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Abstract
Closed head injury (CHI) typically results in diffuse
damage to the brain with particular damage to the frontal
and temporal regions.

Individuals who have suffered a CHI

often exhibit impaired verbal learning and memory.

It has

been noted that CHI individuals do not use semantic
organizational encoding strategies to the same degree as
non-CHI individuals.

This failure is presumed to contribute

to the observed verbal learning and memory impairment and is
likely associated with frontal region damage and related
frontal system dysfunction.
to a)

The purposes of this study were

investigate the effect of providing CHI subjects with

guided semantic encoding and b) describe the nature of the
relationship between frontal system functioning and ability
to benefit from guided semantic encoding.
Twenty-four closed head injured subjects and 24
demographically matched control subjects participated in
this study.

Verbal learning and memory was measured using

the California Verbal Learning Test (CVLT; Delis, Kramer,
Kaplan, & Ober, 1987).

The CVLT involves learning a sixteen

word list containing four words from four categories.

The

CVLT was administered in both standard and non-standard,
guided semantic encoding formats.

Frontal system

functioning was measured with the Wisconsin Card Sorting
Test (Grant & Berg, 1948) and FAS Generative Naming
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(Borkowski, Benton & Spreen, 1967).
Results from this study indicate that verbal learning
and memory performance improves following guided semantic
encoding.

CHI subjects benefit to relatively the same

degree as control sUbjects.

This suggests that, with

external guidance, CHI subjects have the ability to benefit
from organizational cuing in a qualitatively similar manner
to control subjects.

However, performance of CHI subjects

did not reach that of controls, even with guided semantic
encoding, indicating additional processing deficits.

Guided

semantic encoding facilitates performance for both low and
high frontal system functioning subjects on free and cued
recall tests.

Guided semantic encoding particularly helps

low frontal system functioning CHI subjects in long delay
recall and recognition discriminability.

The finding that

CHI subjects take advantage of semantic encoding strategies,
when encouraged to do so, is similar to that reported for
Korsakoff's syndrome and focal frontal lesion patients.
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Introduction
Closed head injury is differentiated from brain injury
resulting from penetration of the skull and brain tissue by
a foreign object.

The damage caused by closed head injury

is much more global and diffuse than penetrating injury
where damage is localized to the path of the penetrating
object, surrounding tissue, and related structures.

Because

of the diffuse damage, individuals sUffering closed head
injury represent a heterogenous group demonstrating widely
varied patterns of behavioral and cognitive deficits.
Furthermore, much of the damage that occurs in closed head
injury is not visible on commonly available brain scans
which makes quantitative analysis of injury difficult
(Levin, Benton & Grossman, 1982).

For these reasons,

neuropsychological research, which addresses study of brainbehavior relationships, is especially challenging with
respect to closed head injury.
Despite the difficulties inherent in studying the
closed head injured population, it is important to strive
for better understanding of the effects of closed head
injury on cognitive functioning.

Little progress has been

made toward identifying aspects of dysfunction that
contribute to impaired processing in closed head injury.
For instance, closed head injured individuals do not use
efficient strategies in verbal learning and memory tasks
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Levin & Goldstein, 1986).

However, the degree to which poor

use of strategies is caused by an inability to spontaneously
initiate or organize a strategy, versus an inability to use
a strategy, despite external cuing, has not been
investigated.

Empirical research designed to test effects

of specific processing interventions, such as guided
semantic encoding, will lead to better understanding of the
contributions of components of dysfunction that contribute
to cognitive impairment.
In the clinical setting, despite the heterogeneity of
the closed head injury population, many patients do exhibit,
in a broad sense, generally predictable difficulties,
including impairment of executive control, verbal learning
and memory functioning.

This has lead to the current

practice of treating patients as a homogenous group
(Goldstein, Levin, Boake & Lohrey, 1990).

Little empirical

research exists to direct cognitive remediation efforts of
closed head injured patients.

Even less research has been

directed toward attempting to identify, within the closed
head injury population, intervention techniques that may
benefit particular subgroups of closed head injured
individuals.

Identification of intervention techniques that

may improve functioning in closed head injury, particularly
within subgroups of closed head injured individuals, will
contribute to the quality and cost efficiency of therapeutic
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services rendered to closed head injured individuals.
In closed head injury, the frontal and temporal regions
of the brain are typically damaged.

The temporal lobes of

the brain are associated with memory (and other) functioning
and the frontal regions of the brain are believed to
contribute to control of cognitive processes.

Thus, it is

not surprising that closed head injured individuals, and
their families, often complain of memory difficulties in the
injured individual.

It has been suggested that a poor

ability to initiate, control, and/or direct efficient
encoding strategies (a frontal, executive function ascribed
to the frontal regions of the brain) contributes to the
memory deficit in closed head injured individuals.
It is possible to investigate the degree to which poor
initiation or organization of efficient encoding strategies
contributes to verbal learning and memory deficits by
providing external initiation and guidance in the use of an
efficient encoding strategy.
as "guided semantic encoding".

This technique is referred to
Guided semantic encoding has

been demonstrated as effective in facilitating verbal memory
performance in various memory disordered populations but has
not been investigated in the closed head injured population.
The purposes of this research are to a) investigate the
effect of providing guided semantic encoding to closed head
injured individuals and b) investigate the relationship
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between the degree of impairment in frontal system
functioning and effects of guided semantic encoding.
A background discussion related to long term memory
processes and neuroanatomical substrates of memory is set
forth immediately below.

Then, mechanisms and

pathophysiologic consequences of closed head injury are
discussed as well as a description of the verbal memory
deficit observed in this population and comparisons of the
verbal memory deficit in closed head injury with other
memory disordered populations.

The introduction concludes

with a discussion of specific hypotheses related to the
effects of guided semantic encoding, and the relationship to
degree of impairment in frontal system functioning.
Elements of Long-Term Memory
Long-term memory can be described as the concept that
represents the cumulative store of acquired knowledge
(Ellis & Hunt, 1983).

Three distinct systems of memory have

been proposed by Tulving (1983).
procedural, semantic and episodic.

These systems are
Procedural memory refers

to psychological processes involved in the retention and
performing of a learned activity or skill, such as throwing
a ball.

Typically, procedural memory processes are

activated without conscious effort or thought.

Conversely,

semantic and episodic memory are conceptualized
sUbcomponents of propositional memory, i.e. memory related
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to knowledge, and processes related to these sUbcomponents
are typically associated with conscious effort and thought.
semantic memory refers to general knowledge for factual
information.

Episodic memory refers to knowledge of

specific events, and their associated spatial and temporal
contexts, as experienced by a particular individual.
Elements of semantic memory and episodic memory are the
focus of this paper because tests of learning and memory for
lists of words are considered to be episodic memory tasks,
in that the subject is asked to recall the words presented
during the specific episode.

In a list learning and memory

task the subject is not being asked to recall information
from general knowledge but from the specific list presented.
However, as will be discussed, semantic memory plays an
important role in verbal list learning tasks.

Researchers

often conceive of episodic memory as having stages; namely,
encoding, the input and transformation stage; storage, the
organized register of transformed information; and
retrieval, the output stage of memory.

There is, however,

the view that treating encoding and retrieval as independent
stages is not entirely accurate.

Craik (1984) has suggested

a "general-processing" view of memory.

In this model, Craik

suggests that encoding and retrieval procedures are
virtually identical processes.

In his view "retrieval

processes are not seen as a search for the wanted trace, but
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rather as a reinstatement of the initial encoding
operations" (p. 6).

Given this view it is inappropriate to

claim that retrieval deficits occur independently of
encoding processes.

In the general-processing model a

retrieval failure following an externally provided semantic
cue may occur if the cue does not adequately reinstate
conditions at the time of encoding.

However, discussions in

terms of encoding and retrieval are useful in
differentiating the "input" and "output" stages of
processing.
Encoding
Encoding is the stage of processing that transforms or
modifies incoming information in a fashion that allows for
storage and potential retrieval from long-term memory.

In

order for information to be encoded, it must first be
attended to.

However, due to attentional capacity

limitations not all stimulus information is attended to.
The process of selective attention directs available
attentional capacity to certain aspects of the stimulus
event (Ellis & Hunt, 1983)

Previous research (Craik &

Lockhart, 1972) has suggested that the degree of elaboration
performed on to-be-remembered material is related to the
degree to which information is effectively encoded.
Elaboration.

Elaboration has been defined as the

encoding process by which the current stimulus event is
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related to other available information, or facts, which are
related to the current stimulus event.

Through elaboration,

the meaning of the current event is enhanced (Hunt & Ellis,
1983).

Elaboration refers to encoding unique information

related to the stimulus event which helps to distinguish the
particular event.

The effects of various types of

elaboration have been discussed in the literature, notably,
the effects of levels of processing and the effects of
organization.
Levels of processing.

Craik and Lockhart (1972)

proposed a levels of processing model suggesting that
semantic (deep) elaboration of material leads to better
retention of information than phonologic or structural
(shallow) elaboration.

That is, these authors suggested

that when aspects of meaning, or semantics, of the to-beremembered material are attended to, qualitatively better
memory traces emerge than when attention is paid to nonsemantic aspects of the to-be-remembered material. Further,
Craik and Lockhart claim that semantic elaboration increases
the number of potential retrieval cues, yielding a higher
probability of successful retrieval.
organization.

Organization is an elaborative procedure

which organizes discrete aspects of a given episode
according to a guiding principle.

The levels of processing

explanation supports the notion that organization based on a
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semantically guided principle would be of particular value
in encoding information.

Ideally, organization allows

separate aspects of an episode to be encoded as a meaningful
unit and ultimately is believed to result in an improved
ability to retain information (Bellezza, Cheesman, & Reddy;
1977; Bousfield, 1953; Mandler, 1967).
The effects of sUbjective organization and material
induced organization have been described in the literature.
Subjective organization is inferred when individuals
organize to-be-remembered material based on idiosyncratic
principles.

Subjective organization is measured over trials

by examining the consistency with which a given individual
maintains groupings of particular items at retrieval
(Tulving, 1962).
The effects of material induced organization have been
investigated by comparing word lists that are categorizable
(several exemplars from several categories) with word lists
that are not categorizable.

Categorizable lists are better

remembered than non-categorizable list, especially when the
categorically related exemplars are presented contiguously,
sometimes referred to as "blocked" (Bousfield, 1953; Ellis &
Hunt, 1983; Mandler, 1967).

The finding that word lists

that are semantically related are better remembered than
word lists that are not lends support to the notion that
semantic attributes among the items are being encoded and
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that this process facilitates memory.

Further, the

observation that semantic clustering at recall occurs
(despite random presentation) suggests that an active
organizational process based on semantic relatedness is
occurring at the encoding stage.
The beneficial effects of organizational encoding
process have been attributed to both storage and retrieval.
Mandler (1967) asserts an "economy of storage" benefit.

He

has suggested that organization leads to increased storage
capacity because more information can be stored per unit
resulting in improved memory performance.

Tulving (1983)

asserts that the beneficial effect of organization at
encoding occurs at the time of retrieval.

When the

information is encoded as a meaningful unit the entire unit
can be accessed at retrieval which then allows access to the
individual items within the meaningful unit.
explanations are not incompatible.

These two

It is possible that

organized encoding leads both to economical storage and
better retrieval as a result of improved access to the unit
and an increase in the number of items within a meaningful
unit.
Retrieval
Retrieval refers to the ability to recall or recognize
previously encoded material.

Recognition is generally

considered the easier of the two tasks.

The two process
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theory of retrieval suggests that recall involves two steps,
the generation of candidate responses and the recognition of
correct responses among the candidate responses.

A

recognition task, in contrast, does not involve the
generation of candidates, but simply the recognition stage
and is therefore generally easier than recall (Ellis & Hunt,
1983).

Encoding specificity is believed to contribute to

the ability to retrieve information.
Encoding specificity.

The notion of encoding

specificity (Tulving & Thomson, 1973) suggests that
retrieval of information (in both recall and recognition
tasks) from episodic memory is facilitated by providing cues
at retrieval that were present at encoding.

The more

similar the cues are at encoding and retrieval, the more
likely it is that successful retrieval will occur, and the
more specific the cues, the more likely successful
retrieval.

This model suggests that cued recall is easier

than free recall because the cues increase specificity (cf.
Tulving & Pearlstone, 1966).

Accordingly, failure to

retrieve information stems from inadequate cues at
retrieval.
In summary, long term memory can be divided into
procedural, semantic and episodic memory.

List learning

tasks are generally considered episodic memory tasks yet
contributions of elements of semantic memory, such as
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semantic elaboration and/or organization at encoding
contribute to more effective learning and better memory
performance.

The notion of encoding specificity maintains

that the probability of successful retrieval is related to
the degree to which retrieval cues represent information
presented at encoding.
Neuroanatomical Regions Associated with Verbal Memory
It is likely that many brain regions act in concert in
memory processes.

However, the temporal and frontal regions

appear to be particularly important in verbal learning and
memory processes.

The temporal regions have long been

implicated in verbal memory functioning.

Although the

contribution of frontal regions is less well understood,
current research is being directed toward better
understanding of this region.
Frontal Regions
The frontal regions of the brain have been implicated
in many areas of human behavior, including cognition and
memory (Benton, 1968; Milner, 1982).

One can infer some of

the functions subserved by the frontal lobes by looking at
the effects of frontal region damage.

stuss and Benson

(1984) have identified six areas of impaired behavior that
are attributable to frontal lobe damage.

stuss and Benson

claim that frontal damage can a) cause a separation between
action and knowledge, b) impair ability to handle sequential
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behavior, c) impair the ability to establish or change a
behavioral or cognitive set, d) impair the ability to
maintain a set when interference is introduced, e) impair
the ability to monitor personal behavior, and f) produce
attitudes of unconcern, unawareness, and apathy.
Anatomical regions and connections.

The frontal lobes

can be divided into motor cortex (primary and secondary) and
prefrontal cortex.

Motor cortex and prefrontal cortex are

structurally differentiated based on the absence of a
granular cell layer in the motor cortex.

The prefrontal

cortex receives projections from the dorsomedial nucleus of
the thalamus.

There are three distinct regions of the

prefrontal cortex that receive projections from three
distinct divisions of the dorsomedial nucleus.

These three

frontal regions are a) the orbitofrontal region (Brodmann's
areas 11, 12, and 47) b) the dorsolateral region (Brodmann's
areas 9, 10, 44, 45, 46) and c) the frontal eye fields
(portions of Brodmann's 8 and 9)

(Kolb & Wishaw, 1985).

Prefrontal cortex receives afferent fibers from the
parietal cortex, subcortical structures including the
caudate nucleus, amygdala, hypothalamus, and as previously
mentioned, the dorsolateral nucleus of the thalamus.
Prefrontal cortex sends fibers to parietal and temporal
association areas and cingulate cortex, and to subcortical
structures including the basal ganglia, dorsomedial
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thalamus, amygdala, hippocampus and hypothalamus (Kolb &
Wishaw, 1985).
Functional role of frontal lobes.

Frontal regions of

the brain appear to contribute to the overall control of
cognitive processing (stuss & Benson, 1987).

Intact frontal

system functioning contributes to accurate temporal recency
judgments, source memory, and is responsible for initiating,
planning, organizing and executing complex behavioral
programs (stuss & Benson, 1987).

control of cognitive

processes is important for efficient memory because, as
previously discussed, efficient memory relies on
organizational encoding.

It is reasonable to suspect that

impaired memory functioning will be a consequence of
impaired cognitive control.

This memory deficit is to be

contrasted with a primary memory deficit.

stuss and Benson

point out that pure memory tests (those not confounded by
interference, temporal ordering, and visual search) rarely
show problems in frontally damaged patients.

That is, they

claim the apparent memory disorder is not one of memory per
se, but one of cognitive control.

However, there does

continue to be some discussion in the literature about
whether frontal damage can result in a primary memory
deficit.

Jetter, Poser, Freeman and Markowitsch (1986)

suggest that their results support a long-term verbal
deficit in frontal patients.

They tested 28 frontal and
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non-frontal damaged patients on tests of free recall as well
as cued recall and recognition (of a 16 word list after two
learning presentations) following a 15 minute and 24 hour
delay. The frontal damage group in this study consisted of
eleven individuals with closed head injury, one with an open
skull fracture, and two subjects with vascular incidents
involving the frontal regions.

The frontal damaged patients

and non-frontal damaged controls performed similarly on cued
recall and recognition at both the 15 minute and 24 hour
delay.

However, the frontal damaged patients performed

significantly worse than the non-frontal damaged controls on
free recall at the 24 hour delay.

They claim their

findings support a long-term memory retrieval deficit. They
suggested that encoding is not impaired and inferior
processing cannot account for the patterns observed because
the frontal damaged patients performed well on the cued
recall and recognition tests, and they demonstrated semantic
clustering to the same extent as the non-frontal controls.
However, it should be noted that, at the time of list
learning, the subjects in this study were given "a semantic
encoding instruction"

(p. 231).

This instruction may have

facilitated encoding in these frontally damaged patients
compared to how they may have encoded the to-be-remembered
material spontaneously.

Further, Risse, Rubens, and Jordan

(1984) used a selective reminding multiple trial learning
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procedure and compared performance of aphasic patients with
anterior and posterior lesions.

Using this procedure, an

item was considered stored in long term memory after it had
been recalled without reminding on two successive trials.
These authors documented impaired acquisition and long-term
retention of the verbal list material in aphasic patients
with documented inferior frontal lobe and basal ganglia
lesions.
Frontal lobe damaged patients have difficulty in
organizing methods of memorization and retrieval (Milner,
1982; Milner & Petrides, 1984), temporally discriminating
items in memory,

(Olton, 1989; Petrides & Milner, 1982;

Wiegersma, Van Der Sheer, & Hijman, 1990;) and recalling or
recognizing the source of information they have learned
(Janowsky, Shimamura & Squire, 1989).

