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EVENT-RELATED POTENTIALS DURING AUDITORY DISCRIMINATION: 

ATTENTIONAL AND INTENTIONAL EFFECTS 

(ABSTRACT) 

by 

Timothy F. Knebel 

Helen J. Crawford, Chairperson 

Psychology 

The purpose of this dissertation study was to assess 

the neurophysiological activity associated with selective 

attention, response selection, and response inhibition. The 

subjects were 27 right-handed college students, 14 men and 

13 women, aged 18-21. They performed a go/no-go auditory 

discrimination task while EEG was recorded from 19 monopolar 

electrode sites and averaged for evoked potentials. 

Amplitudes and latencies were measured for four event- 

related potentials (N1, P2, N2, and P3) at three midline 

electrode sites (Fz, Cz, Pz) and eight bilateral sites (Fpl, 

Fp2, F3, F4, C3, C4, P3, P4). 

Measures from the midline and bilateral sites were 

subjected to separate repeated measures ANOVAS for within 

subjects factors of condition (go and no-go), region 

(prefrontal, frontal, central, and parietal), and hemisphere 

(left and right). Grand averages and topographic 

isopotential maps were generated for each component and 

condition.



Based on neurophysiological theories of attention and 

intention, and prior go/no-go studies, it was expected that 

the amplitudes of N1, P2, and P3 would be larger in the go 

condition. N2 was proposed to be associated with response 

inhibition and greater in the no-go condition. As N2 was 

proposed to be generated at the orbitofrontal region, it was 

expected that N2 would be larger over the prefrontal region, 

not shown in previous studies due to sparsity of electrode 

placement. It was expected that N1 would show a 

frontocentral distribution, but P2 and P3 would be 

concentrated centroparietally. It was hypothesized that N2 

and P3 latencies would be longer in the no-go condition. 

The results supported the regional hypotheses, and were 

in the correct direction for the condition effects. 

Importantly, N2 demonstrated an extremely anterior 

prefrontal distribution. Nl showed a frontocentral 

distribution and was larger in the go condition for the 

bilateral sites. P2 had a centroparietal distribution. P3 

was of higher amplitude at frontal and prefrontal sites 

during the no-go condition, but was higher at central and 

parietal sites overall. At the prefrontal region, P2 and P3 

were higher over the right hemisphere, but N2 was greater 

over the left. P3 latency was longer in the no-go condition 

at all sites, and significantly longer at the prefrontal 

region than at the other regions.
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Overview 

This dissertation study examined the effects of 

selective attention, response inhibition, and response 

selection on the amplitudes and latencies of event-related 

potentials (ERPs). Chapter 1 will define the constructs of 

attention and intention and describe how they may vary 

across the dimensions: input to output, active to passive, 

and phasic to tonic. Selective attention is primarily an 

active phasic process concerned with input selection. 

Response inhibition and response selection are both active 

phasic intentional processes involving output selection. 

Both attention and intention are selective processes. 

Chapter 2 describes the neurophysiology of selective 

processes. A model is presented for attentional and 

intentional processing based on the theories of major 

neuroscientists. The model will include both an axial 

hierarchy among subcortical and cortical brain regions, as 

well as the integration of tonic and phasic processing by 

the left and right hemispheres. 

An introductory description of event-related potentials 

is provided in Chapter 3. The distinction between sensory 

evoked potentials and event-related potentials is made and a 

description of the major ERPs (N1, P2, N2, P3) is provided. 

Special emphasis is placed upon auditory ERPs which are the 
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dependent variables of this study. Methods of evoked 

potentials analysis are discussed. 

Chapter 4 reviews the literature of ERPs and 

discrimination, especially including the go/no-go task. 

The N1-P2 attentional enhancement is discussed and related 

to go/no-go responding. The go/no-go task is described and 

its effect on the later potentials, N2 and P3 is explicated. 

An inhibitory effect upon the amplitude of N2 is supported. 

P3 amplitude appears to reflect a decisional process. 

In Chapter 5, the information provided in the previous 

chapters is integrated and hypotheses are proposed. An Nl- 

P2 enhancement effect is predicted for a go response 

condition. N2 amplitude is expected to increase with 

inhibitory activity in a no-go condition. P3 is expected to 

reflect decisional activity resulting in a higher amplitude 

response for the go condition, but a longer latency for the 

no-go condition. The regional and hemispheric distributions 

of these components are predicted. 

Chapter 6 describes how the experiment was performed. 

The details of subject selection, equipment characteristics, 

and procedural methodology are provided. A go/no-go 

auditory discrimination experiment is elucidated. The 

results are provided in Chapter 7. Results are included 

from repeated measures ANOVAS, grand averaging, and 

topographical mapping of brain isopotentials. 

2



The implications of these results are discussed in 

Chapter 8. The effects of condition, region, and hemisphere 

on the amplitude of each component is discussed separately. 

Condition and region effects on P3 latency are also 

discussed. Implications for the concepts of attentional 

trace and processing negativity are included. The multiple 

component nature of P3 is discussed. Methodological 

concerns and ideas for future research are expressed.



Chapter 1 - Selective Processing 

Attention 

Attention is a complex construct. As James (1890a) 

wrote, "Focalization, concentration of consciousness are of 

its essence" (p. 403). Beyond this essential nature, 

attention consists of multiple processes which are related 

to many other processes, for example: arousal, activation, 

and effort (Pribram & McGuiness, 1975, 1992), orienting, 

alerting, and target detection (Posner & Petersen, 1990). 

Attention is selective. "It means largely that some 

one element of consciousness is picked out from the others, 

and given an advantage over them" (Pillsbury, 1908, p. 2). 

This selection may be either a discrete or a continuous 

process, resulting in classifications, such as selective 

attention vs focused attention (Wickens, 1984). 

Selections are made either deliberately or passively. 

Passive selection which occurs because of repeated practice 

is termed “automatic processing" and contrasted with 

deliberate effortful selection called "controlled 

processing" (Shiffrin, 1988). Nondeliberate selection of 

novel stimuli may be considered "preattentive" (Kahneman & 

Triesman, 1984) or “"para-attentional" (Pribram & McGuiness, 

1975, 1992).



Inhibition is a necessary corollary to the selectivity 

of attention. "It implies withdrawal from some things in 

order to deal effectively with others" (James, 1890a, 

p. 404). The tonic sustained blocking of undesirable 

stimuli has been termed "disattention" (Crawford, 1989, 

1991, 1994). 

Intention 

Attention is closely related to intention. Both 

processes are subsumed under the concept of intentionality. 

"Intentionality is directedness. Intending and intentions 

are just one form of Intentionality among others" (Searle, 

1983, p. 3). Intention is directedness toward actions, 

whereas attention is directedness toward perceptions. The 

distinction between intention and attention was 

operationalized by Verfaielie, Bowers, and Heilman (1988). 

Attention is "input selection" and intention is "output 

selection". 

Although intention and attention are distinctly 

different processes, they occur in conjunction and share 

many Similarities. "There is no act of the attention that 

is unaccompanied by some motor process" (Pillsbury, 1908, p. 

12). With active or controlled attention, observers intend 

to attend to particular stimuli. Likewise, intentional 

actions are deliberately attended. 

As with attention, intentional actions may be either 
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deliberate or passive, and either tonic or phasic. Norman 

and Shallice (1986) contrasted acts undertaken without 

active, directed attention to those carried out under 

deliberate conscious control. James (1890b) distinguished 

between automatic "“ideo-motor action" and action after 

deliberation. The nonconscious maintenance of muscle tonus 

is a passive tonic intention. The deliberate selection of a 

motor response is an active and phasic intentional process. 

There is also an inhibitory component to intention. 

Inappropriate actions must be inhibited to allow the 

selection and performance of optimal behaviors. 

Summary 

Attention and intention are both selective processes 

which vary in position along several continuums: phasic to 

tonic, passive to active, and input to output. Both 

attention and intention have an inhibitory, as well as, an 

excitatory selective component. We might expect that such 

related processes will involve similar brain structures. 

The next section will review how these processes may occur 

in the brain and present a model for the neurophysiology of 

selective processing. This model is derived from the 

theories of major neuroscientists. These theories are 

founded upon animal and human electrophysiology, lesion and 

lobectomy studies, anatomical examinations, and 

neuropsychological case studies. 
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Chapter 2 - The Neurophysiology of Selective Processing 

  

        
Figure 1 - Lateral view of the brain. Courtesy of MediClip™ 

The brain (Figure 1) can be defined as a set of nerve 

cells providing the program of action that ensures survival 

of an individual by detecting relevant internal and external 

events and comparing them to its set of standards and to its 

memory records of previous events and actions (Young, 1978). 

Thus, the brain selects relevant stimuli for attention, 

compares the stimuli to memory to determine salience, and 

selects appropriate actions to optimize consequences for the 

organism.



Involuntary Selective Processing 

The continuum from input to output begins with the 

transduction of stimulus intensity, and spatial or temporal 

resolution into neural patterns by the sensory receptors. 

This information is received in the brain at the sensory 

cortices: occipital for vision, temporal for audition, 

anterior parietal for somatothesis, and inferior prefrontal 

for gustation and olfaction. Information from the three 

primary senses (vision, audition, and somatothesis) is 

integrated or associated at the posterior parietal cortex 

and inferior temporal cortex (Luria, 1966, 1973; Posner & 

Petersen, 1990; Pribram & McGuiness, 1975, 1992) where it is 

involuntarily attended. Overall spatial and temporal 

patterns are processed primarily on the right side, whereas 

the sequential components of these patterns are processed 

serially on the left (Heilman & Van Den Abell, 1980; Tucker 

& Williamson, 1984). 

The salience of this attended information is determined 

at the limbic system. Contextual memories of past 

experience are represented by hippocampal processing 

(Goldman-Rakic, 1987; Pribram, 1987, 1991). The sensory 

quality of current experience relative to remembered 

experience invokes the initiation of autonomic responding by 

the amygdala (Pribram, 1976, 1991). Salience is assigned 

through the comfort/discomfort sensation produced by the 
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autonomic responding (Pribram, 1991; Pribram & McGuinness, 

1992). 

Information determined to lack salience may then be 

filtered out at the hippocampus (Crowne, Konow, Drake, & 

Pribram, 1972; Pribram, 1991). Salient information will 

invoke increased attention through an orienting response 

beginning with phasic arousal meditated by the reticular 

formation (Luria, 1973) and increased autonomic responding 

at the amygdala (Pribram, 1991). The brainstem activity is 

concentrated within norepinephrine and serotonin pathways 

concentrated on the right (Tucker & Williamson, 1984). The 

right hemisphere may play a greater role in mediating the 

phasic arousal required for selective attention than does 

the left hemisphere (Posner & Petersen, 1990). 

The direction of sensory structures for increased 

attention is mediated by the midbrain, including the 

superior colliculi for vision (Posner & Petersen, 1990), and 

the inferior colliculi for audition. A tonic readiness to 

respond is maintained through increased activation at the 

basal ganglia primarily through dopaminergic activity in the 

left hemisphere (Tucker & Williamson, 1984). Repeated 

presentations of a salient stimulus without the need for 

overt responding result in inhibition of orienting by the 

cingulate gyrus (Cohen, 1992).



