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This study explores the possibility that attentional 

deficits are an early clinical symptom of Alzheimer's 

disease. The three goals are to demonstrate that 

individuals with Alzheimer's disease are impaired on tasks 

of attentional processing, to compare the sensitivity of 

currently used measures of attention to attentional 

dysfunction, and to compare the behavioral response styles 

(errors of commission) of Alzheimer's disease subjects and 

non-impaired subjects. 

The subjects were 22 males and 46 females with a mean age 

of 70.76 years. Thirty-six had the presumptive diagnosis of 

Alzheimer's disease; 18 were identified as mildly impaired 

and 18 as moderately impaired on the Cognitive Capacity 

Screening Examination. The remaining 32 subjects comprised 

the non-impaired control group. 

Five measures of attention were administered to all 

participants: the Digit Span Subtest of the WAIS-R, the 

Seashore Rhythm Test of the Halstead-Reitan 

Neuropsychological Battery, the Vigilance and 



Distractibility tasks of the Gordon Diagnostic System, and 

the Concentration/Interference task. 

The results show a significant difference in attentional 

processing between normal (non-impaired) subjects and 

subjects diagnosed with Alzheimer's disease. All measures 

of attention used in this study, except the 

Concentration/Interference task, differentiated normal 

subjects from moderately impaired Alzheimer's disease 

subjects. The Digit Span Subtest and the Seashore Rhythm 

Test were unable to differentiate between normals and mildly 

impaired Alzheimer's disease subjects or between mildly and 

moderately impaired Alzheimer's disease subjects. The 

Gordon Diagnostic System was able to distinguish normals 

form mildly impaired Alzheimer's disease subjects and mildly 

from moderately impaired Alzheimer's disease subjects. On 

the Gordon Diagnostic System the Alzheimer's disease 

subjects made significantly more errors of commission than 

did the normal subjects. 

This investigation concludes that attentional processing 

dysfunction occurs in the dementing process associated with 

Alzheimer's disease. The findings suggest that the Gordon 

Diagnostic System is a more sensitive technique for 

assessing attentional dysfunction than the other measures of 

attention used in the study. 
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CHAPTER 1 

INTRODUCTION 

Attention Defined 

The term attention characteristically refers to a 

control process which enables an individual to select, from 

a variety of alternatives, the task the person will perform, 

or the stimulus to which the individual will attend, and the 

cognitive strategy the person will adopt to complete these 

operations (Moscovitch, 1979). As such, attention 

represents a variety of different cognitive processes, 

including the ability to maintain an optimal level of 

alertness or vigilance when confronted by low levels of 

stimulation, the ability rapidly and accurately to detect 

arrays of signals, and the ability to select or filter 

specific stimuli from a background of irrelevant information 

(Poon, 1983). In a conceptual model of attention proposed 

by Posner and Boies (1971), three functional components of 

attention were identified: alertness, selection, and limited 

capacity. Posner and Snyder (1975a, 1975b) expanded this 

model by distinguishing between early and late selection in 

attention. Early selection in attention refers to habitual 

processing which has a virtually unlimited capacity. Late 

selection in attention refers to conscious attention which 
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is directed toward stimulus set analysis and has a limited 

capacity. Kahneman (1973) proposed effort as a primary 

functional component of attention. He stated that mental 

activity requires two types of input: a specific 

informational input and a nonspecific input; this latter 

input he termed effort. In addition, Kahneman (1973) made 

the distinction between voluntary and involuntary attention. 

Voluntary attention refers to the exertion of effort in 

activities which are selected by current plans or 

intentions, and involuntary attention refers to the exertion 

of effort in activities which are selected by more enduring 

dispositions and collective stimulus properties (Sheer & 

Schrock, 1986). Thus, both dimensions, selectivity and 

effort, are viewed as critical aspects of attention. 

Selective attention refers to the selective allocation 

of effort to the processing of certain perceptual units in 

preference to others (sheer & Schrock, 1986). In order to 

control attention processing, Pribram and McGuinness (1975) 

proposed a model consisting of three classes of focal 

symptoms: phasic arousal, tonic activation, and effort. 

Phasic arousal involves a distinct response to input in 

sensory and encoding processing, tonic activation refers to 

a readiness to respond process, and effort is described as a 

coordinated control of these two processes. In an alternate 

model suggested by Sheer (1984), five more or less 

hierarchical and independent processing modes are involved 
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in the control of attention. Sheer's (1984) model includes 

an afferent processing mode, a facilitatory processing mode, 

an inhibitory processing mode, an efferent processing mode, 

and a modulatory processing mode. Selective and directive 

properties of attention are presumably supplied by the 

modulatory processing mode. The modulatory processing mode 

has also been identified as a functional component of 

focused arousal and selective gating mechanisms. This model 

hypothesizes that the processing modes interact and that 

these interactions between functional components are 

directly related to the cumulative output of attention. 

The Neurobiology of Attention 

Distinct neural substrates have been related to the 

various components of attention. Pribram and McGuinness 

(1975) have associated the amygdala with their phasic 

arousal system, the basal ganglia with the tonic activation 

system, and the hippocampus with effort. Sheer (1984) 

suggested that the afferent processing mode is restricted to 

peripheral receptors and specific transmission circuitry 

ascending to the first input station in the cortex. The 

facilitatory processing mode involves distinct components of 

the brain stem reticular system. The inhibitory processing 

mode is innervated by the thalamic reticular system as 

controlled by brain stem reticular pathways and frontal 

cortex. The efferent processing mode has its neural 

circuitry in the basal ganglia, and the neural substrate for 
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the modulatory processing mode involves limbic and 

neocortical circuitry. Sheer (1984) integrated the various 

subcortical cerebral circuitry when describing the neural 

substrate for focused arousal, a functional subcomponent of 

attention. He suggested that focused arousal involves an 

ascending cholinergic reticular system originating in the 

parabrachial nuclei of the rostral pons, passing through the 

lateral hypothalamus, synapsing in the basal forebrain, and 

then distributing widely to cortex from the nucleus basilis 

of Meynert (nbM). in an alternative theory, Corkin, 

Growdon, Sullivan, Nissen, and Huff (1986), and Freed, 

Corkin, Growdon, and Nissen (1988) associated the locus 

Coeruleus (LC) and the related noradrenergic pathways with 

attention and arousal. They suggested that deficits in 

attentional focusing may be the result of reductions in 

cortical noradrenaline (NA) secondary to selective 

degeneration in the LC. Disruptions in the structures or 

circuitry associated with the functional component of 

attention would undoubtedly have negative effects on 

attention and, possibly, on other aspects of cognitive 

functioning as well. 

Attention and Memory 

Attention is viewed as the first step in the perceptual 

process. Attention is required in order to narrow the 

perceptual field, to select certain stimuli from the 

constant disarray of sensory information, and to decide 
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which set of stimuli to pay attention to at any given 

moment. Disturbances of attention have been implicated in 

the disruption of the learning process (Poon, 1983). Craik 

and Lockhart (1972) suggest that attention to material in a 

sensory register is equivalent to reading it out and 

transferring it to short-term store. The retention of this 

material is a function of the depth of processing and 

various additional factors, such as the amount of attention 

devoted to the material. Craik and Lockhart (1972) stated 

that, when attention is diverted from a stimulus, 

information will be lost at the rate appropriate to its 

level of processing. Miller (1981) hypothesized that one 

possible explanation of short-term memory defect is that the 

defect represents a disturbance at the input end of the 

system that reduces the efficiency with which information 

gets into short-term memory. He cited disturbed attentional 

processes as possibly having this effect. Sheer (1984) 

stated that focused arousal, a component of attention, 

represents a first-order interaction between sensory inputs 

and/or long-term store at the cortex. In a conceptual model 

of cognitive impairment proposed by Ferris and Crook (1983), 

deficits in attention are directly related to memory 

functioning and high order cognition. Thus, these theorists 

suggest that impairments in the initial stages of perception 

will result in deficits in the later stages of information 

processing, including memory formation. 



Behavioral Manifestations of Attention 

Although theoretical models of attention and 

information processing are useful for parceling out the 

components of brain function, they remain abstract 

representations of normal brain operation. Norman (1979) 

stated that, in the normally functioning brain, attention 

does not operate through a series of temporally sequenced 

processing stages. Instead, a set of interacting mechanisms 

function conjointly to produce the final resultant of 

attention. A number of different techniques have been 

developed to study the behavioral manifestations of 

attention. Such strategies include reaction time tasks, 

response accuracy tasks, and what Posner and McLeod (1982) 

referred to as mental operation tasks. These tasks 

typically differ in terms of sets of operations as specified 

by both stimulus presentation paradigms and instructional 

sets to the subjects (Sheer & Schrock, 1986). Sheer and 

Schrock (1986) have classified these tasks as shadowing, 

cuing, divided attention, monitoring, and searching. The 

last two tasks, monitoring and searching, are of particular 

interest to the present study. Monitoring tasks are based 

on the phenomenon known as the vigilance decrement. This 

phenomenon pertains to the fact that it is extremely 

difficult to maintain optimum levels of alertness or 

vigilance over prolonged periods of time when faced with low 

levels of stimulation. The object of the monitoring task is 
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to keep memory, motor, learning, and problem-solving 

requirements to a minimum, while simultaneously requiring 

continuous sustained attention or vigilance. Typical 

vigilance tasks use a detection paradigm in which signals 

are weak and unpredictable. An alert observer will easily 

detect these signals, but they will be missed by an 

individual who is not attentive. Searching tasks involve 

both target stimuli and non-target, or distracting, stimuli. 

These tasks require the subject to identify or discriminate 

a target from distractor items. Detection accuracy and the 

amount of time taken to identify the target have typically 

been used as the dependent measures. 

Attention and Age-Related Changes 

A review of the literature on attention and aging 

reveals that some components of attention are spared while 

other components are negatively affected. Albert (1981, 

1984) reported that simple tasks of attention, such as digit 

span forward, are performed equally well by young and old 

adults. Divided attention, however, is impaired in older 

individuals. Hoyer, Rebok, and Sved (1979) report that 

increasing the number of irrelevant stimuli in a 

selective-attention problem-solving task reduced performance 

speed and increased errors and that the effect was stronger 

in elderly adults than in younger adults. These results 

were interpreted as indicating an age effect on the ability 

to attend selectively to relevant information and to ignore 
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irrelevant information. Rabbitt (1965) reported that 

irrelevant information slowed solution times to a greater 

extent in elderly adults, and it has been postulated that 

age differences in selective attention could account for 

this finding (Birren & Schaie 1985). 