Also, frontal lobe

damaged patients are impaired in their ability to use
external cues to guide learning (Milner & Petrides, 1984;
Petrides, 1985), demonstrate increased susceptibility to
interference (stuss et al., 1982), and show poor response
inhibition and inflexible behavior (also referred to as
"perseverati ve behavior")

(Luria, 1971; Milner, 1964).

Furthermore, frontal lobe patients also demonstrate
impairment of behavioral spontaneity, or initiation (Luria,
1971).

There has been a suggestion in the literature that

discussion of "the frontal syndrome" is too simplistic and
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that two frontal syndromes can be differentiated.

The

orbitofrontal syndrome and the dorsolateral syndrome.

These

syndromes have been variously described but, generally,
damage to the orbitofrontal region is associated with
affective disorders and levels of arousal and motivation
while damage to the dorsolateral frontal region is commonly
associated with cognitive deficits (Kolb & Wishaw, 1985;
Milner, 1964; stuss & Benson, 1986).
Temporal Regions
Anatomical regions and connections.

Temporal lobe and

related structures often discussed in relation to memory are
the hippocampus, amygdala, thalamus, thalamic nuclei
(especially the dorsolateral nucleus) and temporal cortex.
Terminology varies, often the term "medial temporal"
structures is used to denote the hippocampus, amygdala, and
related structures and "diencephalic" structures refers to
thalamic and hypothalamic structures.

Amnesic syndromes are

sometimes differentiated and referred to as "medial
temporal" or "diencephalic" depending on the damaged region.
Interhemispheric connections include afferent
connections from sensory systems, efferent projections to
the parietal and frontal association regions, limbic system,
and basal ganglia.

Right and left hemisphere temporal

regions are connected via the corpus callosum and anterior
commissure.
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Functional role of temporal lobes.

In normal

processing, the temporal lobes have been implicated in the
organization of sensory input (Kolb & Wishaw, 1985).
Brodmann's areas 21 (medial temporal gyrus) and 38 (the
anterior tip of the temporal lobe) of the left hemisphere
appear to be particularly important in the ability to
categorize verbal material (Wilkins & Moskovitch, 1978).
The hippocampal and thalamic structures are critical
for long term memory functioning.

The important role of

these structures is understood most readily in investigating
the memory performance of individuals who have had these
regions damaged or removed.
The importance of medial temporal structures, including
the hippocampus and amygdala, to memory functioning has been
demonstrated in the classic case of H.M.
1957).

(Scoville & Milner,

Following bilateral medial temporal lobe resection

to relieve severe seizure activity, H.M. demonstrated a
profound memory impairment.

H.M. and other patients with

medial temporal damage or removal have been described as
suffering from severe anterograde amnesia, an inability to
learn and remember new information, despite relatively
spared cognitive functioning in other domains (Kolb &
Wishaw, 1985).
Thalamic, or diencephalic, damage can also adversely
affect memory and result in an amnesic syndrome.

The most
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often studied neuropsychological population of individuals
with thalamic damage is that of alcoholic Korsakoff's
patients.

Prolonged ingestion of alcohol, associated with

thiamine (vitamin B1 ) deficiency can ultimately lead to
damage of the dorsolateral nucleus of the thalamus (Kolb &
Wishaw, 1985).
Both patients like H.M. and alcoholic Korsakoff's
patients demonstrate severe anterograde amnesia.

However,

there are differences based on whether damage has occurred
to the medial temporal structures or diencephalic
structures.

Patients with medial temporal amnesia are

reported to show normal release from proactive interference,
minimal deficit in remote memory, and have no apparent
frontal region atrophy.

In contrast, patients with

diencephalic amnesia show abnormal release from proactive
interference, have more difficulty with remote memory and
show evidence of frontal cQrtical atrophy (Kolb & wishaw,
1985) .
One explanation for the varied performance observed
following medial temporal damage compared to diencephalic
damage is that in cases of diencephalic damage there also is
evidence of frontal region damage.

CT scans of Korsakoff's

patients have documented the association of frontal region
damage and dorsolateral nuclei damage (Shimamura, Jernigan,
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& squire, 1988).

This finding is not surprising given the

previously mentioned connections between the frontal regions
and dorsolateral nucleus of the thalamus.
Amnesic patients with diencephalic damage, such as
Korsakoff's syndrome patients, exhibit a different pattern
of impairment than patients with medial temporal damage;
perhaps because of the contribution of frontal region damage
in patients with Korsakoff's disease (Janowsky, Shimamura,
Kritchevsky, & Squire, 1989; Schacter, 1987; Shimamura,
Janowsky & squire, 1990).

Korsakoff's syndrome patients

demonstrate "failure to release from proactive interference"
(Cermak, Butters, & Moreines, 1974) as do frontal region
patients (Freedman & Cermak, 1986; Moscovitch, 1982).

In

contrast, amnesic patients of medial temporal etiology
demonstrate normal release from proactive interference
(Cermak, 1976).
Both Korsakoff's and frontal region patients
demonstrate poor execution of organization strategies.
Shimamura and squire (1989) have used the term "prospective
memory" to describe the memory system responsible for
executive control which oversees initiation, planning and
organizational activities.
the frontal regions.

Functions normally attributed to

Shimamura, Janowsky and Squire (1991)

compare impairment in prospective memory with what Baddeley
refers to as "dysexecutive syndrome" (Baddeley, 1986).
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Shimamura et ale

(1991) suggest that prospective memory

"reflects processes involved in planning, organization and
other strategic aspects of learning and memory that may
facilitate encoding and retrieval of information" (p. 191).
Shimamura and Squire (1989) have proposed that
declarative memory, subserved by the hippocampal/neocortical
system is doubly dissociable from the prospective memory
system, which they suggest is subserved by the frontal
regions.

Shimamura and Squire report that Korsakoff's

syndrome patients and focal frontal damage patients are
impaired in prospective memory functioning whereas medial
temporal amnesic patients are not.

Furthermore, focal

frontal damage patients do not show impairment in
declarative memory whereas Korsakoff's and medial temporal
amnesic patients do show impairment in the declarative
memory system.
In summary, the temporal and frontal regions have been
associated with memory processes.

While damage to the

temporal regions is associated with "primary" memory
impairment, debate in the literature continues regarding the
role of frontal lobe dysfunction in memory, especially
whether memory impairment observed in focal frontal patients
is a "primary" or "secondary" memory impairment (Schacter,
1987; stuss & Benson, 1986).
In closed head injury the temporal and frontal regions
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are the neuroanatomical regions most often damaged.

As

might be expected, memory impairment is an often observed
consequence of closed head injury.
Closed Head Injury
Physical Mechanisms and structural Damage in Closed Head
Injury
Linear and rotational acceleration of the brain, within
the skull, has typically occurred in closed head injury and
accounts for much of the damage sustained (Levin, Benton, &
Grossman, 1982; Ommaya and Gennarelli, 1974).

Closed head

injuries can be classified as acceleration or deceleration
injuries (Levin et al., 1982).

In acceleration injuries, an

object moving faster than the head impacts with the head, in
deceleration injuries, the head is moving faster than the
object with which it impacts.

Deceleration injuries are

common in motor vehicle accidents.

The injury occurs when

the head strikes the windshield or other part of the
interior of the vehicle, as is often the case with
restrained motorists, or when unrestrained motorists are
ejected and their heads impact with the ground or other
external structure.

Upon impact the skull is usually

deformed and mayor may not fracture.
Upon immediate impact, diffuse shearing and stretching
of nerve fibers and blood vessels occur as a consequence of
rotational forces on the brain within the skull.

These
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microscopic effects are believed to be the primary mechanism
of closed head injury (Adams, Mitchell, Graham, & Doyle,
1977; stritch, 1956; 1969; 1970).

Further, it should be

noted that shearing and stretching damage is not readily
visible on CT scan and therefore the degree of microscopic
damage is difficult to quantify (Levin, Benton & Grossman,
1982).

There is some advantage to magnetic resonance

imaging over computerized tomography in the acute stage of
injury in detecting the extent of intraparenchymal
hemorrhage and edema surrounding hemorrhagic regions
(Langfitt et al., 1987).
however (e.g.

The use of physiological measures,

computer evoked potentials, positron emission

tomography, phosphorous and hydrogen based spectroscopy, and
nuclear magnetic resonance) may improve quantification and
qualification of injury in future research (Langfitt et al.,
1987) .
Immediate loss of consciousness is often seen after
closed head injury.

The likely cause of loss of

consciousness is shearing and stretching of fibers in the
reticular formation of the brain stem (Plum & Posner, 1980)
in association with wide spread diffuse microscopic cerebral
damage (Ommaya & Gennarelli, 1974).

contusions at the site

of impact (coup) and opposite the site of impact
(contrecoup) and/or on the underside of the frontal lobes
and temporal tips are often immediate consequences of closed
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head injury.

The orbital surface of the frontal lobes and

the temporal tips are frequent sites of contusions and
hematomas because of the underlying bony irregularities of
the orbital plate (Alexander, 1982) and

sphenoidal ridge

(Ommaya & Gennarelli, 1974) respectively.
Following the initial brain insult, further
complications can arise.

These secondary changes include

intracranial hemorrhage, edema in white matter adjacent to
focal mass lesion, diffuse brain swelling, ischemic brain
damage, raised intracranial pressure and brain shift and
herniation (Levin, Benton & Grossman, 1982) as well as
infection and post-traumatic epilepsy (Richardson, 1990).
Following recovery to a conscious state, closed head
injured patients often function in a state referred to as
post-traumatic amnesia which is characterized by difficulty
with anterograde memory, confusion and disorientation
(Levin, Benton & Grossman, 1982).

The duration of post-

traumatic amnesia can vary considerably and is, across
individuals, positively related to the severity of the brain
injury (Levin, O'Donnell, & Grossman, 1979).
After emergence from post-traumatic amnesia, many
patients continue to suffer multiple difficulties.

One

commonly reported problem is impairment of verbal learning
and memory.
Effect of Closed Head Injury on Verbal Learning and Memory
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Reports of impairments of verbal learning and memory
exist in the literature and are most often observed in
individuals who have suffered a moderate to severe closed
head injury (Brooks, 1975; Gronwall & Wrightson, 1981;
Lezak, 1979; Richardson, 1990).

An unpublished study by

Levin and Eisenberg (cited in Levin, Benton & Grossman, 1982
pp. 109-114) suggested that closed head injured individuals
with diffuse, bilateral, or left hemisphere mass lesions
(defined as presence of intracranial hematoma, contusion or
focal edema as demonstrated by CT) demonstrated particular
difficulty in verbal learning.
Verbal learning and immediate free recall.

One

paradigm used to assess verbal learning and memory involves
a multiple trial, whole list presentation procedure.

Whole

list presentation means that all items from a list are
presented at each learning trial.

This procedure is

differentiated from a selective reminding procedure whereby
only items forgotten are cued on the subsequent trial
(Grober & Buschke, 1987).

The items on the list may be

presented in a fixed or random order across learning trials.
using the whole list presentation procedure in a multiple
learning trial paradigm allows for comparisons of recall
performance across trials.

If the absolute number of

recalled words increases across trials, learning is assumed
to be occurring.
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Crosson and colleagues (Crosson, Novak, Trenerry &
craig, 1988) studied 33 male, closed head injured subjects
classified as severely injured.

These authors used the

California Verbal Learning Test (CVLT; Delis, Kramer,
Kaplan, & Ober, 1987) to assess

verbal learning and memory.

The CVLT is a multiple trial verbal learning test which
requires subjects to recall a list of 16 words.

The 16

items on the list represent four words from each of four
semantic categories.

There are five learning trials in

which the examiner reads the list to the examinee in a fixed
order.

After each presentation the subject is requested to

recall the items on the list in any order.

Results from the

Crosson et al. study indicate that control subjects
remembered significantly more words than did the head
injured subjects on all five learning trials.
Levin and Goldstein (1986) conducted a verbal learning
experiment that involved multiple learning trials of three
different 18 item word lists that were organized with
various structures.

The items on the word lists were either

(a) semantically related and clustered,

(b) semantically

related and unclustered, or (c) semantically unrelated. The
semantically unrelated list consisted of 18 words each from
unique categories; the semantically related clustered and
unclustered lists contained six items each from three
categories.

In the clustered list the words in a given
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category were presented sequentially.

The words on the

unclustered list were presented so that items from within a
category never occurred consecutively.

The word lists were

presented four times and the order of presentation was
different for each trial, that is, in random rather than
fixed order.

Similar to Crosson and colleagues'

(1988)

results, Levin and Goldstein found the head injured subjects
to demonstrate significantly impaired performance when
compared to the control subjects in their ability to
immediately recall items from the word lists, regardless of
list type.

The pattern of performance between subject

groups was also similar; there was not a group by list type
interaction.

For all subjects the clustered list was easier

than the unclustered and semantically unrelated list.

On

average, subjects in the control group remembered 12.89
words per list while the head injured subjects remembered an
average of only 6.97 words per list.
The Rey Auditory Verbal Learning Test (AVLT; Rey, 1964,
cited in Lezak, 1983) is similar to the CVLT in that
subjects are given multiple trials to learn a list of words.
The words are presented in the same order on each trial.
The AVLT and the CVLT differ in that there are 15 words on
the AVLT and 16 words on the CVLT, and the words on the AVLT
are not semantically related, as they are on the CVLT.

The

AVLT and CVLT both offer five learning trials with immediate
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recall tested after each trial. Lezak (1979) investigated
memory performance of head injured and normal subjects
longitudinally, over a three year post-trauma period.

Four

measures of the AVLT were used to assess verbal memory:
recall of Trial 1, recall of Trial 5, recall of an
interference list, and recall of the original list following
the interference list which is referred to as Trial 6.
Lezak found that less than half of the head injured subjects
in her study scored within normal limits on any of these
measures, except for Trial 1 at the third year test time in
which 58 percent of the head injury subjects performed
within normal limits.
Cued recall.

In addition to free recall, cued recall

is a technique also used to assess memory.

In cued recall

paradigms, the examiner provides a cue at the time of
retrieval, to help the examinee recall target items.

By

comparing cued recall to free recall performance, evaluation
of the effectiveness of retrieval cues can be made.
Superior performance on cued recall compared to free recall
suggests that faulty retrieval processes may be contributing
to impaired recall performance.

Successful cued recall in

the context of failed free recall suggests that the item was
encoded, to some degree, to be available under cued recall
conditions.

However, this same item was not retrieved under

free recall conditions.

This could be explained by either
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faulty retrieval, or weak or degraded encoding.
Two types of cues used in cued recall procedures are
phonemic (the initial sounds of target items are provided)
and semantic (cues which are related in meaning to the
target items are given).

Both phonemic and semantic cued

recall performance have been assessed in closed head injured
subjects.
Historically, evaluation of the type of retrieval cue
that facilitates recall has been presumed to indicate the
level at which stimulus material was originally encoded
(Craik & Lockhart, 1972).

According to this view it is

assumed that if phonemic information is encoded, phonemic
cues will facilitate recall, and if semantic information is
encoded, semantic cues will help.

Therefore, by

investigating the effect of cuing on retrieval, more
information about the level of initial encoding may be
obtained.
As part of the CVLT, Crosson and colleagues (1988)
investigated semantically cued recall in their sample of
head injured and control subjects.

As explained above, the

CVLT contains a target list of 16 words, four items each
from four categories.

The cued recall test is given

following five learning trials of the target list,
presentation and recall of an interference list, and free
recall of the target list.

In the cued recall test, the
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four categories are provided by the examiner and the
examinee is asked to recall the words belonging to each
category, this test is referred to as the "short delay" cued
recall test.

Then, following approximately 20 minutes of

non-verbal and non-memory tests, cued recall is tested
again.

This second cued recall test is referred to as the

"long delay" cued recall condition.

Using a 2 X 2 X 2 ANOVA

procedure (subject group by short and long delay by free and
cued recall)

Crosson et al. found that in general, both

subject groups performed better on the cued recall
conditions than the free recall conditions.

However, there

was a significant group by recall type interaction; the head
injured subjects demonstrated a greater degree of
improvement with cuing than control subjects.

Cr6sson and

coworkers point out, however, that the normal control
subjects perform near ceiling on free recall trials, hence,
there is not much room for these subjects to improve on the
cued recall trials.
In a later study, Crosson, Novak, Trenerry and Craig
(1989) suggested that there may only be a subset of closed
head injured subjects that benefit from semantic cuing.
Crosson and colleagues divided their head injured sample
into hypothesized encoding, consolidation and retrieval
deficit subjects based on the subjects' patterns of correct
recognitions and false positive recognitions on the
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recognition test of the CVLT.

Patients who demonstrated

below normal correct recognitions and above normal false
positive recognitions were classified as exemplifying an
encoding deficit.

Patients that demonstrated below normal

correct recognitions and below normal false positive
recognitions were classified as exemplifying a consolidation
deficit.

Patients that demonstrated a similar pattern to

control subjects in terms of correct recognitions and false
positive, but whose overall performance was below that of
controls were classified as exemplifying a retrieval
deficit.

Only subjects classified as demonstrating an

encoding deficit improved from the free recall to cued
recall test.
Levin and Goldstein (1986) reported different effects
depending on recall type for the semantically related
unclustered list.

The pattern of performance was the same

for the closed head injured and the control subjects.

As

previously described, in the free recall situation, the
semantically related clustered list is recalled
significantly better than the semantically related
unclustered and the unrelated list, which do not differ from
one another.

However, in the cued recall situation the

semantically related clustered and unclustered lists are
recalled significantly better than the semantically
unrelated list.