Voluntary Selective Processing 

Integrated sensory information at the parietal 

association areas is relayed directly to the prefrontal 

region through extensive connections including the superior 

longitudinal fasciculus (Pandya & Barnes, 1987). Limbic 

evaluative information is also available to the prefrontal 

area through projections including the uncinate fasciculus 

(Goldman-Rakic, 1987). 

The dorsolateral prefrontal cortex separates relevance 

from context in order to determine whether greater 

attentional focus or responding is required (Pribram, 1973, 

1991). The increased perceptual processing of selected 

stimuli may then be deliberately initiated through 

disinhibition of selected sensory channels and control over 

sensory structures, e.g. visual orienting with the frontal 

eyefields (Posner & Petersen, 1990). 

The sequencing of both mental and motor action is 

controlled by the dorsolateral cortex (Fuster, 1990) 

predominantly in the left hemisphere (Tucker & Williamson, 

1984). Initiation of motor responses occurs at the 

supplementary motor regions (Stuss & Benson, 1986). 

Response programs are embellished at the premotor cortex and 

effector activation is initiated at the motor cortex. A 

corollary discharge from the motor regions to the sensory 
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cortices prepares them to receive additionally relevant 

information (Teuber, 1964). 

Deliberate inhibition of undesirable behaviors is 

accomplished through activation at the orbitofrontal region 

(Luria, 1973; Pribram, 1971). This region is also 

implicated in inhibition of attention to stimulus cues 

(Pribram, 1973) and to painful stimuli (Crawford, Gur, 

Skolnick, Gur, & Benson, 1993). Damage to the orbitofrontal 

region results in disinhibition syndromes including 

facetiousness, sexual and personal hedonism (Stuss & Benson, 

1986). Electrical stimulation of the orbitofrontal region 

in nonhuman primates has suppressed responding during go/no- 

go tasks (Sasaki, Gemba, & Tsujimoto, 1989). 

It has been suggested that selective attention and 

intention are predominantly a right hemispheric processes 

(Heilman, Watson, Valenstein, & Goldberg, 1987; Posner & 

Petersen, 1990). Previous case studies and 

electrophysiological recordings have clearly implicated the 

right hemisphere in attentional processing (for review, see 

Heilman & Abell, 1980). Damage to the right cortex is more 

likely to be associated with attentional disorders such as 

neglect. Alpha attenuation was demonstrated over the right 

cerebrum for attentional tasks (Heilman & Abell, 1980). 

As noted previously, active selective attention is 

directly related to intention. It is not surprising that a 
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right hemispheric dominance is also demonstrated for 

intention (Verfaellie, Bowers, & Heilman, 1987). Reaction 

times for left-sided responses (controlled by the right 

cortex) are faster even in dextral subjects. Right-sided 

lesions show greater slowing of response times than left- 

sided lesions. Heilman et al. (1987) proposed that the 

right hemisphere is dominant for mediating the activation 

process in humans. 

Electrical Activity 

Neuronal depolarizations in the neuroanatomical regions 

discussed result in electrical dipolar fields. Potential 

differences in these fields may be recorded from the scalp 

as an electroencephalogram (EEG). The purpose of this study 

was to measure scalp electrical activity related to the 

deliberate and phasic processes of selective attention, 

response selection, and response inhibition. If deliberate 

attention is mediated at the prefrontal cortex, then we 

should expect to see corresponding increases in electrical 

potential at anterior electrode sites. Activity related to 

response selection may involve parietal association areas, 

prefrontal selective activation, and central motor 

processing. Orbitofrontal activity related to inhibition 

might be discernible from extremely anterior electrode 

sites. 
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The phasic processes of selective attention, response 

inhibition, and response selection are more likely to be 

mediated by sudden right hemispheric activation, in contrast 

to the one-at-a-time sequencing of tonic deliberation 

controlled by the left hemisphere. The next section will 

describe how phasic processes may be assessed with averaged 

EEG in the form of event-related potentials (ERPs). 
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Chapter 3 - Evoked Potentials 

Auditory Evoked Potentials 

Evoked potentials are derived from 

electroencephalography. Each channel of EEG is the 

amplified potential difference between an active electrode 

placed on the scalp and one or more reference electrodes, 

usually placed on the earlobes or mastoids. Quantitative 

EEG is displayed as a series of continuous waveforms on a 

polygraph or computer monitor. A frequency analysis of 

these waveforms is useful for making inferences about tonic 

neural processes, such as sustained attention or the tonic 

intention required for a tracking task. The greater 

temporal resolution of evoked potentials provides the 

ability to discern discrete processes, including phasic 

selective attention and response selection or inhibition. 

Evoked potentials (EPs) are differences in brain 

electrical potential evoked by a sensory stimulus. They 

become evident in averaged sweeps of EEG data recorded about 

500 milliseconds (ms) preceding to approximately 1500 ms 

after the repeated presentation of a stimulus. By this 

technique, neural activity directly associated with the 

stimulus becomes enhanced and unrelated activity tends to 

get averaged out. Evoked potentials are measured by their 

amplitude in microvolts (uv) and their latency from stimulus 

presentation in milliseconds (ms). 

14



In audition research, there are three latency classes 

of evoked potentials: early, middle, and long (Spehlmann, 

1985). Early-latency auditory evoked potentials occur at 

latencies of less than 10 ms. They are called brainstem 

auditory evoked responses (BAERS) as they originate 

subcortically at the cochlea and brainstem (Picton, 

Hillyard, Krausz & Galambos, 1974). Middle-latency auditory 

evoked potentials (MLAEPs) range from about 10-40 ms. 

Cortical processing at the primary auditory cortex may begin 

at about 20 ms (Allison, 1984). Beyond 50 ms is the domain 

of long-latency auditory evoked potentials (LLAEPs), 

believed to be entirely of cortical origin (Picton et al., 

1974). Sampling rates and presentation rates must be much 

higher (1,000 Hz) to resolve BAERs than LLAEPs. A sampling 

rate of 200 Hz is adequate to discern LLAEPs. 

Event-Related Potentials 

In addition to simple stimulus presentation, a decision 

or response may be required contingent upon and immediately 

following the stimulus. The potentials evoked by these 

cognitive processes also occur at long latencies and are 

called event-related potentials (ERPs), because they are 

influenced by a cognitive event. Several distinct 

components have been identified. The most common 

nomenclature for ERPs includes a letter for polarity anda 

number for temporal order, although often the approximate 
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latency in milliseconds is substituted for temporal order. 

For example, P3 and P300 are both terms for the third 

positive waveform occurring from about 250 to 450 ms 

poststimulus. 

The major long-latency auditory event-related 

potentials are: Nl, P2, N2, and P3. The long-latency 

sensory evoked potential, P1, is usually visible ata 

latency of 40-60 ms in a record containing ERPs. The origin 

of Pl is thought to be the primary auditory cortex (Allison, 

1984). Pl is more sensory related and does not appreciably 

change in amplitude or latency with cognitive manipulations 

(Picton & Hillyard, 1974). Components N1, P2, and N2 may 

also be evoked as sensory potentials (EPs) in the absence of 

cognitive manipulation. 

The N1 and P2 components usually occur at latencies of 

about 80 ms and 180 ms respectively. They are largest over 

the frontocentral regions (Picton et al., 1974). It has 

been suggested that they are of frontal origin. These 

components are considered to be exogenous because their 

amplitudes are sensitive to manipulations of physical 

stimulus characteristics. In general, the amplitude of 

these components is directly related to stimulus intensity, 

though P2 is more influenced by pitch or hue (Yingling & 

Nethercut, 1983). 
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The amplitudes of N1 and P2 are also affected by the 

endogenous process of attention. Stimuli which are 

attended, evoke larger amplitudes than stimuli that are 

ignored, first discovered by Spong, Haider, and Lindsley 

(1965). This basic finding has been repeatedly replicated 

(Alho, T6tt6ld, Reinikaine, Sams, & Ndaatanen, 1987; 

Hillyard, Hink, Schwent, & Picton, 1973; Michie, Bearpark, 

Crawford, & Glue, 1990; Picton & Hillyard, 1974; Woods, 

Alho, & Algazi, 1992). 

Although N1 and P2 show similar characteristics, they 

are distinctly different components. Variations in stimulus 

quality such as pitch or hue, cause differential effects on 

Ni and P2 amplitudes. P2 is more sensitive to changes in 

spatial or temporal frequency (Yingling & Nethercut, 1983). 

Although the cortical origins have not been established, N1 

shows a frontocentral distribution, whereas P2 is 

distributed centroparietally. It has been suggested that 

these locations coincide with frontal and parietal 

association cortex respectively (Picton et al., 1974). 

N2 and P3 are considered endogenous waveforms as they 

are not malleable by changes in stimulus features (Hillyard 

& Picton, 1979), but they are sensitive to cognitive 

manipulations. The latency of N2 ranges between 200 and 300 

ms. It is largest over frontocentral regions (Picton et 

al., 1974), however the extremely anterior electrode sites, 
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Fpl and Fp2 have seldom been assessed. It has been 

suggested that N2 together with P3 forms part of a decision 

complex (Hillyard & Picton, 1979; Hillyard, 1984; 

Michalewski, Prasher, & Starr, 1986). Primate research has 

shown a probable origin for N2 at the orbitofrontal region 

in conditions of inhibition (Gemba & Sasaki, 1986). 

Recently N2 amplitude has been demonstrated to be larger 

during conditions of inhibition in humans (Jodo & Kayama, 

1992) at the midline electrode sites (Fz, Cz, Pz). However, 

human research has seldom utilized the extremely anterior 

electrode sites necessary to record orbitofrontal activity. 

Given its hypothesized orbitofrontal origin, it is 

anticipated that N2 amplitude would be even greater at 

prefrontal sites (Fpl, Fp2) during conditions of inhibition, 

such as no-go. 

The most studied of all ERP components is P3, first 

identified by Sutton, Braren, Zubin, and John (1965). This 

component is resolved at a latency range of 250-450 ms. P3 

is largest over the centroparietal regions (Donchin, 1984). 

The classic finding for P3 is that it is larger to more 

salient stimuli than to less relevant stimuli (Hillyard, 

1984; Hillyard & Picton, 1979). Salience is generally 

manipulated by use of the oddball paradigm. [In this 

manipulation a series of identical stimuli are presented, 

occasionally interspersed with a stimulus that differs on 
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some parameter not related to intensity. The amplitude of 

P3 is larger for the rare and different stimulus (Hillyard & 

Picton, 1979). The latency of P3 is correlated with 

reaction time (Donchin, 1984; Hansen & Hillyard, 1988). 

Because of its amplitude relationship to salience and 

its latency relationship to response time, independent of 

stimulus physical attributes, the most common interpretation 

of P3 is that it reflects a decision (Rohrbaugh, Donchin, & 

Eriksen, 1974). The decision concerns the importance of a 

stimulus, and what to do about it. 