Alzheimer's Disease 

Senile dementia of the Alzheimer's type is a chronic, 

progressive, deteriorative neuropsychiatric disease 

accompanied by profound and devastating effects on memory, 

cognition, and the ability for self-care. This type of 

dementia is one of the most common clinical syndromes among 

the geriatric population and constitutes a significant 

public health problem of great social and economic 

proportions. Although its exact prevalence has not been 

precisely established, the medical literature suggests that 

severe dementia may be present in 1.0 to 9.1% of the 

geriatric population, and mild dementia may be present in an 

additional 2.6 to 15.4%. Statistical data compiled by the 

National Institute of Mental Health and the National Center 

for Health Statistics suggest that approximately 63% of 

elderly persons institutionalized in all public and private 

psychiatric hospitals, nursing homes, and personal care 

homes in the United States suffer from dementia. Thus, 2.3% 

of the population aged 65 or over may be considered to 

suffer from dementia of such severity that 

institutionalization is required. Using a mental status 
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questionnaire, Pfeiffer (1975) reported, that of a 

randomized sample of residents aged 65 and over living in a 

southeastern United States community, approximately 4% were 

found to show moderate to severe mental impairment, in 

1970, it was established that a minimum of more than one 

million elderly persons in the United States suffered from 

dementia. Assuming no diminution in the prevalence rate, it 

is projected that by the year 2000 at least two million 

elderly individuals will have dementia. Already, the care 

of these patients represents a tremendous burden to 

families, health care professionals, and society as a whole. 

This burden will only become more overwhelming as the 

elderly population continues to increase. 

The clinical syndrome of senile dementia of the 

Alzheimer's type is characterized and identified by its 

unique onset, course, and presentation. The Diagnostic. *nri 

Statistical Manual of Mental Disorders (DSM III-Rr 1987) 

states that the essential feature of this syndrome is 

the presence of dementia of insidious onset and a 

generally progressive, deteriorating course for which 

all other specific causes have been excluded by the 

history, physical examination, and laboratory tests. 

The dementia involves a multifaceted loss of 

intellectual abilities such as memory, judgment, 

abstract thought, and other higher cortical functions, 

and changes in personality and behavior (pp. 119-120). 
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Thus, according to DSM III-R, Alzheimer dementia can be 

conceptualized as consisting of three components: l) 

cognitive impairment, memory in particular—the essential 

feature of dementia, 2) functional and structural impairment 

of the brain, and 3) behavioral manifestations which impair 

the individual's capacity for self-care, interpersonal 

relationships, and social adjustment (Wang, 1981). Although 

deficits in orientation, memory, intellectual functioning, 

judgment, and affectivity are stressed as the classic 

features of dementia, these symptoms emphasize the advanced 

stages of the dementing process and fail to incorporate the 

clinical picture in earlier stages of the disease before 

such gross malfunction is evident (Wells, 1977) . 

Early Detection and Structural Changes 
of Alzheimer's Disease 

The accurate, early detection of Alzheimer's disease 

(AD) has become an urgent health care concern. Joynt and 

Shoulson (1979) and Damasio and Van Allen (1979) discussed 

the importance of accurately differentiating AD from the 

increasing number of identified biological and psychosocial 

causes of dementia which are amenable to treatment. Early 

detection of dementia may also have a drastic impact on the 

choice of medication prescribed, since some drugs are known 

to have a negative impact on cognitive performance ("Drugs 

and Memory," 1982). Furthermore, Henderson and Huppert 

(1984) suggest that early detection of AD is an important 
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objective in order to avoid crises, plan appropriate patient 

management, and provide pharmacological treatment when it is 

most likely to be beneficial to the patient. Jolles (1984) 

suggested that treatment in the earlier stages of the 

disease can be expected to be more successful than in later 

stages because structural brain changes are less pronounced. 

And, finally, the behavioral, emotional, and cognitive 

profile displayed by the patient may provide a clue to the 

cause of the disease and its pathogenesis (Jolles, 1984). 

At the present time, a peripheral biochemical marker 

for the detection of AD has not been identified. Thus, the 

definitive diagnosis of this disorder can only be 

accomplished by histological confirmation through brain 

biopsy or autopsy (Katzman, 1986). The most characteristic 

morphological changes in the brains of patients with AD are 

neuritic plaques and neurofibrillary tangles (Moss & Albert, 

1988). The density and distribution of these abnormal 

structures are considered to be the most salient -

neuropathological marker for the diagnosis of AD. Other 

structural alterations in the brain associated with 

Alzheimer's include cortical atrophy (Gurtzman, Klimitz & 

Avdaloff, 1982), loss of neurons in cortical and subcortical 

regions (Ball et al., 1985; Corkin, 1982), granulovacuolar 

degeneration (Reitan & Wolfson, 1985), and loss of myelin in 

the cerebral cortex (Tomlinson, Blessed & Roth, 1970). 

Biochemical studies have consistently found a decrease in 



12 

the cholinergic enzymes acetylcholinesterase (AChE) and 

choline acetyltransferase (ChAT) in patients suffering from 

AD (Bartus, Dean, & Beer, 1982). Noradrenergic and 

serotoninergic systems (Rossor & Iverson, 1986) and 

neurotransmitter peptides (somatostatin and 

corticotropin-releasing factor) have also been found to be 

affected by AD (Davies, Katzman & Terry, 1980; Rossor, 

Emson, & Mountjoy, 1980). 

Of particular interest for the present study are the 

structural and biochemical changes which occur in the 

frontal neocortex, specifically in the nucleus basilis of 

Meynert (nbM), which is located in the substantia 

innominata. This structure contains clusters of neurons 

that are recognizable by their large size, abundant Nissl 

material, AChE activity, and physiological properties 

(Whitehouse, Price, Struble, Clark, Coyle, & DeLong, 1982). 

The nbM is a major source of cholinergic innervation 

throughout the cerebral cortex. It receives afferents from 

the amygdala, hypothalamus, peripeduncular nucleus, 

midbrain, and other brain stem nuclei, and sends projections 

to the amygdala, thalamus, hypothalamus, brain stem, 

olfactory bulbs, hippocampus, entorhinal cortex, and 

neocortex. Thus, the nbM is in a critical position for the 

integration of information from a wide variety of 

subcortical sources and for direct influence upon the 

cerebral cortex (Whitehouse et al., 1982) and focused 
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arousal (Sheer, 1984; Sheer & Schrock, 1986). It may also 

contribute to reward, learning, and attentional mechanisms 

(Coyle, Price & DeLong, 1983). 

Carlson (1986) stated that, during the early stages of 

AD, cortical degeneration primarily involves presynaptic 

terminal buttons, but as the disease progresses additional 

degeneration of cortical gray matter occurs. Recent 

research suggests that neurons of the nbM experience a 

profound (greater than 75%) and selective degeneration in 

patients with AD (Whitehouse et al., 1982). This 

degeneration provides a pathological substrate for the 

cholinergic deficiency evidenced in the brains of 

individuals suffering from AD. Since the nbM undergoes 

considerable change during the course of Alzheimer's 

disease, the cognitive functions mediated by this structure 

should also evidence significant decline. Therefore, the 

detection and measurement of such deficits may provide an 

early neuropsychological marker for the presence of AD. 

Bondareff, Mountjoy, and Roth (1982) and Iverson et al. 

(1983) have identified significant degeneration of the locus 

Coeruleus (LC) in some patients diagnosed as suffering from 

AD. The LC is located in the dorsal pons and contains cell 

bodies of the noradrenergic system. The LC sends neurons to 

the neocortex, hippocampus, thalamus, cerebellar cortex, and 

medulla; thus, the LC could potentially affect numerous 

widespread and important regions in the brain. 
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Corkin et al. (1986) implicated the LC in the mediation 

of attention, arousal, and spatial memory. These authors 

also suggest that noradrenaline (NA) is involved in the 

regulation of attention, arousal, mood, memory, and spatial 

abilities. Arai, Kosaka, and Iizuka (1984) report low NA 

concentrations in individuals diagnosed with AD. Palmer et 

al. (1987) similarly reported reduced levels of 

noradrenergic marker concentrations in AD patients, in a 

sample of AD patients studied by Freed et al. (1988), a 

significant association was found between deficits in 

attentional focusing and reduced levels of an NA metabolite. 

These studies suggest that degeneration of the LC may occur 

in AD and that the behaviors mediated by this structure may 

be compromised as a result of the degeneration. Again, 

measurement of the specific behavioral deficits secondary to 

LC degeneration may provide an early marker for the presence 

of AD. 

Laboratory Models of Alzheimer's Disease 

Over the past decade, several laboratories have used 

animal models to investigate the neurobiological changes 

that accompany age-related cognitive decline (Dean & Bartus, 

1985). These laboratories have also attempted to develop 

animal models which reflect the neural and cognitive changes 

associated with dementia in humans (Kolb & Nonneman, 1978; 

Pepeu, Casamenti, Bracco, Ladinsky, & Consolo, 1985). Kelly 

and Moore (1978) report that lesions of the nbM in rats 
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resulted in a diminution in ChAT activity in the cerebral 

cortex. Lesions of the nbM in rats have also been 

implicated in a marked decrease in AChE activity in the 

cerebral cortex (Wenk, Bigl, & Meyer, 1980). Lo Cante, 

Casamenti, Bigl, Milaneschi, and Pepeu (1982) reported that 

rats with unilateral electrolytic lesions of the nbM 

exhibited several changes in behavior, including impairments 

in the acquisition of a two-way active avoidance response 

and an increase in spontaneous motility. Bilateral 

excitotoxic lesions of the nbM have been found to result in 

impairment in the acquisition of a one-way active avoidance 

response and severe deficits in the retention of a passive 

avoidance response (Flicker, Dean, Watkins, Fisher, & 

Bartus, 1983). Beninger, Jhamandas, Boegman, and El-Defrawy 

(1984) suggest that nbM lesions impair working memory 

(recall of recent events of transient importance) but not 

reference memory (information stored over the long term). 

