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ABSTRACT 

Two studies examined the electrophysiology of cognitive fimctioning in 

Alzheimer's disease. In the first study, fifteen AD patients and 26 elderly controls 

engaged in a lexical decision task with a list of words and non-words while event-related 

brain potentials were recorded. Embedded in the list were two repetition conditions: one 

where words were repeated at relatively long lags and one where words were repeated 

shortly after a brief masked presentation. Although elderly controls displayed behavioral 

and ERP repetition priming for words repeated at long lags, AD patients did not. In 

contrast, both controls and AD patients displayed an ERP repetition priming effect for the 

words repeated shortly after a brief masked presentation. Although the 2 ERP priming 

effects differ in elderly controls, the masked priming effect was also different between 

controls and AD patients. The results are used to critically assess the utility of an 

impaired/intact dichotomy when examining memory performance in brain damaged 

populations and are interpreted as lending support to dimensional models which postulate 

complex interactions between brain regions. 

In the second study utilizing the participants firom the first study, eighteen AD 

patients and 22 elderly controls had their EEG recorded under four conditions: eyes open 

and closed resting baseline, and a verbal and spatial categorization task. EEG power was 

examined in 6 spectral bands revealing significant differences in the Theta band across all 

conditions and in the Alpha band during resting eyes closed and the categorization tasks. 

Alpha activity was examined utilizing instantaneous firequency analysis (IFA) in order to 
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produce a measure of amplitude per unit time in the eyes open baseline and for the verbal 

and spatial cognitive tasks. The IFA analysis revealed that AD patients, relative to 

controls, failed to show an event-related decrease in alpha activity across the entire scalp 

during the performance of the 2 cognitive tasks. The failure of AD patients to display the 

expected alpha decrease in the left frontal region was significantly correlated with verbal 

task performance. These results are discussed with respect to disruptions in sustained and 

focused attentional mechanisms which appear to occur in AD. 
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INTRODUCTION 

With the discovery of the hmnan electroencephalogram (EEG) in 1924 came the 

promise that it could become a useful diagnostic and research tool for mental disorders. 

The EEG provides a non-invasive method of monitoring ongoing brain activity, and as 

such, its potential use diagnostically became particulary important when a definitive 

diagnosis could only be based upon a direct examination of brain pathology such as in 

Alzheimer's disease (AD). The first observations of EEG abnormalities associated with 

AD were described by Berger in 1932 (Berger, 1969). Over six decades of research into 

the electrophysiological of AD have focused mainly on describing the resting EEG 

characteristics as markers of the disease process (see Corbum, Parks and Pritchard, 1993 

for a review). 

For most of this period the EEG was used mainly as a clinical tool. With the 

emergence of cognitive psychology, however, its use began in the examination of 

cognitive functioning in the brain, such as occurs in language, memory, attention and 

spatial processing. Although there have been sporadic attempts to use measures of 

ongoing EEG in the study of cognition, most of this research has focused on the event-

related brain potential (ERP). In a relatively short time period an extensive amount of 

ERP research has been conducted (see Rugg and Coles, 1995). Despite the large body of 

literature using the EEG to study cognitive functions, relatively little of this work has 

focused on AD. For example, there are hundreds of studies which have utilized the ERP 

to study memory processes, yet, there are less than a dozen articles that report use of the 
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ERP to examine memory disruption in AD, despite the fact that memory problems are the 

hallmark of the disease. 

The presently reported studies focus on using the electroencephalogram to 

examine cognitive functioning in AD. The first study utilizes ERPs to examine memory 

dysfunction in AD patients and the second study uses various measures of ongoing EEG 

activity in an attempt to characterize the disruptions in cortical functioning which are 

associated with the disease process. It is hoped that informative findings in these areas 

will encourage more extensive use of the EEG to directly study the cognitive changes that 

occur with AD. 
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CHAPTER I 

An ERP Examination of Masked and Unmasked Repetition Priming in Alzheimer's 

Disease: Implications for Theories of Implicit Memory 
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A number of neurological disorders cause dysfunction in human memory 

performance. In particular, the hallmark of the amnestic disorders is a marked decrease in 

the patient's ability to explicitly recall past events. While exhibiting this deficit in explicit 

recall however, these same populations often display intact repetition priming using 

"implicit" or indirect measures of memory (Graf & Schacter, 1985; Graf, Squire, & 

Mandler, 1984; Weiskrantz & Warrington, 1979). This dissociation in memory 

performance has led researchers to assert that because the neural mechanisms responsible 

for repetition priming remain undamaged in many amnestic disorders, they are 

independent from those responsible for explicit recall, and are essentially the same as 

those that subserve priming in the intact brain (Tulving and Schacter, 1990; Schacter, 

1994). 

In a previous study (Schnyer, Allen and Forster, 1997) we examined the assertion 

made by many researchers that perceptually based implicit memory phenomena are due 

primarily to activations in posterior cortical areas (Tulving and Schacter, 1990; Schacter, 

1994). These areas, putatively responsible for priming, have been labeled as perceptuzil 

representation systems (PRS, Schacter, 1994). Using event-related brain potentials 

(ERPs), and the method of masked visual word priming, we attempted to activate the 

perceptual representation system for visual words in implicit memory priming, without 

producing any episodic memory trace. It was demonstrated that the pattern of ERP 

activity produced by the masked word priming was different from that produced by 

simple longer-term repetition priming. This result led to our suggestion that in 
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unimpaired populations, simple (i.e. unmasked) repetition priming may involve not only 

activity in a posterior representation system, but other systems as well. Masked repetition 

priming on the other hand, appeared to involve only a posterior perceptual representation 

system. In order to further test this conclusion it would be helpful to examine a 

population where the longer term repetition priming would be impaired while the shorter 

term masked priming would remain intact. Such a study would test the contention that 

intact posterior representation systems— in the absence of other memory related brain 

systems— are not sufficient to produce unmasked repetition priming effects. Patients with 

Alzheimer's disease, who display dysfunction in the normal episodic memory system 

(Kaszniak, 1986; Grady et al., 1988), but appear to have more intact perceptual systems 

(Cummings, 1990), may help to address this issue. 

Memorv Dvsfimction in Alzheimer Disease 

In order to receive a diagnosis of probable Alzheimer's disease (AD), persons 

must display marked dysfunction in memory (McKhann, et al., 1984). This dysfunction 

primarily takes the form of an impaired ability to leam new information (Corkin, 1982; 

Weingartner et al., 1981), and has been related to neuropathology in a number of brain 

regions which have been found to be involved in episodic memory. First, there is 

evidence that early in the course of the disease there is disruption of the major projection 

neurons into and out of the hippocampus, resulting in the hippocampus being functionally 

cut off from the rest of the cortex (Hyman, Arriagada, Van Hoesen, & Damasio, 1993). 

Previous research has supported the contention that the hippocampus and related medial 
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temporal lobe structures play an important role in episodic memory (for reviews, see 

Butters & Stuss, 1989; Squire, 1992). 

In addition to the disruptions of the medial temporal lobe system, AD patients 

appear to manifest dysfunction in two other important brain regions: the parietal-temporal 

association cortices and the frontal association cortices. Researchers have used functional 

brain imaging techniques to show that in patients with AD have significantly reduced 

levels of resting cerebral metabolism in these two regions when compared with matched 

control subjects (Haxby, et al. 1985, Haxby, et al. 1986; for a review see Parks, Haxby 

and Grady, 1993). In addition, these reduced levels of metabolism correlated with 

declines in cognitive functioning in AD. It is important to note that there is a large degree 

of variability in the flmctioning of these regions among various AD patients (Haxby, et 

al., 1990). The precise roles of the parietal-temporal and frontal regions in memory are 

not well established (Jemigan and Cermak, 1994); however, recent findings from 

functional brain imaging have added to experimental evidence indicating a greater role 

for the frontal lobes in memory flmctioning then previously thought (Squire, et al. 1992; 

Buckner et al. 1995). 

A number of imaging studies have shown pre-frontal activations associated with 

tests of explicit memory, such as recognition (Squire, et al. 1992; Buckner et al. 1995) 

and cued recall (Buckner et al. 1995, Backman, et al. 1997) in younger adults. These 

memory-related pre-frontal activations have also been obtained in elderly individuals 

(Grady, et al. 1995; Backman, et al. 1997). In addition to these imaging studies, a recent 
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meta-analysis of experiments performed on patient groups with circumscribed lesions of 

the frontal lobes implicates involvement of the frontal cortex in episodic memory 

(Wheeler, Stuss, and Tulvdng, 1995), a contention previously examined directly by a 

number of researchers (Moscovich, 1992). 

A few researchers have attempted to take the involvement of multiple regions in 

memory frmctioning one step fiirther by using brain imaging to look at complex 

interactions between these regions as a function of memory task changes (Cohen, et al. 

1997; Mcintosh et al., 1997). Mcintosh and colleagues used PET brain imaging data and 

anatomically-based covariance structural equation models to demonstrate that as a task 

changed from short-latency perceptual matching to longer delay memory tasks, the 

interactions among brain regions changed in a manner that implicated differential 

involvement of multiple systems— depending on the length of memory delay. The fact 

that there is heterogenous dysfunction among AD patients in the frontal, parietal, and 

medial temporal regions makes it much more difficult to explain their pattern of memory 

performance solely on the basis of medial-temporal lobe damage. On the other hand, AD 

could provide a useful opportunity for examining the possible role of multiple interacting 

systems in memory function. 

Assessing Multiple Memory Systems 

A now classic way of accessing spared memory functioning in individuals with 

deficits in explicit recall and recognition is repetition priming. Repetition priming has 

been conceptualized as an implicit memory test where the nature of the test does not rely 
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on explicit recall of prior stimuli (Schacter, 1987). To date, several studies have revealed 

intact repetition priming in AD patients in lexical decision tasks (Moscovich, 1982; Ober 

and Shenaut, 1988), perceptual identification tasks (Keane et al., 1991; Gabrieli et al., 

1994), and reading speed tasks (Moscovich, Winocur, and McLachlan, 1986: Monti, 

Gabrieli, Wilson, and Reminger, 1994). By contrast, other ways of testing repetition 

priming such as word stem completion (Keane et al., 1991; Gabrieli et al., 1994) have 

revealed that AD patients are impaired relative to elderly controls. A recent meta-analysis 

attempted to clarify discrepant findings regarding implicit memory priming in 

Alzheimer's disease (Meiran and Jelicic, 1995). The authors found that overall AD 

patients are impaired at many standard implicit memory measures. However, when they 

divided the experimental paradigms into "perceptual" and "conceptual" categories, they 

found that AD patients performed normally on word-based perceptual tests, while they 

were impaired at word-based conceptual tasks. Although Meiran and Jelicic (1995) point 

out that it has been difficult to classify some tasks neatiy into the perceptual or conceptual 

categories, "perceptual" typically refers to tasks which are sensitive to changes in the 

perceptual features of stimuli, but not to depth-of-processing manipulations (e.g. 

Roediger, 1990). By contrast, "conceptual" has been used to refer to tasks which are 

sensitive to depth-of-processing manipulations but less sensitive to changes in the 

perceptual characteristics of the stimuli. 

Several researchers have attempted to extend the perceptual/conceptual taxonomy 

for implicit memory tasks by relating it to regional brain fimctions (Keane et al., 1991). 
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FCeane and colleagues have argued that the conceptual tasks are dependent on temporal-

parietal regions that participate in "lexical-semantic" memory while the perceptual tasks 

are dependent on posterior regions such as the occipital cortex. A recent study of a patient 

with a lesion to the right occipital cortex who displayed intact conceptual, but impaired 

perceptual priming, has been interpreted as lending support to this contention (Gabrieli et 

al., 1995), There is considerable evidence that these postulated posterior perceptual 

representation systems remain functionally intact well into the course of AD (Paque & 

Warrington, 1995). Functional brain imaging studies have found that the occipital 

association and occipitotemporal cortices of AD patients appear to show normal 

functional responses and little to no disease-related impairment when compared to the 

temporal, parietal and frontal regions (Grady et al., 1991). 

While much of the evidence supporting the perceptual/conceptual distinction 

appears compelling, there are reasons to question its validity. Recently Maki and 

Knopman (1996) put forth the proposition that much of the evidence supporting this 

distinction comes from tasks which are not matched methodologically. Specifically, these 

researchers argued that conceptual tasks usually are structured such that they require a 

participant to generate items from a study task (i.e. word stem completion) while 

perceptual tasks usually require responding to an item which was previously presented. 

They attempted to test this hypothesis by using "structurally parallel" conceptual and 

perceptual tests, and their study demonstrated that AD patients can be shown to display 

both intact conceptual priming and impaired perceptual priming when the methodology is 
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appropriately manipulated. Other studies have also found that the perceptual and 

conceptual priming in AD patients are sensitive to the nature of the encoding task 

(Downes et al., 1996). These findings call into question conclusions from previous 

studies which propose the perceptual/conceptual taxonomy and its corresponding 

differential associations with specific brain regions as an explanation of the memory 

performance of AD patients. 