Research indicates that P3 may not be a unitary 

component reflecting the activation of a single generator 

(Chen, Simons, & Graham, 1995; Hillyard, 1979; Sutton & 

Ruchkin, 1992). Squires, Squires, and Hillyard (1975) first 

demonstrated that there are at least two P3 components which 

they termed P3a and P3b. P3a is smaller, has a more 

anterior distribution, and although it responds to the 

oddball paradigm, it is not sensitive to attend/ignore 

cognitive manipulations (Chen et al., 1994). P3b is larger, 

especially in the parietal region, and is larger for 

attended stimuli than for ignored stimuli. 

Expectancy and Motor Potentials 

Often a slow negative waveform called a contingent 

negative variation (CNV) occurs up to 300 ms prestimulus. 

First described by Walter et al. (1964), the CNV may 
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continue for several hundred milliseconds poststimulus, thus 

affecting the amplitude of event-related potentials 

(Naatadnen & Gaillard, 1974). Because the stimulus has not 

yet occurred at the onset of a CNV, but the subject is aware 

that the stimulus will occur in an expected time interval, 

the CNV is considered to be an expectancy wave. 

However, because of its long duration, the CNV appears 

to interact with other processes and like P3 is usually 

considered to be a nonunitary waveform, evoked by the 

processes of expectancy, orienting, and motor readiness. 

The early part of a CNV may be influenced by an orienting 

wave (O-wave). As described by Loveless and Sanford (1974) 

an O-wave is a slow negative wave preceding orienting to a 

stimulus. 

Other slow negative waveforms which may interact with 

the later part of the CNV are associated with the 

preparation to respond. The Bereitschaftspotential (BP), 

also known as the readiness potential (Kornhuber & Deecke, 

1965), is a slow negative shift preceding voluntary self- 

initiated movement. The lateral readiness potential (LRP) 

is so-named for its larger amplitude over the hemisphere 

contralateral to the responding effector (Brunia & Van Den 

Bosch, 1992; Ritter, Kelso, Kutas, & Shiffrin, 1984), and 

occurs before a motor response required by an imperative 

stimulus. The post imperative negativity (PINV) is a long- 
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latency negative component that occurs in conjunction with a 

motor response to an imperative stimulus (Curry, 1984). 

It is important to control for the effect of these slow 

negative potentials in studies which examine event-related 

potentials. Warning stimuli or long interstimulus intervals 

increase the process of expectancy and are likely to evoke a 

CNV which may reduce the amplitude of ERPs. The 

lateralization of a response effector may result in 

increased motor preparation and activation over the 

contralateral hemisphere, potentially causing an ERP 

asymmetry unrelated to nonmotoric processes. 

Methods of Analysis 

There are many different techniques for the analysis of 

event-related potentials including: means comparison, grand 

averages, analysis of variance (ANOVA), component 

subtractions, difference potentials, principal components 

analysis, and topographical mapping. Amplitude and latency 

are the primary dependent variables of most methods, but 

they are assessed differently. Occasionally, the slope of 

waveforms is also examined (e.g. Basar-Eroglu, Basar, 

Demiralp, & Schiiramann, 1992). 

The classic method of measuring ERPs is to use a cursor 

to determine the maximum and minimum amplitudes of 

components occurring within specific latency ranges. 

Sometimes this process is computerized with an algorithm 

21



that records maxima and minima within the latency ranges. A 

problem with the latency-range approach is that latencies 

may differ widely across subject and electrode site 

(Michalewski et al, 1986). The ranges set for one subject 

or brain region, may not work for another. 

One method of analysis is to simply compare the mean 

amplitudes and latencies across conditions. While this is a 

useful technique for guiding a comprehensive analysis, there 

is an obvious danger in drawing inferences based solely ona 

means comparison. Without the use of an alpha criterion, 

there is no way to assess whether differences in means may 

be occurring by chance. 

Grand averaging across subjects yields a simple visual 

gestalt to aid in comparing the average amplitudes of 

components at various latencies. However, these averages 

eliminate the ability to discern the individual variation 

produced by separate subjects. In order to account for 

these differences, it is necessary to use a repeated 

measures ANOVA. The mean amplitude and latency values are 

entered into repeated measures ANOVAS, in order to determine 

if these variables significantly differ across brain region 

and cognitive condition, while controlling for the variance 

across subjects. Occasionally, univariate ANOVAS are 

performed. These analyses may skew the results in either 

the desired direction or otherwise. 
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A few studies perform multivariate analyses of variance 

(MANOVAS) on the multiple amplitude and latency variables of 

several ERP components. MANOVAS are designed to determine 

if there are significant differences in a large number of 

dependent variables for which there are not specific 

hypotheses (Cooley & Lohnes, 1971). Multivariate 

corrections to p-values based on the number of dependent 

variables examined, control for the chance of obtaining 

significant results merely because a large number of 

variables increases the chances for significant results. 

However, these analyses are sometimes too conservative to 

yield significant results for factors which are affected by 

theoretically based manipulations. 

As noted previously, long-latency negative potentials 

including CNVs, O-waves, and motor potentials may affect the 

amplitude of ERPs by causing a negative shift in the Dc 

baseline from which these potentials are measured (Na&atdnen 

& Gaillard, 1974). One method of compensating for this 

problem is to subtract the amplitude of one component from 

another. The most common component subtraction is Nl from 

P2. The problem with this method is that it confounds the 

activity measured by one component with that of a distinctly 

different waveform (Donchin, 1984). Often, P1 is subtracted 

from the component of interest, because P1 is a sensory EP 

and less likely to show a confounding cognitive influence. 
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Another method of subtraction is that of difference 

potentials, in which all of the data points from one 

condition are subtracted from another (for a review, see 

Néaatadnen, 1992). This results in a tracing called Nd 

(Hansen & Hillyard, 1980) that shows components of 

diminished amplitudes, where there was a difference between 

the components in the two conditions at that latency. The 

largest difference potential occurs a about 100 ms and has 

been labeled PN because it tends to show a negative 

processing shift from a standard to a deviant stimulus or 

from an unattended to an attended stimulus. A similar 

negative shift at about 200 ms is known as mismatch 

negativity (MMN). There is a controversy in the evoked 

potentials literature as to whether PN and MMN are measures 

of a single cortical associative process (Nd&dtadnen, 1982, 

1988, 1990, 1992), or whether they are simply the difference 

between the amplitudes of N1 and N2 in two conditions 

(Donchin, 1984; Hillyard & Picton, 1979) and reflect 

different processes. 

Principal components analysis (PCA) is a factor 

analysis of electrophysiological data points. PCA is used 

to establish the statistically identifiable waveforms ina 

collection of experimental data. PCA is not a universally 

accepted method for evoked potentials analysis (Collet, 

1989). Often differences between PCA component waveforms 
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will be presented without analyses of variance, resulting in 

the same problem discussed previously. A positive claim for 

PCA is that it may yield distinct components that are not 

visible to the eye (Donchin, 1984). However, anyone 

familiar with evoked potentials ANOVAS quickly learns that 

components not distinctly different to the eye, are not 

statistically different. Therefore, PCA is useful for 

identifying separate components superimposed in time, but 

should not be used to establish significant differences 

between those components. 

Another method of analysis is topographical mapping of 

isopotentials. Isopotentials are potential differences at 

separate scalp locations occurring at the same time. 

Topographical maps present a picture of voltage distribution 

across the scalp in which negative and positive voltage are 

at opposing poles of a color spectrum. These maps are 

useful gestalts for the distribution of voltage ina 

responding brain. However, care should be taken in their 

interpretation. They are merely a representation of the 

average voltage in particular regions of the brain at a 

specific latency. Statistical support from repeated 

measures ANOVAS is needed for scientifically acceptable 

inferences. 

All of these methods have been used to investigate 

event-related potentials during auditory and visual 
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discrimination. The next section will review the findings 

for event-related potentials in discrimination tasks which 

require the use of selective attention, and in forced-choice 

or go/no-go tasks, require an overt response to specific 

stimuli and the inhibition of responding to other stimuli. 
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Chapter 4 - Event-related Potentials and Discrimination 

The N1 and P2 Components 

Early auditory and visual discrimination research 

focused on the effects of attentional manipulation on N1 and 

P2 amplitudes. Subjects are instructed to attend and count 

or respond with finger movements or button presses to tones 

presented to a specified ear or of a designated pitch. The 

to-be-attended tones are usually presented less frequently 

than the standard stimuli. The classic finding is that N1 

and sometimes P2 amplitudes are larger to attended than 

nonattended stimuli. 

The first definitive study to show the N1 attentional 

enhancement effect was Spong et al. (1965). Subjects 

alternated conditions of attending to either flashes or 

clicks. If the visual stimuli were attended, then the 

clicks were ignored and visa versa. Attended stimuli were 

counted in one condition, and responded to with key presses 

in another. EEG was recorded and averaged from the right 

temporal and occipital regions, and the vertex (CZ), 

referenced to the left ear. This selection of unilateral 

and midline sites precluded any hemispheric comparisons and 

limited inferences to condition and region, a common problem 

in many studies. 
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In grand averages, a negative waveform at about 160 ms 

for visual stimuli and 110 ms for auditory stimuli was 

larger at the temporal site for attended clicks, and larger 

at the occipital site for attended flashes. The 

enhancements occurred for both the counting and the keypress 

conditions. The authors concluded that the amplitude of 

evoked responses is related to attention and sensory 

modality. Selective attention increases the amplitude of 

ERP component N1. 

One of the most cited studies is Hillyard et al. (1973) 

which replicated the N1 attentional enhancement with 

counting only. Tone pips of 800 or 1,500 Hz were presented 

randomly to either the left or right ear. Subjects were 

instructed to count tones in a designated ear and ignore 

those in the other. Evoked potentials were averaged from 

the vertex (Cz) to the left and right ear. ERPs recorded by 

this arrangement are termed vertex potentials (Hillyard & 

Picton, 1979). Nl amplitude was significantly larger for 

auditory evoked potentials recorded from the vertex and 

referred to the attended ear. This effect was not found for 

analyses of P2. 

Regional assessments cannot be accomplished with vertex 

potentials. Picton and Hillyard (1974) performed another 

study while recording from Pz, Cz and Fz, referred to the 

left mastoid. Clicks were presented to the right ear. In 
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an attend condition, subjects were instructed to count the 

clicks. Subjects ignored the clicks and read a book in the 

alternate condition. N1 and P2 amplitudes were 

significantly larger during the attend condition. Although 

Nil amplitude was largest over the vertex, no statistical 

regional effects were reported. As the distribution of 

electrodes was limited to three midline sites, the chance 

for regional effects was somewhat limited. 

The number of stimulated channels was increased from 

two (Hillyard et al., 1973) to three by Parasuraman (1978) 

and stimulation rate was manipulated. Tones were presented 

to the left ear at 1,000 Hz, right ear at 500 Hz, or an 

apparent position between the ears at 2,000 Hz. The 

subjects were required to attend to tones in specified 

channels and respond to them by depressing a microswitch 

with the right hand. Vertex potentials were recorded and 

averaged. 

