.g., litigation) issues may play a possible role in closed head injured 

patients' poor memory functions. Though these variables may be related 

intimately to the issues at hand, they are, at best, speculative, and 

should be considered more specifically in future research. 

Methodological Issues 

The experimental methodology employed in the current research can 

be classified best as a cross-sectional design. The attendant 

limitations of this strategy, as they apply in particular to this study, 

merit some attention. 

Whenever researchers opt for an archival, cross-sectional design, 

a substantial degree of experimental control may be lost. This is fre

quently the sacrifice to be made in conducting retrospective studies 

of actual patient populations. A major finding of this investigation is 
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that memory functions, as assessed with the RWMS and with this design, 

do not show recovery curves following closed head injury. To conclude 

from these results that memory functions do not recover post-head 

trauma would be premature. It is quite plausible that time of testing 

post-injury is at least partially confounded with the patient's ability 

to take the test. Patients rarely are referred for neuropsychological 

assessment unless the attending physician believes that the patient is 

capable of submitting to the assessment. The case may be that patients' 

memory functions have recovered, to whatever ultimate extent, by the 

time that they are capable of being tested and are referred for neuro

psychological evaluation. This notion is supported by Brooks' (1974) 

da ta. 

More specifically, there may be an artifact of the clinical 

referral process that is related to patient age. This notion is based 

on the assumption that older patients, as opposed to younger ones, 

require more recovery time before they reach a level wherein they are 

capable of being evaluated neuropsychologically. In other words, 

patient age may be confounded with the time of testing post-injury 

variable. Given these circumstances, it could be expected that younger 

patients are referred for neuropsychological evaluation sooner than 

their older head-injured counterparts. In order to examine this 

possibility, the youngest (16 to 20 years) and oldest (44 to 50 years) 

head injured patient groups were compared in terms of time of testing 

post-injury. The results, depicted in Figure 12, show that while two-

thirds (68%) of the younger patients were tested within thirty weeks 

post-injury, only 27% of the older patients were tested within the same 

time interval. Conversely, while almost three-fourths (72%) of the 

older patients were tested more than thirty weeks post-trauma, only 

one-third (33%) of the younger patients were assessed in the same 

interval. While some may be inclined to view this phenomenon as 

reflective of a systematic bias in the referral of older patients for 

neuropsychological assessment, the notions of a) artifactual bias of 

the cross-sectional design; and b) the interaction of patient age and 

time of testing post-injury merit serious attention as plausible 

explanations. 
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A potential theoretical solution to this dilemma would be to 

attempt longitudinal studies of patients in which memory functions are 

assessed continuously (viz., daily) from the time of injury. This 

would obviate the problems of confounding patient age, recovery time, 

and time of testing post-injury. While one author has attempted a 

limited version of this idea (Fodor, 1972), the practical limitations 

involved in such a study may well preclude its feasibility. 

A second methodological issue relates to the distinction between 

acquisition and memory, an issue unaddressed by the RWMS. The argument 

could be made that head injured patients' poor mneumonic performances 

are a function of acquisition deficits, and not memory deficits per se. 

This argument receives at least partial support from the previously 

described factor analytic studies of the WMS in which the Attention-

Concentration factor was shown to separate reliably head-injured 

patients from controls (cf. Dye, 1982). It is logical to assume that 

if a patient cannot or does not attend to a stimulus, then the prob

ability of acquiring that stimulus (viz., encoding and storing it in 

memory) is greatly reduced. Furthermore, the ultimate probability of 

retrieving that stimulus from memory under conditions of inattention is 

reduced even further. The importance of this distinction is paramount. 

Although the RWMS cannot make this distinction, other instruments can 

(cf. Buschke & Fuld, 1974) and should be considered for use in future 

research. 

Directions for Future Research 

Clearly, the current research indicates the need for a large scale 

investigation of the relevant subject characteristic variables related 

to outcome from closed head injury. The methodological and design 

requirements of the study would require close to 1,500 carefully 

selected patients so that the individual and perhaps multiply inter

active effects of all relevant variables could be appropriately assessed. 