The issue of spared memory functioning in Alzheimer's disease becomes even 

more complex when one considers that there are also age-related changes which possibly 

parallel the memory changes seen in AD. A recent meta-analysis (La Voie & Light, 1994) 

examined repetition priming studies in the elderly and found that the hypothesis of no age 

related differences in priming must be rejected. When reviewing the literature of 

repetition priming studies (see Rybash, 1996), one can observe findings parallel to those 

in the AD research literature. First, elderly subjects are, for the most part, less able to 

recall previously presented material than young subjects (see Light, 1991). In addition, 

they perform comparably to younger persons in more "perceptually" based tasks such as 

word reading, word identification (Light and Singh, 1987; Schacter, Church and 

Osoweiecki, 1994), and lexical decision (Moscovich, 1982), while they often appear 

impaired relative to younger subjects in the more "conceptually" based tasks such as word 

stem completion (Davis et al., 1990; Howard, Fry and Brune, 1991) and word Segment 

completion (Rybash, 1994). While their levels of recall and conceptual priming still 

exceed AD patients, the elderly subjects' decline in ability shows the same pattern as in 
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AD— possibly suggesting that the normal brain changes in aging may parallel those seen 

in AD, only to a milder extent. 

Researchers advocating the existence of multiple memory systems in the brain 

have put their emphasis on the "location" of a memory trace and whether it happens to lie 

within a brain region that remains "intact". However, dissociations in memory 

performance in aging and AD may have less to do with the "location" of a memory trace 

than with the integration of that trace into the multiple cognitive processes of a particular 

task. As the demands of a memory task increase from sunple identification through cued 

recall to recognition, there could be a corresponding increase in the brain resources 

required to perform the task. Along these lines, Nebes, Martin and Horn (1984) have 

suggested that the underlying cognitive problem in the memory performance of AD 

patients may be limitations in attentional capacity. 

In our previous study (Schnyer, Allen and Forster, 1997) we found it useful to 

approach the involvement of brain systems in implicit memory by examining event-

related brain activity related to various components of repetition priming. The 

advantages of this technique are several. First there is a large ERP literature examining 

repetition priming effects (for current review, see Rugg, 1995;) to which findings can be 

referred. Second, there is evidence that ERP repetition effects can be dissociated from 

behavioral effects (Allen, lacono, Larauso and Dimn, 1995; Bentin et al., 1992; Schnyer, 

Allen and Forster, 1997) which might prove helpful in an impaired population such as 

AD patients where behavioral impairments may result from many different causes. 
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Finally, ERPs provide some ability to assess the involvement of gross brain regions in 

any particular memory task. 

ERPs and Memory 

The classic ERP priming effect is that repetition of a stimulus will produce a 

positive augmentation of the waveform in the region from 300 to 800 msec post stimulus 

onset (Rugg, 1995). While there is considerable research examining this phenomenon in 

young subjects (Bentin &. Moscovich, 1990; Bentin, Moscovich, & Heth, 1992; Paller & 

Kutas, 1992; Rugg & Nagy, 1989; Rugg and Doyle, 1992, 1994;) there are few studies 

which have examined ERPs due to repetition priming in normal aging (Friedman, 

Hamberger, Stem, & Marder, 1992; Karayanidis, Andrews, Ward, & McConaghy, 1993; 

Swick and Knight, 1997) and even fewer which have examined AD patients (Freidman et 

al., 1992; Rugg et al., 1994). In the case of elderly persons, Swick and BCnight (1997) 

found ERP effects which paralleled previous behavioral evidence of explicit-implicit 

dissociations in the elderly. First, elderly subjects displayed both ERP and behavioral 

deficits relative to younger subjects in a recognition task, particularly at the longest delay 

intervals. In contrast, Swick and BCnight (1997) found that under lexical decision task 

conditions, elderly subjects displayed a larger ERP repetition effect than younger 

subjects. Rugg and colleagues (1994), while failing to show an augmentation of the 

repetition priming effect like Swick and Knight (1997), were able to demonstrate that 

elderly individuals clearly display the classic repetition priming effect in an implicit task. 

In the case of AD patients, Freidman and colleagues (1992) demonstrated an ERP 
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repetition priming effect in an implicit memory task, although the effect was greatly 

attenuated when compared to normal controls. Rugg and colleagues (1994) found similar 

results in a semantic categorization task where repeated words produced the classic 

positive augmentation in the ERP waveform, similar to matched elderly controls. 

Although they did not find the attenuated ERP of Friedman and colleagues (1992) when 

using the shorter single item lag, Rugg et. al (1994) did observe a trend towards a 

reduction in the magnitude of this effect in AD patients at the longer lag of six items. 

Karayanidis and colleagues (1993) have reported that elderly individuals also display a 

repetition effect by item lag interaction, particularly with increasing age. We have 

suggested above that behavioral changes due to repetition priming effects in elderly and 

AD patients may lie on a continuum dependent on the cognitive resources needed for a 

particular task. Studies of elderly persons and those with AD provide some evidence that 

this may also be tme for the ERP repetition priming effects as well. Manipulating the 

parameters of a memory task in order to demonstrate a differential effect on the ERP 

repetition priming effect might prove a useful methodology in identifying changes in 

brain systems in aging and in AD. 

Much of the research examining implicit/explicit dissociations in brain damaged 

patients uses a dichotomous conceptualization of memory systems: intact or not intact. 

The problem with this dichotomous approach is that it ignores the dynamic interplay 

between brain regions subserving various aspects of memory functioning. Shapiro and 

Olton (1994) have elegantly laid out the argument against dichotomous dissociation 
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paradigms and have argued for a more dimensional approach in memory research. They 

state that a "dimensional analysis emphasizes the advantages of incorporating parametric 

manipulations into experimental designs and theories of memory, and it can identify 

different cognitive variables, operationally defined in terms of the parameters being 

manipulated, that have a profound impact on the extent to which a brain structure is 

involved in a mnemonic process" (P.94). The current experiment will attempt to 

incorporate this thinking by testing the hypothesis that experimental parameters can be 

manipulated to eliminate repetition priming in AD patients relative to normal controls, 

while at the same time demonstrating that the posterior PRS system for non-episodic 

information remains functionally intact in both groups. This hypothesis derives from our 

previous conclusions (Schnyer, Allen and Forster, 1997) that while PRS systems may be 

involved in only some variants of perceptually-based repetition priming, and that typical 

repetition priming may depend on the functionality of other brain systems, perhaps even 

those that subserve longer-term episodic memory. 

Method 

Participants 

Eighteen elderly volimteers diagnosed with probable AD were recruited through 

the Memory Disorders Clinic at the University of Arizona Medical Center. These patients 

met the MNCDS-ADRDA (McBChann et al. 1984) criteria for a diagnosis of probable 

Dementia of the Alzheimer's Type and were free from any of the following: blindness or 

deafiiess, extended periods of alcohol abuse, any history of stroke, heart attack within the 
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last year, cancer not in full remission within the last 3 years, history of serious psychiatric 

disorder, current mood disorder, serious language or speech disorder. In addition, all 

patients were right handed by self or caretaker report. For data analysis, two of the 

patients were excluded due to the inability to perform the lexical decision task, described 

below, to a minimum of 80 percent accuracy, and one was excluded due to excess 

blinking which resulted in the inability to analyze the ERP data. The final sample thus 

consisted of 15 persons with AD. 

The normal elderly volunteers were recruited through flyers posted in a local 

community center or by word of mouth. This group was fost screened by telephone 

interview to be fi:ee from any of the exclusion criteria mentioned above, and to be right 

handed. This resulted in 38 eligible volunteers who completed ERP testing. Participants 

were then excluded from data analysis if they had not completed high school, their 

eyesight was not at least 80/20, or if there were any data recording abnormalities (e.g. bad 

electrodes, inconsistent procedures). This resulted in a group of 31 participants with 

complete ERP data who were then matched to the patient group on the variables age, sex 

and education. This was accomplished simply by eliminating those who varied on one or 

more of the variables which needed to be adjusted begiiming with subject one and 

working up the list. The final pool of participants matched to the patient group included 

26 individuals who did not significantly differ from the patient group on either age 

(F[l,39] = 0.003, ns), sex (Chi^ = 0.0, ns), or education (F[l,39] = 2.46, ns). Means, 

standard deviations and ranges for the demographic variables of the final patient and 
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matched control groups can be found in Table 1.1. 

Apparatus 

All stimulus materials were presented to the participant on a 14" (35.56 cm) 

computer CRT screen driven by an IBM-compatible microcomputer equipped with a 

80486 micro-processor. The display software used was the DMASTR system developed 

at the University of Arizona by K.I. Forster and J.B. Forster. The system synchronizes the 

display code with the raster scan, which is essential for precise control of stimulus 

durations and measurements of reaction times. Participants viewed the monitor in a 

dimly-lit (single 25 watt bulb), sound-dampened chamber while seated in a comfortable 

chair. The viewing distance was approximately 85 cm. Participants responded to the 

stimulus using a two button computer mouse mounted on the right arm of the chair. 

Procedure 

Participants were first contacted by telephone and asked a series of questions to 

find out whether they qualified for the study. In the case of Alzheimer's patients, their 

caregiver was contacted first. Those who qualified were given an overview of the study 

procedures and scheduled to come in for an experimental session. Qualifying participants 

were sent a package containing a medical questionnaire to be completed at home by either 

the participant or caregiver (in the case of patients). 

Participants began the experimental session with a brief tour and introduction to 

the lab, following which informed consent was obtained and the completed medical 

questionnaire was reviewed. Participants were then seated in the experimental chamber 



Table 1.1: Descriptive Data for matched Alzheimer and normal control samples 

Subject 
Group 

(N) 

Age 
(years) 

Sex Education 
(years) 

Mental Status Exam 
(MMSE out of 30) 

Subject 
Group 

(N) 
Mean SD Range Male Female Mean SD Range Mean SD Range 

Alzheimer 
(15) 

73.7 6.0 63-86 13% 87% 14.9 2.4 12-20 21.9 3.5 15-27 

Control 73.6 4.7 64-83 27% 73% 13.8 2.4 12-20 28.7 1.3 25-30 

NJ 0\ 
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and asked to read a short paragraph on the computer monitor followed by a simple near 

vision test utilizing the Sloan letters at a distance of 40 cm. Participants were then 

prepared for psychophysiological recording, following which they were seated in a 

comfortable chair in a dimly-lit sound dampened chamber. An experimental assistant 

remained in the chamber at all times with participants, in order to provide instructions 

and monitor compliance with procedures. Baseline resting EEG was obtained with eyes 

open (fixated on a spot on the wall in front of them) and eyes closed in four one-minute 

blocks in counterbalanced order. (None of these baseline data are reported here.) 

Following baseline recording, participants engaged in one of two experimental tasks (a 

lexical decision task or a spatial task) in counterbalanced order. Only data from the 

lexical decision task are presented here. After completing the first experimental task, 

subjects were taken for a walk in order to stretch their legs and use the bathroom if 

necessary. Participants then returned to the experimental chamber to complete the second 

of the experimental tasks. Following completion of the experimental tasks, participants 

were taken to a separate interview room and given the Folstein Mini Mental State 

Examination (MMSE; Folstein, Folstein and McHugh, 1975), and debriefed about the 

experiment. As shown in Table 1.1, the two groups differed on mental status exam 

(MMSE, F[l,39] = 78.82, p < .001). 

Lexical Decision Task 

The CRT screen was placed in front of the subjects and their right hand placed on 

the response buttons located on the chair arm. Participants were then instructed that they 
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would see a list of words and non-words ("items which look like words but are not"). The 

list was constructed of words and orthographically legal non-words all between 5 and 8 

letters in length. The words were drawn from Kucera and Francis (1967) with frequency 

counts from 20 to 80 words per million (medium frequency), while the non-words were 

words with one or two letters changed (e.g. brend). The stimuli were presented in lower

case green letters on a black background centered on the 14" CRT screen such that they 

subtended a vertical visual angle of .67° and a horizontal vistial angle of 1.68° to 2.16°. 