It was determined that N1 amplitude was larger in an 

attended channel, but only for fast stimulation rates with 

ISIs of 350-800 ms. Increasing the number of attended 

channels decreased N1 amplitude. Parasuraman suggested 

that competition for resources decreased the amount of 

neural processing available and that slow stimulus rates 

failed to produce the cognitive effort needed to show 

significant differences in N1 amplitude. 
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In his next study, Parasuraman (1980) returned to only 

right and left channels, but increased the number of 

electrodes. 750 Hz tones were presented to the left ear and 

1,500 Hz tones to the right at 50 dB SPL. Stimulation rate 

was again varied. In addition to attending one or the other 

ear, subjects were instructed to detect deviant louder tones 

and respond to them with a microswitch. Difficult to detect 

deviant tones were only slightly louder, while easier 

deviants were much louder. 

EEG was recorded and averaged from Fz, Cz, Pz, C3, and 

C4. Nil amplitude was larger to the attended ear. As before 

(Parasuraman, 1978), N1 amplitude was larger to faster 

stimulation rates. In addition, more difficult deviants 

evoked larger N1 amplitude than easy to detect targets. N1 

amplitude was significantly larger at Cz and Fz than at Pz. 

Again, the effort required to attend to designated 

tones seems to have increased the neural processing 

allocated to them. However, manipulating attended channel, 

instead of stimulus classification, confounds any possible 

hemispheric bias for attention with sensory processing of a 

lateral stimulus. An additional confound is the assignment 

of tones to a particular ear without counterbalancing, 

especially when those tones are so different in pitch that 

they must also differ in loudness. 
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All of the studies reported thus far have used right- 

handed responding, opening the possibility of a motor 

potential confound over the contralateral cortex. Frontal 

activity in these studies was assessed only from Fz, which 

may not be anterior enough to be sensitive to prefrontal 

ERPS. 

Tone pips were delivered randomly to the right or left 

ear (Michie et al., 1990) at either 900 or 960 Hz. Duration 

deviant tones of 102 ms were presented 24% of the time and 

designated as targets. Standard tones were presented at 102 

ms. Subjects responded with either a right-handed or a 

left-handed button press. EEG was recorded from Fpz, Fz, 

Cz, Pz, C3, and C4. Nl was larger over sites contralateral 

to the stimulated ear. Attended tones were accompanied by 

increased negativity in a frontocentrally distributed N1. 

The amplitude of Ni was largest at the vertex. Difference 

potentials were calculated. As Nd was more bilaterally 

distributed, the authors concluded that N1 is an independent 

component. 

The difference waveform Nd includes the differences 

between components at all latencies. Its distribution is 

therefore much more likely to be bilateral than that of a 

Single component, because it is influenced by many processes 

meditated by both hemispheres. Although the amplitude of Nd 

may reflect an overriding unitary process related to 
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stimulus trace (Ndadatdnen, 1990), many processes requiring 

less voltage also influence this overall difference 

potential. 

Nl was also studied as an independent component in 

addition to PN by Alho et al. (1987). Subjects were 

presented with low tones of 500 Hz and random high tones of 

variable pitch form 503 Hz to 1229 Hz. The subjects 

responded to high tones or low tones (counterbalanced) by 

making a pencil mark on a paper in an attend condition. In 

a reading condition, the subjects ignored all tones. EEG 

was recorded from Fpz, Fz, Cz, and Pz. Difference 

potentials were calculated and compared to zero voltage. Nl 

amplitude was significantly larger for attended tones. 

Independent of attentional condition, the greater the 

difference in pitch from 500 Hz the larger the amplitude of 

Ni. The authors concluded support for Naédatanen’s stimulus 

trace theory. Stimuli which are different from a standard 

stimulus trace, evoke negativity relative to that trace. 

Of the studies reviewed, bilateral measures were 

obtained only from C3 and C4, severely compromising a 

regional hemispheric assessment. This problem was addressed 

by Woods et al. (1992). Frequent tones of 1,000 Hz were 

presented along with difficult to detect deviants of 1064 Hz 

or easy deviants of 1,500 Hz. In an attend auditory 

condition subjects responded to deviant tones with a button 
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press. All tones were ignored while the subjects played a 

video game in an attend visual condition. EEG was recorded 

from 15 scalp electrodes: Fpz, F3, Fz, F4, T3, C3, Cz, C4, 

T4, T5, P3, Pz, P4, T6, and Oz. 

Difference potentials were calculated. Attended tones 

and deviant tones elicited significantly larger N1 and P2 

components. Nl had a frontocentral distribution and was 

larger over the left hemisphere. P2 was maximal centrally 

and bilaterally distributed. Ni latency was also longer 

for attended stimuli. The authors argued that the increased 

latency was an effect of the slope of Nd. N1 latency 

effects are rare. The effect of using an empirical 

construct, such as a difference waveform, to make latency 

comparisons of a specific component, may invite some 

methodological confounds, to be examined in the discussion 

section. 

Intermodal attention was addressed in a later study 

(Alho et al., 1994). 1,000 Hz tones were presented, 

interspersed with deviant tones of 1,050 or 1,300 Hz while 

subjects visually attended a computer monitor. In an attend 

visual condition, the subjects responded with a right button 

press to visual stimuli, while ignoring all auditory 

stimuli. During attend right-ear or left-ear conditions 

subjects responded to deviant 1,300 Hz tones presented to 

the designated ear. 
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N1 mean amplitude was larger over the hemisphere 

contralateral to the attended ear, but P2 was symmetrically 

distributed. The same findings were reported for both 

modalities. Nl and P2 were negatively displaced for 

attended stimuli relative to unattended stimuli. Deviant 

tones resulted in negative displacements regardless of 

attentional condition. The common effect of attentional 

trace (Ndaadtanen, 1990) could have influenced the negative 

displacement of both N1 and P2, but the hemispheric 

distribution is different. Nl appeared to be affected by 

lateralized increased processing of stimuli to the attended 

ear. 

Summary of Nl and P2 Findings. N1 amplitude is affected 

by attention. Stimuli which are attended elicit larger N1 

amplitudes than unattended stimuli (Alho et al., 1987; 

Hillyard et al., 1973; Michie et al., 1990; Picton & 

Hillyard, 1974; Spong et al., 1965; Woods, Alho, & Algazi, 

1992). The spatial distribution of N1 is frontocentral 

(Picton & Hillyard, 1974; Woods et al., 1992). P2 amplitude 

has also been increased with attention (Alho et al., 1994; 

Picton & Hillyard, 1974). Neither N1 or P2 appear to be 

affected by latency. 
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The N2 and P3 Components 

An increasing number of studies are beginning to 

examine the process of response inhibition in addition to 

directed attention. This is accomplished with the use of a 

go/no-go discrimination task. The go/no~-go task creates 

conditions in which a subject must attend to stimuli and 

intend to perform or else inhibit a specific behavioral 

response. In one common paradigm, a warning stimulus is 

followed after a standard time interval by a discriminitive 

stimulus (specific color or pitch). At the discriminitive 

stimulus (imperative stimulus), the subject must either 

respond (go condition) or inhibit a response (no-go 

condition). Typical responses consist of pressing a button 

or moving a switch. 

The use of a warning stimulus is useful for evoking a 

CNV related to expectancy. The CNV may however continue 

poststimulus and affect the amplitudes of ERPs. Studies 

which focus on ERPs often omit the warning stimulus and use 

an imperative stimulus presented at regular ISIs to reduce 

expectancy related CNVs. 

A negative component associated with inhibition and 

occurring at about 200 ms at the orbitofrontal region of 

primates has been termed "the no-go potential" (Sasaki & 

Gemba, 1986). Evidence for a similar no-go potential in 

humans was found by Nativ, Lazarus, Nativ, and Joseph 
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(1992). Subjects performed a go/no-go task involving 

colored light stimuli. Each subject was instructed to press 

a switch as fast as possible when a green LED light came on 

and to inhibit responding for a red light. The light 

stimuli were preceded by an auditory warning stimulus. EEG 

was recorded from frontocentral (Fcz-midway between Fz and 

Cz), anterocentral (1.5 cm anterior to C3 and C4), parietal 

(P3 and P4), and midoccipital (0z) locations. 

N2 was largest at the frontocentral site during the no- 

go condition. P3 was also larger over electrode site Fcz 

during the no-go condition. As this site was over the 

supplementary motor area (SMA), the authors suggested this 

region was involved in an active inhibitory process. No 

electrode sites anterior to Fcz were utilized. Perhaps 

orbitofrontal inhibition might result in greater N2 

enhancement farther forward. 

Jodo and Kayama (1991) attempted to increase brain 

activity associated with response inhibition by decreasing 

the amount of time subjects were given to make a response. 

The subjects were required to make or withhold a finger to 

key response depending on the position of an LED stimulus 

presented after a warning tone. Subjects in the high 

response inhibition group (HI) were required to respond 

within 300 ms while subjects in the low response inhibition 

group (LI) could take up to 500 ms. EEG was recorded from 
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frontal (Fz), central (Cz), and parietal (Pz) sites. 

The latency of P3 to the go stimulus was shorter than 

that for the no-go stimulus. The latency of N2 was longer 

to the no-go stimulus than to the go stimulus. The 

amplitude of N2 was greater to the no-go stimulus than the 

go stimulus. The amplitude of N2 was larger at Fz and Cz 

than at Pz. The amplitude of N2 was greater in the HI group 

than in the LI group. The authors concluded that N2 is of 

frontocentral origin and is associated with response 

inhibition. One again, anterior prefrontal sites were not 

evaluated. 

N2 and P3 components sensitive to the go/no-go paradigm 

were shown by Pfefferbaum, Ford, Weller, and Kopell (1985). 

The words ’PUSH’ OR ‘WAIT’ were presented randomly with 

equal probability on a computer monitor. In half of the 

trials, the stimuli were degraded with ampersands 

(&P&U&SE&HE, &WEAEIETE&). Subjects were instructed to respond 

with the right hand for the word ’push’ and not respond for 

‘wait’. EEG was recorded from Fz, Cz, and Pz. 

In the grand averages for all conditions, N2 reached 

maximum amplitude at 275 ms over site Fz. P3 peaked at 400 

ms and was about equal at all sites. Neither potential was 

affected by stimulus degradation with ampersands. N2 was 

significantly larger in the no-go condition and largest over 

the frontal site during this condition. For the go 
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condition, N2 was maximal in the centroparietal region. P3 

had a parietal maximum in the go condition, but was equally 

large centrally for the no-go condition. The latency of P3 

was significantly longer in the no-go condition, whereas the 

latency of N2 was unaffected by condition. 

The authors suggested that N2 is related to response 

inhibition, because of the increased amplitude in the no-go 

condition. Both N2 and P3 showed anterior shifts from the 

go condition to the no-go condition, perhaps indicating 

greater prefrontal involvement in inhibition. However, the 

extremely anterior electrode sites, Fpl and Fp2, were not 

assessed. 