This pattern of results is true for both
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control subjects and head injured subjects.
The Levin and Goldstein (1986) findings and those of
Crosson et ale

(1988), and to some degree Crosson et ale

(1989), support the notion that semantic memory is, at least
partially, intact in head injured patients because they are
able to take advantage of the facilitation rendered by
external organization of a list based on semantic
attributes.

If semantic attributes were not appreciated by

the head injured patient, the semantic relationships between
items would not be appreciated.

Further, the finding that

semantic cues facilitate retrieval suggests that semantic
attributes have been encoded, further supporting the notion
that semantic knowledge is at least partially intact in
closed head injury.
Recognition.

In recognition tests of previously

presented word lists, examinees are asked to identify
whether or not a given word appeared as a target item.

It

is generally believed that recognition tests are less
effortful tasks than either free or cued recall tests.

The

comparison of recognition memory performance to free and
cued recall can provide useful information concerning the
degree to which information is available with differing
types of retrieval.

Superior performance on a recognition

test compared to recall suggests that at least partial
information had been encoded yet was unavailable at recall.
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Despite the decreased need for intensive search
strategies, recognition memory for verbal material is
impaired in closed head injured individuals (Crosson et al.,
1988; Levin & Goldstein, 1986).

In the Crosson et al.

study, patients demonstrated a significantly inferior
ability to discriminate target items from non-target items
compared to normals.

The closed head injured subjects did

not demonstrate a response bias.

They did produce

significantly more false positives than controls and their
false positive responses were most frequently foils that
were semantically related to the target items.

Control

subjects also most frequently produced semantically related
errors.

Levin and Goldstein employed the use of

semantically related clustered and unclustered lists and a
semantically unrelated list.

Closed head injured subjects

performed significantly worse than control subjects but
there was not a significant interaction between subject
group and list type.
contribution of Impaired Encoding to Observed Verbal
Learning and Memory Deficit in Closed Head Injury
There has been some speculation as to what dysfunctions
in processing lead to the memory impairment observed in
closed head injured individuals.

Semantic encoding deficits

have been suggested as contributing to the deficits observed
in closed head injured individuals.

Brooks (1975) reported
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that closed head injured individuals made fewer semantic
intrusions in free recall and therefore, he speculated, they
were not semantically encoding to-be-remembered information.
Richardson (1984) failed to replicate Brooks' finding of
reduced semantic intrusion errors in mildly injured
patients.

However, Richardson (1990) stated that

"rotational acceleration of the brain that is induced by
severe closed head injury gives rise to a selective
impairment of the encoding of material into long-term
storage" (p. 115).

As previously discussed, results from

Levin and Goldstein (1986) suggested that closed head
injured individuals are encoding semantic information, yet
they demonstrate inferior semantic clustering and subjective
organization at free recall.
As set forth above, non-brain damaged individuals often
employ a semantic organizational encoding strategy to
facilitate memory.

Closed head injured individuals do not

employ this strategy to the same degree as non-head injured
controls, as is evident by inferior production of semantic
clustering at recall.

However, it should be noted that

failure to semantically cluster list items on a verbal free
recall task could result from either inefficient
organizational processes during encoding or inefficient
organizational processes at retrieval.

The impact of poor

organizational processes at retrieval could be minimized by
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providing semantic cues at recall, which would serve to
externally organize retrieval.

Regardless, inferior

semantic clustering is evidence of faulty organizational
processes.
semantic clustering.

semantic clustering refers to the

degree to which items from a word list are grouped based on
semantic similarities (Bousfield, 1953) and reflects the
nature of the organizational strategy being used by the
individual.

Grouping words into semantically related units

appears to be an efficient strategy for recalling words and
is a technique used by non-neurologically impaired
individuals (Delis, Freeland, Kramer, & Kaplan, 1988;
Mandler, 1967).

Closed head injured individuals do not use

semantic clustering strategies to the same degree as normal
subjects (Crosson, Novak, Trenerry, & Craig, 1988; Kover,
Mattis, & Pass, 1985; Levin & Goldstein, 1986).
The initiation or ability to employ a semantically
organized strategy requires intact facility to use both
semantic memory and executive control processes.

There are

at least two possible explanations for why closed head
injured individuals do not use semantically organized
encoding strategies to the same degree as control subjects.
First, it could be that there is a decreased ability to
process semantic information necessary to employ
semantically organized strategies.

Alternatively, or
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additionally, there may be a deficit in the executive or
control aspects of using a semantic organizational encoding
strategy.

That is, there may be a deficit in initiating or

conducting a planned organizational strategy.

The

literature tends to support the latter explanation.
Semantic memory in closed head injury.

Evidence for

preserved semantic memory from the studies of Levin and
Goldstein (1986) and Crosson and colleagues (1988) has
previously been presented.

To review, Levin and Goldstein

found that closed head injured subjects were able to take
advantage of a semantically structured word list to
facilitate recall, demonstrating that they encoded semantic
attributes of the list items.

Crosson et al. reported that

closed head injured subjects benefitted from semantic cues
at recall, which also suggests that the subjects appreciated
the semantic attributes of the list items.

Both studies

report recognition errors to be predominately false positive
responses to semantically related foils, again further
evidence for preserved semantic memory in closed head
injury.
There is further support in the literature for
preserved semantic memory.

Goldstein, Levin, and Boake,

(1989) studied 14 adult, nonaphasic survivors of severe
closed head injury.

These subjects were shown a series of

six word triads from the same semantic category followed by
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either an unexpected shift to a new category or no shift on
the seventh trial.

Subjects were asked to remember word

triads shown on the cards.

After reading the triad aloud

they were given 15 seconds of interference then asked to
recall the triad.

These investigators concluded that the

build-up of proactive interference over trials was the same
for both groups.

Further, both controls and closed head

injured subjects demonstrated release from proactive
interference in the shift condition.

The authors concluded

that the closed head injured subjects encoded the conceptual
features inherent in the to-be-remembered material similarly
to controls.
Goldstein, Levin, Boake, and Lohrey (1990) used a
levels of processing paradigm to investigate whether closed
head injured subjects utilize semantic information in the
same way as controls.

They tested 16 closed head injured

patients and 14 demographically matched controls.

Physical

processing required detection of a letter; acoustic
processing required detection of a rhyme relationship; and
semantic processing required category membership
identification.

Goldstein et ale reported recognition

performance to be maximal for words semantically processed,
followed by acoustic, followed by physical.

All subjects,

control and closed head injured, recalled more semantically
processed words than acoustically processed words in the
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cued recall task (cues were either acoustic or semantic;
cues were matched to processing at encoding).

However, the

degree of improvement from acoustic to semantic was greater
for control subjects.

The authors concluded that closed

head injured subjects were able to take advantage of
semantic relationships among items, though possibly to a
lesser degree than controls.
The view that semantic memory is at least partially
intact is supported by Baddeley and colleagues (Baddeley,
Harris, Sunderland, Watts, & Wilson, 1986) who suggested
that semantic memory stores are unimpaired in closed head
injury patients despite impairment in the speed with which
semantic information can be retrieved.

As evidence of

unimpaired semantic memory in head injury patients, Baddeley
and colleagues described results from three tests: 1) the
Mill Hill Vocabulary Test, which assessed knowledge of the
meanings of words, 2) the Silly Sentences Test, which
required subjects to read and verify sentences as true or
false (e.g. "Canaries have wings" or "Canaries hold
political office")
Test.

(p. 309), and 3) a Generative Naming

In comparison to normal controls, the head injured

subjects in Baddeley and colleague's investigation were
unimpaired on the Mill Hill Vocabulary Test and made few
errors on the silly Sentences Test, but were slower to
respond in the silly Sentences Test and were significantly
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impaired in their performance on the Generative Naming Test.
Baddeley et ale interpreted these findings as suggesting
that the closed head injured

subjects were significantly

impaired in their speed of access to semantic memory,
although the contents of, and accuracy of retrieval from,
semantic stores were unimpaired.

In summary, these results

suggest that semantic memory remains relatively intact
following closed head injury.

It appears that closed head

injured individuals are capable of utilizing knowledge of
semantic attributes and appreciating the semantic,
categorical relationships among items.

However, there is

some evidence to suggest that closed head injured subjects
are not able to appreciate semantic relationships to the
same degree as control subjects.
There have also been reports in the literature that
indicate the need to further investigate the status of
semantic memory in closed head injured patients.

For

instance, Goldstein and colleagues (1990) reported that, as
a group, head injured subjects demonstrated appreciation of
semantic attributes.

However, Goldstein et ale stated that

they observed variability in the memory performance of the
closed head injured subjects, and "the observation of a
semantic processing impairment in a subset of patients would
suggest the need for individualized strategies to ameliorate
or bypass this deficit" (p. 297).

As previously discussed,
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Crosson et al.

(1989) reported that only a subset of the

closed head injured individuals in their study benefitted
from semantically cued recall over free recall.

This

finding suggests that there may be some closed head injured
subjects that are processing semantic information
differently than others.
Zatorre and McEntee (1983) reported evidence of
impaired semantic memory
traumatic brain injury.

in a single case study of
These authors investigated the

semantic processing capabilities of a 33 year old male who,
19 years post severe traumatic brain injury, demonstrated
left frontal and right temporal contusions.

He reportedly

performed poorly on verbal memory tests though his general
intellectual functioning appeared relatively spared.

He

did, however, demonstrate a semantic processing deficit in
that there was no advantage in retrieval for words where
semantic encoding had been induced.

Nor did he demonstrate

normal release from proactive inhibition following a
semantic category shift.

In this release-from-proactive-

interference paradigm, the subject saw five trials of word
triads and was asked for immediate recall of the triad.

He

was also asked for retrieval of the triad following 30
seconds of interference.

In the release condition, the

fifth triad consisted of a word triad representing a
different category than the previous four triads.

In the no
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release condition, the fifth triad represented words from
the same category as on the four previous trials.

It is

interesting to note however, that, in a recall test of eight
words (two words from each of four categories), the subject
performed better on the cued recall test compared to the
free recall test where the cues were category names of items
on the word list.
These studies, taken together suggest that at least
some closed head injured individuals may have difficulty
utilizing semantic information.

Whether impaired ability to

use semantic information results from a semantic memory
deficit per se, or an executive control deficit remains an
unanswered question.
Impaired frontal system (executive) functioning.
Despite some disagreement about the status of semantic
memory in closed head injury, consensus exists that control
processes are impaired in closed head injured persons.
Levin (1989) ascribed the poor use of spontaneous semantic
clustering, in closed head injured patients, to impaired
active learning that required executive control.

Baddeley

and Wilson (cited in Levin, Goldstein, Williams, &
Eisenberg, 1991) described the case of a 42 year old man,
six months after he had sustained a severe closed head
injury involving bifrontal damage.

This patient was

described as having a "dysexecutive syndrome" which was
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characterized by difficulty in establishing an appropriate
retrieval strategy, most readily observable in situations
requiring semantic processing.

Baddeley and Wilson

concluded that this patient's difficulties were related to
establishing and operating a retrieval strategy rather than
to impairment of semantic memory per se.

Lezak (1989) cited

difficulties in closed head injured individuals in areas
related to planning, which may be due to a)

impaired

appreciation of figure-ground relationships, b) impaired
sequencing ability, c) impaired integration of complex
stimuli, d)
dysfunction.

impulsivity, or e) attention and memory
The areas of difficulty are all related to

control of cognitive processes.
Attention is a necessary component of executive control
and is often noted as being impaired in closed head injured
patients (Gronwall, 1987; Gronwall & Wrightson, 1981; stuss,
1987).

Also, slowness of information processing is an

executive deficit observed in head injured individuals
(Tromp and Mulder, 1991).

Slowness in information

processing may likely interfere with efficiently processing
semantic information in verbal memory tests.
Comparison of Closed Head Injury to Other Memory Disordered
Populations
Similarities between closed head injured and other
memory disorders populations are expected because of overlap

55

in neuroanatomic structures involved.

strategic, control

abilities are often associated with the frontal regions of
the brain.

Therefore, it is likely that closed head injured

individuals will share features with patients who suffer
focal frontal damage (e.g. due to tumor or stroke).
Further, because the temporal lobes are typically damaged in
closed head injury, closed head injury patients are likely
to share features with patients who suffer damage to the
temporal regions, such as post-herpes encephalitic patients.
Consequently, closed head injured patients are likely to
share features with Korsakoff's syndrome patients in that
both patient groups are reported to have prototypical damage
to both the frontal and medial temporal/diencephalic
regions.

Closed head injured patients also may share

features with dementia patients (e.g. Alzheimer's disease
and multi infract dementia) due the nature of diffuse brain
damage in both populations.
Focal frontal lobe damage.

Closed head injured and

frontal lesion patients demonstrate similarities in
performance on verbal learning and memory tests.

Hecaen

(1964) has reported impaired learning of verbal paired
associates in non-aphasic frontal lobe lesioned sUbjects.
In both focal frontal lobe lesioned and closed head injured
subject groups the bulk of the reported findings support
intact semantic memory.

Both focal frontal lobe lesioned
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and closed head injured subjects demonstrate poor use of
learning

strategies, increased tendency to produce

intrusions and perseverations as well as increased
susceptibility to interference (Luria, 1981).

Shimamura and

Squire (1989), based upon a review of the literature,
conclude that frontal lesion patients have difficulty in
memory tests that require organization, memory access,
metamemory, temporal order and source memory.

There are,

however, differences in performance between frontal lesioned
and closed head injured patients.

In general, the memory

deficit observed in focal frontal lesioned patients is
limited to situations in which executive functions are
involved (stuss & Benson, 1987).

Schacter (1987) points out

that frontal lobe damaged patients rarely present an
anterograde amnesia.

Jetter and colleagues (1986) report

normal memory performance in their frontal lobe damaged
patients on cued recall, recognition memory and immediate
free recall, with their frontal lesioned patients
demonstrating impaired performance only on the 24 hour
delayed free recall test.
Focal anterior temporal lobe damage.

It has been

observed that following left anterior temporal lobectomy,
individuals have difficulty with semantic categorization of
verbal material (Wilkins & Moscovitch, 1978).

This

phenomenon is believed to be due to impaired semantic
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memory.

This observation is similar to those made with

respect to closed head injured individuals.

More

investigation is necessary to establish whether the deficits
observed in anterior temporal lobectomy and closed head
injured individuals are qualitatively similar.
Korsakoff's syndrome.

Patients with Korsakoff's

syndrome have been identified as having diencephalic damage
as well as frontal lobe damage (Shimamura, Jernigan &
Squire, 1988).

Poor learning is a classic sign of

Korsakoff's syndrome.

Further, similar to closed head

injury patients, Korsakoff's patients "lack the ability to
use organizing strategies in order to facilitate recall"
(Rubin & Butters, 1981, p. 139).

Also, Cermak, Naus and

Reale (1976) found that Korsakoff's patients did n"ot
rehearse to-be-remembered information in the semantically
organized way employed by alcoholic and non-alcoholic
controls.

These authors concluded the deficit arose due to

both an inability to focus on more than one feature at a
time and an unawareness of the semantic relationship among
items.

Rubin and Butters (1981) investigated aspects of

verbal memory deficit in alcoholic Korsakoff's patients.
They concluded that the main loss was in the ability to
spontaneously organize material semantically.

Alcoholic

Korsakoff's patients in their study demonstrated better
recall of semantically clusterable lists than non-
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clusterable lists.

However, using the modified ratio of

repetition [number of recalled words followed by a word from
the same category/(the number of recalled words - the number
of recalled categories)] there was no significant difference
in the amount of semantic clustering between the groups.
There was however, a significant difference between the
groups in terms of the tendency to produce exemplars from
each of the represented categories.

The control subjects

nearly always recalled exemplars from all three categories
whereas this was not the case for Korsakoff's patients.
Rubin and Butters concluded their findings indicated
relative ability of Korsakoff's patients to use inter-item
category relationships as compared to their inability to use
categorical relationship information.
In sum, reports in the literature suggest that the poor
use of strategies in Korsakoff's patients is due to both
frontal, executive type deficits and impairment in semantic
memory.
Dementia patients.

Grober and Buschke (1987) attempted

to more adequately describe the memory impairment suffered
by demented elderly individuals the subject sample consisted
of 13 individuals diagnosed with Alzheimer's disease, 3 were
diagnosed as sUffering from multi-infarct dementia, 2 were
diagnosed as "mixed" (Alzheimer's disease and multi-infarct
dementia), and 7 participants were classified as having an
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"unknown" etiology.

Grober and Buschke differentiated

"apparent" and "genuine" memory deficits.

Apparent memory

deficits, they claim, are due to difficulties related to
inattention, decreased processing capacity, language
impairment and
strategies.
memory.

failure to use effective processing

These deficits are due to processes other than

These difficulties are typically seen in normal,

non-demented elderly.

They state that apparent memory

deficits can be minimized by providing proper control of
processing, which includes assisting the patients to process
information in a semantically appropriate way and by
providing effective cues for retrieval.

On the other hand,

genuine memory deficits persist following attempts at
effective processing

Grober and Buschke assert that genuine

memory deficits "are primary memory deficits because they
are due to disruptions in specific memory processes such as
encoding and retrieval rather than on other cognitive
processes involved in the initial perception of the items"
(p.14).

Grober and Buschke (1987) demonstrated that elderly
demented individuals were not able to take advantage of cued
recall, following effective processing (semantic cues given
at encoding and retrieval), to the same degree as nondemented elderly individuals.

These authors concluded that

"decreased recall by demented patients even after they
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carried out the same effective processing showed genuine
memory impairment that was not due to other cognitive
deficits" (p. 13).
Summary.

Closed head injured patients are similar to

frontally damaged patients, Korsakoff's patients and (at
least some) dementia patients in that all demonstrate poor
executive control.

This is likely due to the frontal region

involvement observed in all these patient groups.