Words and non-words appeared in a pseudo-random sequence serially for 3000 msec 

each (with no time between stimuli) in seven blocks separated by 1 minute breaks. The 

list consisted of 270 fiilly-visible words and 66 non-words (20%). Thirty of the words 

(9%) were presented in the first 3 blocks and then repeated in the last three blocks, 

constituting the visible repetition priming condition. In addition, embedded in the list 

were 60 prime words which were presented for 60 ms followed immediately by a visible 

word which served as a masking word. Half of the time the prime word was repeated as a 

visible word in the position first after the masking word (30 mask primed words, MP, 

9%). The other half of the time the word was not repeated in which case the visible word 

in the first position after the masking word served as the masked priming control (MFC, 

9%, see Figure 1.1). The list was presented in pseudo-random order (such that two 

masked pruning conditions never immediately followed each other or no two visibly 

repeated words ever appeared sequentially). Participants were instructed to press the 

upper button for words and the lower button for non-words. In addition, they were 
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instructed to respond as quickly and accurately as possible and told that during the task 

they must hold their head as still as possible so as not to interfere with the 

electrophysiological recording. A short practice list followed the instructions and 

participants were allowed to repeat this practice list until they and the research assistant 

were confident they could perform the task adequately. The total task time was sixteen to 

twenty minutes. Before restmiing again after the short breaks, participants were reminded 

of the task instructions. After completion of the tasks, participants were debriefed using a 

short interview to determine subjects' awareness of the masked priming stimuli or 

repetition condition. 

Electrophysiological Recording 

Twenty eight channels of EEG were recorded during all phases of the experiment 

using tin electrodes mounted in a commercially available electrode cap with 7 additional 

tin electrodes outside the cap. Three of the additional electrodes were placed to monitor 

eye movements: one at the nasion and one each directly below each eye (10% of the 

nasion-inion distance). Additionally, an electrode was placed on the left and the right 

mastoid and two of the electrodes were used with FPI and FP2 to create two bipolar 

electromyographic channels over the left and right medial frontalis muscle. Recording 

sites in the electrocap included FPl, FP2, F7, F8, F3, Fz, F4, FTCl, FTC2, C3, Cz, C4, 

T3, T4, T5, T6, TCPl, TCP2, P3, Pz, P4, POl, P02, 01, Oz, 02, Al, and A2. Impedances 

were kept below 5k ohms and all channels were referenced online to the left mastoid and 

amplified using a Grass model 12 neurodata system with a band-pass of 0.1 Hz to lOOHz 
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Figure 1.1: Schematic representation of lexical decision task that contains masked 
primes. 
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and digitized at a sampling rate of 256 Hz. The data were epoched from 200 msec, prior to 

stimulus onset to 1400 msec, after stimulus onset. A bipolar channel was created offline by 

linear derivation for eyebiink correction using the nasion site and the site below the left 

eye. Epochs contaminated with eye blinks in the region from -100 to 300 ms were rejected 

and the remaining were then artifact-corrected such that the standard deviation of the 

correction factor never exceeded 0.01 (Semlitsch, Anderer, Schuster, and Presslich, 1986). 

The epochs were then linear detrended and baseline corrected to a prestimulus baseline of 

-100 to 0 ms. They were then digitally filtered with a 10 Hz, 96 dB per octave low-pass 

filter and finally re-referenced off-line to linked mastoids. 

Average ERPs were calculated for four conditions of interest: new words (NEW) 

which excluded prime-mask stimuli or words in the first position following the mask, 

repeated words from the first half of the list to the second (RP), mask primed words 

repeated first after the mask (MP), and words which appeared in the first position aft:er the 

mask primed word but were not identical to the prime (MPC). 

Results 

Behavioral Data 

Reaction time and accuracy data from the lexical decision task are presented in 

Table 1.2. Conditions (see Figure l.l) used in the analysis of behavioral responses were: 

new words (NEW), words repeated from the first half of the list to the second (RP), mask 

primed words (MP), and masked prime control words (MPC). For examination of reaction 

times, all reaction times of less than 300 ms or greater than two standard deviations above 



32 

the mean for that participant were excluded, as were those for incorrect responses. 

Reaction times and percentage correct were analyzed separately using a between subjects 

repeated measures ANOVA followed by post-hoc comparisons. Where appropriate, F-

ratios are reported with the original degrees of freedom, but reported £ values have been 

corrected using the epsilon correction factor determined by the Geisser-Greenhouse 

procedure. 

The ANOVA on reaction times revealed a significant effect for diagnosis [F(l,39) 

= 18.30, p < .0001] such that overall the mean reaction time for normal controls (805.5 

msec) was faster than the Alzheimer group (1039.8 msec). In addition, there was a main 

effect for condition [F(3,l 17) = 11.68, < .0001, e = 0.84]. Student-Newman-Keuls 

post-hoc tests revealed that both priming conditions (RP-894 msec and MP-920 msec.) 

had significantly (p < .01) faster reaction times than their corresponding control (NEW-

926 msec and MPC-950 msec) and the two control conditions also differed firom each 

other (p < .02). Finally there was a marginally significant diagnosis by condition 

interaction [F(3,117) = 2.71, < .06, e = 0.84]. Student-Newman-Keuls post-hoc testing 

of this interaction revealed that for normal control subjects there is a reaction time 

advantage for both the repeated words (RP) when compared to new words (NEW) and the 

masked priming control (MFC) condition. In the case of the masked priming condition 

(MP) it was found to differ from both its own control (MPC) and the NEW word 

condition. For Alzheimer subjects the pattern was quite different with no reaction time 

advantage for either the RP or MP condition, but there was a significant reaction time 
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slowing for the MFC condition when compared to NEW and RP words but not to the MP 

words (see Table 1.2). 

The ANOVA on accuracy data revealed a significant effect for diagnosis [E(l,39) 

= 5.57, p < .03] such that overall accuracy rate was higher for normal controls (97.5%) 

than for the Alzheimer group (94.6%). There was also a main effect for condition 

[F(3,l 17) = 3.61, < .03, 6 = 0.76]. Student-Newman-Keuls post-hoc tests revealed that 

participants were less accurate for the MFC condition (94.9%) when compared to the 

NEW (96.8%) and RP (97.1%) conditions. There were no other significant effects for 

accuracy (see Table 1.2). Finally, there was no significant diagnosis by condition 

interaction for accuracy data. 

Debriefing of the normal control subjects following the experimental task 

consisted of asking direct yes or no questions about the masked priming and repeated word 

manipulations. With respect to the repetition: 81% reported noticing that words in the list 

were sometimes repeated and the mean reported number of these repetitions was 6.6 with 

a standard deviation of 7.3. With regard to the masked priming manipulation: 54% of the 

subjects reported noticing a brief flash which sometimes occurred between words, 27% 

felt these were probably words and only one subject claimed he could read some on these 

words (4%). While the AD subjects were also debriefed after the experiment their data is 

not presented here as it was judged to be unreliable. For example, several AD participants 

who performed the lexical decision task first and the spatial task second did not remember 

having performed the task being asked about (lexical decision). 



Table 1.2: Reaction Time and Accuracy Data for Correct Lexical Decisions 

Reaction Time (ms) Reaction Time 
Standard Deviation 

(ms) 

Accuracy rates (%) 

Subjects Normal Alzlieimer Normal Alzheimer Normal Alzheimer 

New words (NEW) 823 1030„ a 133 233 97.5 96.0 

Words repeated (RP) 771 1018, 

oo O
 232 99.0 95.3 

Mask primed control 
(MPC) 

837, 1062, 113 243 96.5 93.3 

Mask primed words (MP) 792 1048,b 113, 258 97.1 93.9 

Note: Within each column, means without any subscripts in common are significantly different (p < .05) by Student-
Newman Kuel's test. 

OJ 
4^ 
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ERP Data 

Average waveforms were computed for each participant in the four conditions of 

interest (each priming condition and its corresponding control): RP, NEW, MP, and MFC. 

Trials included ui the average were selected in the same way as for reaction times; only 

correct trials where reaction time was greater than 300 msec and less than two standard 

deviations above the mean were included. Visual inspection of the waveforms indicated 

that the morphology differed between participant groups across both time course and 

spatial distribution (see Figure 1.2). Therefore, for statistical analysis of the waveforms, 

mean amplitude values were computed for five 50 msec bins ranging from 350 msec to 

600 msec post stimulus onset across 8 head sites (C3, C4, P3, P4, POl, P02, 01 and 02). 

These bins were subjected toa2X2X2X8X5 repeated measures ANOVA with 

diagnosis (Control, AD) serving as the between subjects factor and priming type (visible 

vs masked), repetition (control vs repeated), sites and bins serving as within subjects 

factors. The predicted interaction of interest here would be a diagnosis by priming type by 

repetition which would indicate that the AD and normal group differ in the types of 

priming they show. There was a significant main effect for repetition [F(l,39) = 10.73, p 

< .003] such that the repeated conditions resulted in more positive waveforms (see Figure 

1.3). There were additional main effects for site [F(7,273) = 8.31, p < .0001] and bin 

[F(4,156) = 6.13, p < .0002]. Moreover, there were significant two way interactions for 

diagnosis by site [F(7,273) = 2.69, p < .02] and site by bin [£(28,1092) = 5.44, p < .0001]. 

Of main interest to our current study is whether the two groups differ with respect to 
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pruning type which was revealed in a significant three way interaction of diagnosis by 

prime type by repetition, [F(l,39) = 4.82, p < .04] (see Figure 1.3). Three other three way 

interactions were also found: priming type by repetition by site [F(7,273) = 3.42, p < .002], 

diagnosis by site by bin [£(28,1092) = 1.98, p < .0001], and priming type by site by bin 

[F(l,39)= 10.73, p<.003]. 

To further explore the Diagnosis by Priming by Repetition interaction (Figure 1.3), 

an analysis was performed separately for each diagnostic group which contrasted each of 

the two priming conditions with its corresponding control for each 50 msec. bin. The 

results of this analysis are presented in Table 1.3 and can be summarized as follows. First, 

normal controls show an ERP priming effect for both masked and repetition priming. In 

the case of masked priming, normal controls appear to show the effect in the early range 

from 350 to 500 msec, post stimulus onset while for repetition priming the effect appears 

to occur later from 450 to 550 msec. The Alzheimer's group, in contrast, displays a broad 

effect of masked priming which spans the entire range from 350 to 600 msec. In contrast, 

there is no evidence of any repetition priming in the Alzheimer's group across the entire 

period from 350 to 600 msec, post stimulus onset. 

In order to test the hypothesis that the two groups do not differ in a masked 

priming effect but do differ in a repetition priming effect, planned comparisons were 

performed. The first hypothesis contrasted normal controls to Alzheimer's participants, 

MP condition to the MPC condition, across all sites for the time period from 450-500 

msec. This was non-significant [F(l,39) = 1.63, ns], supporting the conclusion that both 
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Figure 1.2a: Grand average ERP waveforms from 13 selected scalp sites from -100 to 
1200 msec. Elderly control participants, NEW word vs repeated word (RP) comparisons. 
Note, Y axis values are in microvolts. 
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Figure 1.2b: Grand average ERP waveforms from 13 selected scalp sites from -100 to 
1200 msec. Elderly control participants, masked priming control (MPC) vs mask primed 
words (MP) comparisons. Note, Y axis values are in microvolts. 
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Figure 1.2c: Grand average ERP waveforms from 13 selected scalp sites from -100 to 
1200 msec. Alzheimer patients, NEW word vs repeated word (RP) comparisons. Note, Y 
axis values are in microvolts. 
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Figure 1.2d: Grand average ERP waveforms from 13 selected scalp sites from -100 to 
1200 msec. Alzheimer patients, masked priming control (MPC) vs mask primed words 
(MP) comparisons. Note, Y axis values are in microvolts. 
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Figure 1.3: Mean amplitude values (350-600 msec.) for 3 way interaction of diagnosis, 
priming type and repetition. 
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groups show a masked priming ERP effect. The second hypothesis contrasted normal 

controls to Alzheimer's participants, RP condition to the NEW condition, across all sites 

for the time period from 500-550 msec, and resulted in a significant effect [F(l,39) = 4.89, 

p < .04]. This supports the conclusion that normal controls show an ERP repetition 

priming effect while the Alzheimer patients do not. 