These studies indicate that lesions of the nbM result in 

significant impairment of the cortical cholinergic system, 

which is associated with deficits in cognitive functioning. 

Several studies have used animal models to investigate 

the role of cortical NA in attention and arousal. Robbins 

(1984) reported that lesions to the dorsal noradrenergic 

ascending bundle (DNAB) result in NA depletion in several 

cortical areas, including the neocortex and the hippocampus. 

Mason and Iversen (1979) suggest that rats with lesions to 
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the DNAB exhibit an attentional inability to screen out 

irrelevant stimuli. Robbins, Everitt, Fray, Gaskin, Carli, 

and de la Riva (1982) report that DNAB-lesioned animals 

displayed deficits in the acquisition of new tasks but not 

in performance. These studies suggest that depletions in 

cortical NA may result in attentional dysfunction. 

One of the major limitations of animal models is that 

cerebral structures are poorly defined in many subprimate 

species, thus preventing direct correlation between animal 

and human lesions, in experimental investigations of humans 

with localized lesions, it has been reported that frontal 

lesions impair performance on tasks which require sustained 

attention (Milner, 1974; Milner, 1982; Shallice, 1982). 

Wilkins, Shallice, & McCarthy (1987) report that patients 

with lesions involving the right frontal lobe were impaired 

on tasks requiring sustained voluntary attention. This 

study suggests that when the rate of stimulus presentation 

is slow, requiring individuals to impose attention 

voluntarily on an uninteresting task, anterior lesions 

result in deficits in the ability to maintain optimum levels 

of alertness over prolonged periods of time, since AD 

involves anterior structures (nbM), the present 

investigation may represent a human model for some of the 

deficits exhibited by individuals with AD. 
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Clinical Stages of Alzheimer's Disease 

As a result of the pathological structural changes and 

the dissolution of large numbers of neurons associated with 

Alzheimer's disease, drastic mental deterioration 

accompanies this disorder and eventually interferes with 

social and occupational functioning. Although memory 

failures are the most prominent and often first observed 

clinical symptom, cognitive disturbances occur in additional 

areas such as language usage, visuospatial abilities, 

apraxia, the ability to learn new problem-solving skills, 

abstract thinking, and the ability to make judgments 

(Katzman, 1986). Reisberg (1983) stated that the 

symptomatology of cognitive decline is fairly consistent 

across individuals with AD. He conceptualized the 

intellectual deterioration within three broad clinical 

phases. The initial phase of the disease process has been 

termed the "forgetfulness phase." During this phase, the 

cognitive deficit is primarily subjective and may be 

evidenced as an increased difficulty in recalling the 

formerly familiar names of places and objects, and as an 

increased tendency on the part of the individual to forget 

where objects have been placed. The deficits are not severe 

enough to disrupt social and occupational functioning, but 

the onset of these symptoms may result in minor disruptions 

within the individual's family system. 
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During the second phase, termed the "confusional 

phase," symptoms become increasingly apparent. Difficulty 

in recalling the names of persons and objects becomes more 

manifest, and the inability to remember where items have 

been placed results in increasing inaccessibility of 

valuables. Recall of recent events and activities in which 

the individual participated are disrupted, and the person is 

no longer capable of functioning in demanding social or 

occupational situations. Deficits in concentration are 

readily elicited, and the individual may become lost when 

traveling to a location which should have been reached 

without undue difficulty. 

The "dementia phase" is defined as beginning at the 

point at which the individual is no longer capable of 

independent survival. The inability successfully to 

complete basic activities of daily living is the hallmark of 

this phase of cognitive impairment. Gross disturbances in 

orientation, memory, and psychomotor abilities eventually 

result in the need for total health care and/or 

institutionalization. 

From this description of symptomatology, it is apparent 

that during the advanced stages of this condition there is 

not likely to be a diagnostic dilemma, but that during the 

initial stages differential diagnosis becomes more 

difficult. The Global Deterioration Scale, developed by 

Reisberg, Ferris, de Leon, and Crook (1982), identifies 
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seven distinct clinical stages of Alzheimer's disease. The 

first stage reflects no cognitive decline, and memory 

deficits are not evident in clinical interviews. The second 

stage, very mild cognitive decline, is comparable with the 

11 forget fulness phase." Complaints of memory deficits are 

primarily subjective, and objective evidence of memory 

deficits in clinical interviews is lacking. The third stage 

is that of mild cognitive decline, which occurs during the 

early part of the "confusional phase." The earliest 

clinically identifiable deficits become apparent at this 

stage. Intensive interviewing may identify objective 

evidence of memory deficits, although frequently there are 

no errors on mental status questionnaires (Kahn, Goldfarb, 

Pollack, & Peck, i960). it is during this stage that 

deficits in concentration can be detected by clinical 

testing. 

Alzheimer's Disease and Attention 

Several studies have explored the relationship between 

AD and attention; unfortunately, their results have been 

equivocal. In a preliminary investigation of the early 

stages of information processing by Miller (1977), it was 

reported that individuals with AD were much less efficient 

at extracting information from brief stimulus displays than 

were normal subjects. Miller (1977) hypothesized that 

defective attentional processing could account for these 

findings. Zarit, Miller, and Kahn (1978) reported that the 
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immediate repetition of a simple stimulus was a response 

which remained intact, regardless of the condition of brain 

functioning. Weingartner, Kaye, Smallberg, Ebert, Gillin 

and Sitaram (1981) reported that the psychometric 

performance of patients with progressive idiopathic dementia 

(PID) indicated that attentional mechanisms were largely 

unaffected by the disease process. Corkin (1982); Crook, 

Ferris, McCarthy, and Rae (1980); Kaszniak, Garron, and Fox 

(1979); and Larner (1977) have stated that patients with AD 

performed significantly worse on tests of immediate recall 

of digits than did normals. The severity of the dementing 

illness apparently has drastic affects on these findings, 

since Danziger and Storandt (1982) reported that mildly 

demented patients do not consistently exhibit this 

impairment on the immediate recall of digits. 

In a study conducted by Vitaliano, Breen, Albert, 

Russo, and Prinz (1984), the relationship among cognitive 

performance, functional competence, and severity of 

dementing illness was examined. The results of this study 

indicate that measures of attention were useful in 

differentiating severity of functional impairment in 

demented individuals but not in distinguishing controls from 

mildly demented patients. The authors concluded that 

measures of attention may not be useful for the identifica-

tion of individuals with subtle signs of cerebral 

dysfunction, but may be appropriate for gualitative 
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assessment of the severity of impairment after a diagnosis 

of dementia has been established. Furthermore, the authors 

concluded that changes in attention may not occur until late 

in the course of the degenerative process. This conclusion 

has received additional support from Albert (1984) and Moss 

and Albert (1988), who reported that in the early stages of 

AD attention remains relatively intact. Corkin (1982) and 

Berg et al. (1984) have suggested that, as the disease 

progresses, attentional mechanisms are relatively 

compromised and that significant impairment on tests of 

attention become apparent in moderately to severely demented 

patients. 

Largen (1980) used four measures of focused arousal and 

found consistently large and significant differences between 

Alzheimer patients and matched geriatric controls, in a 

more recent study, Loring and Largen (1985) reported that, 

when controlled for normal age differences, patients who 

developed a degenerative dementia with an earlier age of 

onset tended to perform significantly worse on tests of 

concentration than did individuals with a later age of 

onset. These results also indicated that patients who 

developed a degenerative dementia during the presenile 

period were more impaired than their senile counterparts on 

age-adjusted measures of sustained concentration. 

Attentional processing dysfunctions have also been 

related to severity of electroencephalograph^ (EEG) slowing 
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(Kaszniak, Garron, Fox, Bergen, & Huckman, 1979). Loring 

(1982) and Sheer (1984) replicated Largen's (1980) study but 

also incorporated measures of 40-Hz EEG, a central measure 

of focused arousal. These studies reported that the mean 

absolute levels of 40-Hz EEG in AD groups were significantly 

different from those of geriatric control groups. Spydell 

and Sheer (1983) reported not only that 40-Hz EEG was 

significantly different between Alzheimer and geriatric 

control groups, but that the 40-Hz EEG activity was markedly 

lower in the AD group. From these studies, it has been 

postulated that individuals with AD are unable to maintain 

focused arousal. This inability disrupts normal short-term 

processing and results in impaired problem-solving 

performance. Sheer (1984) noted that the Alzheimer samples 

used m the Spydell and Sheer (1983) and Loring (1982) 

studies were cases representative of the earlier stages of 

the degenerative process, suggesting that impairments in 

focused arousal may occur relatively early in the disease. 

The lack of consistency in the findings of these 

studies may be the result of the instruments used to assess 

attention. Albert (1984) recommended the use of digit span 

forward as a test of attention. Digit span has been used by 

numerous investigators studying memory functions (Berg et 

al., 1984; Corkin, 1982; Crook, Ferris, McCarthy, & Rae, 

1980; Danziger & Storandt, 1982; Eslinger, Damasio, Benton, 

& Van Allen, 1985; Kaszniak, Garron, & Fox, 1979; Larner, 
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1977). Digit span tasks have also been incorporated into 

many mental status questionnaires, such as the Cognitive 

Capacity Screening Examination (Jacobs, Bernhard, Delgado, & 

Strain, 1977), the Mini-Mental State Exam (Folstein, 

Folstein, & McHugh, 1975), the Dementia Rating Scale 

(Coblentz, Mattis, Zingesser, Kasoff, Wisniewski, & Katzman, 

1973), and the Mental State Questionnaire (Kahn et al., 

1960). 