Support

for this notion comes from the observation that amnesic
patients with medial temporal damage do not typically
demonstrate executive control deficits.

In terms of

semantic memory, Korsakoff's syndrome patients and dementia
patients are recognized as demonstrating impaired semantic
memory while frontal patients are not.

Reports of closed

head injury patients are equivocal; in general, semantic
memory is reported to be intact, but subsets of closed head
injured subjects for whom semantic memory is impaired may
exist.
Potential For Guided semantic Encoding to Facilitate Verbal
Learning and Memory
The degree to which poor verbal learning and memory is
attributable to inefficient use of semantically related
strategies at encoding, can be investigated.

One way to

investigate this phenomenon is by providing guided semantic
encoding and observing the effects on subsequent semantic
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clustering and memory tests.

The degree to which semantic

clustering and memory performance increase following guided
semantic encoding, compared to spontaneous encoding, should
provide an indication of the portion of deficit attributable
to executive control impairment.

The degree to which guided

semantic encoding differentially helps closed head injured
subjects, compared to control subjects, will provide an
indication of the specificity of poor executive control as a
contributing factor to poor learning and memory performance
in closed head injured sUbjects.

If closed head injured and

control subjects benefit to relatively the same degree
following guided semantic encoding, the difficulty in
encoding is not unique to the closed head injured subjects.
This type of investigation has not been conducted with
closed head injured subjects.

There are, however, reports

on the efficacy of guided semantic encoding in other memory
disordered populations.
Focal frontal damage patients.

Hirst and Volpe (1988)

reported that frontal lobe damaged patients in their study
(n

=

5) failed to use categorization principles

spontaneously but were able to do so after they were
externally guided to categorize a list.

Further, following

the instruction to categorize the list, the frontal lobe
damaged patients demonstrated an increase in the proportion
of items correctly recalled from .29 following spontaneous,

62

uninstructed performance to .71 following categorization
performance.

Also, Jetter, Poser, Freeman, and Markowitsch

(1987) reported that their frontal lobe damaged patients
performed similarly to controls on immediate free recall,
cued recall and recognition.

Subjects were instructed at

the time of encoding that the words they were about to hear
belonged to several categories.
Korsakoff's syndrome.

Jaffe and Katz (1975) showed a

dramatic increase in memory performance of a single
Korsakoff's patient in the situation where cues were given
at encoding and retrieval.

The subject in this study was a

52 year old man diagnosed as having alcoholic Korsakoff's
syndrome.

A baseline-intervention-baseline design was used.

The subject was presented with a 25 word list (5 words from
each of five categories).

In the encoding cue condition the

subject was given the category membership names at encoding
only, in the retrieval cue condition he was given the
category membership name at retrieval only, and in the cue
at encoding and retrieval condition he was given the
category membership name at both encoding and retrieval.
The subject performed better on recognition than on recall,
following each condition except in the case of cuing at
encoding and retrieval.

In this condition his recall

performance matched that of recognition which appeared to be
his maximal level of performance.

It was also noted that,
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following semantic cues, the subject semantically clustered
at a level significantly above chance whereas he did not in
the baseline conditions.

Crovitz (1979) also reported a

benefit of providing semantic cuing at encoding and
retrieval.

Crovitz read a list of words to two patients,

one with Korsakoff's syndrome and one with focal frontal
brain damage.

The word list was presented in a context of a

chaining-mnemonic format to encourage elaborate encoding.
The Korsakoff's syndrome patient was able to remember none
of the words on free recall but was able to remember all of
the four target words with semantic cues provided at recall.
Korsakoff's patients reportedly fail to employ semantic
encoding strategies spontaneously but are able to encode on
semantic dimensions to some degree.

It appears that

subjects in the Cermak, Butters and Gerrein (1973) study
were capable of encoding information on semantic dimensions
with cues at encoding.

However, the Korsakoff's syndrome

patients' encoding was not as complete or as thorough as the
categorizations of the control subjects, as evidenced by
their continued inferiority following cued encoding.

The

authors of this study concluded that a semantic encoding
deficit may underlie the Korsakoff's patients' overall
inability to retain verbal material.
Dementia.

Grober and Buschke (1987) demonstrated that

guided semantic encoding facilitates performance in demented
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sUbjects.

However, even with maximal assistance in

processing, that is, providing subjects with cues at
encoding and retrieval, performance of dementia patients
continued to be inferior to that of controls.

These authors

state that assistance with efficient processing can minimize
effects due to "apparent" memory deficits but cannot
ameliorate the effects of "genuine" memory deficits.
Weingartner, Grafman, Boutelle, Kaye, and Martin (1983)
report that Alzheimer's disease patients are unable to
effectively use the semantic organizational properties of
word lists on recall tasks.

This finding corroborates that

of Grober and Buschke and suggests that demented individuals
suffer from impaired access to, or contents of, semantic
memory.
Effect of Frontal System Function on Guided Semantic
Encoding
If guided semantic encoding is dependent on executive,
or frontal system functioning, there is likely to be a
relationship between the degree to which guided semantic
encoding facilitates memory performance and the degree of
frontal system impairment.

However, it is not easy to

predict the direction of the relationship.

For instance, it

may be that some critical level of frontal system
functioning is necessary for the beneficial effects of
guided semantic encoding to occur.

That is, there may be
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additional organizational processing that must occur,
following the presentation of the guided semantic encoding
cue, which is necessary
performance.

to ultimately show improved memory

If this is the case there may need to be a

"critical level" of frontal system functioning necessary to
take advantage of the guided semantic encoding.

conversely,

it may be the case that individuals with the poorest frontal
system functioning will benefit the most by providing the
external structure of guided semantic encoding.
From a clinical point of view it is important to
attempt to determine for which subgroups of closed head
injured patients a guided semantic encoding technique mayor
may not be helpful.

If it is established that the guided

semantic encoding technique facilitates memory performance
for some closed head injured patients, but not for others,
better decisions could potentially be made about which
therapeutic interventions to attempt with specific patients.
Summary and Hypotheses
Closed head injured individuals demonstrate an
impairment in verbal learning and memory performance.

There

is evidence to suggest that these individuals maintain a
relatively intact ability to use semantic information.
However, these individuals demonstrate poor use of effective
strategies, likely due to damage of the frontal system.
purpose of this study is to investigate the potential

The
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facilatory effect on verbal memory functioning of providing
guided semantic encoding to closed head injured individuals.
Presumably, the degree to which semantically guided encoding
differentially facilitates memory performance (for closed
head injured subjects compared to control subjects) over
spontaneous, self generated encoding will provide a measure
of the contribution of ineffective organizational techniques
on verbal learning and memory performance deficits.

The

residual memory impairment following guided semantic
encoding may be caused by factors other than inefficient
organizational strategies.
Specific areas of verbal functioning investigated in
the present study were free and cued recall, recognition,
and semantic clustering in free recall.

Semantic clustering

is a qualitative aspect of performance believed to
indirectly indicate the degree to which semantic
organizational encoding processes contribute to performance
on recall tests.

Further, the relationship between the

beneficial effect of guided semantic encoding and degree of
frontal system functioning is investigated and the nature of
this relationship is described.

The specific hypotheses of

this study are:
(1)

Guided semantic encoding will lead to more efficient
encoding and will be evidenced by improved free and
cued recall, increased semantic clustering, and
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improved recognition compared to non-guided encoding.
(2)

Guided semantic encoding will facilitate memory
performance more in closed head injured subjects than
normal controls because normal controls are presumed to
spontaneously organize material.

Guided semantic

encoding will therefore be redundant in normal
controls.
(3)

Guided semantic encoding will facilitate verbal memory
performance more in closed head injured patients with
greater frontal system impairment than in those with
lesser frontal system impairment.

(4)

The facilatory effects of guided semantic encoding will
be significantly enhanced when recall is semantically
cued compared to non-cued recall.

68

Method
Subjects
Forty-eight participants between 18 and 57 years of age
participated in this study: twenty-four closed head injury
patients and 24 control subjects matched for age, gender,
and education.

Closed head injured subjects were recruited

through the local chapter of the National Head Injury
Association and through a local rehabilitation hospital.
Friends and relatives of the head injured subjects and
hospital employees were recruited as control subjects. There
were no significant differences between groups for either
age or education (Q > .05).
displayed on Table 1.

The subject characteristics are
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Table 1
Demographic Characteristics of study Participants
Group

Gender
11

Age
M
(SO)

CHI
Control

Education
M
(SO)

F
M

=
=

10
14

33.04
(10.0)

13.5

F
M

=
=

10
14

32.67
(10.6)

14.2
(1. 7)

(1. 8)

Note.
CHI = Closed head injury; Age and Education measured
in years.
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Participants in this study were native English speakers
and had a minimum of eight years of education.

Potential

participants were screened for functional visual and
auditory acuity adequate for perceiving test stimuli.
Visual acuity was considered sufficient for inclusion in
this project if the subject could read newsprint (with
glasses if necessary).

Hearing acuity was considered

sufficient for inclusion in this study if the subject was
able to perform a speech discrimination task with 80 percent
accuracy or better.

The words on the speech discrimination

test were administered in the same way as the verbal
learning test, that is, the subject was able to see the
examiner's lips.
test).

(See Appendix A for speech discrimination

Potential subjects were excluded from participation

if they were a) diagnosed as exhibiting aphasia, b) were
known to be or suspected of abusing drugs or alcohol within
the last three months (either by self report or
caregiver/supervisor report), or c) had a history of
neurologic or psychiatric disturbance that existed prior to
their head injury.
Closed head injured subjects were not tested until a
minimum of three months had elapsed since their injury.
mean interval from injury to test was 64 months (s.d.
months); the range was three to 253 months.

=

The
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Brain injured

subjects were not included in this study if their brain
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injury resulted from a depressed skull fracture, a
penetrating missile wound or vascular accident.

See Table 2

for interval between injury and testing and severity
indices.
For each subject, specific information about the type
of accident and severity of injury was obtained through
interview with the patient and when possible, was confirmed
through review of the subject's medical records.

Appendix B

contains descriptions of the nature and extent of subjects'
injuries, and when available, information from brain imaging
procedures is reported.

Reports on brain imaging is not

available for all subjects because in some cases, hospital
medical records' departments are unable to find or send the
requested reports.
The Glasgow Coma Scale (Teasdale & Jennett, 1974)

(see

Appendix C for scale) is a 13 point clinical scale (3-15)
designed to measure the depth of impaired consciousness or
coma.

It is often used as an index of severity of injury.

Three aspects of behavior are observed and measured
independently; motor responsiveness, verbal performance, and
eye opening.

A Glasgow Coma Scale Score of 13-15 is

believed to reflect a mild injury, a score of 9-12 a
moderately severe injury and a score of 3-8 is considered a
severe injury.

In cases where the hospital admittance

Glasgow Coma Scale score was available it was recorded.

In
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cases where the Glasgow Coma Scale score was not available,
a judgment of severity was made based on information
available in the hospital record (for motor, verbal, or eye
opening behavior).

If hospital records were not available,

severity ratings were based on the subjects reports of what
their hospital admittance status was.

Length of post-

traumatic duration is also represented on Table 2.

This

represents the sUbjective response of participants to
questioning regarding their first memory after the injury.
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Table 2
Injury-to-Test Interval and Indices of Severity for Closed
Head Injured Subjects

Subject

Interval
GCS
(months
Range
since injury)

1

4

2
3
4
5
6
7
8
9

12

10
11
12

28
253
3

18
38

120
80
196
92

15

13

8

14

10

15
16
17
18
19

20
21
22
23

24

5

18
18
54
4
174
3

116
133
133

mild
moderate
severe
severe
severe
mild
severe
severe
moderate
severe
severe
severe
severe
mild
severe
severe
severe
severe
severe
severe
severe
severe
severe
moderate

Coma Dur
(days)

< 1
3
4
90
14
< 1
60
5
10

?
42
21
7
< 1
< 1
11
21
60
< 1
21
4
8
21
2

PTA Dur
(weeks)

2
2
8

12
2

< 1

10
1
3

?
8
5
2
2

(M)
(M)
(M)

10
2

12
16
5
16
1
4
9

(M)

6

Note. GCS Range = Severity range according to Glasgow Coma
Scale hospital admittance score; Coma Dur = Duration of
Coma, self report unless otherwise noted with (M) to
indicate information from medical records; PTA Dur = Posttraumatic amnesia duration, self report.

74

The Galveston orientation and Amnesia Test (GOAT)
(Levin, O'Donnell, & Grossman, 1979) was administered to
closed head injured participants at the time of testing to
verify that they had emerged from post-traumatic amnesia
(see Appendix D for the scale).

A score of 75 or greater

was required for inclusion in this study.

Levin, O'Donnell,

and Grossman have suggested a score of 75 as a cutoff score
representing performance within the normal orientation
range.

A score below 66 was considered defective and 66-75

was considered a borderline-abnormal orientation
performance.

Ninety-two percent of their 50 recovered mild

head injured subjects that served as their standardization
group demonstrated a score greater than 75.

The mean score

on the GOAT for the current sample was 95.25 (s.d.
the range of scores was 85 to 100.

=

4.8)

All closed head injured

participants performed at a level that confirmed the
resolution of post-traumatic amnesia.

control subjects were

asked the orientation questions from the GOAT, and they
committed no errors.
Tests
California Verbal Learning Test (CVLT)
Alternative forms I and II of the CVLT (Delis, Kramer,
Kaplan, and Ober, 1987) were used in this study.

The CVLT

was designed to provide data on quantitative aspects of
verbal memory as well as qualitative information about how
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subjects learn word lists.

The CVLT contains a target list

(List A) and an interference list (List B).

Each list

contains 16 words, four words from each of four semantic
categories, no adjacent words on any list are semantically
related.

The four categories included in the target list on

Form I are spices and herbs, fruits, tools, and clothing.
The four categories included in the interference list are
spices and herbs, fruits, kitchen utensils, and fish.

Note

that there are two shared categories (spices and herbs, and
fruits) and two non-shared categories between the target and
distractor lists.

On Form II, the alternate form, the

categories for the target list are vegetables, desserts,
sporting equipment, and office items.

The four categories

on the interference list are vegetables, desserts, musical
instruments, and cleaning products.
In designing the CVLT the authors attempted to make the
test ecologically valid by structuring the word lists as
shopping lists.

The benefits of making the test more like

an everyday task are twofold; first, it makes the test more
relevant for the subject (the assumption being that the more
relevant the test, the more motivated the subject will be in
performing the task) and second, results are more easily
generalizable to everyday functioning (Delis, Kramer,
Kaplan, & Ober, 1987). In choosing the particular categories
the authors were restricted to categories of things that
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could be shopped for, and, the authors tried to balance
possible gender specific advantages.

For example, Form I

contains the categories "tools" and "clothing".

Delis and

colleagues suspected that males may have an advantage over
females for remembering words in the "tool" category and
females may have an advantage for words in the "clothing"
category.

The remaining two categories are thought to be

gender neutral (D. C. Delis, personal communication, March
27, 1991).

Presumably, these gender specific advantages are

due to varying amounts of exposure to the particular classes
of items.
In selecting specific words for lists A and B on both
Forms I and II, Delis and colleagues used the following
procedure: a) only words with published normative data on
the category prototypicality (a measure of the degree to
which a word exemplifies the category to which it belongs)
and word frequency (a measure of how commonly a word occurs
in the English language) were used, b) the four most common
exemplars of each category were not included as items, and
c) word lists were matched for category prototypicality and
word frequency.

The four most common exemplars were

excluded to minimize the probability of a correct word being
produced during the category cued portion of the test, not
through recall, but because it was a common exemplar of the
category.

In constructing the word lists for Form I, Delis
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and associates selected items with category prototypicality
normative data published by Battig and Montague (1969) and
relied on frequency data published in articles by Thorndike
and Lorge (1944) and Carroll, Davies, and Richman (1971).
Table 3 depicts the normative data on selected test items.
In constructing Form II, the alternate form, the authors
consulted additional references which reported normative
data on category prototypicality (Hunt & Hodge, 1971; Uyeda

& Mandler, 1980), after exhausting possible categories from
the Battig and Montague list.

Delis and colleagues (in

press) reported frequency data from the published normative
data of Carroll et ale for the words used in Form II.

They

did not, however, report category prototypicality ratings
for the Form II test stimuli because the ratings were
derived by different researchers using different procedures
and hence not comparable (D.C. Delis, personal
communication, March 27, 1991).

Table 4 depicts frequency

ratings for words selected as items on Form II.
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Table 3
Word Frequency Ratings and category Rank for Target and
Interference Words on the CVLT Form I
List

A - Monday (Target words)

Word

Word Freq. (a)

Word Freq. (b)

category
Rank (c)

Drill
Wrench
Chisel
Pliers

21
11
9
1

52.5
42.6
43.8
40.2

Plums
Grapes
Tangerines
Apricots

23
34
1
6

46.1
51.1
33.8
40.5

11
12

Vest
Sweater
Jacket
Slacks

21
8
22
1

44.4
49.1
53.3
34.5

26
10
13
14

Parsley
Paprika
Chives
Nutmeg

8
4
1
2

42.6
31.9
19.8
40.4

22

Mean
SD

10.81
9.91

41. 66
8.65

11
9
7

10
8
6

8

30
16
13.13
6.73
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Table 3 continued.
List B - Tuesday (Interference words)
Word

Word Freq.(a)

Word Freq. (b)

category
Rank (c)

Toaster
Spatula
Skillet
Bowl

1
1
2
50

39.3
37.1
44.7
57.1

17

Cherries
Pineapple
Lemon
Peaches

35
15
27
29

49.4
46.4
47.2
52.5

13
10

Halibut
Flounder
Cod
Salmon

1
6
10
14

33.4
40.2
45.2
54.6

36
20
14

Ginger
Oregano
Sage
Cinnamon

13
1
15
6

47.1
15.0
42.9
44.8

31
10
26

Mean
SD

14.13
13.90

43.56
9.83

22
6
9

7

5

7

6

14.94
9.28

(a)

Frequency per one million words of popular English
reading as tabulated by Thorndike and Lorge (1944).