The analysis thus far has focused on collapsing the data across all head sites. In 

order to better understand the topographical characteristics of each repetition effect for 

each participant group we created topographic paired t-test maps. The method of creating 

the maps consists of subtracting the priming condition (RP or MP) from its corresponding 

control condition (NEW or IvIPC) for each subject (retaining variance information), and 

then grand averaging the subtraction waveforms and performing a time point by time point 

t-test (DufJy, Iter, & Surwillo, 1989). The resulting t-test waveform (for each electrode 

site) is then mapped on the head by linearly interpolating four adjacent electrode sites 

averaged over a specific interval time period. For the current study t-test maps were made 

from the RP-NEW and MP-MPC comparisons for the normal control group and the MP-

MPC comparisons for the Alzheimer patients. The time interval examined was 200-950 

msec.(post stimulus onset) in 50 msec, epochs (Figure 1.4). Significant t values of p < .01 

were fixed as a single black color. Examination of the mapping reveals several interesting 

features. First of all, for the normal controls, the masked priming effect appears to be 

restricted to the very posterior region of the scalp from 350-500 msec., while the repetition 

priming effect appears to occur first over the left posterior-temporal 



Table 3; Difference amplitude values for each priming condition and its corresponding control in 50 ms bins 
beginning with 350 until 600 msec post stimulus onset (PSO^ 

Normal Control Subjects 

Masked Priming: Priming Amplitude .67 .74 .75 . 1 1  .39 

F(1.25) 3.84 5.00 4.42 .07 .80 

e .06 .03 .05 ns ns 

Repetition Priming: Priming .55 .73 .84 1.01 .60 

F(1,25) 5.84 5.33 7.52 9.43 3.38 

P .02 .03 .01 .005 .08 

Alzheimer Patients 

Masked Priming: Priming Amplitude 1.34 1 . 1 2  1.46 .93 1.66 

F(1.14) 13.38 4.24 13.39 3.75 26.18 

E .003 .06 .003 .07 .0002 

Repetition Priming: Priming Amplitude -.23 -.05 - . 1 8  -.53 .01 

F ( I , I 4 )  . 1 4  .01 .08 .53 .00 

J2 US US ns ns ns 
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region at around 300-350 msec, and then later appears over central-parietal regions by 500 

msec. In contrast, Alzheimer patients appear to show a much more broader effect for the 

masked priming manipulation across both the spatial and temporal dimensions when 

compared with normal controls. Spatially the effect appears to involve posterior and 

central-parietal regions of the scalp across the time course of 200 to 750 msec, post 

stimulus onset. 

Examination of the topographical mapping might lead one to conclude that the 

repetition and masked priming effects seen in normal controls might be due to different 

intracranial generators. However, it is important to examine this conclusion by proper 

statistical analysis of whether there exists an interaction between scalp site and priming 

condition by comparing temporal regions which showed a corresponding priming effect. 

The finding of a Priming Condition by Scalp-site interaction would suggest (ruling out 

artifacts) that the priming effects result from different configurations of intracranial source 

generators, as identical sources would produce potentials that propagate to the scalp in 

identical fashion. This analysis strategy, however, is vulnerable to artifactual findings if 

the data are not first appropriately scaled (cf. McCarthy & Wood, 1985). The artifact is 

possible because differing signal strength from identical source generator(s) can manifest 

at the scalp in a nonadditive fashion and the significant interactions in the ANOVA model 

can be reflections of this nonadditivity rather than the effect of separate intercranial source 

generators. If, however, the data are first appropriately scaled, the analysis then reflects 

differences in scalp distribution between conditions, unconfounded 
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Figure 1.4a,b: Topographical mapping of repetition and masked priming. Dark color 
indicates significant values, p < .01. Each head represents a 50 msec, time slice beginning 
at beginning at 200 msec, (upper left) and extending to 950 msec (lower right). Panel A is 
normal elderly, masked priming and panel B is normal elderly repetition priming. 
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C) Repetition Effect for Mask Primed Words (MP 
minus MPC) 

Figure 1.4c: Topographical mapping of masked priming in Alzheimer patients. Dark color 
indicates significant values, p < .01. Each head represents a 50 msec, time slice beginning 
at 200 msec, (upper left) and extending to 950 msec (lower right). 
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by condition dififerences in amplitude. The present data were normalized by converting 

the priming effect amplitudes to a percentage of difference between the maximum and 

minimum values across sites for each condition separately (cf. McCarthy & Wood, 1985, 

p. 206). In order to obtain a more stable estimate of the minimum and maximum 

amplitudes across sites in each condition, the mean values across subjects were used rather 

than raw values. We performed this scaling on the montage used for previous statistical 

analysis (C3, C4, P3, P4, POl, P02, 01 and 02) and then used time windows for each 

priming condition based on previous bin analysis. For the repetition priming condition we 

calculated mean amplitude values for the time window from 450-550 msec and for the 

masked priming condition calculated the mean amplitude values from 350-500 msec. 

After scaling, the condition by site interaction was found to be significant (F[7,175]=3.16, 

p<.004). This supports the conclusion that different intracranial generators were most 

likely responsible for the two priming effects observed in elderly controls. 

Demographic. Mental Stams and Self-Reported Awareness Predictors of ERP Priming 

Effects 

In order to examine predictors of the two ERP priming effects, topographical maps 

were created to examine correlations between the masked and repetition priming effects 

with demographic and mental status (MMSE) variables. The value used to represent 

repetition priming was the difference between the average amplimde value from 450-550 

msec for the RP condition and the NEW condition. For masked priming, the difference 

between the average amplitude vzilue from 350-550 msec for the MP condition and the 
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MFC condition. The resulting correiatioa values were then mapped onto the head by 

linearly interpolating four adjacent electrode sites and then thresholding such that only 

sites whose correlations were significant at the p <.01 level are shown. First, neither age or 

education significantly predicted either masked or repetition priming. For the variable of 

sex there was no effect for repetition priming but the masked priming effect at site Oz was 

correlated with sex such that women were likely to show a greater masked priming effect 

at that site alone. 

The relationship between mental status and the ERP priming effects indicated that 

MMSE status was positively correlated with the repetition priming effect (see Figure 1.5a) 

in left and right posterior regions of the head, indicating that participants with higher 

MMSE scores had larger repetition priming effects across this region. By contrast, the 

MMSE scores did not correlate at any site with the ERP priming effects for masked 

priming. 

The ERP measures of masked and repetition priming were then compared to the 

normal elderly's debriefing reports. First of all, a positive correlation was found between 

the repetition priming effect and participants' report of being aware that words were being 

repeated in the list. This positive correlation occurred in the left and right anterior and 

anterior-temporal regions (Figure 1.5b). In addition, a negative correlation was found 

between the masked priming effect and participants' report of being aware that words were 

being repeated in the list. This effect was in the left-temporal/parietal region of the scalp 

(5c). With respect to the reported awareness of the masked priming manipulation (i.e. 
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participants' noticing something flashing for a brief duration as well as subjects were 

aware that these "flashes" were words) were not correlated with either ERP priming effect 

at any scalp site. 

Discussion 

The current experiment documents several differences between the memory 

performance of AD patients and elderly controls. First of all, in contrast to controls, 

Alzheimer patients display no evidence of repetition priming, either in their behavioral 

responses or in their event related potentials, to words simply repeated over relatively long 

lags. This finding contrasts with previous studies which have identified repetition priming 

effects in AD during a lexical decision task with both behavioral measures (Moscovich, 

1982; Ober and Shenaut, 1988) as well as ERP measures (Friedman, Hamberger, Stem, 

and Marder, 1992; Rugg, et al., 1994). There are, however, some very important 

differences between the current study and these studies. The current study deliberately 

attempted to push the limits on simple repetition priming: the repeated stimuli were 

relatively rare (9%), and the inter-item lag was always maximized so that the repetition 

occurred at greater than 90 intervening items. By contrast, the Moscovich (1982) study 

which demonstrated a reaction time advantage repeated 33% of the items at lags 0, 7 and 

29 words. The study by Ober and Shenault (1988) used an average repetition lag of 15 

intervening items and, in addition, some of their simple repetition conditions contained the 

confound of being preceded by a related prime. The Moscovich (1982) and Ober and 
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Figure 1.5: Topographical correlation maps examining correlations between demographic 
and debriefing variables verses priming effects. Dark color indicates significant correlation 
values, p < .01. Panel A displays positive correlations between MMSE and repetition 
priming. Panel B displays positive correlations between awareness of repetition and 
repetition priming. Panel C displays negative correlations between awareness of repetition 
and masked priming. 



51 

Shenaut (1988) studies found repetition priming effects for AD patients in a lexical 

decision task, whereas with longer lags and lower target probability we did not. 

The lack of repetition priming in AD ~ both by ERP and behavioral measures— is 

not unexpected since, in the Friedman, Hamberger, Stem, and Marder, (1992) study 

(where the percentage of repeated items was 25% and the average lag was 14 items 

between the &st and second presentations), there was an attenuation of the ERP repetition 

effect for the AD group relative to elderly controls. Similarly, in the study by Rugg and 

colleagues (1994) there was a relatively higher percentage of repeated items (38%) and the 

repeated lags were either after one or six intervening items; although it was not significant, 

the Rugg et al. (1994) study identified a trend towards a reduction in the repetition effect 

for the AD group from the shorter (1 item) to longer lags (6 items). The implications of 

these two previous studies are that it may be possible to push the repetition lag to a longer 

limit and/or make the stimuli relatively rare in order to eliminate the priming effect, which 

is what we found in the present study. This finding suggests the possibility that the 

priming effects seen previously in AD patients involve memory processes which remain 

unaffected by the relatively short lag time changes but are incapable of maintaining the 

effect when subjected to the longer lags we used here. If the neural mechanisms for 

repetition priming in AD are the same as for normal elderly, and not dependent on those 

systems which are dysfunctional in AD, then we would have expected a similar pattern 

between the two groups at long lags, not what we've found here. Therefore, it would be 

difficult to conclude that the mechanisms for simple repetition priming remain unaffected 
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by the Alzheimer disease process. 

The lack of a behavioral or repetition priming effect for the AD group in our study 

would be wholly uninteresting were it not for the fact that normal elderly controls matched 

to the AD subjects show a clear repetition effect in both their behavioral data and in their 

ERPs. The behavioral data indicated that elderly participants were, on average, 52 msec 

faster when items were repeated than when they were first presented. This finding is in 

agreement with Moscovich's (1982) finding of an average of a 50 msec advantage in a 

lexical decision task for items repeated at a 0, 7, and 29 word lag. In addition, Moscovich 

failed to find an interaction between lag time and reaction time priming. That finding is 

further supported— even out to longer lags— by our current data, which demonstrates a 

repetition effect of approximately the same magnitude after a greater than 90 word lag. In 

conjunction with Moscovich's finding of a reaction time advantage for lexical decision, he 

also tested recognition memory. In that regard he found that there was a repetition by lag 

interaction and this finding prompted him to conclude that "repetition priming and 

recognition are mediated by different mnemonic processes" (p 71.). 

The conclusion reached by Moscovich (1982) is very similar to that currently put forth by 

those arguing for seperable memory systems (Schacter, 1994). However, our data suggest 

an alternative possibility, namely that simple repetition priming in AD involves the same 

mechanisms which are responsible for impaired recognition memory but, as tested with an 

implicit memory task, this becomes evident only with longer repetition lag times. The 

correlation between MMSE and repetition priming supports the notion that as the disease 
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process progresses so does the breakdown in repetition priming. A useful follow up 

experiment to test this conclusion would involve a broad group of AD patients in various 

stages of the disease tested on repetition lag times spanning in a linear fashion from 

relatively short to relatively long. 

The ERP resiUts for elderly participants may provide some clues about the neural 

mechanisms underlying repetition priming effects. In our current study we found an ERP 

repetition effect for words repeated over relatively long lags in our elderly controls. For 

those words there was a positive augmentation in the waveform from the region of 300 

msec post stimulus onset (PSO) to 700 msec PSO. This effect covers the region of two 

important ERP components, namely the N400 and the late positive component (LPC). 

This finding corresponds well to the recent Swick and Knight (1997) study which 

demonstrated a positive augmentation across the same region. In their case the effect was 

slightly delayed in the elderly and extended for a longer period of time than in younger 

adults. The augmentation in the LPC is consistent with previous interpretations of its 

relationship to conscious recollection (Paller et al. 1995; Smith, 1993). Although 

conscious recollection would be incidental to our lexical decision task, 85% of elderly 

participants reported being aware that some words had been repeated. More directly 

related to the implicit repetition effect, in contrast, is changes in the region of the N400. 

The N400 has been interpreted as a marker of linguistic processing, such that when a word 

is repeated it produces a reduction in the amplitude of the N400. Researchers have 

interpreted this reduction as evidence that when a word is repeated it requires fewer neural 
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resources and hence there is a reaction time advantage (Halgren, 1990; Squire at al., 1992). 

Paller and colleagues (1995) have argued that the N400 is probably a marker of the 

automatic processes in word identification, which would benefit from repetition. 

The present topographical mapping of the repetition priming effect indicates that 

the early part (300 msec. - 350 msec.) of the repetition effect — that probably most related 

to an automatic priming phenomenon ~ produces changes in electrical activity over the 

left-temporal parietal junction and over the central and right central parietal region. This 

distribution is very similar to that found by Swick and Knight (1997). In their study they 

found a central parietal maximum during their lexical decision task which corresponds 

well to that found here. Swick and Knight also found a frontal augmentation in their 

elderly participants which we have not found in our current study. Interestingly, our 

previous study (Schnyer, Allen, and Forster, 1997) with young subjects found that a 

fronto-temporal augmentation in the waveform distinguished longer-term repetition 

priming from masked priming. The lack of a frontal finding in our current study may be 

indicative of changes in frontal cortical activity associated with aging (Mittenberg et al., 

1989). Specifically, elderly subjects may less frequently be aware of the repetition 

condition than younger subjects, as indicated by the fact that they have been shown in 

other experiments to have a decreased recall and recognition ability relative to younger 

persons (for a review see Light, 1991). The possible relationship between the fronto-

temporal repetition effects of our previous study and awareness of repetition is supported 

in the current study by the present finding of a positive correlation between participants' 
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report of awareness of repetition and the ERP repetition priming effect (see Figure 1.5b) in 

precisely the same left and right fronto-temporal scalp regions as we found previously. 