Because alcoholism is an inhibitory disease affecting 

the frontal cortex, Pfefferbaum, Rosenbloom, and Ford (1987) 

investigated changes of P3 in alcoholics. Forty-two 

alcoholic patients were compared with normals on a go/no-go 

task. The same ‘PUSH’ and ‘WAIT’ stimuli were utilized and 

in a noise condition, degraded with ampersands. Probability 

was first equal and then .25 to .75 for one or the other 

stimulus, counterbalanced. EEG was recorded from Fz, Cz, 

and Pz. 

For both controls and alcoholics P3 had a parietal 

maximum for Go and a centroparietal maximum for No-Go. 

Alcoholics had smaller P3s with longer latencies in the Go, 

but not No-Go condition, than controls. Probability was not 
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significant. The same results held for the noise condition. 

P3 latency was later to no-go than go for both groups. The 

authors concluded that the smaller and later P3s are 

consistent with cognitive impairment due to neurological 

damage, however the effect was for the go condition rather 

than an inhibitory no-go process. It would appear that 

central response activation areas are more sensitive to 

alcoholic damage than prefrontal intentional regions. 

Pfefferbaum and Ford (1988) examined the effects of 

age, probability, and visual noise on P3 production. 

Previous research (Ford & Pfefferbaum, 1986) had indicated 

that P3 was later in older subjects. As P3 was later for 

no-go conditions (Pfefferbaum et al., 1985; Pfefferbaum et 

al., 1987), there might be an interaction between age and 

inhibition. The subjects were 66 volunteers of all adult 

ages. The words ‘push’ and ‘wait’ were presented ona 

computer monitor. For the first condition, they were of 

equal probability. Later the ratio was .25/.75 for one word 

or the other, counterbalanced. EEG was recorded from FZ, CZ, 

and Pz. 

The amplitude and latency of P3 was not affected by 

age. P3 had a parietal maximum for go and a Cz maximum for 

no-go. Go stimuli elicited a larger P3 than no-go stimuli. 

The latency of P3 was later to no-go than to go. Degrading 

the stimulus with visual noise decreased the amplitude of P3 
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to go but not no-go stimuli. P3s were larger to less 

probable stimuli, suggesting the relevance of a novel 

stimulus may also affect P3 amplitude, as well as Nl. 

Because of the differences in latencies and spatial 

distributions shown in these three studies, the authors 

suggested that P3 to no-go stimuli is different than P3 to 

go stimuli and involves different generators. No-go P3 may 

involve frontal structures and go P3, parietal. However, 

the use of only three midline electrodes yields only minimal 

information about spatial distribution. 

Although alcoholism and age may be related to 

inhibition, a relationship is more obvious with obsessive- 

compulsive disorder (OCD), in which individuals cannot 

inhibit inappropriate behaviors. Malloy (1987) compared P3 

topography in 20 healthy subjects to 17 patients with OCD. 

The subjects were instructed to press a key for the word 

‘go’ presented on a cathode ray tube or withhold pressing 

for the word ‘stop’. Fifteen nonstandard electrode sites 

were chosen to cover much of the frontal and parietal 

association areas, but only the midline and left hemisphere. 

The author was using right-handed responses, involving the 

left cortex, and was unconcerned about hemispheric 

differences. 

For both patients and controls, P3 displayed a parietal 

maximum during the go condition. There was an anterior 
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shift for no-go. The change was maximum over frontal sites 

and involved all frontal sites in controls (Fp, Fz, F3, F7, 

FC, and FTC). The anterior shift was only significant at 

two sites in the patients: F3 (left frontal) & FC 

(frontocentral). On the basis on neuropsychological 

evidence, Malloy (1987) suggested orbitofrontal involvement 

was differentially affected. The author concluded that P3 

amplitude changes reflect prefrontal activation in tasks 

requiring behavioral inhibition. 

The effects of impulsivity and goal direction on P3 

were investigated by Svebak, Howard, and Rimehaug (1987) 

during a go/no-go task. The subjects were 18 students 

selected from a larger sample that had been tested for 

impulsivity. The subjects were assigned to either an 

‘impulsive’ or a ‘goal-directed’ group on the basis of 

previous scores. EEG was recorded from Cz referenced to a 

mastoid or earlobe. The stimuli were tones, S1 and S2. The 

frequency of S1 differed between high and low, and 

determined whether the subject should respond at S2, a 

constant tone. The significance of each S1 tone was 

counterbalanced across subjects. In the Go condition the 

subject had to press a button to avoid a burst of loud white 

noise. In the No-go condition the subject had to avoid the 

press. 

P3 amplitudes were higher in the goal-directed group 
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than in the impulse group for both go and no-go conditions. 

The authors suggested that P3 should be used as an index of 

motivation. Motivation is a complex construct including 

aspects of memory, learning, and affect. A more 

parsimonious explanation is that P3 amplitude is related to 

a decision as to whether or not a response is appropriate in 

a given situation. Deliberate goal directed decisions may 

require greater neural activation and corresponding voltage 

than impulsive actions committed automatically. 

Depression is another serious disorder which may affect 

the neurophysiology of intention and inhibition. The 

effects of depression on evoked potentials were examined by 

Thier, Axmann, and Giedke (1986). Eleven depressed subjects 

were presented one of two tones shortly after closing a 

Switch. Subjects were to respond to the high tone but 

ignore the low tone. EEG was recorded from Fz, Cz, and Pz. 

EMG was recorded from the response hand. Depressed patients 

had slower reaction times accompanied by smaller P3 

amplitudes. The authors suggest this was the result of a 

more negative PINV in patients shown by PCA. Patients show 

larger PINVs. The larger PINVs may be an effect of the 

Slower response time of depressed patients. An alternate 

explanation is that frontal and central regions involved in 

response selection and activation are inhibited by 

depression. 
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Jodo and Inoue (1990) investigated the effects of 

practice on P3 in a go/no-go task. The subjects were ten 

students. The imperative stimuli consisted of LED lights. 

A tone was presented as a warning stimulus. Subjects were 

to make a key press if a light came on above a fixation 

point or withhold the key press if the light came on below 

it. The procedure was repeated with the positions reversed. 

Luminance of the stimuli was also varied. Up to 7 sessions 

were performed. EEG was recorded from Pz, Cz, and Fz 

referred to linked ear lobes. 

Several observations were noted about P3. The latency 

of P3 was later to the no-go condition than in the go 

condition. The amplitude of P3 was smaller at Fz than at Pz 

and Cz. P3 was larger to high luminance stimuli than low 

ones in all conditions. The latency of P3 was shorter for 

go stimuli than no-go stimuli in session 1. For session 6, 

P3 latency was shorter for no-go stimuli than go stimuli. 

This effect was caused by a reduction in P3 latency across 

sessions for no-go only. 

The authors observed that the effects of luminance on 

the P3 were not affected by practice but the latencies for 

the no-go stimuli were. Go latencies were not affected by 

practice. They suggest that go P3 and no-go P3 are 

functionally different ERP components. 
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The effects of response probability on P3 were examined 

by Nasman and Rosenfeld (1992). They suggested that the 

well-known sensitivity of P3 to infrequent events is related 

to a difference between within-category detection and 

between-category detection. P3 was used as an index of 

deviance detection. EEG was recorded from Fz, Cz, and Pz. 

The stimuli consisted of nine double-digit numbers. 

Numbers 42-49 were standards. Number 91 was deviant. The 

experimenter selected one number as a target with low 

response probability and all standard numbers were targets 

with high response probability. Subjects were to respond to 

targets by pressing a button. They were told to hold their 

response until each number disappeared from the screen. The 

authors explained that they were not interested in reaction 

time and wanted to eliminate movement artifact. The targets 

and nontargets were then reversed to create a high response 

probability condition. 

Parietal P3s were larger than central, which were 

larger or equal to P3 amplitude at the frontal region. 

Deviant numbers elicited larger P3s. P3 amplitudes were 

increased in response to deviant numbers when presented in 

the high probability task. The authors concluded that 

within-category deviation detection is a controlled 

operation which requires attention to the overall structure 

of a stimulus set. A deviant stimulus presented among a 
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high proportion of target stimuli becomes more salient. 

They suggested P3 is a useful index of category 

identification. 

The possible inferences from this experiment must be 

limited to the amplitude of P3 for deviant stimuli. The 

difference between go and no-go conditions was confounded by 

experimenter instructions. The subjects were told to 

withhold a response until each number disappeared from the 

screen, even for nontargets. This instruction rendered all 

trials a no-go condition. 

P3 enhancement was related to inhibition by Roberts, 

Rau, Lutzenberger, and Birbaumer (1994). Subjects performed 

a continuous performance task in which they were presented a 

series of letters: 0, X, Z, and T. The subjects were 

instructed to respond by pressing a button for Xs that 

appeared after Os, but not to Xs following a letter other 

than O or to non-X letters. Recordings were taken from all 

19 channels of the 10-20 system of electrode placement 

(Jasper, 1958); however, Fpl and Fp2 were only used for 

ocular artifacting. 

There were significantly larger P3 amplitudes in the 

no-go condition. The no-go P3 was larger at the left 

hemispheric sites than at the right hemispheric sites. P3 

was largest at frontal and central sites during the no-go 

condition, but largest parietally for the go condition. The 
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latency of P3 was longest for the no-go condition and showed 

a regional effect. P3 was longer at central and parietal 

sites than at the frontal region. 

The authors concluded that P3 enhancement may be 

associated with an inhibitory mechanism. They speculated on 

a wide variety of possible origins but, surprisingly, did 

not consider the frontal cortex except for central pyramidal 

cells. Perhaps this is why they did not analyze the Fpl and 

Fp2 data. The finding of a left hemispheric bias must be 

viewed with caution as subjects only responded with the 

right hand, leading to the possibility of confounded 

amplitude from motor potentials. 

Summary of N2 and P3 Findings. The evidence reviewed 

indicates that the N2 component may be associated with 

response inhibition. N2 has the greatest amplitude and 

negativity in the no-go condition (Jodo & Kayama, 1991; 

Pfefferbaum et al., 1985). The distribution of N2 is 

maximally frontocentral during no-go conditions (Jodo & 

Kayama, 1991; Nativ et al., 1992; Pfefferbaum et al., 1985). 

This is consistent with the activity of a large number of 

prefrontal neurons summating during conditions of 

inhibition. It is anticipated that, electrode placements 

more anterior to the midline frontal site used by most 

researchers, would show greater N2 enhancement due to the 

inhibitional activity of the orbitofrontal region. 
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The P3 component may be more associated with the 

completion of a decision either to respond or not respond. 