(b)

Standard frequency index units of words sampled from
textbooks and popular English reading as tabulated by
Carroll et al. (1971).

(c)

Rank order of each word as an exemplar of its category,
as reported by Battig and Montague (1969).

Table adapted from:
Delis, D.C., Kramer, J.H., Kaplan, E.,
and Ober, B. (1987).
California Verbal Learning Test,
research edition manual. San Antonio, The Psychological
Corporation.
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Table 4
Word Frequency Ratinqs for Target and Interference Words on
the CVLT Form II
List A - Wednesday (Target words)
Word

Freq. (a)

Cabbage
Lettuce
Celery
Broccoli

53.0
47.7
46.2
41.2

Cupcakes
Pudding
Brownies
Sherbet

39.6
46.0
37.6
29.9

Baseball
Snorkel
Racquet
Skis

57.6
37.8
45.3
42.6

Glue
Ruler
Stapler
Envelopes

51. 6
55.9
15.0
49.8

Mean
SO

43.6
10.5
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Table 4 continued.
List B - Thursday (Interference words)
Word

Freq. (a)

Peas
Spinach
Radishes
Cucumber

48.9
41.3
43.9
43.0

Fudge
Doughnuts
Popsicles
Cookies

43.7
47.3
29.5
53.8

Banjo
Fiddle
Harmonica
Clarinet

44.1
49.2
43.4
40.9

Detergent
Bleach
Dustpan
Sponge

53.5
37.6
15.0
49.5

Mean
SD

42.8
9.5

(a)

Standard frequency units of words sampled from
textbooks and popular English reading as tabulated by
Carroll et al. (1971).

Table adapted from:
Delis, D.C., McKee, R., Massman, P.J.,
Kramer, J.H., Kaplan, E., and Gettman, D. (in press).
Alternate form of the California Verbal Learning Test:
Development and reliability. The Clinical
Neuropsychologist.
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There are several variations in the inter-item
relationships on the word lists of the CVLT.

It is possible

that the semantic relationships among items, and to the
superordinate category, may influence learning.
potential effects have not been investigated.

These
Specifically,

although the authors of Forms I and II of the CVLT control
for degree of category prototypicality, they did not
controlled for the ways in which the test stimuli relate to
the superordinate category.

One of the more obvious

examples can be noted in the category "cleaning items" which
includes the following exemplars; bleach, detergent, dustpan
and sponge.

Intuitively, bleach and detergent relate to the

superordinate "cleaning items" differently than do sponge
and dustpan.

Bleach and detergent are used as agents in

cleaning and dustpans and sponges are used as implements in
cleaning. If inter-item and superordinate relationships have
an effect on learning it may play an important role in the
investigation of verbal learning and memory, particularly in
paradigms concerned with category cued encoding and/or
retrieval.

Analyses of these relationships is beyond the

scope of this study.

However, future research designed to

investigate the effects of inter-item and superordinate
relationships on verbal learning and memory would help
clarify the matter.
It is also important to point out that the
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relationships among the categories within particular word
lists vary.

For instance, on the interference list of Form

I the categories are; kitchen utensils, fruits, fish, and
spices and herbs.

These categories seem somewhat related,

they all pertain to food or food preparation.

The other

lists on Forms I and II do not share such a close
relationship.

It seems plausible that the close inter-

relationship among these categories may interfere with
learning because subjects may not perceive the category
distinctions.

However, recent findings (Kramer & Delis, in

press) indicate that with this particular distractor list,
normal subjects remember more words from the unshared
categories (fish and kitchen utensils) than the shared
categories, as is predicted if subjects are using a semantic
organizational strategy.

This finding suggests that normal

subjects are remembering the words by using a strategy that
employs conceptual grouping by specific category, and they
are not grouping all of the words together into a foodrelated items category.
In choosing the target list recognition foils the
authors chose words that represented items that could be
shopped for and that were from one of the following; a) a
shared category of the interference list, b) a non-shared
category of the interference list, c) neither list but
prototypical to a target category, d) neither list but
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phonemically similar to a target word, or e) neither list
and unrelated to a target word.
The administration of the CVLT begins with the aural
presentation of the target list to the examinee over five
immediate free-recall trials.

Following the five learning

trials, the interference list is presented for a single,
immediate free-recall trial.

After the free recall of the

interference list, free and category-cued recall of the
target list are tested, these are the "short delay" trials.
The following 20 minutes are filled with non-verbal tests.
And finally, free recall, category-cued recall, and
recognition of the target list are tested; these are the
"long delay" trials.

In addition to the free recall, cued

recall and recognition scores, qualitative measures are also
obtainable.

These qualitative measures include:

perseverations, free and cued recall intrusions, semantic
clustering, serial clustering, percentage of recency and
primacy recall, consistency of recall, learning slope,
vulnerability to proactive interference, and vulnerability
to retroactive interference.

These scores and indices were

calculated with computer software designed by Fridlund and
Delis (1987).
The obtained score for free and for cued recall is the
number of words correctly produced, the maximum being 16
words.

The recognition discriminability index takes into
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account both correct "hits" and false positive responses and
provides the best measure of overall recognition performance
(CVLT manual; Delis et al., 1987).

The discriminability

index is determined by first calculating the number of
misses (subtract the number of hits from 16) and then
counting the number of false positives and entering these
into the following equation:
Discriminability = (1 -

(False Positives

+ Misses)/44] x 100.

The semantic cluster ratio is the ratio of correct
semantic clustering to expected semantic clustering.

The

correct semantic clustering score is the sum of the number
of times the subject reports a correct word from a given
category immediately after a different correct word from the
same category.

Perseverative and intrusive responses that

are categorically related are not given credit on this
index.

The expected category score is the chance value of

semantic clustering given the total number of words and the
number of different categories represented in the subject's
recall on a particular trial.

The performances on learning

trials one through five are computed for this variable.
standard verbal instructions were given to all subjects
on the first administration of the CVLT.

These

instructions, for the target list learning trials told
subjects that they were being given a shopping list for
Monday.

They were told to remember as many items as
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possible and that it did not matter in what order the words
were recalled.

For the second through fifth trials the

instructions were repeated in an abbreviated fashion, the
entire list of words were repeated to the subject in the
same order each time.

The exact instructions were as

follows.
Trial 1:
Monday.
buy.

"Let's suppose you were going shopping on
I'm going to read a list of items for you to

Listen carefully, and when I'm through, I want

you to say back as many of the items as you can.

It

doesn't matter what order you say them in - just tell
me as many as you can.
Trial 2:

Are you ready?"

"I'm going to repeat Monday's shopping list.

Again, I want you to say back as many items as you can,
in any order.

Be sure to also say the items on the

list that you told me the first time."
Trials 3-5:
list.

"I'm going to repeat Monday's shopping

Again, I want you to say back as many items as

you can, in any order, including items you may have
already told me."
The standard instructions for the interference list were as
follows.
Single trial:

"Now let's suppose that you planned to

go shopping again on Tuesday.

I'm going to read a new

list of items for you to buy.

When I'm through, I want
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you to say back as many as you can in any order."
For this research project, half of the subjects were
given the CVLT with non-standard instructions on a second
administration using an alternate test form.

Instructions

for the non-standard administration included not only the
standard instructions but also, additional instructions
designed to guide semantic encoding.

The exact instructions

for the non-standard administration were as follows.

The

additional, non-standard instructions are underlined.
Trial 1:
Monday.
buy.

"Let's suppose you were going shopping on
I'm going to read a list of items for you to

All of the items on the list are either spices

and herbs, fruits, tools, or clothing.

After I say

each word I want you to tell me to which of these four
groups the item belongs.
At this point, the examiner presented a card with the group
names printed on it and placed the card on the table in
front of the subject.

This eliminated the additional burden

of attempting to remember the category names.
Listen carefully, and when I'm through, I want you to
say back as many of the items as you can.

It doesn't

matter what order you say them in - just tell me as
many as you can.

Are you ready?"

The examiner removed the card from the subject's view at the
end of the list presentation.
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Trial 2:

"I'm going to repeat Monday's shopping list.

Again, I want you to tell me to which of these four
groups each item belongs.
The examiner presented the cue card and removed it from the
subject's view prior to list recall.
Again, I want you to say back as many items as you can,
in any order.

Be sure to also say the items on the

list that you told me the first time."
Trials 3-5:
list.
belong.

"I'm going to repeat Monday's shopping

Again tell me to which of these groups the items
And again, when we are through, I want you to

say back as many items as you can, in any order,
including items you may have already told me."
The non-standard instructions for the interference list were
as follows.
Single trial:

"Now let's suppose that you planned to

go shopping again on Tuesday.

I'm going to read a new

list of items for you to buy.

Again, these items are

from four different groups, this time the groups are
spices and herbs, fruits, kitchen utensils, and fish.
The examiner placed the cue card, with the category names
listed, in the subject's view.
After I say each word I want you to tell me which group
that particular item belongs to.

When I'm through, I

want you to say back as many as you can in any order."
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It was proposed that if a subject were to make a
mistake on the identification of category membership the
examiner was to correct the subject by stating the correct
category name.

However, no identification errors were made

by subjects in this study.
Two tests to assess frontal system functioning were
administered, the Wisconsin Card sorting Test (Grant & Berg,
1948; Heaton, 1981) and the FAS Generative Naming test of
verbal fluency (Benton, 1968; Borkowski, Benton, & Spreen,
1967) .
Wisconsin Card Sorting Test
The Wisconsin Card Sorting Test (WCST) was included
because it has been reported to be sensitive to frontal
system impairment (Bornstein, 1986; Drewe, 1974; Milner,
1963).

This is a test of abstract thinking and concept

formation and has traditionally been used as a measure of
frontal system functioning.

This task requires subjects to

sort response cards under one of four stimulus cards.

The

stimulus cards vary on dimensions of color, form, and
number.

Following each attempted sort of a card, the

examiner says "right" or "wrong".

Following ten consecutive

correct sorts, the target sorting category changes.

The

examiner does not tell the subject that the category has
changed.
feedback.

The subject must infer the change from examiner
All subjects in this experiment were administered
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the WCST using standardized procedures and instructions
described in the test manual (Heaton, 1981).
Generative Naming Test (Verbal Fluency)
This test has also been reported as sensitive to
frontal system damage (Benton, 1968; Crowe, 1992; stuss &
Benson, 1986; Milner, 1964).

Generative Naming was included

in this study for this reason and because it is an effortful
task that requires active categorization.

Therefore, it was

believed to be a test of frontal system functioning that
would be related to performance on verbal learning tasks
which also rely on verbal categorization ability.
In generative naming tasks, subjects are asked to name
as many words as possible from a given category in a given
period of time.

The categories are usually lexical (e.g.

"name as many words as you can that start with the letter

12")

or semantic (e.g. "name as many animals as you can").

In the present study, subjects were asked to generate as
many words as possible from three lexical categories (words
that begin with F, A, and S) and one semantic category
(animals).

Subjects were given 60 seconds to generate words

for each of the four categories.

Subjects were told to name

as many words as possible that began with the letter in
question (F, A, or S, or animals for the semantic category)
in 60 seconds time.

They were told that proper nouns,

numbers, and different versions of the same word (e.g. bike
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biking, biker) would not be given credit.

A record was kept

of words produced in each 15 second interval to assess
qualitative aspects of subjects' performance.

As

instructed, proper nouns, numbers and versions of previous
responses (e.g. sail and sailing) were not given credit.
The number of perseverations and intrusions were recorded.
cognitive status Examination
The Cognitive status Examination (Barrett, 1985)

is a

brief (38 question) structured instrument designed to test a
range of cognitive functions including: orientation, memory,
reasoning, expressive and receptive language, spatial,
motor, and sensory functioning (Barrett & GIeser, 1987).
The exam has demonstrated validity in differentiating brain
damaged individuals from psychiatric and medical patients.
Test items are drawn from Barrett and GIeser's clinical
practice, the Reitan Indiana Aphasia Screening Test (Reitan,
1984), the Klove-Reitan Sensory Perceptual Examination
(Reitan, 1984), and the Luria Nebraska Neuropsychological
Battery (Golden, Hammeke, & Purisch, 1980).
This test was included in the protocol as a measure of
overall cognitive functioning at the time of testing.

The

verbal learning and verbal fluency subtests included as part
of this examination were not administered because of
possible confounding effects on the CVLT.

A single

composite score was calculated using cognitive status
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Examination scores on all included subtests.
Procedure
rest Presentation
The 48 subjects (24 CHI patients and 24 control
subjects) were assigned to either the "standard" or "nonstandard" condition.

Participants assigned to the standard

condition received two standard administrations of the CVLT
during Test administrations 1 and 2.

Participants assigned

to the non-standard condition received the CVLT with
standard instructions on the first administration (Test
administration 1) and non-standard, guided semantic encoding
instructions on the second administration (Test
administration 2).
The two CVLT forms were counterbalanced among all
subjects so that half of the subjects received Form I during
the first CVLT administration and the other half of the
subjects received Form II during the first administration.
All subjects were then administered the remaining form on
their second testing.

The only difference between the

standard and non-standard conditions was the type of CVLT
instructions that were administered on the second CVLT
administration.

Subjects in both the standard and non-

standard conditions received the standard administration of
the CVLT during the first test session.

Subjects assigned

to the standard condition received the standard instructions
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of the CVLT during both test administrations.

Subjects

assigned to the non-standard condition received the standard
instructions of the CVLT during the first administration of
the test and the non-standard instructions on the second
administration of the CVLT.

However, no subject received

the semantic cued recall portion of the CVLT on the first
administration.

This was to avoid unnecessarily cuing

subjects to the categorical structure of the list prior to
the second CVLT administration when this aspect of encoding
was manipulated.
The order of administration of the tests was the same
for both groups of subjects.
1)

California Verbal Learning Test (administration
1), standard instructions

2)

Wisconsin Card Sorting Test (during the 20 minute
delay of the CVLT)

3)

Generative Naming Test

4)

Interview, gathered demographic information,
injury information and administered the Galveston
orientation and Amnesia Test, to verify

emergence

from post-traumatic amnesia.
-------------- 15 minute break ----------------5)

California Verbal Learning Test (administration
2), standard or non-standard instructions
depending on condition assignment.
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6)

Cognitive status Examination (during 20 minute
delay of the CVLT)

The tests were administered in one session that lasted
approximately two hours.

All subjects were paid $10.00 for

their participation.
Level of Frontal System Function
originally it had been proposed that within each
condition (standard and non-standard CVLT administration)
the twelve closed head injured subjects would be divided
into groups of high and low frontal system functioning based
on their "perseverative errors" score on the WCST.

It was

proposed that subjects scoring 38 or more perseverative
errors would be assigned to the "low frontal system
functioning group" and subjects scoring less than 38
perseverative errors would be assigned to the "high frontal
system functioning group".

This cutoff was proposed based

on the reported mean of 38 perseverative errors for head
injured subjects used in the standardization procedures of
the WCST (Heaton, 1981).

However, after the first several

subjects were tested it was apparent that the closed head
injured subjects were performing markedly better than
expected.

These subjects appeared to be performing as well

as the normal controls.

It was then decided that subjects

would not be assigned to low and high frontal system
function groups until after all subjects had been tested and
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the most appropriate means of differentiating subjects based
on frontal system functioning could be determined.

Tables 5

and 6 provide summaries of group performance on the two
frontal system tests used in this study.
weST scores.

Table 5 displays

When the individual performance data on the

weST is evaluated it is apparent that there is one outlier
that accounts for the large standard deviations on the
perseverative responses and perseverative errors variables.
The outlier values for these variables respectively are 118
and 90.

For the perseverative responses variable, 18 of the

24 closed head injured subjects perform better than the mean
and for the perseverative errors variable, 17 of the 24
perform better than the mean.
Naming (FAS) scores.

Table 6 provides Generative

As can been observed on Tables 5 and

6, the only variable that significantly differentiated the
closed head injured subjects from the normal controls was
the total number correct on the Generative Naming test
(FAS).

None of the weST variables significantly

differentiated closed head injured from control subjects.
Based on these findings, subjects were divided into high and
low frontal system functioning groups based on the median
split of the scores obtained on the total number correct
from the FAS generative naming test.

For comparative

purposes, the normal controls were also assigned to high and
low frontal system functioning groups.

For the closed head
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injured subjects, the median split (of the raw score, total
correct for F, A, and S combined) was 34 and below for
assignment to the low frontal system functioning group (the
range was 15 to 34), and 38 and above for assignment to the
high frontal system functioning group (the range was 38 to
60).

For normal controls the median split was 43 and below

for assignment to the low frontal system functioning group
(the range was 19 to 43), and 45 and above for assignment to
the high frontal system functioning group (the range was 45
to 66).

Using the median split procedure ensured equal

numbers of subjects in the high and low frontal system
functioning groups.
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Table 5
Wisconsin Card Sorting Test, Between Group Differences

Variable

CHI
M
( SO)

Control
M
(SO)

E
12

Errors

27.8
(20.7)

29.6
(17.8)

.103
.750

Per. Responses

18.5
(23.9)

15.5
(11.3)

.302
.586

Per. Errors

16.2
(18.2)

14.7
(10.4)

.117
.734

(1. 4)

5.0
(1. 5)

1.174
.284

.8
( .8)

1.2
(1. 2)

1. 314

categories
Set Fail

5.4

.258

Note.
CHI = Closed Head Injury; Per. Responses =
perseverative responses; Per. Errors = perseverative errors;
Set Fail = number of failures to maintain set. No group
differences were statistically significant.
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Table 6
Generative Naming Test (FAS), Between Group Differences

variable

Total Correct
Perseverations

*12 < .05.