Zarit et al. (1978) reported that digit span tasks were 

clearly not sufficiently sensitive to detect even massive 

degrees of general intellectual impairment. Talland (1965) 

has repeatedly demonstrated that performance on digit span 

tasks can be within normal limits even in severely amnesic 

patients, and Weingartner et al. (1981) stated that it is 

unfortunate that digit span tasks have been used so 

frequently in the construction of mental status 

examinations. These studies suggest that digit recall tasks 

represent a particularly poor technique for assessing memory 

dysfunction. Kaszniak, Poon, and Riege (1986) report that 

digit span tasks incorporate both primary and secondary 

memory components, indicating that these recall tasks are 

not specific to a particular component of information 

processing. An additional criticism of digit span tasks is 

the paucity of clinical information they yield. Digit span 

tasks fail to provide the clinician with any qualitative 

information which could be used in the assessment of 

dementia. 
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The Gordon Diagnostic System 

The Gordon Diagnostic System (GDS) is a portable 

electronic device which administers a series of brief tasks 

designed to assess impulsivity, sustained attention, and 

distractibility (Gordon, 1982). The procedure was developed 

to provide clinicians with a behavior-based measure of a 

patient's ability to delay and exert self-control. The GDS 

was originally intended for the assessment of children 4-16 

years of age to assist in the understanding of childhood 

isorders of self-control and attention, since the device is 

controlled by a programmable microprocessor, it is possible 

to modify the tasks for the evaluation of attention and 

self-control in adults. The internal microprocessor 

generates the tasks and records quantitative features of the 

subject's performance both for the entire session and for 

individual time blocks. 

Two of the GDS tasks are of particular importance to 

this proposed study, the Vigilance Task and the 

Distractibility Task. The GDS Vigilance Task provides data 

regarding the patient's ability to focus attention on a task 

and to maintain this attention over time in the absence of 

reinforcement. The GDS Distractibility Task is a more 

complex task which requires the ability to selectively 

filter out distracting stimuli while maintaining sufficient 

levels of sustained attention. 
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The Vigilance Task requires the subject to inhibit 

responding under conditions which make demands for sustained 

attention. A series of digits flashes individually on an 

electronic display. The subject is instructed to press the 

blue response button every time a "1" is followed by a "9." 

The GDS records the number of correct responses, the number 

of times the subject fails to respond to the "1/9" 

combination, and the number of extraneous button presses. 

The Distractibility Task is identical to the Vigilance Task, 

except that random digits are presented at random intervals 

on the outer portions of the electronic display. The 

subject is still required to press the blue response button 

when a "g" follows a "1." The principal difference is that 

numbers are presented on either side of the center digit. 

Data from the GDS Vigilance Task and the GDS 

Distractibility Task can be organized into Summary Scores, 

Block Scores, and Tracking Data. Three kinds of Summary 

Scores are provided by the Vigilance and Distractibility 

tasks: the number of Correct Responses (CR), the number of 

Errors of Omission (EO), and the number of Errors of 

Commission (EC). The CR score provides an index of the 

subject's ability to achieve and maintain alert, vigilant 

responding. The EO score reflects instances in which the 

subject was not attending to the situation sufficiently and 

is thus an index of lapses in alert, vigilant responding. 

The EC score reflects the degree of impulsivity the subject 
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displays under the structure imposed by the cognitive 

demands of this task and is thus an index of the subject's 

inappropriate responding. 

Block Scores reflect the overall variability in a sub-

ject's performance. Three parameters are used to examine 

Block Scores: Block Variability, Slope, and extreme Single 

Block Scores. The Block Variability score reflects the 

overall level of consistency displayed by the subject across 

the six-minute session. Slope permits the analysis of 

patterns across the three blocks of the session, and extreme 

Single Block scores allows the analysis of any single Block 

Score which stands in contradiction to the total Block 

Score. 

Tracking data generate information regarding the nature 

of EC and the latency of responses from the appearance of 

the "1/9" combination to the press of the button. These 

data can be used in the detection of subjects who are slow 

in the processing of information and potentially 

hypoaroused. 

The Gordon Diagnostic System and Dementia 

Gordon (1987) conducted a pilot study exploring the 

performance of patients with primary degenerative dementia 

(PDD) on measures of sustained attention and concentration. 

The results of this study indicated that the PDD patients, 

compared to non-impaired seniors, displayed marked deficits 

in attention on the GDS tasks. Since this investigation was 
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a pilot study, the external validity of the results is 

questionable. The experimenter did not control for age of 

onset or severity of the dementia, nor did he assess for 

depression. Although the results are interesting, 

additional internal controls are necessary before they can 

be accurately generalized to all patients suffering from AD. 

Purpose of the Study 

The review of the literature suggests that a 

neuropathological substrate for the deterioration of 

attentional functioning exists in the degenerative process 

of AD. Although the results are equivocal, studies 

utilizing sensitive, specific measures of attention have 

supported the claim of attention dysfunction. The GDS is 

specifically designed for the assessment of attention and 

may provide a clinical tool for the investigation of 

decrements of attention associated with AD. The purpose of 

this study was to explore the possibility of attentional 

deficits as an early clinical symptom of Alzheimer's 

disease, investigate the sensitivity of various measures of 

attention, and explore the utility of the GDS as a clinical 

tool for the early detection of AD. 

Hypotheses 

1. Subjects diagnosed as suffering from AD will 

perform significantly worse than non-impaired subjects on 

tasks of attention. 
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2. The GDS task will be more sensitive in 

differentiating severity of AD within the AD group than will 

the Digit Span subtest, the Seashore Rhythm Test, or the 

Concentration/Interference task. 

3. Subjects diagnosed as suffering from AD will 

exhibit more errors of commission than non-impaired subjects 

on the Vigilance and Distractibility tasks of the GDS. 



CHAPTER 2 

METHOD 

Subjects 

Subjects for this study were recruited from the Texas 

College of Osteopathic Medicine Gerontology Assessment and 

Planning Program (GAP), directed by Dr. Janice Knebl. 

Additional subjects were recruited from sources, including a 

local retirement community. Two groups of subjects were 

obtained for this study, a group of individuals diagnosed 

with AD and a control group of non-impaired seniors. The 

samples were restricted to community-residing elderly, 

suggesting, with the AD group, an early stage of the 

degenerative process. 

Subjects included 22 males and 46 females with a mean 

age of 70.76 years (range = 55 to 90 years). Thirty-six of 

the subjects had the presumptive diagnosis of Alzheimer's 

disease, (18 mildly impaired and 18 moderately impaired on 

the Cognitive Capacity Screening Examination—CCSE), and the 

remaining 32 subjects comprised the non-impaired control 

group. Thirty-five percent of the sample had some college 

education, and the other 65% reported a high school 

education or below. Twenty-eight percent of the sample 

reported their health to be excellent, 57% rated their 

health as good, and the remaining 15% reported fair to 
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poor health. The Beck Depression Inventory and State-Trait 

Anxiety Scale were used for exclusionary purposes. The 

range of scores on the Beck Depression Inventory was from 0 

to 14 with a mean score of 7.41 and a standard deviation of 

1.65. The scores on the state anxiety scale ranged from 20 

to 58 with a mean of 32.83 and a standard deviation of 

10.27. 

Diagnosis of Alzheimer's Disease 

Alzheimer's disease is a chronic, progressive, and 

irreversible neurological disease. It is characterized by 

marked histopathological and biochemical changes, and the 

extent of these pathological changes in cerebral structure, 

biochemistry, and metabolism has been correlated with the 

severity of cognitive impairment (Branconnier & DeVitt, 

1983). In the absence of the procurement of biopsy 

material, the diagnosis of AD is always by exclusion and, 

therefore, is presumptive. Although a history of gradual 

worsening in intellectual functioning in a normally 

conscious and responsive patient is highly suggestive of AD, 

such cognitive deterioration is by no means conclusive. The 

possibility of other systemic causes of dementia must be 

ruled out (Albert, 1981). Fuld (1983) stated that the 

problem of distinguishing among the dementias can be viewed 

as the problem of differentiating AD from dementia caused by 

multiple infarcts (MID). One of the most useful current 

clinical tools for differential diagnosis among the 
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dementias is the Ischemic Score developed by Hachinski 

(1978). The Ischemic Score is essentially a checklist of 

symptoms with varying weights assigned to different 

symptoms. A score of four or less is suggestive of 

non-multiple infarct dementia, whereas a score of greater 

than seven is more indicative of MID. In the present study, 

subjects with a Hachinski Ischemic Score of five or more 

were excluded. 

Kurlychenk and Hazlewood (1984) recommended a 

structured patient interview as a supplementary source of 

information to aid in the accurate diagnosis of dementia. 

Through the use of a structured interview, relevant medical 

and personal information can be gathered and used to rule 

out other systemic sources of dementia (Albert, 1981; 

Mayeux, Stern, & Spanton, 1985). Based on the information 

obtained from the interview, subjects with any of the 

following were excluded from the study: 

1. history of primary affective disorder within one 
year of onset of intellectual decline; 

2. history or clinical evidence of Parkinsonism before 
onset of intellectual decline; 

3. history or clinical evidence of cancer or of 
cardiac, hepatic, pulmonary, or renal disease; 

4. history of anoxia or metabolic-toxic encephalopathy; 

5. history of seizures preceding onset of dementia; 

6. history of head trauma; 

7. history of alcohol or drug abuse; 
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8. history of learning disabilities; 

9. history of Down's syndrome. 

Instrumentation 

Albert (1984) stated that patients who meet the DSM-III 

criteria for depression also exhibit attentional deficits. 

Kelley (1986) supported this claim, stating that memory 

complaints of geriatric depressives are partially the result 

of their lack of attention to events in their environment. 

In order to control for the possible confounding effects of 

depression, all potential subjects were given the Beck 

Depression Inventory. Subjects scoring 15 or higher on the 

Beck Depression Inventory were excluded from the study. 

In addition to depression, anxiety represents another 

potential confounding variable. In order to control for 

anxiety, the State-Trait Anxiety Scale was administered to 

all potential subjects. Subjects scoring above 60 on the 

this scale were excluded from the study. 

Kurlychenk and Hazlewood (1984) reported that sensory 

deficits frequently encountered in older persons must be 

taken into account when assessing geriatrics. In order to 

control for the effects of sensory limitations, all 

potential subjects were administered an audiometric and 

visual acuity screen. 

The subjects' hearing ability was assessed with the use 

of a pure-tone audiometric screening test. A Maico 20 

portable audiometer was obtained for the use in this study, 
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and the device was calibrated according to appropriate 

standards. The research room used in the study was located 

in a isolated and quiet section of Medical Education 

Building 1 on the Texas College of Osteopathic Medicine 

campus; thus, ambient noise levels did not represent a 

significant confounding factor. 