The amplitude of P3 has been demonstrated to be maximal in 

both no-go (Nativ et al., 1992) and go conditions 

(Pfefferbaum & Ford, 1988; Pfefferbaum et al., 1985). The 

activity of large numbers of neurons may be summated for 

either a decision to respond or to inhibit responding. The 

spatial distribution of P3 tends to be centroparietal during 

the go condition (Malloy, 1987; Pfefferbaum & Ford, 1988; 

Pfefferbaum et al., 1985; Pfefferbaum et al., 1987) and 

shows an anterior shift during no-go conditions (Malloy, 

1987; Nativ et al., 1992; Pfefferbaum & Ford, 1988; 

Pfefferbaum et al., 1987). The greater central distribution 

during the go condition may be an indication of greater 

premotor or primary motor involvement in a decision to 

respond. An anterior distribution during no-go is 

consistent with a prefrontal inhibitory decision, yet this 

has not been evaluated with anterior prefrontal electrode 

sites. 

Similarities between N2 and P3 provide support that 

both components may be part of a response decision complex. 

Both N2 (Jodo, & Kayama, 1991; Nativ et al., 1992; 

Pfefferbaum et al., 1985) and P3 (Malloy, 1987; Nativ et 

al., 1992; Pfefferbaum & Ford, 1988; Pfefferbaum et al., 

1987) show an anterior shift for the no-go condition. 
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A prefrontal inhibitory process may underlie both anterior 

components. The latency of N2 (Jodo & Kayama, 1991), as 

well as P3 (Jodo & Inoue, 1990; Jodo & Kayama, 1991; Nasman 

& Rosenfeld, 1992; Pfefferbaum & Ford, 1988) is longer in 

the no-go condition, than in the go condition. A decision 

to inhibit responding may take longer than a decision to 

make a response. 

Based on these findings, we may hypothesize the effects 

of a go/no-go auditory discrimination task on the amplitudes 

and latencies of N1, P2, N2, and P3. The next section will 

detail the anticipated findings of this study. 
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Chapter 5 - Research Objectives 

The studies reviewed have provided valuable information 

about the brain’s electrical activity during selective 

attention, response selection and response inhibition. 

However, some basic questions are left unanswered. Most of 

the reviewed studies measured evoked potentials from only 

three midline locations: Fz, Cz, and Pz. Because these 

sites are midline, it is impossible to draw inferences as to 

whether there is any hemispheric specialization for 

intentional processes. 

Activity of the frontal cortex was predominantly 

assessed only from site Fz which is over the longitudinal 

fissure between the superior frontal gyri in the region of 

the frontal eyefields. More anterior assessments using the 

electrode sites Fpl and Fp2, might show increased N2 

enhancement due to orbitofrontal inhibition. 

Almost all of the studies which required an overt 

response specified the right hand as the responding 

effector. This response lateralization may have confounded 

the few studies which utilized bilateral recording sites. 

A warning stimulus was used in the majority of the 

reviewed studies. However, only one study (Roberts et al., 

1994) controlled for the ERP amplitude effect of a CNV that 

a warning stimulus often elicits. 
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This study attempted to replicate and extend previous 

findings by increasing the number and improving the 

distribution of electrode sites in go/no-go task recording. 

The amplitudes and latencies of N2 and P3 were measured from 

eight bilateral electrode sites covering four brain regions: 

prefrontal, frontal, central, and parietal, as well as the 

three standard midline sites: Fz, Cz, Pz. 

In the bilateral montage, the prefrontal sites included 

Fpl and Fp2. These sites are over the inferior part of the 

superior frontal gyri in Brodmann’s area 10 (Homan, 1988). 

They cover the most anterior region of the dorsolateral 

cortex and are relatively close to the orbitofrontal region. 

The frontal sites included F3 and F4. These positions are 

over the middle frontal gyri in the dorsolateral cortex. 

The central sites included C3 and C4 over the precentral 

gyri of the motor cortex. The parietal sites included P3 

and P4 over the superior parietal lobules. 

In order to minimize the asymmetric effects of motor 

potentials, subjects were required to respond with both 

hands. To prevent the occurrence of a CNV, no warning 

stimulus was issued. 

Based on the neurophysiology of selective processing 

and the results of previous studies, I expected the 

following findings. If N1 and P2 amplitudes are associated 

with the increased neural processing of an attended 
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stimulus, then it was expected that the amplitudes of these 

waveforms would increase for a condition in which a response 

was required to the stimulus. As Nl has been concentrated 

frontocentrally, it was expected that this distribution 

would be replicated, and extended by recording at more 

anterior sites, revealing a greater prefrontal 

concentration. A possible neurophysiological explanation is 

that N1 is associated with the intentional control of 

frontal associations fed by the extensive primary sensory 

tracts to the prefrontal cortex (e.g., for a review, see 

Fuster, 1990). 

As P2 has been associated with more complex physical 

characteristics than simple intensity, the stimulus 

processing resources of the parietal cortex may be required 

at the P200 latency. This processing may result in the 

centroparietal distribution of P2. 

If inhibition of responding is mediated by the 

orbitofrontal cortex, then N2 should appear larger and more 

anterior in a no-go task condition. An extension of 

previous research is the use of the anterior electrode sites 

Fpl and Fp2. It is expected that increased N2 enhancements, 

not previously reported, will be found at these sites. 

P3 may reflect the activation of a complex response 

selection task. A decision to respond will involve 

activation of supplementary motor cortex as well as primary 
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motor cortex in conjunction with stimulus meaning assessed 

at the parietal association cortex. A decision not to 

respond may result in orbitofrontal activation resulting in 

an anterior shift. 

Right hemispheric dominance has been demonstrated for 

both selective attention and intention (Verfaillie et al., 

1987). It is suggested that N1 and P2 may reflect selective 

attention. N2 is associated with response inhibition and P3 

relates to response selection. These are phasic processes 

which may be mediated by the right hemisphere. Therefore, 

it was anticipated that ERP amplitudes would be greater over 

the right hemisphere. 

With performance of a go/no-go auditory discrimination 

task utilizing bilateral as well as midline electrode sites, 

extremely anterior sites, no warning stimulus, and bilateral 

responding, I expected the following results: 

Hypotheses 

Ni. The amplitude of N1 will be greater during the go 

condition than in the no-go condition. 

The amplitude of Ni will be greater in the prefrontal 

region than in the frontal region, which will be greater 

than the central and parietal regions. 

The amplitude of N1 will be greater over the right 

hemisphere than over the left hemisphere. 
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P2. The amplitude of P2 will be greater in the go 

condition than during the no-go condition. 

The amplitude of P2 will be greater at the central and 

parietal regions than at the frontal and prefrontal regions. 

The amplitude of P2 will be greater over the right 

hemisphere than over the left hemisphere. 

N2. The amplitude of N2 will be greater during the no- 

go condition than during the go condition. 

The amplitude of N2 will be greater at the prefrontal 

region than at the frontal region, which will be greater 

than at the central and parietal regions. 

The amplitude of N2 will be greater over the right 

hemisphere than over the left hemisphere, especially at the 

prefrontal region. 

The latency of N2 will be longer in the no-go condition 

than in the go condition. 

P3. The amplitude of P3 will be larger in the go 

condition than in the no-go condition. 

The amplitude of P3 will be greater at the central 

region and parietal regions than at the frontal and 

prefrontal regions. 

The amplitude of P3 will be greater over the right 

hemisphere than over the left hemisphere. 

The latency of P3 will be longer in the no-go condition 

than in the go condition. 
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Chapter 6 - Method 

Subjects 

The subjects consisted of 27 right-handed, 

undergraduate college students, 13 males and 14 females, 

aged 18 —- 21. They were selected from a larger sample of 

students participating in a study of cognitive abilities 

(Crawford, Knebel, Vendemia, Kaplan, & Ratcliff, 1995; 

Crawford, et al., 1994). The larger study included data on 

age, handedness, and medical history which were used for 

screening purposes. Scores on the cognitive tests were not 

used for selection in this study. Subjects were issued the 

Annett Handedness Questionnaire (Annett, 1967; Appendix A) 

and a medical history questionnaire (Appendix B). Scores on 

the handedness questionnaire can range from -24 (extremely 

left-handed to +24 (extremely right-handed). Only strongly 

right~handed (+10 or greater) subjects were included. 

Subjects reporting a history of hearing loss or neurological 

problems, including epilepsy or concussion, were not 

selected. The subjects received $10 or extra credit for 

their participation. 

Procedure 

The experimenter contacted subjects meeting these 

initial screening requirements by telephone and invited them 

to participate. The subjects were instructed to avoid 
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alcohol, caffeine, and other drugs which might affect EEG 

the night before and the day of their sessions. 

Each subject participated in one experimental session 

lasting about two hours. All of the experimental procedures 

were performed by the primary investigator. Upon arrival at 

the laboratory the subject had the experiment thoroughly 

described and signed a statement of informed consent 

(Appendix C). 

The subject’s hearing thresholds for tones of 1,000 Hz 

and 1,500 Hz were determined with a Qualitone Acoustic 

Appraiser audiometer within a sound attenuated room. Left 

and right ears were tested separately using headphones and 

within a sound attenuated room. The experimental rejection 

criteria were: threshold for either tone exceeding 50 db HL 

(hearing level), or asymmetry exceeding 10 db HL. No 

subjects were rejected. 

Following the hearing test, the experimental task was 

demonstrated by the experimenter using a computer and 

external speakers outside the sound attenuated room. The 

subject received the following instructions: 

You will be reclining in a chair such as this 

one inside the sound attenuated room. You will 

have on an electrocap and have electrodes on your 

hands to monitor your finger movements. You will 

be wearing headphones. During the experiment, you 
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will have your eyes closed. Sometimes when we are 

drowsy or relaxed our eyes tend to roll somewhat 

when they are closed. Because this will affect 

the way your brainwaves look, try not to let this 

happen. Try to avoid moving your eyes during the 

tasks. 

You will hear a series of tones. The tones 

will be either high pitched or low pitched. You 

will know ahead of time which they are because I 

am about to play them for you. You will respond 

to the low [high] (counterbalanced) tones and not 

respond to the high [low] tones. 

Your response will consist of raising both 

forefingers simultaneously to the full extent of 

their range, but without straining or stretching 

(experimenter demonstrates). As soon as you have 

raised them, you should lower them, like this. 

You should respond as quickly as possible after 

you hear the low [high] tones, but without jerking 

or rushing. You will not respond to the high 

[low] tones. 

Do you have any questions? Okay, then I will 

demonstrate the tones and what responding looks 

like. 
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The experimenter played 30 tones, 15 of each pitch, and 

demonstrated responding. Prior to the experiment the pitch 

of each tone was checked and calibrated with a Coulbourne 

pure tone generator so that the low tone was 1,000 Hz and 

the high tone was 1,500 Hz. 

After electrode application, the subject was seated in 

a large comfortable chair within the sound attenuated room. 

The chair was reclined to an attitude of about 60° and the 

subject’s feet were supported. The subject was instructed 

to rest her/his hands face down on the arms of the chair and 

to close his/her eyes. 

Headphones were placed over the subject’s ears. Prior 

to the experiment, each phone was checked and calibrated 

with a Metrosonics noise dosimeter, Model @B 307 to present 

the tones at 65 db SPL. The position of the phones was 

counterbalanced across subjects so that the left phone was 

placed over the right ear on half of the subjects. 