A study of this sort would be able to better develop the predictive 

model presented here and thus account for a greater proportion of the 

variance. In effect, a research project of this sort could add valuable 
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new data as well as potentially cross-validating the novel effects 

observed in this study (e.g., effects of estimated premorbid I.Q.). 

The means, standard deviations, and R values presented here will 

assist other researchers in conducting a priori power analyses (Cohen, 

1977) for future studies. 

It would also seem advisable to recommend the use of other memory 

measures (e.g., Luria words, Benton Visual Retention Test) along with 

the WMS and RWMS. In this way, more memory measures can be assessed 

and the issue of recovery curves can be addressed more specifically 

and investigated more comprehensively. Normative values on other 

instruments for closed head injury patients also can be gleaned from 

such research. These values may be helpful to the neuropsychologist 

who may be confronted with differentiating malingerers from those truly 

impaired patients in the course of his/her neuropsychological practice. 

An alternative research strategy might include a within subjects 

(longitudinal) approach in which serial testing is conducted over time 

so as to shed further light on the existence of recovery curves. Since 

specific patterns can be obfuscated in research with large samples, it 

may be worthwhile to attempt studies employing single subjects with a 

repeated measures design. 

Better operational definitions and documentation of coma should be 

a top priority. In order to be able to make predictive statements con

cerning the prognoses for closed head injured patients rendered coma

tose, the parameters of coma must be specific and standardized. Although 

the definitional problems are apparent, "it seems far better to plan 

research under conditions of specifiably uncertain knowledge than to 

plan research under conditions in which knowledge about the parameters 

to be confronted is altogether absent" (Haase, Waechter, & Solomon, 

1982, p. 64). The Glasgow Coma Scale (cf. Jennett & Teasdale, 1981) 

and the Galveston Orientation and Amnesia Test (Levin, 1982) would be 

suitable candidates as assessment instruments. 

Finally, the standardization and operationalization of memory 

theories and the dependent variables used to assess performances would 

appear crucial. Once this has begun, researchers will be in a better 
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position to use appropriate control groups and more specific method

ologies for the delineation of pertinent issues related to processing, 

storage, and retrieval, the essence of memory. 



CHAPTER V 

SUMMARY 

This invest igat ion was designed to assess the unique effects of 

selected moderator variables ( i . e . , age, education, estimated premorbid 

I .Q., and time of test ing post- in jury) on the recovery of memory 

functions af ter closed head in ju ry . Short- and long-term memory 

functions for verbal and f igura l st imul i were assessed with the Revised 

Wechsler Memory Scale (RWMS). Addi t ional ly , normative RWMS values 

(means and standard deviations) for the ent i re closed head injured 

sample (N = 142) and for each independent variable subgrouping were 

of fered. 

Three of the f i ve hypotheses posited were supported by mu l t i 

var iate analyses. The results indicated that three of the four patient 

character is t ic variables ( i . e . , age, education, estimated premorbid 

I.Q.) were related systematically to closed head injured pat ients ' 

RWMS scores, while the time of test ing post- in jury variable was essen

t i a l l y unrelated to pat ients ' memory performances. 

The pattern of results observed on the variable of patient age 

was yery s imi lar to that found in pr ior research. In general, younger 

pat ients ' RWMS scores were s ign i f i can t l y better than the i r older counter

par ts. The two youngest groups (ages 16 to 20, and 21 to 27) performed 

s i gn i f i can t l y better on the RWMS indices of short- and long-term verbal 

memory than the oldest group (ages 44 to 50). The oldest group's mean 

RWMS performance on measures of short- and long-term f igura l memory was 

s ign i f i can t l y poorer than the three youngest groups (ages 16 to 20, 21 

to 27, and 28 to 43). 
Level of education systematically influenced closed head injured 

patients' RWMS scores. The College (13 to 20 years of education) and 

Grade School (3 to 11 years of education) groups performed significantly 

better than the High School group (12 years of education) on the short-

and long-term measures of verbal memory. The College group's mean 

80 
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figural short- and long-term memory scores were significantly better 

than either the High School or Grade School groups' performances, which 

did not differ significantly from each other. 