This finding indicates enough variability among elderly individuals in this fronto-temporal 

augmentation that it is non-significant when all subjects are averaged together, but is 

positively related to those subjects who report being aware of the repetition, and thus 

consistent with our previous conclusions (Schnyer, Allen and Forster, 1997) where we 

attributed at least some of the frontal effects to the participants recognizing the repetition 

of words. In the Swick and Knight (1997) study, the lag time was short and the repeat 

probability was high relative to our current study; therefore the elderly subjects were 

probably more aware of a greater percentage of repetition conditions, leading to frontal 

changes. 

Researchers have argued that posterior perceptual representation systems are 

responsible for some simple repetition priming phenomena, and the scalp topography for 

the repetition effect we observed in elderly persons is consistent with that possibility. It is 

for this reason that we included the masked priming condition. We have argued previously 

that masked priming may provide a method for activating perceptual representations of 

words in the absence of the confound of any episodic memory mechanisms (Foster et al., 

1990; Schnyer, Allen, and Forster, 1987). In the current experiment, our elderly 

participants demonstrated priming using both behavioral and ERP measures, under 

conditions of simple repetition and masked repetition. The reaction time advantage for this 

masked-prime manipulation was on the order of 45 msec, when compared to its control 
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condition, and 31 msec, when compared to the NEW word baseline. These effects are 

similar to those found in our previous work with younger persons (59 msec, and 28 msec.) 

and provide the first evidence of which we are aware that, despite some of the perceptual 

changes that occur with aging (see Storandt, 1994 for a brief review), the neural 

mechanisms involved in masked priming remain unaffected by age. 

Topographical mapping of the masked priming effect reveals that the distribution 

of the priming effect is largely located in the right and central occipital regions of the 

scalp. Moreover, using proper scaling techniques, the finding of a condition by scalp site 

interaction supports the interpretation that the neural mechanisms involved in masked 

priming are different than those involved in longer-term repetition priming. One important 

caveat with respect to this interpretation is that in our current study there is no visible 

repetition condition at the same time lag as the masked priming condition. In this regard it 

may be useful to refer to Swick and Knight (1997) who at lag 0 and 1-2 found a virtually 

identical scalp distribution to our much longer lag condition (greater than 90) and this 

distribution remains quite different qualitatively from the masked priming effect observed 

here. The possibility of participants being able to perceive the masked primes appears to 

be remote since their reports of awareness of the prime did not correlate with the ERP 

results for masked priming. In addition, Moscovich (1982) found that when using a 

patterned mask, the threshold of identification for visually presented words was around 

70-75 msec in elderly persons. Our current study used a presentation duration of 60 msec, 

below the threshold for which they should be aware. In fact, only one subject claimed he 
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could read die briefly flashed words. 

The presence of a masked priming effect which is qualitatively different from 

longer-term repetition is consistent with the argument that activations of perceptual word 

forms may not play the central a role in longer-term priming effects, that many researchers 

would like to claim. The lack of these longer-term effects in the AD group also lends 

support to this interpretation, since we are postulating (as others have) that word-form 

representations remain intact in AD. This is also supported by our current study where AD 

participants displayed some indication of masked priming in their behavioral data and a 

clear indication of masked priming in their ERP data. The ERP results for our AD patients 

showed a clear repetition priming effect due to the masked prime, and this effect is far 

greater in both temporal and spatial extent for the AD patients than for the normal elderly. 

There have been a number of experimental studies which have shown that AD 

patients will sometimes display a form of "hyper-priming" (Chertkow at al., 1994; Nebes 

et al., 1989); it is difficult, however, to relate that phenomenon to our current results with 

masked priming because, behaviorally, there was no evidence of a reaction time advantage 

for words which were previously mask primed with an identity prime. The ERP finding for 

mask primed words may be related to changes in inhibitory processes in AD. There is 

evidence which indicates that AD patients suffer from a breakdown in inhibitory process 

in higher level cognitive tasks associated with frontal systems, such as those utilized in the 

Stoop color naming task (Spieler et al., 1996) and delayed alternation tasks (Freedman, 

1990). An examination of semantic facilitation in a selective attention task (Grande, et al.. 
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1996) found that AD patients experienced facilitation both to attended and unattended 

information, while normal controls were aided only by attended information. They 

concluded that AD patients had difficulty inhibiting "crosstalk" from unattended material 

which could be related to changes in attentional systems. Researchers have begim to 

examine the relationship of attentional resources to the changes in cognitive processes 

associated with aging and dementia (Craik & Byrd, 1996) and much of the focus on 

attentional systems has emphasized the importance of inhibitory processes (for a current 

review of relevant research see Luck 1995). Nakagawa (1991) conducted several 

experiments in an attempt to explore the role of anterior and posterior attentional networks 

in making lexical decisions, and concluded that the left hemisphere is key to the inhibition 

of associations which might interfere with an ongoing analysis. Nakagawa also went on to 

point out that the processing asymmetries he was examining were highly dependent on the 

anterior attentional system— a point which gains importance given that some research has 

failed to find significant changes in the posterior attentional system in AD patients (Faust 

and Balota, 1997). The changes in the ERPs for masked priming over the left hemisphere 

temporal-parietal region in the AD patients— not present in the normal elderly controls-

may be related to breakdown of these inhibition processes. Activation may spread to a 

greater extent than it does in a normal elderly brain. Additionally, the finding of a negative 

correlation between normal elderly participants' reports of words being repeated and a 

masked priming effect in precisely this left temporal-parietal region is some indication that 

these inhibitory changes could also be related to changes in memory flmctioning. We 



59 

realize that this is highly speculative given the current data, but it is a point which is 

particularly salient for AD patients where the high frequency of intrusion errors (tendency 

of previously learned information to intrude into the attempted recall of new materials) has 

been interpreted by some to be a sign of disinhibition (for brief review, see Butters, 

Salmon, & Butters, 1994). 

Synopsis 

The current study challenges the contention that an impaired^intact dichotomy is a 

usefiil way to describe memory systems or processes in brain damaged patients. Simple 

longer-term repetition priming, which previously has been demonstrated in AD patients, 

was eliminated here by manipulation of the experimental parameters. Moreover, such 

priming was found to be present in normal elderly persons, along with normal masked 

word repetition priming. Comparisons of the scalp recorded ERPs for these two effects 

supports the interpretation that these two priming effects involve different brain processes. 

Finally, the presence of a masked priming effect was demonstrated in AD patients and, 

even though this effect putatively involves basic perceptual and pre-lexical processes, AD 

patients manifest a different effect both behaviorally and electrophysiologically than their 

matched controls. This masked priming finding in AD introduces the possibility that 

inhibitory processes may play a more important role in memory priming phenomenon than 

previously suspected. Although these findings open up considerable opportunities for 

further study, our basic assertion is that the complexity of brain interactions assures that 

little remains "normal" in a brain that has been significantly altered by damage or disease. 
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Disruptions to neural systems which are involved in episodic memory produce clear 

deficits; however, these deficits may be only the most obvious manifestation of a much 

more complex disruption of cascading effects across a wide variety of processes. 



CHAPTER 2 

Using Instantaneous EEG Frequency Analysis to Examine Task Related Changes 

Patients with Alzheimer's Disease 
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Considerable research has examined the characteristics of the EEG associated with 

AD in an attempt to determine diagnosticaily and/or theoretically useful differences 

between AD and other similar disorders (see Corbum, Parks, and Pritchard, 1993 for a 

review). Such research has revealed that the EEG of AD patients can be characterized, 

relative to normal controls, as displaying increases in slow wave activity particularly, in 

the delta and theta bands (Penttila, Partanen, Soininen, & Riekkinen, 1985; Sloan & 

Fenton, 1993; Soininen et al, 1990; Corbum, Parks, and Pritchard, 1993 for a review). 

There are a number of studies which have suggested that changes in theta band activity 

occur relatively early in the disease (Isse, et al, 1990; Penttila, Partanen, Soininen, & 

Riekkinen 1985; Szelies, et al. 1992), with the added appearance of delta band increases as 

the disease becomes more severe (Isse, et al., 1990; Penttila, Partanen, Soininen,«& 

Riekkinen, 1985). The increase in theta power has been found to be the most sensitive 

EEG characteristics in the differentiation of early AD patients from normal controls 

(Helkala et al., 1991; Penttila, Partanen, Soininen, & Riekkinen, 1985; Primavera, et al., 

1990; Rice et al., 1990; Szelies, Mielke, Herholz, & Heiss 1994), and has also been found 

to correlate with increasing cognitive impairment (Gordon and Sim, 1967; Merskey, et al., 

1980; Penttila, Partanen, Soininen, & Riekkinen 1985; Primavera, et al, 1990; Sloan & 

Fenton, 1993). Other work has indicated that the increase in slow wave activity in the delta 

and theta bands is greater in the left temporal region of the scalp (Breslay, et al., 1989; 

Rice, et al., 1990), which may be related to the cognitive dysfimctions associated with AD. 

In addition, comparisons with functional imaging studies have revealed a relationship 
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between increases in slow wave activity and decreases in cerebral perfusion in SPECT 

(Gueguen at al, 1992) and cerebral metabolism in PET (Sheridan, et al., 1988; Szelies, 

Mielke, Herholz, & Heiss 1994). In fact, Szelies and colleagues (1994) found that theta 

changes were more accurate at classifying AD patients than the metabolic decreases found 

in PET. 

AD and Changes in EEG Alpha and Fast Wave Activitv 

Although the most consistent EEG findings in AD have been in the lower 

frequency bands, there have also been changes observed in alpha, beta and gamma band 

activity. Studies have revealed that AD is usually accompanied by a decrease in the overall 

alpha amplitude (Gordon & Sim, 1967; Prichard, et al., 1994; Sloan 8c Fenton, 1993; 

Streletz, et al., 1990;) as well as a decrease in the frequency of peak alpha activity 

(Angeleri, et al., 1997; Lechner, Niederkom, & Logar 1990). In addition, it has been 

shown that AD patients do not show the expected (relative to age-matched normal 

controls) increases in alpha power with eyes closed relative to power with eyes open 

(Angeleri, et al., 1997; Sloan and Fenton, 1993). Recent work comparing PET metabolic 

measures to decreased alpha responsivity has demonstrated that this change tends to occur 

as the disease becomes more severe (Sheridan, et al., 1988). 

Examinations of higher frequency beta and gamma activity have also revealed 

some significant differences between AD patients and normal elderly controls. Beta 

activity has been found to decrease overall in AD patients (Coben, Danzinger & Berg 

1983; Dufily, Albert, & McAnulty, 1984; Isse et al.l990) and, like theta changes, appear to 
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be among the first electrophysiological signs of the disorder. In addition to decreases in 

beta band activity, a small body of research has indicated that there may be changes in the 

higher frequency gamma band (35 to 80 Hz) associated with AD. Spydell and Sheer 

(1983) found that baseline levels of gamma band activity in the 36-44 Hz range were 

lower for AD patients then for normal controls. Unfortimately the work by Spydell and 

Sheer utilized an atypical method of quantifying the EEG activity in the gamma band, 

making it difficult to compare with the usual spectral characterizations of AD. Although 

studies examining differences between AD patients and normal controls in their levels of 

resting EEG have provided useful diagnostic information, relatively few studies have 

examined changes in the EEG during cognitive tasks in AD patients. This type of 

examination may provide useful information to elucidate the nature of brain dysfunction in 

AD. 

Cognitive Activitv as Revealed by EEG 

Alpha rhythms, which characterize the brain when awake and relaxed, disappear 

under conditions of stimulation (Aranibar & Pfurtscheller, 1978) and cognitive work 

(Sergeant & Geuze, 1984; Volavka, Matousek, & Roubicek, 1967). Pfurtscheller and 

colleagues (Pfurtscheller, 1977; Pfurtscheller & Aranibar, 1977) applied the term "event-

related desynchronization" (ERD) to the observed decreases in the alpha band activity 

associated with mental activity. Desynchronization of the EEG has been inferred by many 

researchers to be inversely related to the amoimt of brain activation (see Davidson, 1988). 

Many studies of alpha changes related to cognitive work have utilized a measure of 
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average alpha power across multiple epochs and then compared that value to one from a 

baseline task (usually eyes open). Although useful in showing global activity changes 

roughly associated with a particular task, this method suffers from the lack of time specific 

information. This lack makes it difficult to know whether these alpha changes appear 

during the period of cognitive work, the subsequent response to the task, after the 

cognitive solution, or reflect some more global changes in brain rhythmic activity. 