CHI
M

Control
M

E

( SO)

(SO)

35.3
(12.9)

42.6
( 12 . 0)

4.178
.047

1.4
(1. 7)

1.1
(1. 2)

.458
.502

12

*
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Reports in the literature suggests that the weST is a
sensitive measure of frontal lobe injury and thus, should be
sensitive to closed head injury wherein frontal damage
commonly occurs.

In this sample of closed head injured

subjects, performance on the weST did not discriminate
between subject groups.

Anderson, Damasio, Jones and Tranel

(1991), recently reported that, in a study of 91 frontal
damage and non-frontal damage patients, group performance
did not significantly differ on the weST.

The frontal

damaged subject group consisted of patients with single,
focal brain lesions.

Seventy one participants had

cerebrovascular accidents and 20 of the subjects had
surgical resection for treatment of a tumor.

Anderson and

colleagues proposed that the difference between their
findings and those previously reported concerning weST
sensitivity to frontal damage may be related to the point in
time, post injury or damage, that the test was administered.
They stated that their subjects were all tested in the
chronic epoch, a minimum of three months post incident.
Investigators who found more significant problems in frontal
lobe damaged patients tested the subjects in the acute
epoch.

Subjects in this current study were closed head

injured and not focal frontal lesion patients, so direct
comparison to the Anderson et al. findings are not possible.
However, similar to the sample reported by Anderson and
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colleagues, subjects in this study were tested at a minimum
of three months post incident.

This may account for the

relatively intact performance on the weST of the present
head injured sample.
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Results
Within-Subjects Effects
To test the effects of guided semantic encoding and
level of frontal system functioning for both the closed head
injured and control subjects, scores from short and long
delay free recall, recognition discriminability and semantic
clustering were submitted to a 2 (Group: closed head injured
and control) X 2 (Frontal system functioning: high and low)
X 2 (Encoding type: guided and non-guided) repeated measures
MANOVA.

Table 7 displays the number of subjects comprising

each group and between-subjects condition.

The within

subjects repeated measure is performance on the memory
variable in question at Test administration 1 and Test
administration 2.

Table 8 indicates the significant main

and interaction effects for short delay free recall, long
delay free recall, recognition discriminability, and
semantic cluster ratio respectively.
It was hypothesized that guided semantic encoding would
facilitate memory performance in closed head injured
individuals more so than in normal control subjects, that
is, the interaction between encoding type and group
membership would be significant.

It was assumed that normal

controls would spontaneously semantically encode
information, therefore making the guided semantic encoding
redundant.

Further, it was hypothesized that patients with
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poorer frontal system functioning would benefit more from
guided semantic encoding than patients with better frontal
system functioning, assuming that poor frontal system or
executive functioning is related to poor encoding.
In the following sections, the effects of guided
semantic encoding and degree of frontal system functioning
will be discussed in relation to the semantic cluster ratio,
short delay free recall,

long delay free recall and

recognition discriminability variables.
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Table 7
Number of Subjects in Each Cell
Group

Frontal Function
Low
High

CHI
Non-Guided Encoding

8

4

Guided Encoding

4

8

Non-Guided Encoding

8

4

Guided Encoding

4

8

Control
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Table 8
Significant Effects for Verbal Learning and Memory Variables
Between Subjects Effects At Test Administration 1
Effect
GR
ENC
FR
GR X ENC
GR X FR
ENC X FR
GR X ENC X FR

SDFR

LDFR

DISC

SEMCL

**

**

**

**
*
*

*
*

Within Subjects Effects Comparing Test Administration 1 to
Test Administration 2
Effect

SDFR

RM
GR X RM
ENC X RM
FR X RM
GR X ENC X RM
GR X FR X RM
ENC X FR X RM
GR X ENC X FR X RM

*
*

LDFR

DISC

SEMCL

**

*
*

*

*

*

*

**

Note. SDFR = Short Delay Free Recall; LDFR = Long Delay Free
Recall; DISC = Recognition Discrimination; SEMCL = Semantic
Cluster Ratio; GR = Group; ENC = Encoding; FR = Frontal
system functioning; RM = Repeated Measure.

*

2 < .05;

**

2 < .001
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semantic Cluster Ratio
Initial performance.

A graphic display of subjects'

performance at Test administrations 1 and 2 on the semantic
cluster ratio variable is shown in Figure 1.

At Test

administration 1, closed head injured subjects produced a
semantic cluster ratio significantly lower than that of
normal controls (F = 11.69, 2

=

.001; this represents a main

effect for group using a repeated measures MANOVA
procedure). The mean semantic cluster ratio for closed head
injured subjects was 1.68 and for controls it was 2.03.
Also, subjects identified as demonstrating low frontal
system functioning demonstrated a significantly lower
semantic cluster ratio (F

=

5.04, 2

=

.03) representing a

main effect for frontal function using the repeated measures
MANOVA procedure.

The mean semantic cluster ratio for low

frontal functioning subjects was 1.59 and for high frontal
functioning subjects, 2.12.

The obtained group difference

and frontal system functioning effect for Test
administration 1 are consistent with the expectation that
semantic clustering is impaired in closed head injury and
related to frontal system functioning for both head injured
and control sUbjects.
There is, however, an unexpected finding.

There is a

significant main effect for the encoding type betweensubjects variable (F

=

7.89, 2 = .008) using a repeated
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measures MAN OVA procedure.

The mean semantic clustering

ratio for those that would not receive guided semantic
encoding at Test administration 2 was 1.75 and the mean
semantic cluster ratio for those that later would receive
guided semantic encoding, at Test administration 2 was 1.96.
Because manipulation of this variable does not occur until
Test administration 2, no systematic difference is expected
in this variable at Test administration 1.
Effect of guided semantic encoding.

The interaction

between group and the semantic encoding repeated measure was
significant (F

=

MAN OVA procedure.

5.53, Q < .05) using the repeated measures
The control subjects demonstrate a

greater overall (i.e. collapsed across encoding conditions)
increase in semantic clustering from Test administration 1
to Test administration 2, compared to closed head injured
sUbjects.
The interaction between encoding type and the repeated
semantic cluster ratio measure is also significant (F
16.28, Q < .001).

=

This indicates that overall (i.e.

collapsed across head injured and control subjects, and
across frontal system functioning groups) guided semantic
encoding increases semantic clustering.

That is,

disregarding group membership and degree of frontal system
functioning, guided semantic encoding significantly effects
the change from Test administration 1 to Test administration
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2.

As depicted on Figure 1, all subjects appear to produce
de~Jree

a higher

of semnntic clustering following guided

semantic encoding uS compared to subjects who do not receive
guided encoding.

However, the three way interaction between

group, encoel.i.ng, and the repeated measure of semantic
clustering is not significant.
dOL~t~

encoding

Thus, guided semantic

not ilppeLlr to facilitate semantic clustering

differentiil11y botween closed head injured and normal
control !:;ub:)ochi.

It should be noted however, that even

though guided neml1ntic encoding increases the semantic
clustel~

ri\tio of closed head injured individuals, their

performance )leVer reLlches the level of clustering produced
by control t;ubJ c!cb~ who also received guided semantic
encoding.
EttJ·'(:t. of _.rl~()-'ltDJ system function on guided semantic

encoding.

None of the repeated measures interaction terms

invol v ing frontitl sy!:,tem functioning were significant.
Therefore, Yllided semantic encoding appears to be similarly
facilatory 1:I.'<]ilnl10ss of the degree of frontal system
functioninq.

'l'ilb1e 9 presents a tabular presentation of

values pertirwnt to these effects.
In summLlry, guided semantic encoding lead to
increLlsed scmilntic clustering ratios for both closed head
injured

~ubJec~s

and normal controls.

Guided semantic

encoding did not lead to significantly greater facilitation
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in closed head injured subjects, compared to controls, as
had been hypothesized.

Further, the degree of frontal

system functioning did not significantly interact with the
degree to which guided semantic encoding lead to increased
semantic clustering.
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Figure 1. Semantic cluster ratio values for closed head
injured and control subjects, high and low frontal system
functioning, guided and non-guided semantic encoding, Test
administrations 1 and 2.
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Table 9
Semantic Cluster Ratio; Group, Encoding, Frontal, and
Repeated Measure Values

Group

T2-T1
CHI

T2-T1
Control

Total
Difference

Guided
Hi Frontal
Lo Frontal

.94
.80

1.18
2.02

1.12
2.82

Non-Guided
Hi Frontal
Lo Frontal

.03
-.28

.43
.40

.46
.12

Note. T2-T1 = difference between means for semantic cluster
ratio at Test administration 2 and Test administration 1. A
positive value represents greater semantic clustering at
Test administration 2 and a negative value represents less
semantic clustering at Test administration 2.
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Short Delay Free Recall
Initial performance.

Figure 2 presents a graphic

display of subjects' performance on the short delay free
recall variable at Test administration 1 and Test
administration 2.

Initially the closed head injured group

differed significantly from the normal controls (F

=

23.62,

P < .001) on short delay free recall (Closed head injured M
=

M = 11.29).

7.38, Control

There was no significant

difference between subjects based on degree of frontal
system function or group classification based upon ultimate
receipt of guided semantic encoding.
Effect of guided semantic encoding.

The encoding type

by short delay free recall repeated measure interaction was
significant (F

=

6.63 P < .05).

Figure 2 clearly

illustrates that, overall, the subjects that received guided
semantic encoding performed relatively better on Test
administration 2 than Test administration 1,

compared to

subjects that did not receive guided semantic encoding.
However, the three way interaction,

Group X Encoding type X

the Short delay free recall repeated measure was not
significant.

This non-significant interaction implies that

guided semantic encoding did not facilitate short delay free
recall differentially for closed head injured subjects,
compared to controls, contrary to what had been
hypothesized.
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Effect of frontal system function on guided semantic
encoding.

The three-way interaction, encoding type by

frontal system function by short delay free recall, repeated
measure is not significant.

This suggests that guided

semantic encoding benefits subjects to the same degree
regardless of level of frontal system functioning.

Table 10

presents values pertinent to these analyses.
Summary.

In summary, guided semantic encoding

facilitates short delay free recall for both closed head
injured and normal control sUbjects.

But, statistically,

guided semantic encoding does not differentially help one
subject group more than the other.

The interaction between

frontal system functioning and encoding type is not
significant.
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Figure 2. Short delay free recall values for closed head
injured and control subjects, high and low frontal system
functioning, guided and non-guided semantic encoding, Test
administrations 1 and 2.
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Table 10
Short Delay Free Recall, Group, Encoding, Frontal and
Repeated Measure Values

Group

T2-T1
CHI

T2-T1
Control

Guided
Hi Frontal
La Frontal

2.13
-.75

2.37
2.25

Non-Guided
Hi Frontal
La Frontal

.50
-2.75

0.00
-1.12

Total
Difference

4.50
50

1.

.50
-3.87

Note. T2-T1 = difference between means for short delay free
recall at Test administration 2 and Test administration 1.
A positive value represents greater recall at Test
administration 2 and a negative value represents Less recall
at Test administration 2.
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Long Delay Free Recall
Initial performance.

Figure 3 provides a graphic

display of subjects' performance on the long delay free
recall variable at Test administration 1 and Test
administration 2.

Initially the closed head injured

subjects differed significantly from the normal controls (F
=

22.69, 2 < .001) on long delay free recall (Closed head

injured

M=

7.54, Control

M=

11.25).

There was no

significant difference between subjects based on degree of
frontal system function or encoding type.
Effect of guided semantic encoding.

The encoding type

by long delay free recall repeated measure interaction was
significant (F

=

10.19, 2 < .005).

Figure 3 clearly

illustrates that the subjects receiving guided semantic
encoding performed relatively better on the Test
administration 2 than Test administration 1, as compared to
subjects that did not receive guided semantic encoding.
However, the three way interaction Group X Encoding type X
long delay free recall repeated measure was not significant.
This suggests that guided semantic encoding did not
facilitate long delay free recall to a significantly greater
degree for closed head injured subjects contrary to what had
been hypothesized.
Effect of frontal system function on guided semantic
encoding.

The effect of degree of frontal system function
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on guided semantic encoding can be evaluated, for long delay
free recall, by testing the encoding type by frontal system
function by long delay free recall repeated measure
interaction.

This interaction effect is significant (F

=

4.81, 2 < .05), indicating that the degree of improvement
seen from Test administration 1 to Test administration 2,
for subjects who received guided semantic encoding,
interacts with degree of frontal system functioning.
Examination of the means suggests that guided semantic
encoding particularly facilitates long delay free recall
performance in both closed head injured and control subjects
who have low frontal system functioning.

The mean

differences in performance between test administrations, are
presented on Table 11.

Guided semantic encoding appears to

particularly benefit low frontal functioning closed head
injured subjects.

The low frontal functioning closed head

injured subjects who do not receive guided semantic encoding
at Test administration 2 demonstrate a marked decline in
their long delay free recall performance at Test
administration 2 compared to Test administration 1 (an
absolute difference of 4.87 points lower), compared to the
high frontal functioning closed head injured subjects who do
not receive guided semantic encoding (an absolute difference
of .87 points lower) when performance at Test
administrations 1 and 2 are compared.
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Summary.

In summary, guided semantic encoding

facilitates long delay free recall for both closed head
injured and normal control subjects.

Statistically, guided

semantic encoding does not differentially help closed head
injured subjects to a greater extent than controls as had
been hypothesized.

The interaction between level of frontal

system functioning and effect of guided semantic encoding is
significant, with the nature of the interaction effect
suggesting that guided semantic encoding differentially
facilitates performance in subjects identified as low
frontal functioning.

More specifically, it appears that low

frontal system functioning closed head injured subjects do
markedly worse on the second test administration if they do
not receive guided semantic encoding.
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HI FR CHI = High frontal functioning, closed head injured;
LO FR CON = Low frontal function, control; HI FR CON = High
frontal functioning, control.

Figure 3. Long delay free recall values for closed head
injured and control subjects, high and low frontal system
functioning, guided and non-guided semantic encoding, Test
administrations 1 and 2.
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Table 11
Long Delay Free Recall; Group, Encoding, Frontal, and
Repeated Measure Values
Group

T2-T1
CHI

T2-T1
Control

Total
Difference

Guided
Hi Frontal
La Frontal

2.12

1. 83

1. 50

3.50

3.95
5.00

Non-Guided
Hi Frontal
La Frontal

1. 25
-3.37

.25
.38

1. 50
-2.99

Note. T2-T1 = difference between means for long delay free
recall at Test administration 2 and Test administration 1.
A positive value represents greater recall at Test
administration 2 and a negative value represents less recall
at Test administration 2.
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Recognition Discriminability
Initial performance.

Figure 4 provides a graphic

display of subjects' performance on the recognition
discriminability variable at Test administration 1 and Test
administration 2.

There is a significant group difference

at the initial testing for ability to perform the
recognition discriminability test (F

=

11.81, 2 < .001).

The mean discriminability index for closed head injured
subjects is 91.29, for normal controls, 96.92.

There is

also a significant difference initially (collapsing across
closed head injury and control subjects), between subjects
identified as high and low frontal system functioning (F
6.75, 2 < .05).

=

Low frontal system function subjects

demonstrated a mean index of 92.88 and the high frontal
system function subjects demonstrated a mean index of 95.33.
However, there was also a significant Group X Frontal system
functioning interaction (F

=

5.78, 2 < .05).

Examination of

the group means reveals that the low frontal system
functioning closed head injured subjects' mean
discriminability index was 88.42 while the high frontal
system functioning closed head injured subjects mean was
94.17.

Conversely, the normal controls identified as

demonstrating low frontal system functioning demonstrate a
mean performance of 97.33 and the high frontal system
functioning normals controls demonstrate a mean
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discriminability of 96.50.

This interaction is likely due

to artifact resulting from the near ceiling performance of
both the low and high frontal system functioning control
sUbjects.

However, closed head injured subjects are not at

ceiling for this measure and it does appear that the degree
of frontal system functioning is related to discriminability
performance for this group.
subjects with low

The closed head injured

frontal system functioning appear to do

notably worse than the high frontal system functioning
closed head injured sUbjects.
Effect of guided semantic encoding.

The encoding type

by recognition discriminability repeated measure interaction
term is significant (F = 7.27, Q < .05).

The significant

two-way interaction effect is likely due to low frontal
closed head injured and control subjects performing more
poorly on the second administration of the recognition test
if they have not received guided semantic encoding, this
pattern is particularly marked for the closed head injured
sUbjects.

However, the three way interaction, group by

encoding type by recognition discriminability repeated
measure, is not statistically significant.

Again, due to

near ceiling performance of the high frontal functioning
closed head injured, and control subjects (at Test
administration 1), three way interactions are not likely.
Effect of frontal system functioning on guided semantic
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encoding.

The Encoding type X Frontal system function X

Recognition discriminability repeated measure interaction is
significant (F

=

5.23,2 < .05).

This indicates that guided

semantic encoding differentially facilitates recognition
discriminability in relation to the degree of frontal system
functioning.

Examination of the means presented in Figure 4

reveals the nature of the relationship.

collapsing across

closed head injured and controls, subjects that received
guided semantic encoding did slightly better on the second
test administration of the recognition test than on the
first.

The low frontal system function subjects did 2.0

percent better and the high frontal system function subjects
did .62 percent better.

However, the effects of guided

semantic encoding may be more notably observed in evaluating
the pattern of performance of subjects that did not receive
guided semantic encoding. The subjects that did not receive
guided semantic encoding did much more poorly on the
recognition test on the second administration.

Particularly

the subjects identified as low frontal system functioning.
These low frontal system functioning subjects (collapsed
across closed head injured and control) did 14.75 percent
worse.