The subject performed 30 practice trials of the go/no- 

go task. Fifteen of each tone were presented ina 

pseudorandom Bernoulli series with the probability of each 

pitch being equal. The interstimulus interval (ISI) was 2 

seconds. The duration of each tone was 100 ms. The subject 

performed 100 experimental trials in which 50 trials of each 

tone were presented as before. 
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EEG Recording 

During the experimental task, monopolar EEG was 

recorded from each of the 19 sites (Jasper, 1958) defined by 

the International 10-20 System of Electrode Placement, using 

an ECI electrocap. All channels were referenced to linked 

earlobes. Electrode impedances were reduced to below 3 kOhm 

and balanced to within 500 Ohms bilaterally. EOG electrodes 

were applied superolateral to the subject’s right outer 

canthus and inferolateral to the subjects left outer 

canthus. EMG electrodes were placed over extensor digitorum 

and positioned 1 cm apart on the dorsal surface of the 

subject’s right and left hands. 

The analog signals from the EEG, EOG, and EMG 

electrodes were amplified by a Lexicor Medical Technologies, 

Inc. Neurosearch-24 amplifier system and converted online to 

digital with a Gateway 486 DX computer for display, storage, 

and analysis. The amplification factor was 32,000. The 

digital sampling rate was 256 Samples/s. The bandpass was 

0.5 Hz through 65 Hz. A 60 Hz notch filter was employed to 

reduce environmental electrical noise. 

Data Analysis 

Figure 2 illustrates the raw data from a typical trial 

(go condition), containing two one-second epochs. All 

trials were edited for ocular artifact, myogenic artifact, 

and subject response error. Trials in which EOG activity 
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exceeded 30 uV within 300 ms prestimulus and 500 ms 

poststimulus were deleted. Trials containing significant 

artifact caused by head movement, swallowing, or muscular 

tension, within this window, were also deleted. This 

editing ensured that none of the components examined, 

occurring at latencies from 50 to 400 ms, were influenced by 

eye movement or muscle activity. 

There were two main types of response error, omission 

and commission. No-go trials during which extensor 

digitorum activity exceeded 50 uV were considered errors of 

commission. Go trials in which extensor digitorum activity 

failed to exceed 20 uwV within 500 ms poststimulus 

presentation were considered errors of omission. Late 

responses and absent responses were considered two 

subclasses of omission. Trials containing response errors 

were deleted to ensure that the no-go trials were associated 

with successful response inhibition and go trials were 

related to accurate response selection. 

The data from two subjects were discarded because the 

headphone jack was discovered partly out of the socket after 

the experiment resulting in attenuated sound intensity. The 

ERPs for these subjects were low amplitude and poorly 

formed. The data of three subjects were discarded due to 

excessive ocular artifact caused by eyeroll. 
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The EEGs of the remaining 22 subjects were averaged 

separately for the go stimulus and then for the no-go 

stimulus utilizing the Lexicor V41E evoked potential 

program. Figure 3 illustrates the averaged data of subject 

7 for the go condition. This averaging resulted in four 

distinct event-related components: N1, P2, N2, and P3. 

Grand averages were generated across all subjects. By using 

the grand averages, latency windows were established for 

each component: N1, 50-150 ms; P2, 100-200 ms; N2, 150-300 

ms; and P3, 300-400 ms. The amplitude and latency of each 

component for each subject and condition were determined by 

positioning a cursor at the maxima or minima within the 

specified latency windows for midline sites: Fz, Cz, Pz and 

for bilateral sites: Fpl, Fp2, F3, F4, C3, C4, P3, and P4. 

Six subjects produced two separate positive components 

within the P3 range, P3a and P3b. P3b was larger across 

most sites and especially apparent in the parietal region. 

The data for P3b was included in the analyses. 

The amplitudes and latencies measured from the midline 

electrode sites were subjected to a repeated measures 

analysis of variance for within subjects factors of 

condition (Go and No-Go) and region (frontal, central, and 

parietal). A separate repeated measures ANOVA was performed 

on the bilateral data for within subjects factors of 

condition (Go and No-Go), region (prefrontal, frontal, 
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central, and parietal), and hemisphere (left and right). 

P-values were corrected using the Huynh-Feldt adjustment to 

degrees of freedom (Huynh & Feldt, 1970) in order to avoid 

reaching erroneous conclusions due to the failure to satisfy 

the circularity assumption. Significant differences between 

means were identified using Scheffe post hoc comparisons. 

Scheffe post hoc comparisons may be utilized with repeated 

measures designs provided the circularity assumption is not 

violated (Hays, 1988). 

In addition to statistical analyses, topographical maps 

of isopotentials were generated from the grand averages for 

each component and condition. These isopotential maps 

illustrate the average monopolar potential at each of the 19 

electrode sites at intervals of 3.9 ms, demonstrating the 

evolution and distribution of voltage for each component. 

63



Chapter 7 - Results 

Midline 

The grand averages for the midline sites (Fp, Cz, Pz) 

are shown in Figure 4. The blue waveforms represent the go 

condition and the red waveforms illustrate the no-go 

condition. The ANOVA results for midline amplitude are 

displayed in Table I. The results of ANOVAS for latency are 

displayed in Table II. 

N1 Amplitude. There was a main effect for region, 

F(2,42) = 61.99, p < . 001 (Figure 5). The amplitude of N1 

was greater (more negative) at the frontal (M = -12.6, 

SD = 4.3) and central (M = -12.7, SD = 4.4) regions than at 

the parietal region (M = -6.7, SD = 3.1). 

P2 Amplitude. Region again demonstrated a main effect, 

F(2,42) = 30.79, p < .001 (Figure 6). P2 amplitude was 

greater (more positive) at the central (M = 10.3, 

SD = 6.6) and parietal (M = 8.7, SD = 5.6) regions, than at 

the frontal (M = 4.1, SD = 3.3) region. 

N2 Amplitude. Again, there was a main effect for 

region, F(2,42) = 35.64, p < .001 (Figure 7). N2 amplitude 

was greater over the frontal region (M = -2.4, SD = 4.0) 

than over the central (M = 1.5, SD = 4.3) and parietal 

regions (M = 3.2, SD = 3.7). 
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Table I - Midline ANOVA results for amplitude. 

Ni Amplitude 

source 

Condition 

Region 

Cond * Reg 

P2 Amplitude 

Source 

Condition 

Region 

Cond * Reg 

N2 Amplitude 

Source 

Condition 

Region 

Cond * Reg 

P3 Amplitude 

Source 

SOundetion 

Region 

Cond * Reg 

F Value 

F Value 

F Value 

13.47 

16.90 

66 

P Value 

0.092 

0.001 

0.372 

P Value 

0.102 

0.001 

0.773 

P Value 

0.330 

0.001 

0.240 

P Value 

0.119 

0.001 

0.001 

i bry
 

0.001 

0.356 

0.001 

0.742 

ft hy
 

0.001 

0.241 

0.001 

0.001



Table II = ANOVA results 

  

N1 Latency 

Source 

Condition 

Region 

Cond * Reg 

P2 Latency 

source 

Condition 

Region 

Cond * Reg 

N2 Latency 

Source 

Condition 

Region 

Cond * Reg 

P3 Latency 

Source 

Condition 

Region 

Cond * Reg 

for midline latency. 

F Value 

F Value 

F Value 

P Value 

0.606 

0.536 

0.833 

P Value 

0.405 

0.700 

0.688 

P Value 

0.026 

0.103 

0.896 

ft Hy
 

0.502 

0.757 

T hy 

0.168 

0.552 

ft hy
 

0.593 

0.603 

i ry
 

0.119 

0.852



  

o Amplitude (uv) 

  

Region 

i rz Ez] cz EES) Pz       
Figure 5 - Nl mean amplitudes by region for the midline 
sites. 

  

2 Amplitude (uV) 

  

Region 

El rz Ezz] cz EERE] pz       

Figure 6 - P2 mean amplitudes by region for the midline 
sites. 
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P3 Amplitude. There was a main effect for region, 

F(2,42) = 13.47, p < .001 (Figure 8). The amplitude of P3 

was Significantly greater over the central (M = 10.8, 

SD = 5.1) and parietal (M = 11.4, SD = 4.3) regions than at 

the frontal region (M = 8.1, SD = 4.7). 

There was a significant condition by region 

interaction, F(2,42) = 16.9, p < .001 (Figure 9). 

Additional repeated measures ANOVAS were performed for each 

region. P3 amplitude was greater (more positive) at the 

frontal region F(1,21) = 9.99, p < .001, and central region, 

F(1,21) = 6.65, p < .002, during the no-go condition. This 

effect did not occur at the parietal region. 

P3 Latency. There was a main effect for latency, 

F(1,21) = 5.71, p < .026 (Figure 10). P3 latency was longer 

in the no-go condition (M = 292.3, SD = 34.5) than in the go 

condition (M = 304.0, SD = 31.5). 

Summary. In summary, for the midline sites, P3 

amplitude was larger during the no-go condition at the 

frontal and midline sites. P3 latency was longer during the 

no-go condition. P3 and N2 were both largest at the frontal 

region. Nl was maximal over the frontal and central 

regions, and P2 was greatest at the central and parietal 

region. There were no other significant main effects or 

interactions. 
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4 Amplitude (uv) 

  

  

  

Region 

Ea rz EZ} Gz EEE] Pz       
Figure 7 - N2 mean amplitudes by region for the midline 
sites. 

  

2 Amplitude (uV) 

  

Region 

Ma rz Ezz cz BEA pz       

Figure 8 - P3 mean amplitudes by region for the midline 
sites. 
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4 Amplitude (uV) 

  

Go No-Go 

a rz Ez7 cz ERA pz       
Figure 9 - P3 mean amplitudes by condition and region for 
the midline sites. 
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    260! 
Condition 

BE Go No-Go     
  

Figure 10 - P3 mean latency by condition for the midline 
sites. 
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Bilateral 

The grand averages for the bilateral sites are shown in 

Figure 11. The results of the lateral ANOVAS for N1 and P2 

amplitude are displayed in Table III. Lateral results for 

N2 and P3 amplitude are displayed in Table IV. The ANOVA 

results for lateral N1 and P2 latency are displayed in 

Table V. Results for N2 and P3 latency are displayed in 

Table VI. 

Ni Amplitude. There was a main effect for condition on 

amplitude, F(1,21) = 5.11, p < .035 (Figure 12). The 

amplitude of Nl was greater during the go condition 

(M = -10.1, SD = 4.0) than for the no-go condition 

(M = -9.3, SD = 4.4). 

There was a main effect for region on amplitude, 

F(3,63) = 30.19, p < .001 (Figure 13). The amplitude of N1 

was greatest at the frontal (M = -11.8, SD = 4.0) and 

central (M = -11.1, SD = 3.7) regions, and greater at the 

prefrontal region (M = -9.5, SD = 3.8) than the parietal 

region (M = -6.3, SD = 2.8). 