Historically, precise analysis in the time domain of the brain activity during a cognitive 

task has utilized event related brain potentials (ERPs), and the vast majority of research 

using the EEG to study cognitive processes has focused on these potentials. These 

potentials which are observed only when the "background" EEG has been averaged away, 

have provided a wealth of information about attention, language and memory functions 

(see Rugg and Coles, 1995 for an overview of ERPs and cognition). The ERP is the 

consistent, time locked response produced by the brain when it is presented with specific 

processing tasks. Researchers have argued that the time-locked nature of the ERP may 

provide only a rough estimate of global EEG changes because it makes the flmdamental 

assumption that important frequency activity is time invariant, occurring identically on 

each trail (Ba§ar, et al. 1992; Pfurtscheller, 1977). This final point is important when 

studying brain-damaged populations where alterations in cognitive abilities may result in 

considerable variability in responses. This variability could cause shifts in the phase of the 

waveform which would result in a significant loss of information upon signal averaging. 

Pfurtscheller and Aranibar (1977) were the first to quantify changes in alpha band 
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activity as a function of time. They used a technique of bandpass filtering of the ongoing 

EEG, leaving only the alpha range, then squaring each time point (as a method of 

eliminating phase) and averaging the epochs together. The result, referred to as event-

related desynchronization (ERD), is usually expressed as a percentage change between 

task-related activity and a measure of prestimulus baseline activity. A number of 

researchers have used this technique in order to examine sensory and movement potentials 

(Pfurtscheller and Aranibar, 1977; Sergeant, Geuze, & Van Winsum, 1987), memory 

processes (Dujardin, Bourriez & Guieu, 1995; BClimesch, Pfurtscheller, & Mohl, 1988; 

Klimesch, Pfurtscheller, Mohl, &. Schimke, 1990) and attentional mechanisms (Winsum, 

Sergeant & Geuze, 1984). Unfortunately, no studies have been performed examining the 

ERD response of AD patients during the performance of cognitive tasks. 

The goal of the current research is to examine the utility of event-related frequency 

changes as a method for understanding the cognitive dysfunction associated with 

Alzheimer's disease. Several questions were of interest, first, are the differences in alpha 

band activity observed between AD patients and normal elderly controls exclusive to 

resting conditions, or can informative differences be identified during cognitive tasks? If, 

in fact, activity in the alpha band is inversely related to engagement of cognitive resources, 

then it would be predicted that AD patients would show a higher than normal level of 

alpha band activity during a cognitive task. In addition, it might be possible to localize 

these differences to brain regions affected by the disease process, such as the frontal, 

temporal or parietal regions. Secondly, if alpha band differences are observed, what is the 
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time course of these differences? It would be important to utilize a methodology that is 

sensitive to such temporal changes. For example, are the changes overall differences in 

baseline activity during a cognitive task, or are the changes specific to the performance of 

the task itself? This final question would best be illuminated by a measure of event-related 

amplitude changes in alpha band activity. In order to examine the questions outlined 

above, two cognitive tasks were chosen which were predicted to be simple enough for AD 

patients to perform when in the early and middle stages of the disease. In this way the 

question of changes directly related to a cognitive task is not confounded by a significant 

discrepancy in error rates between AD patients and elderly controls. 

Method 

Participants 

Eighteen elderly volunteers diagnosed with probable Alzheimer's disease were 

recruited through the Memory Disorders Clinic at the University of Arizona Medical 

Center. These patients met the NINCDS-ADRDA (McBChann et al. 1984) criteria for a 

diagnosis of probable Dementia of the Alzheimer's Type and were fi-ee from any of the 

following: blindness or deafiiess, extended periods of alcohol abuse, any history of stroke, 

heart attack within the last year, cancer not in full remission within the last 3 years, history 

of serious psychiatric disorder, current mood disorder, serious language or speech 

disorder. In addition, all patients were reported to be right handed. For data analysis, two 

of the patients were excluded due to the inability to perform the lexical decision task 

(described below) to a minimum of 80 percent accuracy. 
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The patient group was matched with elderly volunteers who were recruited through 

flyers posted in a local community center, or by word of mouth. This group was first 

screened by telephone interview to be free from any of the exclusionary criteria mentioned 

above and to be right handed. This resulted in 28 eligible volunteers who completed both 

experimental tasks with EEG recording. Participants were then excluded from data 

analysis if they had not completed high school, their eyesight was not at least 80/20, or if 

there were any data recording abnormalities (e.g. bad electrodes, inconsistent procedures). 

This group was then matched to the patient group on the variables age, sex and education. 

This was accomplished simply by eliminating participants who varied on one or more of 

the variables (age, sex and education) which needed to be adjusted beginning with the first 

subject and working through the list until groups no longer differed. The final pool of 

participants matched to the patient group included 22 individuals who did not differ 

significantly from the patient group on either age (F[l,39] = 0.003, ns), sex (Chi" = 0.0, 

ns), or education (F[l,36] = 2.20, ns). Means, standard deviations and ranges for the 

demographic variables of the final patient and matched control groups can be found in 

Table 2.1. 

Apparatus 

All stimtxlus materials were presented to the respondent on a 14" (35.56 cm) 

computer CRT screen driven by an IBM-compatible microcomputer equipped v^ith a 

80486 micro-processor. The display software used was the DMASTR system developed at 



Table 2.1: Descriptive Data for matched Alzheimer and normal control samples 

Subject 
Group 

(N) 

Age 
(years) 

Sex Education 
(years) 

Mental Status Exam 
(MMSE out of 30) 

Subject 
Group 

(N) 
Mean SD Range Male Female Mean SD Range Mean SD Range 

Alzheimer 
(18) 

73.5 4.8 63-86 14% 86% 14.7 2.4 12-20 22.1 3.6 15-27 

Control 
( 2 2 )  

73.5 5.8 63-83 18% 82% 13.6 2.2 12-20 28.9 1 . 1  2 7 - 3 0  

ON O 
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the University of Arizona by K.L Forster and J.C. Forster. The system synchronizes the 

display code with the raster scan, which is essential for precise control of stimulus 

durations and measurements of Reaction times. Participants viewed the monitor in a 

dimly-lit (single 25 watt bulb), sound-dampened chamber while seated in a comfortable 

chair. The viewing distance was approximately 85 cm. Participants responded to the 

stimulus using a two button computer mouse mounted on the right arm of the chair. 

Procedure 

Participants were first contacted by telephone and asked a series of questions to 

determine if they qualified for the study. In the case of Alzheimer's patients, their 

caregiver was contacted first. Those who qualified were given an overview of the study 

procedures and scheduled to come in for an experimental session. Qualifying participants 

were sent a package containing a medical questionnaire to be completed at home by either 

the participant or caregiver (in the case of patients). 

Participants began the experimental session with a brief tour and introduction to 

the lab, following which they provided informed consent and the completed medical 

questionnaire was reviewed. Participants were then seated in the experimental chamber 

and asked to read a short paragraph on the computer monitor followed by a simple near 

vision test utilizing the Sloan letters for a distance of 40 cm. Participants were then 

prepared for psychophysiological recording, following which they were seated in a 

comfortable chair in a dimly-lit sound dampened chamber. An experimental assistant 

remained in the chamber at all times with participants, in order to provide instructions and 
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monitor compliance with procedures. Resting EEG was then recorded, consisting of four 

60-second blocks of eyes-open (O) and eyes-closed (C) conditions, in one of two 

counterbalanced orders (OCOC or COCO). During the eyes open condition participants 

were instructed to fixate their eyes on a spot on the wall in front of them and continue 

looking at that spot until they were told to stop. For the eyes closed condition they were 

instructed to simply close their eyes and relax. Following baseline recording, participants 

engaged in one of two experimental tasks (a verbal or a spatial task) in counterbalanced 

order. After performance of the first experimental task, subjects were taken for a walk in 

order to stretch their legs and use the bathroom if necessary. The participant then returned 

to the experimental chamber to complete the second of the experimental tasks. Following 

completion of the experimental tasks, participants were taken to a separate interview room 

and given a Folstein Mini Mental State Examination (Folstein, Folstein and McHugh, 

1975) and then debriefed about the experiment. The two groups did, of course, differ on 

mental status exam (MMSE, F[l,36] = 66.05, p < .001; see Table 2.1). 

Verbal Task 

The CRT screen was placed in front of the subjects and their right hand placed on 

the response buttons located on the chair arm. Participants were then instructed that they 

would see a list of words and non-words ("items which look like words but are not"). The 

list was a total of 270 words, including 66 orthographically legal non-words, all between 5 

and 8 letters in length. The words were drawn from Kucera and Francis (1967) so that 

they had counts of from 20 to 80 words per million (medium frequency), while the non-



72 

words were words with one or two letters changed (e.g. brend). The stimuli were presented 

in lower-case green letters on a black background centered on a 14" CRT screen. Words 

and non-words appeared in a random sequence serially for 3000 msec, each (with no time 

between stimuli) in seven blocks, separated by 1 minute breaks. Participants were 

instructed to press the upper button for words and the lower button for non-words as 

quickly and accurately as possible. They were also instructed that during the task they 

must hold their head as still as possible so as not to interfere with the electrophysiological 

recording. A short practice list followed the instructions and preceded the task blocks and 

participants were allowed to repeat this practice list until they and the assistant were 

confident they could perform the task adequately. The total task time was approximately 

sixteen to twenty minutes. Before beginning again after short breaks participants were 

reminded of the task instructions. The verbal task was part of a study examining masked 

and repetition priming, the results of which are reported elsewhere (Schnyer, Allen, 

Kaszniak, & Forster, 1998). 

Spatial Task 

As with the verbal task, stimuU were presented in green on a black background 

centered on a 14" CRT screen. Subjects were asked to fixate their gaze on a center line and 

then make judgments about whether a dot they saw was above or below that center line. 

The center line was presented on the screen at all times. For each stimulus run the subject 

would see a starting pattern of ten ampersands for 1000 msec indicating a vertical column 

of five locations above and five below the center fixation point. After the one second 
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presentation the coiumn would disappear and a dot would appear for 500 msec in one of 

the ten locations. The subject would make their judgment and the next starting stimulus 

would appear 1500 msec, after presentation of the dot. Several short practice trials 

followed the instructions and participants were allowed to repeat these until they and the 

assistant were confident they could perform the task adequately. Participants then 

responded to a total of 180 trials divided evenly into six blocks with one minute breaks in 

between. Before beginning again after short breaks, participants were reminded of the task 

instructions. The position of the dot was randomly distributed throughout the task such 

that it appeared a total of six times in any one of the ten positions. The total task time was 

approximately fifteen minutes. 

Electrophvsiological Recording 

Twenty eight chaimels of EEG were recorded during all phases of the experiment 

using tin electrodes mounted in a commercially available electrode cap with 7 additional 

tin electrodes outside the cap. Three of the additional electrodes were placed to monitor 

eye movements: one at the nasion and one each directly below each eye (10% of the 

nasion-inion distance). Additionally, an electrode was placed on the left and the right 

mastoid and two of the electrodes were used with FPl and FP2 to create two bipolar 

electromyographic channels over the left and right medial frontalis muscle. Recording 

sites in the electrocap included FPl, FP2, F7, F8, F3, Fz, F4, FTCl, FTC2, C3, Cz, C4, 

T3, T4, T5, T6, TCPl, TCP2, P3, Pz, P4, POl, P02, 01, Oz, 02, Al, and A2. Impedances 

were kept below 5k ohms and all channels were referenced online to the left mastoid (AI) 
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and amplified using a Grass model 12 neurodata system with a band-pass of 0.1 Hz to 

lOOHz and digitized at a sampling rate of 512 Hz. 

Analysis of Electrophysiological Data 

The data for each of the three experimental tasks (resting, verbal and spatial) was 

visually screened for epochs with movement and muscle artifacts, which were removed 

from fiirther analysis. Each participants' data were then re-referenced off-line to an 

average of the activity at all sites across the scalp (average reference). For the resting task 

each one-minute EEG epoch was divided into two-second epochs that overlapped by 1.5 

seconds. The Fast Fourier Transform (FFT) method was used to calculate the power 

spectra; data were tapered at the distal 10% of each two-second epoch using a Hamming 

window. The power spectra from these two-second epochs were then averaged for each of 

the eyes open and eyes closed conditions. The power spectra was then obtained from each 

of two performance tasks (verbal and spatial) by dividing the task into one second epochs 

beginning at stimulus onset to 1000 msec, after stimulus onset.. These epochs were then 

submitted to the Fast Fourier Transforai (FFT) v^dth the same taper at the distal 10% of 

each one-second epoch using a Hamming window. The obtained power spectra for each 

condition (open, closed, verbal, spatial) was then used to produce the total power within 

six frequency bands of interest: Delta (1-4 Hz), Theta (4-8 Hz), Alpha (8-13 Hz), Betal 

(13-20 Hz), Beta2 (20-32 Hz) and Gamma (38-44 Hz). 