Normal hearing was defined as the ability to detect a 

tone at the decibel (dB) level of 40 within the range of 

1,000 and 2,000 hertz (Hz). This range is based on results 

of a recent investigation which validated the sensitivity 

and corresponding low false negative rate that this 

screening yields for geriatrics (Weinstein, 1986). A dB 

loss greater than 40 at any one frequency in either ear 

constituted a failure for this particular screening test and 

was the basis for the exclusion of the subject from this 

study. 

Visual functioning was assessed by the administration 

of a Snellen Chart examination which determines the adequacy 

of visual functioning in the subject's better eye. Subjects 

functioning at the 20/15-20/40 level were regarded as having 

normal visual acuity. Subjects using corrective visual aids 

(glasses, contact lenses) were not differentiated as a 

separate group as long as they met the preestablished 

criteria for normal visual functioning. Subjects 

functioning outside the predetermined range (20/40 -2-20/200 

level) were not included in this study. In order to screen 
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for hyperopia (farsightedness), a condition in which vision 

is better for distant than for near objects, subjects were 

required to read aloud a brief paragraph about weather 

conditions taken from a local newspaper. Inability to read 

the paragraph aloud resulted in the subject's exclusion from 

the study. 

Kaszniak et al. (1986) reported that elderly 

individuals have significantly reduced parafoveal fields, 

which may negatively affect iconic readout. In order to 

control for this possibility, subjects were required to read 

numbers of the exact stimulus size as the numbers presented 

on the electronic display of the GDS. Subjects failing to 

accurately read the numbers were excluded from the study. 

Subjects were administered the Cognitive Capacity 

Screening Exam (CCSE) as a measure of overall cognitive 

functioning (Jacobs et al., 1977). This examination is a 

30-item mental status questionnaire specifically adapted to 

diagnose diffuse organic mental syndromes. The CCSE 

contains questions regarding orientation, digits forward and 

backward, word recall, and serial sevens. If a subject 

scores less than 20, the existence of diminished cognitive 

capacity is indicated. Based on their CCSE scores, subjects 

were classified as moderately impaired (0-9), mildly 

impaired (10-19), or not impaired (20 and above). 

Five measures of attention were administered to all 

subjects: the Digit Span subtest of the Wechsler Adult 
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Intelligence Scale-Revised (WAIS-R), the Seashore Rhythm 

Test of the Halstead-Reitan Neuropsychological Test Battery, 

the Vigilance and Distractibility tasks of the GDS, and the 

Concentration/Interference task proposed by Botwinick and 

Storandt (1974). These tests were used to assess visual 

attention (Digit Span subtest and GDS task), auditory 

attention (Seashore Rhythm Test), and the ability to 

selectively filter out distracting stimuli 

(Concentration/Interference task and the Distractibility 

task of the GDS). 

Procedure 

Each subject was asked to complete a brief 

questionnaire designed to gather basic demographic data 

which was used to describe the research sample. Although 

the data obtained by the five measures of attention are 

primarily objective, in order to protect against any 

possible experimenter bias the five attentional measures 

were administered prior to the Cognitive Capacity Screening 

Examination. The order of administration for the 

examinations was as follows: 

1. Gordon Diagnostic System, 

2. Digit Span subtest, 

3. Seashore Rhythm Test, 

4. Concentration/Interference task, 

5. Structured Interview, 

6. Snellen visual examination, 
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7. Newspaper paragraph and number reading, 

8. Audiometric test, 

9. Beck Depression Inventory, 

10. State-Trait Anxiety Scale, 

11. Cognitive Capacity Screening Examination. 

Statistical Analysis 

The dependent variables were the Vigilance and 

Distractibility tests of the Gordon Diagnostic System, the 

Digit Span subtest, the Seashore Rhythm Test and the 

Concentration/Interference task. The independent variable 

was level of cognitive functioning (normal, mildly impaired, 

and moderately impaired). 

Multivariate analysis of variance (MANOVA) was 

performed for the dependent variables as a set. Additional 

analysis of variance (ANOVAs) were computed for each 

dependent variable. Post-hoc pair-wise comparisons were 

computed using Tukey's HSD procedure. Discriminant analysis 

and stepwise regression were computed in order to 

investigate the predictive value of the dependent measures. 

In order to guard against the possibility of an aging 

effect, a multivariate analysis of covariance (MANCOVA) was 

performed covarying for age. Analyses of covariance 

(ANCOVAs) were computed for each dependent variable. The 

alpha level was preset at the .01 level of significance. 

All analyses used the System for Statistics (SYSTAT) Version 

4.0 (Wilkinson, 1988). 
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RESULTS 

Hypothesis 1 

The first hypothesis predicted that individuals 

diagnosed as suffering from AD would perform significantly 

worse than non-impaired subjects on tasks of attention. 

This hypothesis was tested by using a 2 (normal, AD) x 12 

(Vigilance Task Total Correct, Vigilance Task Total Errors 

of Omission, Vigilance Task Total Errors of Commission, 

Distractibility Task Total Correct, Distractibility Task 

Total Errors of Omission, Distractibility Task Total Errors 

of Commission, Seashore Rhythm Test Raw Score, Seashore 

Rhythm Test Scaled Score, Digit Span Forward, Digit Span 

Reverse, Digit Span Scaled Score, Concentration/Interference 

Task) MANOVA (F (10,59) = 24.440), with separate tests for 

each dependent variable. 

Significant differences between normal subjects and AD 

subjects were found for Vigilance Task Total Correct (F 

(1,66) = 32.431, p < .000), Vigilance Task Total Errors of 

Omission (F (1,66) = 32.431, p < .000), Vigilance Task Total 

Errors of Commission (F (1,66) = 13.561, p < .000), 

Distractibility Task Total Correct (F (1,66) = 141.525, p < 

.000), Distractibility Task Total Errors of Omission (F 

(1,66) = 141.525, p < .000), Distractibility Task Total 
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Errors of Commission (F (1,66) = 9.234, p < .003), Seashore 

Rhythm Test raw score (F (1,66) = 15.846, £ < .000), 

Seashore Rhythm Test Scaled Score (F (1,66) = 13.909, g < 

.000), Digit Span Forward (F (1,66) = 13.582, p <.000), 

Digit Span Reverse (F (1,66) = 12.674, p < .001), and Digit 

Span Scaled Score (F (1,66) = 15.780, p < .000). No 

difference was found between normal subjects and AD subjects 

on the Concentration/Interference Task (F (1,66) = 2.502, p 

< .118). Univariate F tests for diagnosis x measures of 

attention are presented in Table 1. Squared multiple 

correlations ranged from 0.123 to 0.682. The squared 

multiple r values are presented in Table 2. 

Analysis of the means for the significant dependent 

variables reveals that the AD group performed significantly 

worse on all of the measures of attention used compared to 

the normal group. Dependent variable means and standard 

deviations are shown in Table 3. 

Hypothesis 2 

The second hypothesis predicted that the GDS would be 

capable of distinguishing the level of severity within the 

AD group, and hence represent a more sensitive measure of 

attention than the Digit Span subtest, the Seashore Rhythm 

Test, or the Concentration/Interference task. In order to 

investigate this hypothesis, the AD group was divided into a 

mildly impaired group (10-19 correct on the CCSE) and a 

moderately impaired group (0-9 correct on the CCSE). A 3 
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(normal, mildly impaired, moderately impaired) x 12 

(measures of attention) MANOVA was performed (F (20,112) = 

8.101, p < .000,) with separate tests for each dependent 

variable. 

Significant differences between level of cognitive 

functioning were found for Vigilance Task Total Correct (F 

(2,65) = 19.551, p < .000), Vigilance Task Total Errors of 

Omission (F (2,65) = 19.551, p < .000), Vigilance Task Total 

Errors of Commission (F (2,65) = 26.167, p < .000), 

Distractibility Task Total Correct (F (2,65) = 44.085, p < 

.000), Distractibility Task Total Errors of Omission (F 

(2,65) = 44.085, p < .000), Distractibility Task Total 

Errors of Commission (F (2,65) = 7.026, p < .002), Seashore 

Rhythm Test raw score (F (2,65) = 11.363, p < .000), 

Seashore Rhythm Scaled Score (F (2,65) = 6.600, p < .002), 

Digit Span Forward (F (2,65) = 7.282, p < .001), Digit Span 

Reverse (F (2,65) = 9.949, p < .000), and Digit Span Scaled 

Score (F (2,65) = 11.457, p < .000). No difference was 

found between level of cognitive functioning for the 

Concentration/Interference Task (F (2,65) = 3.456, p < 

.037). Univariate F tests for level of cognitive 

functioning x measures of attention are presented in Table 

4. Sguared multiple correlations ranged from 0.169 to 

0.682; these values are presented in Table 5. 

Pair-wise comparisons (Tukey HSD) were calculated for 

each significant dependent variable. Significant 
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differences were found for Vigilance Task Total Correct 

between normal subjects and mildly impaired AD subjects (F 

(1,65) = 19.551, p < .000) and between normal subjects and 

moderately impaired AD subjects (F (1,65) = 31.535, p < 

.000), but no difference was found between mildly impaired 

AD subjects and moderately impaired AD subjects (F (1,65) = 

0.825, p < .367). Significant differences were found for 

Vigilance Task Total Errors of Omission between normal 

subjects and mildly impaired AD subjects (F (1,65) = 19.551, 

P < .000) and between normal subjects and moderately 

impaired AD subjects (F (1,65) = 31.535, p < .000), but no 

difference was found between mildly impaired AD subjects and 

moderately impaired AD subjects (F (1,65) = 0.825, p < 

.367). Significant differences were found for Vigilance 

Task Total Errors of Commission between normal subjects and 

moderately impaired AD subjects (F (1,65) = 48.217, p < 

.000) and between mildly impaired AD subjects and moderately 

impaired AD subjects (F (1,65) = 31.375, p < .000), but no 

difference was found between normal subjects and mildly 

impaired AD subjects (F (1,65) = 0.368, p < .546). 