Data from the individual subject groups, broken down

by level of frontal system functioning, indicates that low
frontal system functioning closed head injured subjects that
do not receive guided semantic encoding show a far greater
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decrement at Test administration 2, compared to low frontal
system functioning controls.

The high frontal system

functioning subjects (collapsed across closed head injury
and controls) that did not receive guided semantic encoding
did slightly worse (.75 percent) at Test administration 2
compared to Test administration 1.

This finding suggests

that providing guided semantic encoding to subjects with
poor frontal system functioning significantly enhances their
ability to correctly discriminate items on a second
recognition test, once having performed on a prior test.
See Table 12 for a tabular presentation of the data involved
in the three way interaction.
Summary.

Guided semantic encoding appears to

differentially facilitate recognition discriminability in
subjects that have been identified as demonstrating low
frontal system functioning.

That is, the lack of guided

semantic encoding, for low frontal system functioning
subjects (especially closed head injured subjects) results
in markedly worse performance on the second recognition test
once having performed on a prior test.
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Figure 4. Recognition discriminability values for closed
head injured and control subjects, high and low frontal
system functioning, guided and non-guided semantic encoding,
Test administrations 1 and 2.
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Table 12
Recognition Discriminability, Group, Encoding, Frontal, and
Repeated Measure Values
Group

T2-T1
CHI

T2-T1
Control

Total
Difference

Guided
Hi Frontal
Lo Frontal

1. 75

-.25
.25

.62
2.00

Non-Guided
Hi Frontal
Lo Frontal

-.50
-9.63

-.25
-5.12

-.75
-14.75

.87

Note. T2-T1 = difference between means for recognition
discriminability at Test administration 2 and Test
administration 1. A positive value represents greater
discriminability at Test administration 2 and a negative
value represents poorer discriminability at Test
administration 2.
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To summarize, at Test administration 1, there are
significant between group differences on semantic
clustering, short and long delay free recall, and
recognition discriminability.

Closed head injured subjects

perform below controls on all measures.

Subjects with low

frontal system functioning (collapsing across closed head
injury and control subjects) perform more poorly on semantic
clustering and recognition discriminability but not short or
long delay free recall.

There is a significant group by

frontal system functioning interaction on recognition
discriminability but this is likely due to artifact related
to ceiling effects.
Using repeated measures MAN OVA analyses, a significant
group by semantic cluster ratio repeated measure interaction
exists.

The control subjects' semantic cluster ratio score

increases to a greater extent than closed head injured
subjects' ratio score following guided semantic encoding.
There are significant encoding type by repeated measures
interactions for all variables tested, semantic cluster
ratio, short and long delay free recall, and recognition
discriminability.

All subjects that receive guided semantic

encoding demonstrate improved performance on Test
administration 2 compared to subjects that do not receive
guided semantic encoding.

There are also significant three

way interactions (Encoding type X Frontal system function X
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Repeated measure) for long delay free recall and recognition
discriminability.

Guided semantic encoding appears to

preferentially benefit low frontal functioning subjects on
long delay free recall and recognition discriminability.
Although the four-way interaction terms (group by frontal
system function by encoding type by repeated measure) are
not significant for long delay free recall and recognition
discriminability, the patterns suggest that guided semantic
encoding is the most beneficial for low frontal system
functioning closed head injured subjects.
Cued Recall Between-Subjects Effects
It is necessary to investigate the effects of cued
recall using between-subjects statistical tests based on
performance on the second administration of the CVLT.

This

is because the cued recall tests were not given at Test
administration 1, and therefore repeated measures analyses
are not possible.

To investigate the effects of cued

recall, a 2 (Group, closed head injured and control) X 2
(Encoding type, guided encoding and non-guided encoding) X 2
(Frontal system function, high or Low) ANOVA was calculated
for the short delay cued recall variable and the long delay
cued recall.
Short Delay Cued Recall
For the short delay cued recall variable the main
effects of group (F

=

22.91,2 < .001), encoding type,

(F

=
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5.75, Q < .05) and frontal system function (F

=

4.47, Q <

.05) were all significant, as was the two-way Group X
Frontal system function interaction (F

=

4.78, Q < .05).

Figure 5 displays performance for the subject groups by
condition.

The control subjects performed better, overall

on short delay cued recall than did the closed head injured
subjects (group means were 13.04 and 9.04, respectively).
subjects that received guided semantic encoding performed
better than those who did not receive guided encoding (means
were 12.42 and 9.67, respectively).

And, subjects

classified as high frontal system functioning performed
better than those classified as low frontal system
functioning (means were 12.33 and 9.75, respectively).

The

significant group by frontal system functioning interaction
is likely due to the disproportionately large improvement of
the low frontal control subjects who received guided
semantic encoding.
It was hypothesized that guided semantic encoding would
improve performance on short delay cued recall and that it
would help closed head injured subjects significantly more
than controls.

Also, it was hypothesized that guided

semantic encoding would facilitate performance more for the
low frontal system functioning subjects than high frontal
system functioning subjects.

In fact, the guided semantic

encoding did significantly improve performance but not
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differentially between groups.

The main effect for frontal

system function was significant with subjects classified as
low frontal system functioning deriving more benefit.
Though the group by encoding type by frontal system
functioning interaction effect was not significant, guided
semantic encoding particularly benefitted control subjects
classified as low frontal system functioning.
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function, no guided semantic encoding; LO FRONT FX/G = Low
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Figure 5. Short delay cued recall values for closed head
injured and control subjects, high and low frontal system
functioning, guided and non-guided semantic encoding at Test
administration 2.
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Long Delay Cued Recall
The pattern of results for the long delay cued recall
task is similar to the pattern observed for short delay cued
recall (see Figure 6).
effects of group (F
=

=

For long delay cued recall, the main
23.44, 2 < .001) and encoding type (F

5.98, 2 < .05) are significant.

The main effect for

frontal system function, and the Group X Frontal system
function variable interaction approach, but do not reach
statistically significant levels,

(2 = .067 for both

variables) .
Similar to performance observed on short delay cued
recall, performance on long delay cued recall suggests that
closed head injured subjects demonstrate a relative deficit
compared to control subjects.

Guided semantic encoding

benefits both subject groups to a similar degree, that is,
there is not a differential effect for either group, when
collapsed across level of frontal system functioning.

As in

short delay cued recall, the control subjects classified as
low frontal system functioning appear to benefit the most
following guided semantic encoding.

However, there is no

significant interaction between group, encoding type, and
frontal system functioning.
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Figure legend.
LO FRONT FXjNG = Low frontal system
function, no guided semantic encoding; LO FRONT FXjG = Low
frontal system function, guided semantic encoding; HI FRONT
FXjNG = High frontal system function, no guided semantic
encoding; HI FRONT FXjG = High frontal system function,
guided semantic encoding; CHI = Closed Head Injured.

Figure 6. Long delay cued recall values for closed head
injured and control subjects, high and low frontal system
functioning, guided and non-guided semantic encoding at Test
administration 2.
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Comparisons of Performance at Test Administration 2
In examining the patterns of performance across tests
(short and long delay free recall, short and long delay cued
recall and recognition discriminability) at Test
administration 2, it is notable that the pattern remains
very consistent.

The patterns across subtests consistently

demonstrate that a) closed head injured subjects perform
below levels of control subjects, b) low frontal system
functioning subjects perform below high frontal system
functioning subjects, c) guided semantic encoding
facilitates memory performance for all subjects, d) low
frontal system functioning subjects appear to demonstrate a
particular benefit from semantic encoding. See Figures 7, 8,
and 9 for short delay free recall, long delay free recall
and recognition, and compare to Figures 5 and 6 for short
and long delay cued recall.
To test whether a general intellectual performance
variable might account for the consistent pattern, an ANOVA
was done to assess the relationship of education and
Cognitive status Examination performance to the grouping
variables of subject group, encoding type and frontal system
functioning.

The graphic representation of the relationship

between education and the grouping variables is presented in
Figure 10, and Figure 11 displays results pertaining to
performance on the Cognitive status Exam.

If level of
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education or overall cognitive functioning, as measured by
the Cognitive status Exam, accounted for the consistently
observed pattern, the shapes of the graphs would be similar.
For the education variable, ANOVA procedures resulted
in a significant difference for the frontal system function
variable only (F = 8.84, R < .05).

On closer examination of

the demographic data, there is a significant difference
between high and low frontal system functioning control
subjects only for the years of education.

Mean values on

the graph indicate that, collapsed across closed head injury
and control, subjects with higher levels of education appear
to be classified as high frontal system functioning to a
significantly greater degree than low frontal system
functioning.

This suggests that findings related to frontal

system functioning should be interpreted carefully because
level of education may be mediating observed effects.

There

was very little difference in Cognitive status Exam
performance across groups and conditions.

AN OVA results

reveal that there was a significant difference between
Control and Closed Head Injured subjects (F
.05), as would be expected.

=

5.44, R <

No other main effects or

interactions reached significance.
In summary, it does not appear that the consistent
pattern observed between groups on the memory variables can
be accounted for by overall intellectual performance.
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Apparent contributions to performance of the frontal system
classification may, however, be mediated by differences in
education, especially for the control sUbjects.
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Figure legend.
LO FRONT FX/NG = Low frontal system
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Figure 7. Short delay free recall for closed head injured
and control subjects, high and low frontal system
functioning, guided and non-guided semantic encoding at Test
administration 2.
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encoding; HI FRONT FX!G = High frontal system function,
guided semantic encoding; CHI = Closed Head Injured.

Figure 8. Long delay free recall, for closed head injured
and control subjects, high and low frontal system
functioning, guided and non-guided semantic encoding at Test
administration 2.
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Figure legend.
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FX/NG = High frontal system function, no guided semantic
encodingj HI FRONT FX/G = High frontal system function,
guided semantic encodingj CHI = Closed Head Injured.

Figure 9. Recognition discriminability performance for
closed head injured and control subjects, high and low
frontal system functioning, guided and non-guided semantic
encoding at Test administration 2.

139

18
17
16
15
14

lfl

r--

lfl

z

H

CONDITIONS

12

~ 10
9

Cl

8
7
6
5
4

::J

w

~

~

~

LO FRONT FX/NG

~

HI FRONT FX/G

II LO FRONT FX/G
D HI FRONT FX/NG

11

u

~

~

13
0

1"'1

lfl

3

2
1
0

CHI

CONTROL

Figure legend. LO FRONT FX/NG = Low frontal system
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encoding; HI FRONT FX/G = High frontal system function,
guided semantic encoding; CHI = Closed Head Injured.

Figure 10. Years of education for closed head injured and
control subjects, high and low frontal system functioning,
guided and non-guided semantic encoding at Test
administration 2.

140

85
80
75
tf)
70
65
f-i
tf)
60
55
~
H
f-i 50
H
Z 45
(!)
0
t> 40
35
30
0
f-i 25
20
15
10
5
0

~

U1
lfl

.

r-

eo
eo

lfl

r-

lfl

1'1

r-

~

lfl

N
1'1

r-

CONDITIONS

~

II
D
IJZJ
:;"'-

LO FRONT FX/NG
LO FRONT FX/G
HI FRONT FX/NG
HI FRONT FX/G

~

~

CHI

CONTROL

Figure legend.
LO FRONT FX/NG = Low frontal system
function, no guided semantic encoding; LO FRONT FX/G = Low
frontal system function, guided semantic encoding; HI FRONT
FX/NG = High frontal system function, no guided semantic
encoding; HI FRONT FX/G = High frontal system function,
guided semantic encoding; CHI = Closed Head Injured.

Figure 11. Performance on Cognitive status Exam for closed
head injured and control subjects, high and low frontal
system functioning, guided and non-guided semantic encoding
at Test administration 2.
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Effects of Encoding Specificity
It was hypothesized that the closed head injured
subjects would show significant improvement in the situation
where they were provided with a semantic cue at both
encoding and retrieval.

This hypothesis is based on the

notion of encoding specificity and the speculation that
closed head injured subjects would derive more benefit from
the maximal structure of guided encoding and cued recall,
when compared to control subjects.
was not confirmed.

However, this hypothesis

Inspection of Figure 12 reveals that the

level of improvement in the guided semantic condition,
compared to the non-guided encoding condition, for cued
recall, is similar for control subjects and closed head
injured sUbjects.

The relationships are the same for short

and for long delayed recall.

statistical tests confirm that

in a 2 (Group) X 2 (Encoding type) ANOVA for short delay
cued recall the main effects for group (F
and encoding type (F

=

=

19.89, £ < .001)

9.40, £ < .005) are significant yet

the Group X Encoding type interaction is not (£ > .05).

The

pattern is the same for long delay cued recall, that is,
significant main effects for group and encoding type, but no
significant Group X Encoding type interaction.
For comparative purposes, the same relationships are
depicted for short and long delay free recall on Figure 13.
The overall performance on free recall is lower than cued
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recall.

Although this difference does not reach a

statistically significant level for short delay (2
it approaches significant for long delay (2

=

=

.059).

.152)
Closed

head injured subjects perform significantly more poorly than
controls.

Performance at long delay testing is not

significantly different than performance at short delay
testing.

Guided semantic encoding improves performance for

both subject groups to relatively the same degree.
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Figure 12. Effects of encoding specificity; performance of
closed head injured and control subjects in the guided and
non-guided semantic encoding conditions for short and long
delayed cued recall.
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Figure 13. Performance of closed head injured and control
subjects in the guided and non-guided semantic encoding
conditions for short and long delayed free recall.
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Cued Recall Advantage.

To determine whether closed

head injured subjects were more able to take advantage of
cues at cued recall, compared to controls, a repeated
measures MANOVA was performed.

To compare these results to

previously published findings, only subjects who received
standard administration of the CVLT were included in this
analysis.

The within-subjects repeated measures for; a)

short delay free recall and short delay cued recall and b)
long delay free recall and long delay cued recall, were
analyzed by group, only for subjects who had received
standard instructions of the CVLT.

Results reveal no

significant difference between short delay free recall and
short delay cued recall for either subject group.

The

improvement in long delay cued recall over long delay free
recall was significant (2 < .001) although the group by
amount of improvement interaction was not significant ( 2
.093).

=

This indicates that closed head injured and control

subjects improve to relatively the same degree in cued
recall compared to free recall in both short and long delay
conditions (see Figure 14).
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Discussion
Testing of Hypotheses
It was hypothesized that guided semantic encoding would
facilitate learning and memory performance as measured by
semantic clustering, short and long delay free recall, short
and long delay cued recall and recognition discriminability.
This hypothesis was confirmed for all measures.

The

subjects that received guided semantic encoding performed
superiorly to those who did not.

This finding suggests that

both closed head injured and control subjects are n't
spontaneously semantically encoding to the degree

th~~

they

are capable of when given external guidance.
It was further hypothesized that guided semantic
encoding would facilitate learning and memory performance in
closed head injured subjects to a greater degree than in
normal subjects.

This hypothesis was not confirmed for any

of the variables tested.

That is, no significant group by

encoding type interaction terms resulted for any memory
variable analyzed.

Guided semantic encoding helped closed

head injured subjects in the same way, and to relatively the
same degree, as it did control subjects.

Evidence in the

literature indicates that non brain damaged subjects
spontaneously semantically encode and organize to-be-Iearned
material.

However, they do not do so completely or

perfectly and therefore, are capable of utilizing guided
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semantic encoding to improve their learning and memory
performance.

Also, these data suggested that control

subjects classified as low frontal system functioning
benefitted relatively more than high frontal system
functioning controls.

However, given the relationship

between education and frontal system functioning, what may
account for this observed pattern is that guided semantic
encoding is compensating for relatively less education in
these sUbjects.

Further investigation of normal control

subjects and factors (such as education) which may be
related to the quality of spontaneous semantic encoding
would help clarify questions related to strategic approaches
and efficiency in spontaneous semantic encoding in non brain
damaged individuals.
It was hypothesized that closed head injured subjects
demonstrating low frontal system functioning would benefit
more from guided semantic encoding than higher frontal
functioning sUbjects.

Statistically, this hypothesis was

not confirmed as no four-way interaction terms (group by
encoding type by frontal system functioning by change from
Test administration 1 to 2) were found to be significant.
However, when that patterns of performance are evaluated,
there appears to be a marked beneficial effect of guided
semantic encoding, for closed head injured subjects
classified as low frontal system functioning, particularly

149

on the long delay free recall and recognition
discriminability tests.

The nature of the beneficial

effect of guided semantic encoding is somewhat indirect,
however.

Closed head injured subjects who were classified

as low frontal system functioning and did not receive guided
semantic encoding performed much more poorly on long delay
free recall and recognition discriminability at Test
administration 2 compared to Test administration 1.

One

explanation for this finding is that guided semantic
encoding minimizes the effect of proactive interference for
those who may be particularly vulnerable to interference
effects (the low frontal system functioning closed head
injured subjects).

That is, long delay free recall and

recognition discriminability performance on the second test
administration is severely compromised (because there has
been a great degree of verbal information presented and thus
a likely situation for significant proactive interference)
unless guided semantic encoding is provided at the second
test administration.

Guided semantic encoding appears to

minimized the effects of proactive interference,
particularly under delay conditions, for closed head injured
subjects who have been classified as demonstrating lower
frontal system functioning.
Lastly, it was hypothesized that the facilatory effects
of guided semantic encoding would be enhanced when recall
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was semantically cued compared to when recall was not cued.
This hypothesis was not confirmed.

Neither closed head

injured nor control subjects demonstrated significantly
enhanced performance in the situation where they received
semantic cues at both encoding and retrieval, for neither
short nor long delay intervals.

This result is in contrast

to that expected based on the notion of encoding specificity
which suggests that retrieval is enhanced when cues at
encoding and retrieval are similar.