Premorbid I.Q. was estimated by the patients' Vocabulary subtest 

score on the Wechsler Adult Intelligence Scales. The three patient 

groups with the highest estimated premorbid I.Q.s (Vocabulary subtest 

scale scores of 8 to 9, 10 to 11, and 12 to 19) did not differ signif

icantly from each other, but were significantly superior to the mean 

performance of the group with the lowest estimated premorbid I.Q. 

(Vocabulary subtest scale scores of 1 to 7). This pattern was observed 

on all measures of memory assessed. 

The effect of coma status on patients' RWMS scores also was 

assessed. The general pattern of results indicated that this variable 

did not systematically influence closed head injured patients' memory 

functioning. 

The time of testing post-injury variable did not systematically 

affect closed head injured patients' mean RWMS scores regardless of the 

manner in which this variable was partitioned. Furthermore, there were 

no systematic differences noted in the rates of recovery of verbal vs. 

figural memory functions following closed head injury. 

The conclusions from the current research were that when the 

patient characteristic variables of age, education, estimated premorbid 

I.Q., and time of testing post-injury are assessed individually, the 

first three variables (patient age, education, and estimated premorbid 

I.Q.) show systematic main effects on memory recovery after closed head 

injury, while the time of testing post-injury variable does not. Post-

hoc data analysis indicated the possibility that the time of testing 

post-injury variable may exert a systematic effect if included in inter

action terms with other moderator variables. Thus, it is possible that 

differences in recovery rates of verbal and figural memory functions 

may occur when higher-order interaction terms are included in the 

predictive model. 

The results of the current investigation also are discussed in the 

context of directions for future research. Specifically, improved 
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methodology, additional potentially relevant patient characteristic 

variables, and issues in memory assessment are addressed. 
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APPENDIX A 

DESCRIPTIVE STATISTICS FOR ALL DEPENDENT 
AND ANCILLARY VARIABLES 

Varia 

VST^ 

VLT^ 

VDS^ 

FST^ 

FLT'̂  

FDS^ 

VIQ^ 

PIQ^ 

FIQ^ 

MQ^ 

^Raw 

ble N 

142 

142 

142 

142 

142 

142 

134 

132 

131 

134 

scores 

Mean 

9.67 

6.76 

61.39 

7.65 

5.45 

62.88 

94.98 

92.82 

93.85 

90.71 

SD 

5.70 

•5.24 

31.91 

3.54 

3.89 

34.01 

17.46 

15.28 

16.33 

20.12 

Range 

0-27 

0-22.5 

0-117.6 

0-14 

0-14 

0-114.3 

47-137 

52-123 

56-131 

54-143 

Median 

8.87 

6.00 

69.80 

8.00 

5.00 

70.70 

93.00 

94.50 

93.00 

92.50 

Mode 

8 

0 

0 

10 

0 

100 

81 

96 

78 

93 

Percentages 

Wechsler standard (scale) scores 

VST = Verbal Short-Term Memory VLT= Verbal Long-Term Memory 
VDS = Verbal Difference Score FST = Figural Short-Term Memory 
FLT = Figural Long-Term Memory FDS = Figural Difference Score 
VIQ = Verbal I.Q. PIQ = Performance I.Q. FIQ = Full Scale I.Q 
MQ = Memory Quotient 
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APPENDIX D 

RWMS VERBAL SCORES: MEANS AND STANDARD 
DEVIATIONS BY INDEPENDENT VARIABLES AND GROUPS 
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Group 

VST 

M SD 

VLT 

M SD 

VDS 

M 

**Years. 

'^Wechsler standard (scale) scores. 

SD 

1 ( 

2 ( 

3 ( 

4 { 

1 ( 

2 1 

3 ( 

4 ( 

1 1 

2 ( 

3 1 

1 1 

2 ( 

3 

4 

1 

2 

3 

16-20) 

.21-27) 

[28-43) 

[44-50) 

; i -7 ) 

[8-9) 

; i o - i i ) 

: i 2 - i 9 ) 

[Yes) 

;NO) 

[Unknown) 

[1-14) 

[15-30) 

[31-109) 

[110-1560) 

[3-11) 

[12) 

[13-20) 