Significant differences were found for Distractibility Task 

Total Correct between normal subjects and mildly impaired AD 

subjects (F (1,65)= 67.922 p < .000), and between normal 

subjects and moderately impaired AD subjects (F (1,65) = 

51.338, p < .000), but no difference was found between 

mildly impaired AD subjects and moderately impaired AD 
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subjects (F ( 1 , 6 5 ) = 0 . 9 0 5 , e < . 3 4 5 ) . Significant 

differences were found for Distractibility Task Total Errors 

of Omission between normal subjects and mildly impaired AD 

subjects (F ( 1 , 6 5 ) = 6 7 . 9 2 2 , e < -000) and between normal 

subjects and moderately impaired AD subjects (F ( 1 , 6 5 ) = 

5 1 . 3 3 8 , e < . 0 0 0 ) , but no difference was found between 

mildly impaired AD subjects and moderately impaired AD 

subjects (F ( 1 , 6 5 ) = 0 . 9 0 5 , e < . 3 4 5 ) . Significant 

differences were found for Distractibility Task Total Errors 

of Commission between normal subjects and moderately 

impaired AD subjects (F ( 1 , 65 ) = 1 3 . 8 5 7 , e < .000) and 

between mildly impaired AD subjects and moderately impaired 

AD subjects (F ( 1 , 6 5 ) = 6 . 4 0 3 , e < -010) but no difference 

was found between normal subjects and mildly impaired AD 

subjects (F ( 1 , 6 5 ) = 0 . 8 6 0 , E < . 3 5 7 ) . 

A significant difference was found for the Seashore 

Rhythm Test raw score between normal subjects and moderately 

impaired AD subjects (F ( 1 , 6 5 ) = 2 2 . 0 4 8 , e < - 0 0 0 ) , but no 

differences were found between normal subjects and mildly 

impaired AD subjects (F ( 1 , 6 5 ) = 6 . 0 4 5 , e < .017) or between 

mildly impaired AD subjects and moderately impaired AD 

subjects (F ( 1 , 6 5 ) = 3 . 9 0 9 , e < . 0 5 2 ) . A significant 

difference was found for the Seashore Rhythm Scaled Score 

between normal subjects and moderately impaired AD subjects 

(E ( 1 / 6 5 ) = 1 1 . 9 2 4 , e < . 0 0 1 ) , but no differences were found 

between normal subjects and mildly impaired AD subjects (F 
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(1,65) = 5.076, p < .025) or between mildly impaired AD 

subjects and moderately impaired AD subjects (F (1,65) = 

1.044, p < .311). A significant difference was found for 

Digit Span Forward between normal subjects and moderately 

impaired AD subjects (F (1,65) = 14.146, p < .000), but no 

differences were found between normal subjects and mildly 

impaired AD subjects (F (1,65) = 3.834, p < .055) or between 

mildly impaired AD subjects and moderately impaired AD 

subjects (F (1,65) = 2.540, p < .116). A significant 

difference was found for Digit Span Reverse between normal 

subjects and moderately impaired AD subjects (F (1,65) = 

19.474, p < .000) but no differences were found between 

normal subjepts and mildly impaired AD subjects (F (1,65) = 

4.823, p < .032) or between mildly impaired AD subjects and 

moderately impaired AD subjects (F (1,65) = 3.839, p < 

.054). Finally, a significant difference was found for 

Digit Span Scaled Score between normal subjects and 

moderately impaired AD subjects (F (1,65) = 22.650, p < 

.000), but no differences were found between normal subjects 

and mildly impaired AD subjects (F (1,65) = 4.811, p < .032) 

or between mildly impaired AD subjects and moderately 

impaired AD subjects (F (1,65) = 5.143, p < .027). Table 6 

presents the univariate F tests for between-group 

comparisons on the measures of attention. 

Analysis of the means for the dependent variables of 

the GDS reveal that the normal subjects earned significantly 
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more correct responses on the Vigilance Task (M = 28.125, SD 

= 2.034) than either the mildly impaired AD subjects (M = 

19.722, SD = 8.144) or the moderately impaired AD subjects 

(M = 17.833, SD = 8.659). The normal subjects made 

significantly fewer errors of omission on the Vigilance Task 

(M = 1.844), SD = 2.034) than either the mildly impaired AD 

subjects (M = 10.278, SD = 8.144) or the moderately impaired 

AD subjects (M = 12.167, SD = 8.659). Normal subjects (M = 

2.688, SD = 4.091) and mildly impaired subjects (M = 4.778, 

SD = 4.278) made significantly fewer errors of commission on 

the Vigilance Task than did the moderately impaired AD 

subjects (M = 26.611, SD = 21.772). On the Distractibility 

Task, normal subjects earned significantly more correct 

responses (M = 22.125, SD = 6.950) than either the mildly 

impaired AD group (M = 5.111, SD = 5.850) or the moderately 

impaired AD group (M = 7.333, SD = 8.088). Normal subjects 

made significantly fewer errors of omission on the 

Distractibility Task (M = 7.875, SD = 6.950) than either 

mildly impaired AD subjects (M= 24.889, SD = 5.850) or 

moderately impaired AD subjects (M = 22.667, SD = 8.008). 

Normal subjects (M = 6.813, SD = 17.368) and mildly impaired 

AD subjects (M = 14.778, SD = 26.667) made significantly 

fewer errors of commission on the Distractibility Task than 

the moderately impaired AD subjects (M = 38.778, SD = 

44.573). 
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Analysis of the means for the Seashore Rhythm Test 

reveals that normal subjects made significantly fewer errors 

(M =23.875, SD = 4.521) and earned a lower rank score (M = 

6.125, SD = 3.386) than did the moderately impaired AD group 

(M = 15.944, SD = 7.712; M = 9.278, SD = 2.539). Normal 

subjects performed significantly better on Digit Span 

Forward (M = 7.188, SD = 1.786) and Digit Span Reverse (M = 

5.656, SD = 1.638), earning a higher scaled score (M = 

8.219, SD = 2.059) than did the moderately impaired AD group 

for the same measures (Digit Span Forward: M = 5.333, SD = 

1.495; Digit Span Reverse: M = 3.444, SD = 1.756; Digit Span 

Scaled Score: M = 5.333, SD = 2.169). Means and standard 

deviations for the dependent variables are presented in 

Table 7. 

Discriminant analysis was performed in order to examine 

the ability of the significant dependent measures (GDS 

Vigilance and Distractibility Tasks, Seashore Rhythm Test, 

Digit Span Subtest) to differentiate normals from AD 

patients. Predictive frequency tables reveal that the GDS 

tasks as a set (Vigilance Task Total Correct, Vigilance Task 

Total Errors of Commission, Distractibility Task Total 

Correct, Distractibility Task Total Errors of Commission) 

correctly classified 93% of the subjects. The Seashore 

Rhythm Test (Seashore Rhythm Raw Score, Seashore Rhythm 

Scaled Score) was able to correctly classify 72% of the 

subjects, and the Digit Span Subtest (Digit Span Forward, 
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Digit Span Reverse, Digit Span Scaled Score) correctly 

classified 69% of the subjects. Table 8 presents 

percentages for correct classification, false positives, and 

false negatives. 

Discriminant analysis was also performed in order to 

examine the ability of the significant dependent measures 

(GDS Vigilance and Distractibility Tasks, Seashore Rhythm 

Test, Digit Span Subtest) to predict level of cognitive 

functioning (non-impaired, mildly impaired, moderately 

impaired). Predictive frequency tables reveal that the GDS 

tasks as a set (Vigilance Task Total Correct, Vigilance Task 

Total Errors of Commission, Distractibility Task Total 

Correct, Distractibility Task Total Errors of Commission) 

correctly classified 72% of the subjects by level of 

cognitive impairment. The Vigilance Task (Total Correct, 

Total Errors of Commission) was able to classify 70% of the 

subjects correctly, and the Distractibility Task correctly 

classified 73% of the subjects. A combination of the GDS 

variables identified by stepwise regression (Vigilance Task 

Total Errors of Commission and Distractibility Task Total 

Correct) was able to classify 80% of the subjects correctly. 

The Seashore Rhythm Test (Seashore Rhythm Test Raw Score, 

Seashore Rhythm Scaled Score) correctly classified 57% of 

the subjects, and the Digit Span Subtest (Digit Span 

Forward, Digit Span Reverse, Digit Span Scaled Score) 

correctly classified 47% of the subjects. Percentages for 
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correct classification by level of cognitive functioning, 

false positives, and false negatives are presented in Table 

9. 

Hypothesis 3 

The third hypothesis predicted that individuals 

diagnosed with AD would exhibit more errors of commission on 

the Vigilance and Distractibility Tasks of the GDS than 

would normal subjects. A 2 (normal, AD) x 2 (Vigilance Task 

Total Errors of Commission, Distractibility Task Total 

Errors of Commission) MANOVA was performed (F (2,65) = 

7.298, p < .001), with separate tests for each dependent 

variable. Significant differences were found between normal 

subjects and AD subjects for the Vigilance Task (F (1,66) = 

13.561, p < .000) and the Distractibility Task (F (1,66) = 

9.234, p < .003). Univariate F tests for diagnosis x GDS 

task errors of commission are presented in Table 10. 

Analysis of the means reveal that normal subjects made 

significantly fewer errors of commission on the Vigilance 

Task (M = 2.645, SD = 4.160) and on the Distractibility Task 

(M = 5.355, SD = 13.715) than did the AD group (Vigilance 

Task Total Errors of Commission: M = 15.378, SD = 18.849; 

Distractibility Task Total Errors of Commission: M = 27.459, 

SD = 38.466). Table 11 presents the means and standard 

deviations for the GDS tasks errors of commission. 

In order to explore these findings further, the AD 

group was divided into a mildly impaired group and a 
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moderately impaired group, based on subjects' performance on 

the CCSE. A 3 (normal, mildly impaired, moderately 

impaired) x 2 (Vigilance Task Total Errors of Commission, 

Distractibility Task Total Errors of Commission) MANOVA was 

performed (F (4,128) = 11.176, p < .000), with separate 

tests for each dependent variable. Significant differences 

were found between level of cognitive functioning and 

Vigilance Task Total Errors of Commission (F (2,65) = 

26.167, p < .000) and Distractibility Total Errors of 

Commission (F (2,65 = 7.026, p < .002). Univariate £ tests 

for level of cognitive functioning x GDS task errors of 

commission are presented in Table 12. 