It has been reported in

the literature that Korsakoff's syndrome patients
particularly benefit from cues given both at encoding and
retrieval, but this situation was not observed for closed
head injured subjects in the present study.

One explanation

may be that the overall learning and memory impairment in
closed head injured patients is not as severe as the
learning and memory impairment generally observed in
Korsakoff's syndrome patients.

It may be that closed head

injured subjects have some ability to use spontaneous
strategies whereas Korsakoff's syndrome patients have
markedly less ability to do so.

This may account for what

appears to be, in at least some Korsakoff's patients, a
maximal benefit from external cuing at both encoding and
retrieval.
Despite the finding that guided semantic encoding
facilitated verbal learning and memory, the performance of
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closed head injured individuals did not reach that of normal
controls.

This suggests that failure to initiate and

structure an organizational semantic encoding strategy is
not the only deficit contributing to the observed verbal
learning impairment in closed head injured individuals.
There are at least two possible explanations.
be the case that merely

First, it may

assisting in the initiation and

providing structure to encourage semantic categorization of
an item are not enough to raise performance levels to that
of controls because there exists other frontal system,
executive control deficits.

For instance, it may be that

attentional deficits are such that adequate attention is not
being paid to list items on various trials.

This may lead

to partially facilitated verbal learning and memory
performance.

Another explanation is that maximally

efficient organizational processing is not possible
following guided semantic encoding in closed head injury
patients because there exists a decrement in either the
contents of, or ability to adequately utilize, semantic
information (for reasons other than executive control).
Reports in the literature tend to suggest that semantic
memory is not impaired in closed head injury; however, there
are many ways of evaluating semantic memory and there have
been relatively few studies to directly assess the extent or
quality of semantic processing.

An alternative explanation
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would be that closed head injured subjects have impairment
in the storage aspects of episodic memory.

A storage

deficit cannot be ruled out as an explanation for the
observed pattern of impairment in closed head injured
subjects, compared to controls, even under conditions of
semantic encoding and cued recall.
Further evaluation of the nature of spontaneous
semantic processing in closed head injured individuals would
provide more information in terms of the functional
integrity of closed head injured individuals.

Perhaps

research paradigms that have been used to evaluate the
integrity of semantic memory in Korsakoff's syndrome
patients would yield more information on the integrity of
semantic memory in closed head injury individuals.

For

instance, a false recognition paradigm has been used to
evaluate the nature of spontaneous encoding processes in
Korsakoff's syndrome patients (Cermak, Butters, & Gerrein,
1973).

In this paradigm, subjects are asked to read a long

list of words and are told that some of the words are
repeated, and that they are to detect the repeated words.
Some of the words are actually repeated, however, some words
have later counterparts that are homonyms, associates or
synonyms.

The degree and types of errors subjects make are

believed to reflect automatic encoding processes.

Results

from this study suggest that although Korsakoff's patients
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can encode semantically when instructed to do so, they tend
to spontaneously encode using shallower features of the
items (i.e. acoustic or associative).
Benefits of this study
Clinical
Findings from this study are important because
individuals suffering from closed head injury do demonstrate
improved learning and memory following guided semantic
encoding.

This suggests that the mechanisms necessary for

semantic encoding are operational, at least to some extent,
in closed head injured individuals, as they are in control
sUbjects.

Further, it appears that guided semantic encoding

facilitates verbal memory performance regardless of the
degree of frontal system functioning.

In fact, guided

semantic encoding may be particularly beneficial to closed
head injured individuals with low frontal functioning in
that it appears to facilitate their performance in
discriminating previously encountered material.

Further

attempts to identify interventions that result in improved
performance in closed head injured individuals may advance
the field of cognitive rehabilitation.

Furthermore,

continued efforts should be made towards determination of
clinical subgroups of closed head injured individuals for
whom applied interventions may be more beneficial.
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Theoretical
It is interesting to compare closed head injury and
other memory disordered populations.

Closed head injured

subjects are similar to Korsakoff's and frontal patients in
that they do not spontaneously encode semantically but can
encode spontaneously with encouragement.

Closed head

injured subjects are different from Korsakoff's patients in
that they do not demonstrate a notable advantage to
receiving cues at encoding and retrieval compared to cues at
either encoding or retrieval.

Further, in this study,

results indicate that level of frontal system functioning
does not interact with the degree to which subjects can
benefit from guided semantic encoding.

This finding

suggests a need for further research to better understand
processes underlying semantic encoding in both memory
disordered and non-disordered individuals.
Lastly, results indicate that closed head injured
subjects demonstrate consistently similar patterns, albeit
depressed overall, to demographically matched control
sUbjects.

This observation suggests a global deficit

affecting closed head injured individuals.

Given the

diffuse axonal shearing and stretching damage often
consequent to closed head injury, one explanation for the
pattern of depressed performance, compared to controls, is
that of a generally weakened system that results in slower,
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less efficient, yet qualitatively similar performance.
Further research investigating the effects of global factors
such as attention, arousal, or speed of processing would
help identify the degree to which these factors contribute
to observed performance in closed head injured individuals.
Limitations of this study
An attempt was made to control for functional severity
of closed head injured individuals based on frontal system
functioning.

other measures of severity may have been more

useful in differentiating closed head injury into clinically
important subgroups.

For example subdividing subjects on

attentional abilities may have resulted in identification of
differential ability to benefit from guided semantic
encoding.

Additional data on frontal system functioning

(e.g. planning, problem solving, initiation, cognitive
flexibility, sequencing) would also have strengthened this
study.
Current brain imaging would have strengthened this
study in that aspects of performance could have been
correlated with observed anatomic or physiologic features.
However, it is likely that in this population diffuse
microscopic damage would not be observable on structural
imaging such as computerized tomography or magnetic
resonance imaging.

Physiologic measures of dynamic brain

functioning, such as single photon emission tomography or
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positron emission tomography, may be a useful direction for
research in closed head injury.

These measures would

provide information about functional integrity of various
brain regions.
In retrospect, the amount and type of rehabilitation
subjects had received should have been controlled.

It

became evident that several subjects who participated in
this study may have been taught semantic encoding techniques
during their rehabilitation.

controlling for this

potentially confounding variable would have strengthened the
study.

In a related fashion, analyzing the data with

interval between injury and test, as a covariate, would
provide information on whether time since injury may be
related to the observed ability to utilize semantic
encoding.

Subjects in this study were not tested until they

were at least three months post injury, and therefore
relatively stable.

However, even without having received

direct training in encoding techniques, subjects may, with
time, improve their ability to semantically encode
information.

This analysis can be done with data obtained

as part of this study but are beyond the scope of this
paper.
Lastly, the degree to which these results can be
generalized to everyday memory functioning is limited.
list memorization is somewhat artificial compared to

Word
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everyday memory requirements.

It would be valuable, in

future investigations, to determine the extent to which
memory intervention in experimental situations generalizes
to everyday performance.

158

Appendix A
Speech Discrimination Screening Test
Instructions:
"I am going to say some words. Listen
closely and tell me if the words are the same or different.
For example, listen to these words; THAT VAT."
(Say both
words with equal emphasis and the same intonation.)
"Do
they sound exactly the same or are they different? Now
listen to these words; DOG DOG. Do they sound the same or
different?"
Administer all items.
Scoring: One point is awarded for each correct
discrimination.
Interpretation: An error rate of 20 percent or greater will
result in deselection from the study.
1.

2.
3.
4.
5.
6.
7.
8.
9.

10.
1112.
13.
14.
15.
16.
17.
18.

bare
past
home
thin
sharp
cheap
gave
day
town
zip
gum
vase
bat
hop
vote
cheese
soil
vine

dare
fast
home
shin
sharp
jeep
gave
they
town
zip
gum
face
pat
hop
boat
cheese
foil
vine
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Appendix B
Subject Characteristics
(S) = self report
(M) = medical records
SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

01PST
Female
21
14
4 months
Motor vehicle accident
(seatbelt broke in accident)
20 minutes
Presumed 13-14 on hospital
admission
2 weeks

NA

02PGM

Male
30

14
12 months
Motor vehicle accident,
unrestrained
1 day
Presumed moderate injury
2 weeks
CT scan - minimal subarachnoid
hemorrhage
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:

DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

03PJC
Female
38

15
28 months
Motor vehicle accident,
restrained, right back seat,
hit by another vehicle on the
right side
4 - 5 days (8); 1 day (M)
6 - 7 on hospital admission
8 weeks
11 days post injury CT scan
revealed area of increased
density in the right parietal
region; 17 days post injury
MRI revealed small hemorrhagic
contusion in the region of the
head of the caudate on the
right side, shearing injury in
the area of forceps minor on
the right side, and a small
left occipital pole subdural
hematoma.

04PMD
Female
41
13

253 months
Motorcycle accident
90 days
Presumed severe injury
12 weeks

NA
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

05PHV
Male
22
12
3 months
Motor vehicle accident,
unrestrained, thrown from
vehicle
14 day
3 on hospital admission
2 weeks
On day 1 of injury, CT
negative for fractures and
bleeds, positive for soft
tissue hematoma in right
occipital region. On day 2,
slight diffuse swelling, MRI
negative.

06PJN
Male
33
17
18 months
Bicyclist, hit by truck
30 minutes
Presumed mild severity, alert
and oriented on hospital
admission
1 day

NA

162

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

07PWS
Male
27

14
38 months
Motorcycle accident, no helmet
60 days (S); 60 days to follow
commands (M)
3 on hospital admission
10 weeks
On day 3 post injury, CT
revealed punctate contusion in
the frontal lobe and in the
brain stern. On day 10
following injury, these
contusions have resolved,
areas of edema in the frontal
lobes exist, greater on left
than right.

08PKH
Male
37

12
120
Pedestrian, hit by motor
vehicle
5 days
Presumed severe injury
5 days
Right temporal parietal
epidural hematoma and skull
fracture, right frontal
epidural hematoma. Additional
contusion hematoma within the
left frontal and temporal
areas.
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

09PTE

Male
35

15

80 months
Motor vehicle accident
10 days
Presumed moderate injury
3 weeks

NA

10PJS

Male
46
14

196 months
Motor vehicle accident, thrown
from vehicle
?
Presumed severe injury
? (continues to be mildly
disoriented to time)
X-ray results show no evidence
of skull fracture, ~light soft
tissue swelling over vertex of
skull.

IlPFR
Female
33
16
92 months
Motor vehicle accident, hit
head on by another vehicle
42 days
Presumed moderate to severe
injury
8 weeks

NA
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

12PTD
Male
45
17
15 months
Motor vehicle accident,
unrestrained, not thrown
21 days (S); 14 days (M)
6 - 8 on hospital admission
5 weeks (S); 5 weeks (M)
CT scan revealed anterior
subarachnoid hemorrhage in
left temporal-parietal region,
no midline shift or other
intracranial lesions noted.
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:

13PKR
Male
21
12
8 months
Motor vehicle accident,
restrained
7 days
Presumed 6-8 on hospital admit
2 weeks (8) 3 weeks (M)
On day of injury, CT revealed
several punctate contusions in
the high medial region.
Two
days post injury CT revealed
rounded focal areas of
increased density, one in
right and one in left frontal
region, probably small focal
contusions.

14PYI
Female
50

10
10 months
Fall
20 minutes (8); 2-3 minutes
(M)

GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

13
2 weeks
On day of injury CT revealed
large left posterior temporal
hemorrhagic contusion and
small left posterior frontal
lobe hemorrhagic contusion,
minimal midline shift.
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

15PIB
Male
19
12
5 months
Motorcycle accident
? (8); Questionable loss of
consciousness (M)
5 -

7

10 weeks (8); 10 weeks (M)
Initial CT was negative; day 4
post injury, CT scan revealed
contusion or hemorrhage of the
left anterior temporal tip,
right parietal infarction.

16PMW
Male
28
12

18 months
Motorcycle accident, no helmet
? (8); 11 days (M)
Presumed 7 on hospital
admission
2 weeks (8); 4 weeks (M)
CT on day of accident revealed
upper parietal parafalcial
subdural hematoma, extending
into right convexity,
suspicion of contusion effect
to upper right parietal lobe
and possibly right temporal
lobe, low grade right to left
shift.
On day 2, same
findings as day one plus,
right frontal contusion and
contusion edema in right
temporal lobe. On day 6,
developing area of contusion
edema within anterior portion
of left frontal lobe, anterior
left temporal lobe contusion
edema.
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

17PML
Female
18
12
18 months
Motor vehicle accident, hit by
truck, roof of her vehicle hit
the left side of her head
90 days (S); 21 days (M)
Presumed severe injury
12 weeks (S); 12 weeks (M)
One year post injury, MRI
reveals several deep white
matter areas of increased
signal in the left frontalparietal region as well as
slight prominence of the sulci
in the left parietal region.

18PLA
Female
28
14
54 months
Pedestrian, hit by vehicle
60 days
Presumed severe injury
16 weeks

NA

19PCW
Female
52
13
4 months
Bicyclist, hit by vehicle
2 hours (S); 15 minutes (M)
8

5 weeks (S); 5 weeks (M)
CT on day of injury was
negative.
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:

20PJH
Male
34

12
174 months
Motor vehicle accident,
unrestrained, thrown from
vehicle
21 days (8); "extended corna"
(M)

GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

Presumed 3 on hospital
admission
16 weeks
On admission, films obtained
showed a long linear somewhat
irregular fracture low in the
frontoparietal region.
Later,
a large epidural abscess
involving the left frontal
area extending to right
frontal region.

21PT!
Male
20
12
3 months
Motorcycle accident, hit head
on by recreational vehicle, no
helmet
4 days (8)
7

1 week
On day of injury CT revealed
two focal hemorrhages of the
left frontal region and one
small hemorrhage of the right
frontal region, fracture of
the left frontal skull,
comminuted fracture of the
anterior wall of the left
frontal sinus, left middle
temporal lobe hemorrhage.
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:
DURATION OF COMA:
GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

22PDS
Male
41
13

116 months
Motorcycle accident, hit by
truck
8 days
Presumed moderate to severe
injury
4 weeks
NA

23PAG
Female
42
13

133 months
Motor vehicle accident,
restrained
21 days (S); 13 days (M)
4

9 weeks
On the day after injury CT
revealed soft tissue swelling
over the left temporal
parietal region, left temporal
parietal hematoma, 2 small
foci of hemorrhage in left
frontoparietal region. On day
17 post-injury, CT reveals
resolution of the above
findings.
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SUBJECT CODE:
GENDER:
AGE:
EDUCATION:
INJURY TO TEST INTERVAL:
TYPE OF ACCIDENT:

DURATION OF COMA:

24PTH

Female
32
16
133 months
Motor vehicle accident,
unrestrained, hit head on by
another vehicle, forehead hit
steering wheel
42 days (8); responding on day
2

GCS:
POST-TRAUMATIC AMNESIA:
BRAIN IMAGING REPORTS:

(M)

Presumed 10 on hospital
admission
6 weeks
CT scan on day of injury
reveals frontal skull
fracture, depressed,
with
underlying air and blood in
the left frontal area and
several small hematomas in
both frontal lobes, primarily
the right.
Day 8, CT reveals
no significant changes.
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Appendix C

Glasgow Coma Scale
Eye OQening
None
To pain

1
2

To speech

3

Spontaneous

4

Not attributable to ocular swelling.
Pain stimulus is applied to chest or
limbs.
Nonspecific response to speech or shout,
does not imply the patients obeys command
to open eyes.
Eyes are open, but this does not imply
intact awareness.

Motor ResQonse
No response
Extension

1
2

Abnormal flexion
Withdrawal

3
4

Localizes pain

5

Obeys commands

6

Flaccid.
"Decerebrate" Adduction, internal rotation
of shoulder, and pronation of the forearm.
"Decorticate" Adduction of the shoulder.
Normal flexor response; withdraws from
pain stimulus with abduction of the
shoulder.
Pain stimulus applied to supraocular
region or fingertip causes limb to move so
as to attempt to remove it.
Follows simple commands.

Verbal ResQonse
No response
Incomprehensible

1
2

Inappropriate

3

Confused

4

Oriented

5

Moaning and groaning, but no recognizable
words.
Intelligible speech (e.g. shouting or
swearing) but no sustained or coherent
conversation.
Patient responds to questions in a
conversational manner, but the responses
indicate varying degrees of disorientation
and confusion.
Normal orientation to time, place, person.

Summed Glasgow Coma Scale Score = Eye opening + Motor response + Verbal
response (possible range = 3 to 15)
Classification
Normal
Mild Injury
Moderate Injury
Severe Injury

GCS score
15
13-14

9-12
3-8
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Appendix D
Galveston orientation and Amnesia Test (GOAT)
Instructions: Error points (shown in parenthesis after each
question are scored for incorrect answers and are entered in
the two columns on the extreme right side of the test form.
Enter the total error points accrued for the 10 items in the
lower right hand corner of the test form. The GOAT score
equals 100 minus the total error points. Recovery of
orientation is depicted by plotting serial GOAT scores on at
least a daily basis.
1.

What is your name? (2)
When were you born? (4)
Where do you live? (4)

2.

Where are you now? (5)
City? (5)

3.

On what date were you admitted to the
hospital? (5)
How did you get (t)here? (5)

4.

What is the first event you can remember
after the injury? (5)
Can you describe in detail the first event
you can recall after the injury? (5)

5.

Can you describe the
before the accident?
Can you describe the
before the accident?

6.

What time is it now? (1 for each half hour
removed from correct time to a maximum of 5)

7.

What day of the week? (1 for each one removed
from correct one)

8.

What day of the month? (1 for each day removed
from correct date to a maximum of 5)

9.

What is the month?
(5 for each month removed
from the correct one to a maximum of 15)

10.

What is the year?
(10 for each year removed
from the correct one to maximum of 30)

last event you recall
(5)
first event you recall
(5)
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