The method of Instantaneous Frequency Analysis (IF A, available from Neuroscan; 
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Thatcher, Toro, Pflieger, & Hallett, 1994) uses the method of complex demodulation 

(Otnes & Enochson, 1978) in order to produce the event-related power amplitude for a 

given frequency band. We used the same average referenced, one second cognitive task or 

two second resting baseline epoch files that were utilized above for the spectral analysis. 

We analyzed the resting eyes open (as a control condition to the cognitive tasks) and the 

verbal and spatial tasks for the period from 300 to 950 msec, post stimulus onset using a 

second order sine Butterworth filter for the center frequency of 10 Hz wath a band width of 

± 2 Hz. The resulting magnitude (square root of event-related average power) in the 

complex demodulated time series is then computed for each point of the 650 msec, epoch, 

and these amplitudes are averaged together across epochs to produce an average event-

related amplitude waveform for each of the three conditions of interest (open, verbal, and 

spatial). 

Results 

Behavioral Data 

Reaction time and accuracy data were analyzed separately for each of the verbal 

and spatial tasks using repeated measures analysis of variance. For examination of reaction 

times in both the verbal and spatial tasks, all reaction times of less than 300 msec, or 

greater than two standard deviations above the mean for that participant were excluded as 

were incorrect responses. For the verbal task, the average reaction time for words and non-

words were submitted to a 2 X 2 ANOVA with diagnosis as a between subjects factor. 

This revealed a significant effect of diagnosis [E(l,36) = 18.81, p < .0001], a significant 
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effect for condition [F(l,36) = 109.10, p < .0001] but no diagnosis by condition 

interaction. Overall the AD subjects were 200-300 msec, slower to respond in making a 

word/non-word judgement (Table 2). For accuracy data there was also a significant effect 

of diagnosis [F(l,36) = 13.31, p < .0001], a significant effect for condition [F(l,36) = 

39.30, p < .0001] and a significant diagnosis by condition interaction, [F(l,36) = 6.12, p < 

.02]. Alzheimer patients were overall less accurate than elderly controls for both words 

and non-words but they were particularly less accurate for non-words (see Table 2.2). 

The spatial task reaction time data were submitted to a simple one way analysis of 

variance which revealed a significant effect of diagnosis [F(l,36) = 9.52, p < .005] such 

that AD patients are again slower to make the above/below decision (Table 2). For 

accuracy rates on the spatial task there was also a significant effect of diagnosis [F(l,36) = 

7.87, p < .01] indicating again that AD patients are also less accurate than elderly controls 

at making the above/below judgement (Table 2.2). 

EEG Spectral Data 

Spectral data were analyzed for four conditions, resting eyes open, resting eyes 

closed, verbal decisions, and spatial decisions across 8 selected head sites (F3, F4, FTCl, 

FTC2, TCPl, TCP2, 01, and 02) for the 6 bands of interest. Each bands of interest was 

submitted separately toa2X2X4X4 repeated measures analysis of variance with 

diagnosis (AD and Normal) as a between subjects factor and hemisphere (left and right), 

location (frontal, temporal, parietal and occipital) and condition (open, closed, verbal and 

spatial) serving as within subject factors.. Since we are primarily interested in between 



Table 2.2: Reaction Time and Accuracy Data for Verbal and Spatial Tasks 

Reaction Time (ms) Reaction Time Accuracy rates (%) 
Standard Deviation 

(ms) 

Normal Alzheimer Normal Alzheimer Normal Alzheimer 

Verbal Task - Words 821 1089 113 287 98.1 94.7 

Non-words 1034 1324 133 283 92.8 82.6 

Spatial Task 572 712 84 189 97.1 94.0 
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group differences, only significant main effects of diagnosis or its interactions were 

submitted to post hoc testing and this was performed using the Student-Newman-Keuls 

method. 

Examination of the Delta band revealed no significant effect of diagnosis, but a 

main effect for hemisphere [F(l,36) = 6.62, p < .02], location [F( 1,108) = 82.19, p < .001], 

and condition [F(l,108) = 36.78, p < .001]. There was a significant hemisphere by 

condition [F(l,108) = 5.71, p < .002] and location by condition interaction [F(l,324) = 

29.22, p < .001], while no interaction with diagnosis reached significance. 

The Theta band revealed a significant main effect for diagnosis [F(l,36) = 5.55, p < 

.02] such that overall AD patients displayed higher Theta power than elderly control 

subjects (mean values across all head sites and conditions: AD - 1.31, normal -1.05). There 

were also main effects for hemisphere [F(l,36) = 17.22, p < .001], location [F(I,108) = 

92.66, p < .001], and condition [F(l,108) = 63.57, p < .001]. While diagnosis interacted 

with no other factor there was again a significant hemisphere by condition [F(l,108) = 7.68, 

p < .001] and location by condition interaction [F( 1,324) = 31.31, p < .001]. For the Theta 

band there was an addition hemisphere by location by condition interaction [F(I,324) = 

3.70, p<.001]. 

Examining the Alpha band revealed significant main effects for location [F(1,108) = 

19.33, p < .001], and condition [F(l,108) = 21.44, p < .001] with no main effect for 

diagnosis. There was a significant diagnosis by location interaction for the Alpha band 

[F(l,108) = 2.82, p < .05]. Post hoc testing of this interaction revealed that only the 
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occipital location differentiated the two groups (see Figure 2.1). There was also a 

significant diagnosis by condition interaction in the Alpha band [F( 1,108) = 8.09, p < .001]. 

Post hoc testing revealed that this effect was primarily due to differences between AD 

patients and elderly controls in the amount of Alpha during eyes closed, such that AD 

patients failed to show the expected increase in Alpha during that condition. While not 

emerging as significant, the graph of this effect (Figure 2.2) reveals a trend towards 

increased Alpha in the AD patients during cognitive tasks. There was also a significant 

location by condition interaction [F(l,324) = 25.37, p < .001], Finally, there was a 

diagnosis by location by condition interaction [F(l,324) = 4.17, p < .001]. Post hoc testing 

revealed this effect to be due to differences between AD patients and elderly controls in 

Alpha during resting eyes closed at the frontal, temporal and occipital locations and 

differences in frontal Alpha between groups during the two cognitive tasks (see Figure 2.3). 

Results for the Betal band revealed significant main effects for location [F(l,108) 

= 7.14, p < .001] and condition [F(l,108) = 51.65, p < .001]. In addition, there was an 

interaction between location and condition [F(l,324) = 5.38, p < .001] with no significant 

diagnosis-related effects. A similar pattem emerged for the Beta2 band, namely a 

significant main effect for location [F( 1,108) = 16.67, p < .001 ] and condition [E( 1,108) = 

29.68, p < .001] with the addition of a main effect for hemisphere [F(l,36) = 6.96, p < .02]. 

Again there was a significant location by condition interaction [7(1,324) = 3.47, p < .001]. 
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Figure 2.1: Graph of mean spectral power in the alpha band displaying the diagnosis by 
location interaction. 
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Figure 2.2: Graph of mean spectral power in the alpha band displaying the diagnosis by 
condition interaction. 
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Figure 2.3: Graph of mean spectral power in the alpha band displaying the diagnosis by 
location by condition interaction. Comparisons marked by *** are significantly different at 
the .05 level using the Student-Newman-Keuls method. 
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Finally, we examined the spectral power in a portion of the Gamma band from 38-44 Hz 

and found a similar pattem to the Beta bands which included significant effects for location 

[F(l,108) = 15.59, p < .001], condition [F(l,108) = 25.67, p < .001] and for hemisphere 

[F(l,36) = 7.64, p < .02] with a significant location by condition interaction [F(l,324) = 

2.35, p < .001]. There was no effects involving diagnosis for this band. 

Instantaneous Frequencv Analysis 

The method of Instantaneous Frequency Analysis (IF A) was performed on the two 

cognitive tasks (verbal and spatial) and for the eyes open baseline and the resulting 

waveforms from this analysis can be seen in Figure 2.4a and 2.4b. For statistical analysis 

mean amplitude values were computed from the resulting waveform of Alpha amplitude for 

three 200 msec, bins (300-500, 500-700 and 700-900). The mean value for these 3 bins 

across the eight head sites used previously were subjected toa2X2X4X3 repeated-

measures MANOVA with diagnosis serving as a between subjects factor and hemisphere, 

location and the three conditions serving as within subjects factors and the 3 bins as 

variates. All multivariate results are presented as Wilk's Lambda and univariate follow-up 

tests report the Greenhouse-Geisser epsilon correction factor, adjusted degrees of freedom 

and corrected p values. The analysis revealed a significant main effect for diagnosis [A. = 

.77, Rao R(3, 34) = 3.47, p < .03], a marginal main effect of hemisphere [A. = .80, Rao R 

(3,34) = 2.82, £ < .06], a main effect for location [X = .23, Rao R(9,28) = 3.47, g < .001] 

and for condition [A = .42, Rao R(6,31) = 3.47, p < .001]. There was also a significant 

diagnosis by condition interaction [A, = .67, Rao R(6,31) = 2.55, p < .04] as well as a 
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Figure 2.4a: Grand average IFA waveforms for elderly control participants, eyes open 
resting baseline, spatial and verbal comparisons, from 8 selected scalp sites from 300 to 
900 msec. 
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Figure 2.4a: Grand average IF A waveforms for Alzheimer patients, eyes open resting 
baseline, spatial and verbal comparisons, from 8 selected scalp sites from 300 to 900 msec. 
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significant location by condition interaction [A, = .17, Rao R(6,31) = 5.09, ^ < .001]. 

Univariate follow up tests were performed only for the main effect of diagnosis and the 

diagnosis by condition interaction. For the main effect of diagnosis none of the individual 

bins reached significance. With respect to the diagnosis by condition interaction, the 300-

500 msec, bin was significant [F(1.6, 59.8) = 5.47, < .01, e = .830] as was the 500-700 

msec, bin [ F(1.4, 52.4) = 4.90, < .02, e = .73] while 700-900 msec, bin failed to reach 

significance. Student-Newman-Keuls post hoc testing of the two significant bins indicated 

that for the 300-500 msec, bin, AD patients differed from normal controls only on the 

spatial task (Figure 2.5a). Testing of the 500-700 msec, bin indicated that AD patients 

differed from elderly controls for both of the cognitive tasks (verbal and spatial) but not 

during the baseline eyes open (Figure 2.5b). A graph of the 700-900 msec, bin is included 

for purposes of discussion (Figure 2.5c). 

Relationship Between Alpha Amplimde and the Demographic and Performance Variables 

The average alpha amplitude value for each of the eight sites in the 300-700 msec, 

bin were correlated with the demographic variables of age, sex, and education and the 

performance variables of mini mental status (MMSE), verbal task reaction time, verbal task 

accuracy rate, spatial task reaction time, and spatial task accuracy rate. Because of the 

multiple correlations being examined only p values of less than .01 are reported. 

For the demographic variables only the variable of sex was correlated significantly 

with the alpha amplitude at site FTC2 during the spatial task [r = .45, p < .005] such that 

women displayed higher alpha amplitude values in the right-fronto temporal region. Of the 



87 

Vertial Eyes Open 

FiguB 5a 

Spatial 

Normal 

Atzfietmer 

VefOal Eyes Open 

Figure Sb 

Spatial 

Normal 
Atzfteimer 

Vert}al Eyes Open 

Figure 5c 

Spatial 

-o- Normal 
-o- Alzheimer 

Figure 5: Graph of mean alpha amplitudes for Alzheimer patients and elderly controls 
across the three conditions. Panel A is the 300-500 msec PSO bin. Panel B is the 500-700 
msec PSO bin. Panel C is the 700-900 msec bin. 
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performance variables it was found that the verbal accuracy rate was negatively correlated 

with alpha amplitude at site F3 [r = -.43, p < .01] such that those persons who were more 

accurate displayed lower alpha amplitude in left frontal regions. In addition to this, the only 

remaining performance variable with significant correlations was the spatial reaction time 

which correlated positively with alpha amplitude at site TCPl during both the verbal and 

spatial tasks [r = .42, p < .01 and r = .45, p < .005 respectively]. 

Discussion 

Analysis of the behavioral data revealed that we were somewhat unsuccessfiil at 

producing tasks that early to middle stage AD patients could perform at a level equal to our 

normal elderly controls. Overall, for both the spatial and verbal tasks, AD patients were 

slower and more variable in their reaction times than were normal controls. Moreover, 

analysis of accuracy rates indicated that normal elderly controls were significantly more 

accurate on both tasks, than were AD patients. Despite this difference, the average accuracy 

rate for both groups was above 90 percent for the verbal task and above 94 percent for the 

spatial task. For EEG analysis these rates signify that for the verbal task, three and six 

percent of the epochs included in the analysis were errors trails for the normal and AD 

participants respectively. The percentage of error epochs included in the analysis of the 

spatial task data is the same— three and six percent. While these rates are significantly 

different, they are unlikely to make an impact on the analysis of EEG data given the total 

number of epochs used for each task (336 for the verbal and 180 for the spatial). In fact 

post-hoc analysis of the spectral band data with the error epochs excluded did not change 
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any of the results presented here. 