Pair-wise comparisons (Tukey HSD) were calculated, and 

significant differences for Vigilance Task Total Errors of 

Commission were found between normal subjects and moderately 

impaired AD subjects (F = 48.217, p < .000) and between 

mildly impaired AD subjects and moderately impaired AD 

subjects (F = 31.375, p < .000). Significant differences 

for Distractibility Task Total Errors of Commission were 

found between normal subjects and moderately impaired AD 

subjects (F (1,65) = 13.857, p < .000) and between mildly 

impaired AD subjects and moderately impaired AD subjects (F 

= (1,65) = 6.103, p < .010). Univariate F tests for 

between-group comparisons on the GDS tasks' errors of 

commission are presented in Table 13. 
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Analysis of the means for the dependent variables 

reveals that the normal subjects and the mildly impaired AD 

subjects made significantly fewer errors of commission on 

the Vigilance Task (M = 2.688, SD = 4.091; M = 4.778, SD = 

4.278; respectively) than did the moderately impaired AD 

subjects (M = 26.611, SD = 21.772). This finding was 

replicated in the Distractibility Task, with normal subjects 

and mildly impaired AD subjects making significantly fewer 

errors of commission (M = 6.813, SD = 17.368; M = 14.778, SD 

= 26.667; respectively) than did the moderately impaired AD 

subjects (M = 38.778, SD = 44.573). Means and standard 

deviations for the dependent variables are presented in 

Table 14. 

In order to protect against the possible confounding 

effects of age, a 3 (normal, mildly impaired, moderately 

impaired) x 12 (measures of attention) MANCOVA was 

performed, controlling for age (F (20,110) = 7.003, p < 

.000), with separate tests for each dependent variable. 

Significant differences between level of cognitive 

functioning were found for all dependent variables, except 

Distractibility Task Total Errors of Commission (F (2,64) = 

4.016, p < .023), Seashore Rhythm Test Scaled Score (F 

(2,64) = 3.506, p < .036), and Concentration/Interference 

Task (F (2,64) = 2.330, p < .106). Table 15 presents the 

univariate F tests for level of cognitive functioning x 

measures of attention controlling for age. Sguared multiple 
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correlations ranged from .100 to .578. Squared multiple r 

values are presented in Table 16. 



CHAPTER 4 

DISCUSSION 

The present study investigated attentional deficits as 

a clinical symptom of AD, comparing the sensitivity of 

various measures of attentional processing and exploring the 

utility of the GDS as a neuropsychological instrument for 

the detection of attentional processing dysfunction. Three 

major hypotheses were investigated. 

The first hypothesis predicted that individuals 

diagnosed as suffering from AD would perform significantly 

worse than non-impaired individuals on tasks of attention. 

The findings of this study support this hypothesis. 

Individuals diagnosed as suffering from AD performed 

significantly worse than non-impaired individuals on the 

Vigilance and Distractibility Tasks of the GDS, the Seashore 

Rhythm Test, and the Digit Span subtest. These results 

support the findings of Corkin (1982); Crook et al. (1980); 

Kaszniak, Garron, and Fox (1979); and Larner (1977), and 

suggest that individuals with AD are much less efficient in 

tasks of immediate recall than are non-impaired individuals. 

Furthermore, these deficits in attentional processing 

do not appear to be specific to a single sensory modality. 

Significant differences were found on tests of both visual 

50 
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(GDS tasks and Digit Span subtest) and auditory (Seashore 

Rhythm Test) attentional processing. The findings of the 

present study also suggest that individuals with AD are 

impaired in simple tasks of attention (Digit Span Forward, 

GDS Vigilance Task) as well as tasks which require target 

selection among an array of competing stimuli (GDS 

Distractibility Task). 

Decreased speed of mental processing has been cited as 

a contributing factor in the poor performance of AD patients 

on the Seashore Rhythm Test (Reitan & Wolfson, 1985). The 

present study suggests that individuals with AD are impaired 

in attentional tasks that are externally paced (GDS tasks, 

Seashore Rhythm Test) as well as tasks that are self paced 

(Digit Span subtest). In addition, individuals with AD 

performed significantly worse than non-impaired individuals 

on tasks of immediate recall (Digit Span subtest) as well as 

on tasks of sustained attention (GDS tasks, Seashore Rhythm 

Test). 

The deficits exhibited by the AD subjects on the 

various measures of attention suggest a central rather than 

a peripheral processing impairment. Defective attentional 

processing could account for these findings. Dysfunction of 

the modulatory processing mode of the attentional model 

proposed by Sheer (1984) would result in such multimodel 

attentional processing impairments. Thus, the 

identification of a sensitive measure of attentional 
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processing dysfunction may be useful for the diagnosis of 

subtle signs of cerebral dysfunction. 

The second hypothesis, which is supported by this 

study, predicted that the GDS would be capable of 

distinguishing the level of severity within the AD group and 

that it represents a more sensitive measure of attention 

than the Seashore Rhythm Test, the Digit Span subtest, or 

the Concentration/Interference task. Comparison of the 

various measures of attention in their ability to 

distinguish level of cognitive functioning reveals that the 

Vigilance and Distractibility Tasks of the GDS, the Seashore 

Rhythm Test, and the Digit Span subtest were all capable of 

differentiating normal subjects from moderately impaired AD 

subjects. These results support similar findings by Albert 

(1984), Berg et al. (1984), Corkin (1982), Moss and Albert 

(1988), and Vitaliano et al. (1984),who reported that 

significant impairments were noted on tests of attention in 

the later stages of the dementing process. 

The results show that the GDS Vigilance and 

Distractibility Tasks, the Seashore Rhythm Test, and the 

Digit Span subtest were useful in distinguishing severe 

levels of cognitive impairment associated with AD from non-

impaired subjects, but not all of the measures of attention 

were successful in differentiating mildly demented subjects 

from controls. The Seashore Rhythm Test and the Digit Span 

subtest failed to distinguish non-impaired subjects from 
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mildly impaired AD subjects, or mildly impaired AD subjects 

from moderately impaired AD subjects. Albert (1984), Moss 

and Albert (1988), and Vitaliano et al. (1984) reported that 

in the earlier stages of AD attention remains relatively 

intact. The results of the Seashore Rhythm Test and the 

Digit Span subtest tend to support this conclusion, since 

these measures were capable of identifying attentional 

deficits only in the more severely demented subjects. 

However, the findings on the GDS tasks suggest that 

attentional deficits are present in the less demented stages 

assumed to be an earlier form of the disease process. 

The results of the GDS reveal a response pattern which 

distinguished among levels of cognitive functioning. Mildly 

impaired AD subjects and moderately impaired AD subjects 

earned significantly fewer correct responses and made 

significantly more errors of omission on both the Vigilance 

and Distractibility Tasks than did the non-impaired 

subjects. Non-impaired subjects and mildly impaired AD 

subjects made significantly fewer errors of commission on 

these tasks than did the moderately impaired AD subjects. 

Thus, although the mildly impaired subjects earned fewer 

correct responses, they were less likely to respond in an 

erroneous manner. Interpretation of this response pattern 

suggests that the mildly and moderately impaired AD subjects 

were not particularly alert to important cues and frequently 

neglected salient aspects of a stimulus array. The 
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distinguishing feature was the mildly impaired AD subject's 

ability to demonstrate a normal degree of impulse control in 

a situation demanding vigilance and alertness, while the 

moderately impaired AD subject demonstrated a high level of 

impulsivity under such conditions. 

Examinations of the variance accounted for by the GDS 

tasks also suggest that the Vigilance and Distractibility 

Tasks were more diagnostically valuable than the Seashore 

Rhythm Test, the Digit Span subtest, and the 

Concentration/Interference Task. The GDS tasks consistently 

accounted for a larger percentage of the total amount of 

variance than did the other measures used in this study. 

The results of the discriminant analysis and stepwise 

multiple regression also support this hypothesis because the 

GDS was superior to the Seashore Rhythm Test or the Digit 

Span Subtest in predicting classification in both diagnostic 

category and level of cognitive functioning. 

The third hypothesis predicted that individuals 

diagnosed as suffering from AD would exhibit more errors of 

commission on the GDS tasks than would non-impaired 

subjects. The results of the study support this hypothesis, 

suggesting that moderately impaired AD subjects exhibit high 

levels of impulsivity under conditions which demand 

sustained mental alertness. These findings may indicate 

that the more seriously demented AD patient is likely to 

become disorganized in high-arousal situations, or when 
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confronted with tasks which involve self-control. These 

findings support similar results obtained by Butters, 

Granholm, Salmon, Grant, et al. (1987) and by Shindler, 

Caplan, and Hier (1984) and may suggest dysfunction of the 

inhibitory processing mode of the attentional model proposed 

by Sheer (1984). Additional research will be required in 

order to explore the possibility that intrusive errors 

represent a distinct behavioral pattern which is mediated by 

a particular neuropsychological mechanism. 

The present study failed to find any significant 

differences in performance between the AD group and the 

control group for the Concentration/Interference task. 

Several possible explanations could account for this 

finding. Examination of the Concentration/Interference task 

suggests that this task may not be a measure of attentional 

processing per se, but may assess simple visual 

identification. Visual acuity is mediated by the posterior 

portions of the cerebral hemispheres, and lesions in these 

areas typically do not occur until the late stages of AD. 

Since the subjects used in this study were restricted to 

community-residing individuals, persons with such advanced 

deterioration were not included. The Concentration/ Inter-

ference task represents a test with very straightforward 

instructions and relatively few cognitive or behavioral 

demands. Subjects are able to respond at their leisure, and 

they frequently used articulatory rehearsal to enhance 
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performance on this test. In addition, the use of single 

numbers and simple geometrical figures may represent a 

deeply engraved ability that becomes impaired only in the 

late stages of the dementing process. 

In summary, the results of this study show that there 

is a significant difference in attention processing between 

normal geriatrics and geriatrics with AD. The data suggest 

that this difference occurs at mild levels of cognitive 

impairment. The GDS Vigilance and Distractibility Tasks, 

the Seashore Rhythm Test, and the Digit Span subtest were 

capable of differentiating normals from moderately impaired 

individuals. Within the AD group, the Seashore Rhythm Test 

and the Digit Span subtest were capable only of 

distinguishing normals from moderately impaired AD 

individuals, but the GDS tasks were able to differentiate 

normals from moderately impaired AD individuals, normals 

from mildly impaired AD individuals, and mildly impaired AD 

individuals from moderately impaired AD individuals. As a 

result, the GDS appears to be a more sensitive measure of 

attentional processing dysfunction than either the Seashore 

Rhythm Test or the Digit Span subtest. 