40 

31 

38 

33 

41 

39 

34 

28 

61 

40 

41 

35 

37 

35 

35 

49 

50 

43 

10.4 

11.8 

8.9 

7.5 

6.5 

9.7 

12.3 

11.1 

10.7 

9.5 

8.4 

10.0 

9.8 

9.2 

9.6 

10.1 

7.8 

11.4 

5.8 

7.1 

4.7 

4.2 

5.1 

5.4 

6.2 

4.3 

5.9 

4.3 

6.5 

6.2 

5.9 

6.1 

4.7 

6.7 

4.5 

5.1 

7.8 

7.8 

6.4 

4.8 

3.8 

7.0 

9.5 

7.4 

7.4 

7.1 

5.4 

6.6 

6.4 

7.1 

6.8 

7.3 

5.0 

8.2 

6.2 

6.0 

4.3 

3.4 

4.7 

5.1 

5.4 

4.1 

5.4 

4.4 

5.6 

6.0 

4.9 

5.6 

4.5 

6.1 

4.0 

4.8 

62.2 

60.8 

66.1 

55.4 

43.8 

70.4 

71.6 

62.2 

62.6 

71.2 

50.0 

53.3 

55.5 

69.4 

67.6 

62.1 

55.4 

67.4 

33.6 

33.2 

28.9 

32.2 

36.0 

27.4 

26.0 

28.2 

30.7 

25.6 

36.2 

32.3 

32.5 

33.8 

26.6 

30.5 

35.9 

27.6 

"-Weeks. 

NOTE: VST = Verbal 
VLT = Verbal 
VDS = Verbal 

Short -Term Memory 
Long-Term Memory 
Difference Score 
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APPENDIX E 

RWMS FIGURAL SCORES: MEANS AND STANDARD 
DEVIATIONS BY INDEPENDENT VARIABLES AND GROUPS 
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'^Wechsler standard (sca le) scores. 

^Weeks. 

NOTE: FST = Figural Short-Term Memory 
FLT = Figural Long-Term Memory 
FDS = Figural Di f ference Score 
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M SD 
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[Unknown) 

[1-14) 

[15-30) 
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[110-1560) 

[3-11) 
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61 
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49 
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8.6 
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7.5 

7.9 
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3.4 
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3.8 

3.8 

3.2 

3.4 

3.4 

3.2 

3.8 

5.7 

6.5 

5.6 

3.9 

3.2 

5.9 

6.5 

6.9 

5.2 

5.5 

5.7 

5.1 

5.2 

6.1 

5.4 

4.9 

4.7 

6.9 

3.8 

4.1 

4.1 

3.2 

3.2 

3.6 

3.2 

4.6 

3.8 

3.7 

4.3 

3.9 

3.9 

4.1 

3.7 

3.7 

3.3 

4.4 

63.3 

69.9 

64.1 

54.4 

49.3 

68.5 

69.6 

66.8 

60.9 

66.0 

62.8 

57.2 

59.1 

70.7 

64.7 

63.1 

56.5 

70.0 

31.8 

29.6 

35.3 

38.3 

37.5 

33.0 

26.7 

34.0 

33.6 

31.7 

37.3 

35.0 

35.5 

35.5 

29.6 

31.1 

32.7 

31.0 
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APPENDIX F 

RWMS MEANS AND STANDARD DEVIATIONS OF CLOSED 
HEAD INJURED AND RUSSELL'S CONTROL AND ORGANIC PATIENTS' 

Control 

M 

23.1 

20.8 

89.5 

10.4 

9.1 

87.6 

SD 

6.1 

6.4 

8 .8 

2.7 

2.9 

13.2 

N 

14. 

10. 

56. 

5. 

3 

51 

Organic 

1 

9 

5 

0 

6 

7 

.4 

. « > ' 

S[ 

8. 

8. 

34. 

3. 

3. 

37. 

) 

0 

2 

2 

7 

7 

3 

CHI 

M 

9.7 

6.7 

61.4 

7.6 

5.5 

62.9 

SD 

5.7 

5.2 

31.9 

3.5 

3.9 

34.0 

VST 

VLT 

VDS 

FST 

FLT 

FDS 

^All RWMS differences between Russell's (1975) groups are statistically 
significant (£_< .01). 

^After Russell (1975); N. = 30. 

% t e r Russell (1975); 1̂  = 76. 

^CHI = Closed Head Injured patients; n_= 142. 
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