EEG Spectral Data 

The results of the current analysis revealed a number of findings which are 

consistent with previous work examining EEG changes in AD. First of all, only the theta 

and alpha bands displayed significant between group differences. In the theta band there 

was a main effect for diagnosis such that, over the four conditions examined here, AD 

patients displayed greater theta band activity than matched elderly controls. This is 

consistent with the findings of many earlier studies (see Corbum, Parks, and Pritchard, 

1993 for a review), and is of particular interest since it is in agreement with studies 

indicating that theta band changes may be among the earliest EEG indicators of the disease 

(Isse, et al, 1990; Penttila, Partanen, Soininen, & Riekkinen, 1985; Szelies, et al. 1992). A 

number of earlier studies have attempted to relate increases in theta activity to changes in 

cholinergic activity which appear to occur in Alzheimer's disease (Duffy, Albert, & 

McAnulty, 1984). The lack of neuropathological measures in the current study prevent us 

from adding to this hypothesis except to say that the data here remain consistent since 

previous studies have revealed important cholinergic changes associated with AD (Bartus, 

Dean, Beer, & Lippa, 1982). 

Of more interest to the current investigation is the between group differences 

revealed in the alpha band. Some previous studies have identified an overall decrease in 

alpha band activity associated with AD (Gordon & Sim, 1967). A study by Sheridan et al. 

(1988) separated AD patients into a "normal" alpha and a "decreased" alpha group. They 
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utilized PET to measure cerebral metabolism as well as behavioral results of various 

cognitive tasks in order to demonstrate that the group with lower alpha levels was the more 

affected group both in terms of cognitive impairment, as well as in terms of decreased 

glucose metabolism in bi-lateral parietal regions of the brain. Sheridan and colleagues 

concluded that abnormalities in resting alpha are associated with more advanced stages of 

the disease process. The current study, although failing to find between group differences in 

an eyes open baseline, did reveal that AD patients failed to show the normally observed 

increase in alpha band activity when eyes are closed (relative to eyes open). Prichard et al. 

(1994) made this same observation and found it to be consistent across the entire scalp. Our 

current study found that while differences between groups in the eyes closed condition is 

most pronounced in the occipital region of the scalp, it is observable at the temporal and 

parietal locations as well. Prichard and colleges (1994) have interpreted this observation as 

an indication that, in AD, the brain has lost its ability to be responsive to the environment. 

Important group differences in alpha band activity were observed during the two 

cognitive tasks as well. There was a significant difference between the level of alpha band 

activity during performance of the spatial and verbal task at the frontal sites as well as a 

trend in this direction at the temporal and parietal locations. AD patients display a higher 

level of alpha activity than elderly controls, an indirect indication that they maybe using 

fewer cognitive resources in performance of the tasks (Davidson, 1988), particularly in 

frontal regions. 
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Instantaneous Frequency Analysis 

The observed differences between AD patients and elderly controls in the alpha 

band during the performance of the cognitive tasks are difficult to interpret without some 

idea of the time course in which they occur; the IF A analysis provided some very important 

information in this regard. First, the EFA analysis confirms that overall, AD patients and 

elderly controls do not differ in their level of baseline eyes open alpha activity. This finding 

is important in interpreting differences between the two groups as directly related to the 

performance of the two cognitive tasks- rather than some global baseline difference. In this 

regard, the IF A analysis revealed that AD patients fail to show a normal pattern of event-

related desynchronization during the performance of a cognitive task. In the time period 

from 300-700 msec, after stimulus onset, normal elderly controls display a decrease in 

alpha activity relative to and eyes open baseline, but AD patients do not. Given the slower 

reaction times of AD patients it might be that this difference is due to a delayed cognitive 

response relative to controls. The current data, however, argue against this conclusion since 

even in the 700-900 msec, period AD and normal elderly do not differ and, at least for the 

verbal task, the level of alpha activity for the controls has returned to the baseline. Event-

related brain potential analysis of the verbal task (Schnyer, Allen, Kaszniak, & Forster, 

1998) and examination of participant reaction times also support the idea that normal 

elderly and AD patients have completed the period of cognitive work by 900 msec. 

While interpretation of these results is complicated by the lack of consensus of what 

exactly alpha band activity reflects (see Ray, 1990), there are a number of conclusions 
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which can be drawn. First of ail, it has been demonstrated reliably that alpha activity is 

inversely proportional to cortical activation (Davidson 1988) and, therefore, it can be 

concluded from our current data that AD patients are not engaging particular brain regions 

to the same extent as normal controls. This is a curious observation given that this 

difference appears to be widespread across the head and there is no theoretical reason to 

predict that lexical decision or decisions about spatial location should engage such widely 

distributed cortical regions. Secondly, despite a fairly pronounced difference in event-

related desynchronization between the AD group and elderly controls, the AD group still 

perform the tasks quite adequately. Therefore, there is some reason to argue against a direct 

relationship between the alpha desynchronization differences and mental processes directly 

associated with solving these cognitive tasks. Instead, it is more plausible that the alpha 

desynchronization observed here may reflect some more global cortical activity such as 

attention. 

Van Winsum and colleagues (1984) examined the relationship of alpha 

desynchronization and attention in an experiment where they varied the event rate and 

cognitive load systematically. They observed that the event-related desynchronization was 

sensitive to two independent processes, namely orientation and selective attention. Aside 

from our own observations mentioned earlier, there is additional evidence from the current 

study which supports this contention: differences in ERD patterns between the verbal and 

spatial task. In the normal elderly subjects both of these tasks display a task-associated 

decrease in alpha power, but this decrease in the spatial task appears to occur for a longer 
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period of time. The key to this difference may lie in the task instructions for the spatial task 

which are that the subjects should keep their "eyes fixated on the center line at all times". 

Therefore, the subjects generally maintain their orientation throughout the task while in the 

verbal task they are free to "dis-orient" after they have made their lexical decision and are 

waiting for the next word to appear for processing. 

The current data allow us to postulate that AD patients display a deficient ability to 

selectively attend and orient to the environment, and this is consistent with work designed 

to examine attentional changes in AD directly (see Parasuramam and Haxby, 1993 for a 

review). Given their relatively good performance in these simple tasks, it is useful to ask 

what functional significance this deficiency might have. First, AD patients were 

considerably more variable in their reaction times producing standard deviations nearly 

twice as long as normal controls. In a review of interference effects on memory functioning 

in patients with frontal lobe damage, Stuss (1991) postulated that the inconsistency of 

performance observed in these patients was directly due to disruptions in sustained 

attention, which included to ability to maintain consistent performance over repetitive 

trails. In addition, our current experiment revealed a significant correlation between levels 

of alpha decrease in the left frontal region and accuracy rates, such that those persons with 

greater engagement of this region during the task were more accurate in their performance. 

A recent study (Godefroy and Rousseaux, 1996), also of patients with lesions to the 

prefrontal cortex, revealed that these patients suffered from increased distractability that 

was correlated with deficits in focused attention. These deficits were most strongly 
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predicted by the presence of left sided lesions in the superior part of the prefrontal cortex 

(Godefroy and Rousseaux, 1996). Davidson (1992), in examining the relationship between 

asymmetric frontal activation and the dimensions of approach and withdrawal, has argued 

that the left frontal region is associated with greater engagement with the environment. 

Moreover, the trait of Behavioral Activation Sensitivity, characterized by a strong 

propensity to engage with the environment (Carvert & White, 1994) has been associated 

with relative left frontal activation (Harmon-Jones & Allen, 1997, Sutlar & Davidson, 

1997). These observations are consistent with our current study which reveled that 

participants who are less capable of maintaining accuracy over time also reveal less 

engagement of the left frontal region during the task. 

An interesting question that arises from these formulations is, given their overall 

adequate performance of the task, at what stage do AD patients begin to display these fairly 

dramatic differences in alpha responsiveness during a cognitive task? Recent research 

(Reiman, et al., 1996) has demonstrated some startling pre-symptomatic changes in cerebral 

metabolism in persons who are genetically at risk for Alzheimer's disease, indicating that 

brain based changes may be occtirring long before the disease is detectable by current 

assessment tools. 

Conclusions 

The current research, utilizing event-related frequency changes, revealed several 

important observations concerning cortical fimctioning in Alzheimer's disease. First, there 

are significant differences in alpha band activity seen between AD patients and normal 
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elderly controls which go beyond those previously reported in resting conditions. During 

the performance of cognitive tasks, AD patients do not show the normal level of event-

related desynchronization in the alpha band, despite the fact that they do not differ from 

elderly controls during an eyes open resting baseline. We postulate that this may be 

reflective of a deficient ability to orient and sustain their attention to the task. While this 

deficiency is revealed in findings across a wide range of scalp locations, and does not 

appear to be restricted to regions most affected by the AD disease process, the left frontal 

region is most directly related to persons ability to perform the task adequately. 
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GENERAL SUMMARY 

Both of the presently reported studies have clearly demonstrated that it is possible to 

use electroencephalographic measures of patients with Alzheimer's disease in order to 

examine the cognitive dysfunction associated with the disease. Using ERPs to examine 

memory fimctioning, it was possible to dissociate behavioral responses from brain electrical 

changes and provide useful information about the mechanisms of repetition priming in both 

normal elderly and AD patients. In addition, evidence was found consistent with a 

breakdown in inhibitory processes in the brain of AD patients, suggesting that this may 

contribute to disruptions in normal attentional mechanisms which allow people to 

selectively focus on a task. The ERP data was also informative in formulating an 

appropriate model for studying memory problems in AD, indicating that dimensional 

approaches may be better than the more commonly used intact/impaired dichotomy. 

In addition to the ERP work, a relatively unconventional analysis of ongoing EEG 

activity was used to reveal general cortical dysfunction in AD during the performance of 

cognitive tasks. While the dysfunction did not appear to interfere with their task 

performance, there was some suggestion that it may be indicative of an inability to focus 

and sustain attention. A relationship was also revealed between performance and lower 

engagement of brain regions which have been generally associated with sustained 

engagement with the envirormient. Since the differences revealed between AD patients and 

elderly controls did not appear to degrade task performance, they may be indicative of a 

disrupted ability to maintain appropriate information online for the brain if, in fact, more 
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complex computations were required. A number of important research questions remain to 

be explored. The current studies, however, have helped reveal the utility of these measures 

of EEG to provide us with a better understanding of the complex changes which take place 

in a person suffering from AD. 
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APPENDIX 1 
Human Subjects Approval Letter 

rtZr E Mabet Se 
Afuufu ^5rZ{ 

•avid M. Schnyer, M.A. 22 Karen 1995 
c/o Alfred Kaszniak, Ph.D. 
Departaent of Psychology (Psychology Bldg, Room 138) 
Main Campus 

RE: HSC ASS.24 PSYCHOPHYSIOLOGICAL E:-:A.MIfIATIOfI OF CORTICAL AMD 
SUB-CORTICAL DEMEirriA 

Dear Mr. Schnyer: 

We received your 23 March 1995 letter and accompanying revised 
consent foms and sanple advertisenent as requested for the above 
cite research proposal. The procedures to be followed in this study 
pose no more than sininal risk to participating subjects. 
Regulations issued by the U.S. Department of Health and Human 
Services [^S CFR Part •;6.ilO(b)] authorize approval of this type 
project through the ejcpedited review procedures, with the 
condition(s) that subjects' anonymity be maintained. Although full 
Committee review is not required, a brief summary of the project 
procedures is submitted to the Committee for their endorsement 
and/or comment, if any, after administrative approval is granted. 
This project is approved effective 22 Karen 19S5 for a period of 
one year. 

The Human Subjects Committee (Institutional Review Board) of the 
University of Arizona has a current assurance of compliance, number 
M-1233, which is on file with the Departnent of Health and Human 
Services and covers this activity. 

Approval is granted with the understanding that no further c.^anges 
or additions will be cade either to the procedures followed or to 
the consent form(s) used (copies of which we have on file) without 
the knowledge and approval of the Human Subjects Committee and your 
College or Departmental Review Committee. Any research related 
physical or psychological harm to any subject must also be reported 
to each committee. 

The UNivtRsriY or 

ARIZONA. Hurrun 
Health Soencis CENnp 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours, 

UjfSiiaHvy 
William F. Denny, M.D. 
Chairman, Human Subjects Committee 

WFD:rs 
cc: Departmental/College Review Committee 
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