Although the results of this study were statistically 

significant and support the hypotheses, the experimental 

designed used contains several threats to the study's 

internal validity. The design used was essentially cross 

sectional in nature. This design does not permit random 
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selection of subjects; thus selective sampling undoubtedly 

occurred. In addition, many of the subjects used in this 

study were referred by the TCOM GAP Clinic following a 

comprehensive medical workup. As a result, many of the 

subjects were not random volunteers but individuals who 

initiated contact with the medical profession. Additional 

steps were taken to purposefully restrict the AD group to 

individuals still capable of residing in the community. 

Because institutionalized AD patients were excluded from 

this study, selection factors were in operation. Selective 

survival may also represent a threat to the design's 

internal validity, particularly within the AD group. In 

addition, it is possible that cognitively impaired 

individuals are more sensitive to testing effects, which 

could account for deterioration in test performance. 

Although used as exclusionary criteria, individuals scoring 

near the predetermined cutoff on the Beck Depression 

Inventory may also have been more sensitive to testing 

effects. Finally, the possibility of terminal drop within 

the AD group must be considered. The nature of the 

progressive dementing disorder suggests that the extent to 

which the individual is near death will have a significant 

impact on his or her overall level of functioning. 

External validity was reduced by the small sample size 

and lack of random sampling procedures. In addition, age of 

onset was questionable in many of the AD subjects. 
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Consequently, the present sample may not have been 

representative of the elderly population in general or of 

the AD population in particular. In addition, although all 

subjects were community-residing and screened for potential 

sensory loss, the design did not allow for strict control of 

other potentially confounding personological variables, such 

as level of education, length of AD diagnosis, and premorbid 

intellectual level. 

Further research directions would include the 

development of normative data for non-impaired and AD 

geriatrics on the GDS with repeated measures taken in order 

to assess changes in the level of attentional processing. A 

longitudinal study on AD patients may provide information 

regarding the stage of the disease course when attentional 

processing becomes impaired. Examination of a functional 

measure of behavior may also be important, because it may 

reveal the impact of attention dysfunction on the 

individual's daily living. Finally, contrasting the 

performance of AD patients on the GDS tasks with the 

performance of individuals with MID, Parkinson's disease, 

and Korsakoff's syndrome may be helpful in increasing the 

accuracy of differential diagnosis. 
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Table 1 

Univariate F Tests for Diagnosis on Dependent Variables 

Variable F r 

Gordon Diagnostic System 

Vigilance Task 

Total Correct 3 2 . 4 3 1 E < . 0 0 0 

Total Errors of Omission 3 2 . 4 3 1 E < . 0 0 0 

Total Errors of Commission 1 3 . 5 6 1 E < . 0 0 0 

Distractibility Task 

Total Correct 1 4 1 . 5 2 5 E < . 0 0 0 

Total Errors of Omission 1 4 1 . 5 2 5 E < . 0 0 0 

Total Errors of Commission 9 . 234 E < . 0 0 3 

Seashore Rhvthm Test 

Raw Score 1 5 . 8 4 6 E < . 0 0 0 
Scaled Score 1 3 . 9 0 9 E < . 0 0 0 

Digit Span Subtest 

Digit Span Forward 1 3 . 582 E < . 0 0 0 

Digit Span Reverse 1 2 . 674 E < . 0 0 1 
Digit Span Scaled Score 1 5 . 7 8 0 E < . 0 0 0 

Concentration/Interference Task 

Total Errors 2 . 5 0 5 E < . 118 
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Table 2 

Squared Multiple Correlations for Diagnosis on Dependent 
Variables 

Variable 

Gordon Diagnostic System 

Vigilance Task 

Total Correct .329 

Total Errors of Omission .329 

Total Errors of Commission .170 

Distractibility Task 

Total Correct .682 

Total Errors of Omission .682 

Total Errors of Commission .123 

Seashore Rhvthm Test 

Raw Score .194 

Scaled Score .174 

Digit Span Subtest 

Digit Span Forward .171 

Digit Span Reverse .161 

Digit Span Scaled Score .193 

Concentration/Interference Task 

Total Errors .037 
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Ad~iusted Means and Standard Deviations for Diagnosis on 
Dependent Variables 
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Variable 

Normal AD 

M SD M SD 

Gordon Diagnostic System 

Vigilance Task 

Total Correct 28.032 2.073 

Total Errors of Omission 1.968 2.073 

Total Errors of Commission 2.645 4.160 

19.135 

10.865 

15.378 

8.479 

8.479 

8.849 

Distractibility Task 

Total Correct 23.194 5.231 

Total Errors of Omission 6.806 5.231 

Total Errors of Commission 5.355 13.715 

5.757 

24.243 

27.459 

6.606 

6.606 

38.466 

Seashore Rhvthm Test 

Raw Score 

Scaled Score 
23.806 

6.000 

4.778 

3.367 

18.054 

8.784 

6.749 

2.790 

Digit Span Subtest 

Digit Span Forward 

Digit Span Reverse 

Digit Span Scaled Score 

7.258 

5.613 

8.226 

1.757 

1.726 

2.125 

5.757 

4.081 

6.162 

1.606 

1.801 

2.141 

Concentration/Tnterferenr.P 
Task 

Total Errors 0.323 1.045 0.946 1.971 
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Table 4 

Univariate F Tests for Level of Cognitive Functioning on 
Dependent Variables 

Variable 

Gordon Diagnostic System 

Vigilance Task 

Total Correct 19.551 E < .000 
Total Errors of Omission 19.551 E < .000 
Total Errors of Commission 26.167 E < .000 

Distractibility Task 

Total Correct 44.085 E < .000 
Total Errors of Omission 44.085 E < .000 
Total Errors of Commission 7.026 E < .002 

Seashore Rhvthm Test 

Raw Score 11.363 E < .000 
Scaled Score 6.600 E < .002 

Digit SDan Subtest 

Digit Span Forward 7.282 E < .001 
Digit Span Reverse 9.949 E < .000 
Digit Span Scaled Score 11.457 E < .000 

Concentration/Interference Task 

Total Errors 3.456 E < .037 
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Table 5 

Squared Multiple Correlations for the Level of Cognitive 
Functioning on Dependent Variables 

Variable R2 

Gordon Diagnostic System 

Vigilance Task 

Total Correct .376 

Total Errors of Omission .376 

Total Errors of Commission .446 

Distractibility Task 

Total Correct .576 

Total Errors of Omission .576 

Total Errors of Commission .178 

Seashore Rhvthm Test 

Raw Score .259 

Scaled Score #169 

Digit Span Subtest 

Digit Span Forward .183 

Digit Span Reverse .234 

Digit Span Scaled Score .261 

Concentration/Interference Task 

Total Errors .096 
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Table 8 

Classification Ability for Diagnosis on Dependent Variables 

% Correctly % False % False 
Variable Identified Positives Negatives 

Gordon Diagnostic System 

Vigilance and 
Distractibility Tasks 93 04 03 

Seashore Rhythm Test 72 16 12 

Digit Span Subtest 69 13 is 
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Table 9 

Classification Ability for Level of Cognitive Functioning on 
Dependent Variables 

% Correctly % False % False 
Variable Identified Positives Negatives 

Gordon Diagnostic System 

Vigilance and 
Distractibility Tasks 72 08 20 

06 24 Vigilance Task 70 

Distractibility Task 73 09 18 

Vigilance Error of 
Commission and 
Distractibility Total 
Correct 80 

Seashore Rhvthm Test 57 

Digit Span Subtest 47 

13 07 

23 20 

34 19 
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Table 10 

Univariate F Tests for Diagnosis on Dependent Variables 

Variable F E 

Vigilance Task Total Errors 
of Commission 13.561 e < -000 

Distractibility Task Total 
Errors of Commission 9.234 g < .003 
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Table 11 

Adjusted Means and Standard Deviations for Diagnosis on 
Dependent Variables 

Normal AD 

Variable M SD m SD 

Vigilance Task Total Errors 
of Commission 2.645 4.160 15.378 18.849 

Distractibility Task Total 
Errors of Commission 5.355 3.715 27.459 38.466 
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Table 12 

Univariate F Tests—for Level of Cognitive Functioning on 
Dependent Variables 

Variable F — H 

Vigilance Task Total Errors 
of Commission 26.167 E < .000 

Distractibility Task Totall 
Errors of Commission 7.026 e < -002 
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Table 15 

Univariate F Tests for Level of Cognitive Functioning on 
Dependent Variables Controlling for Age 

Variable F E 

Gordon Diagnostic System 

Vigilance Task 

Total Correct 18.337 E < .000 
Total Errors of Omission 18.337 E < .000 
Total Errors of Commission 20.875 E < .000 

Distractibility Task 

Total Correct 39.688 E < .000 
Total Errors of Omission 39.688 E < .000 
Total Errors of Commission 4.016 E < .023 

Seashore Rhythm Test 

Raw Score 7.834 E < .001 
Scaled Score 3.506 E < .036 

Digit Span Subtest 

Digit Span Forward 6.241 E < .003 
Digit Span Reverse 5.849 E < .005 
Digit Span Scaled Score 7.867 E < .001 

Concentration/Interference Task 

Total Errors 4.016 E < .023 
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Table 16 

Squared Multiple Correlations for Level of Cognitive 
Functioning on Dependent Variables Controlling for Aae 

Variable R2 

Gordon Diagnostic System 

Vigilance Task 

Total Correct .383 

Total Errors of Omission .383 

Total Errors of Commission .452 

Distractibility Task 

Total Correct .578 

Total Errors of Omission .578 

Total Errors of Commission .220 

Seashore Rhythm TphI-

Raw Score .269 

Scaled Score .205 

Digit Span Subtest 

Digit Span Forward .184 

Digit Span Reverse .268 

Digit Span Scaled Score .272 

Concentration/Interference Task 

Total Errors .100 
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