P2 Amplitude. P2 amplitude differed significantly 

across region, F(3,63) = 40.87, p < .001 (Figure 14). The 

amplitude of P2 was greatest at the central (M = 7.1, 

SD = 4.8) and parietal (M = 7.3, SD = 5.2) regions, and 

greater at the frontal region (M = 3.3, SD = 3.2) than the 

prefrontal region (M = -0.6, SD = 3.5). 
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Table III - Results for lateral N1 and P2 amplitude. 

N1 Amplitude 

Source aft F Value P Value H-F 

Condition 1,21 5.11 0.03 . 

Hemisphere 1,21 4.14 0.055 : 

Region 3,63 30.19 0.001 0.001 

Cond * Hem 1,21 0.89 0.356 . 

Cond * Reg 3,63 0.65 0.584 0.525 

Hem * Reg 3,63 1.91 0.136 0.149 

Cond*Hem*Reg 3,63 0.63 0.596 0.563 

P2 Amplitude 

source aft F Value P Value H-F 

Condition 1,21 2.10 0.162 . 

Hemisphere 1,21 1.77 0.197 . 

Region 2,63 40.87 0.001 0.001 

Cond * Hemi 1,21 3.70 0.068 

Cond * Reg 3,63 1.29 0.285 0.300 

Hem * Reg 3,63 5.37 0.002 0.002 

Cond*Hem*Reg 3,63 0.06 0.979 0.959 
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o Amplitude (uv) 
  

  
        -12 1 

Condition 

EM Go No-Go     
Figure 12 - N1 mean amplitudes by condition for the lateral 
sites. 

  

° Amplitude (uV) 

  

Reglon 

BE Prefronta! Frontal 

AEH Central Parietal       

Figure 13 - N1 mean amplitudes by region for the lateral 
sites. 
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8 Amplitude (uV) 

  

Region 

BE Prefrontal Frontal 

HEE] Sentral Parietal       
Figure 14 - Lateral P2 mean amplitudes by region. 

  

5 Amplitude (uV) 

  

      Left Right 

EB Prefrontal Frontal 

EEFH Gentral Parietal 

Figure 15 - Lateral P2 mean amplitudes by region and 
hemisphere. 
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There was a region by hemisphere interaction, F = 5.37, 

p < .002 (Figure 15). Additional repeated measures ANOVAS 

were performed separately for each region. For the 

prefrontal region only, F(1,21) = 6.11, p < .022, P2 

amplitude was greater (less negative) over the right 

hemisphere (M = -0.3, SD = 3.7) than over the left 

hemisphere (M = -0.8, SD = 3.4). 

N2 Amplitude. There was a main effect for region, 

F = 45.16, p < .001 (Figure 16). The amplitude of N2 was 

maximal at the prefrontal region (M = -5.1, SD = 4.4), and 

greater at the frontal region (M = -2.5, SD = 4.1) than the 

central (M = 0.6, SD = 3.6) and parietal regions (M = 2.3, 

SD = 3.6). 

There was a region by hemisphere interaction, 

F(3,63) = 4.57, p < .006. Additional repeated measures 

ANOVAS were performed separately for each region. At the 

prefrontal region, F(1,21) = 5.62, p <.027, and frontal 

region, F(1,21) = 21.37, p < .001, N2 amplitude was more 

negative over the left hemisphere (Figure 17). 

P3 Amplitude. There was a main effect for region, 

F(3,63) = 55.3, p < .001 (Figure 18). P3 amplitude was 

maximal at the central (M = 9.5, SD = 4.0) and parietal 

(M = 10.6, SD = 4.2) regions and greater at the frontal 

region (M = 7.5, SD = 4.5) than the prefrontal region 

(M = 2.4, SD = 4.8). 

77



Table IV - Lateral ANOVA 

N2 Amplitude 

Source 

Condition 

Hemisphere 

Region 

Cond * Hem 

Cond * Reg 

Hem * Reg 

Cond*Hem*Reg 

P3 Amplitude 

source 

Condition 

Hemisphere 

Region 

Cond * Hemi 

Cond * Reg 

Hem * Reg 

Cond*Hem*Reg 

results for N2 and P3 amplitude. 

F Value 

F Value 

78 

P Value 

0.175 

0.094 

0.001 

0.100 

0.100 

0.006 

0.233 

P Value 

0.430 

0.086 

0.001 

0.134 

0.001 

0.001 

0.322 

T tj 

0.001 

0.080 

0.011 

0.239 

0.001 

0.001 

0.001 

0.322



  4 Amplitude (uV) 

BE Prefrontal 

EFA Gentral   

  

Riegion 

Frontal 

Parietal   
  Figure 16 - N2 mean amplitudes by region for the 
sites. 

lateral 

  Amplitude (uV) 

Left 

ES Prefrontal 

EFH  Gentral   

  

Right 

Frontal 

Parietal 

  Figure 17 - N2 mean amplitudes by region and hemisphere. 
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Figure 18 - P3 mean amplitudes by region for the lateral 
sites. 
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A condition by region interaction occurred for P3, 

F(3,63) = 7.73, p < .001 (Figure 19). For the both the 

frontal region, F(1,21) = 6.27, p < .021, and the central 

region, F(1,21) = 5.08, p < .035, P3 amplitude was higher 

during the no-go condition. 

There was also a significant region by hemisphere 

interaction, F(1,21) =7.47, p < .001 (Figure 20). For the 

prefrontal region, F(1,21) = 21.18, p < .001, and frontal 

region F(1,21) = 9.12, p < .006, P3 amplitude was larger 

over the right hemisphere. 

P3 Latency. There was a main effect for condition, 

F(1,21) = 6.48, p < .019 (Figure 21). The latency of P3 was 

longer in the no-go (M = 310.9, SD = 32.2) condition than in 

the go condition (M = 296.5, SD = 37.5). 

The latency of P3 showed a main effect for region, 

F = 10.07, p < .001 (Figure 22). P3 latency was longer at 

the prefrontal region (M = 315.1, SD = 39.8) than at the 

central region (M = 295.9, SD = 30.3). 

Summary. There were condition effects for Nl amplitude, 

P3 amplitude, and P3 latency. Nl amplitude was 

Significantly greater during the go condition. For the 

frontal and central regions, P3 amplitude was higher during 

the no-go condition. The latency of P3 was longer during 

the no-go condition. 
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Table V - Lateral ANOVA results for N1 and P2 latency. 

N1 Latency 

Source 

Condition 

Hemisphere 

Region 

Cond * Hem 

Cond * Reg 

Hem * Reg 

Cond*Hem*Reg 

P2 Latency 

Source 

Condition 

Hemisphere 

Region 

Cond * Hemi 

Cond * Reg 

Hem * Reg 

Cond*Hem*Reg 

F Value 

0.055 

F Value 

82 

P Value 

0.817 

0.996 

0.647 

0.914 

0.435 

0.270 

0.276 

P Value 

0.481 

0.777 

0.935 

0.592 

0.560 

0.432 

0.435 

0.546 

0.390 

0.273 

0.276 

0.789 

0.501 

0.412 

0.435



Table VI - Lateral ANOVA results for N2 and P3 latency. 

N2 Latency 

Source aft F Value P Value H-F 

Condition 1,21 0.15 0.703 . 

Hemisphere 1,21 1.50 0.234 . 

Region 3,63 0.37 0.778 0.615 

Cond * Hem 1,21 0.32 0.579 . 

Cond * Reg 3,63 1.21 0.313 0.312 

Hem * Reg 3,63 1.46 0.235 0.239 

Cond*Hem*Reg 3,63 0.63 0.596 0.569 

P3 Latency 

Source aft F Value P Value H-F 

Condition 1,21 6.48 0.189 

Hemisphere 1,21 0.00 0.949 

Region 3,63 10.07 0.001 0.001 

Cond * Hemi 1,21 0.05 0.822 . 

Cond * Reg 3,63 0.93 0.431 0.389 

Hem * Reg 3,63 0.61 0.613 0.613 

Cond*Hem*Reg 3,63 0.63 0.596 0.569 
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Figure 19 - P3 mean amplitudes by condition and region for 
the lateral sites. 
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Figure 20 - P3 mean amplitudes by region and hemisphere. 
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Figure 21 - P3 mean latency by condition for the lateral 
sites. 
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Figure 22 - P3 mean latency by region for the lateral sites. 
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All of the ERP components showed regional effects. The 

amplitude of N1 was greatest at the frontal and central 

regions, and greater at the prefrontal region than the 

parietal region. The amplitude of P2 was greatest at the 

central and parietal regions, and greater at the frontal 

region than the prefrontal region. The amplitude of N2 was 

maximal at the prefrontal region, and greater at the frontal 

region than the central and parietal regions. P3 amplitude 

was maximal at the central and parietal regions and greater 

at the frontal region than the prefrontal region. The 

latency of P3 was significantly longest at the prefrontal 

region. 

A region by hemisphere interaction occurred for the 

amplitude of all components except N1. For the prefrontal 

region, as predicted, P2 amplitude was greater over the 

right hemisphere. At the prefrontal and frontal regions, N2 

amplitude was more negative over the left hemisphere. Also, 

as predicted, at the prefrontal region and frontal region, 

P3 amplitude was larger over the right hemisphere. 

Topographical Isopotentials 

N1 Topography. Figures 23 and 24 illustrate the 

isopotential maps for the latency range of 62.5-121.1 ms for 

the go and no-go conditions. The waveforms to the left of 

the topographies are the grand averages for all 19 electrode 
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sites. The color spectrum to the right of the topographies 

illustrates the voltage distribution from white (+12 uv) to 

black (-12 u“V). 

Both go and no-go conditions show similar distributions 

beginning frontocentrally at 74.2 ms and spreading 

bilaterally across the frontal region. 

P2 Topography. Figures 25 and 26 show the isopotential 

maps for the latency range 140.6-199.2 ms. Due to the 

Slightly smaller amplitude of P2 relative to N1, the voltage 

spectrum was reduced to +10 uwV (white) to -10 wV (black) in 

order to improve the resolution. 

Both go and no-go conditions show similar distributions 

originating at the vertex and spreading to the midparietal 

region. The go condition demonstrates a trend visible in 

the grand averages for there to be somewhat greater 

positivity in the go condition. 

N2 Topography. The latency range 168.0-226.6 ms is 

illustrated in Figures 27 and 28. The voltage spectrum is 

+4 pV to -4 pV. 

Both conditions show a clear prefrontal origin and 

distribution for N2. The hemisphere by region interaction 

is visible in the no-go condition as increased negativity 

over the left prefrontal cortex. 
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P3 Topography. Figures 29 and 30 show the latency range 

250.0-308.6 ms, with a voltage range of +12 pV to -12 LV. 

The anterior shift from the go condition to the no-go 

condition is easily discernible in these maps. The go 

condition shows a midparietal origin beginning at 250 ms and 

a bilateral parietal distribution. For the no-go condition, 

the origin is at the vertex with a spread toward the left 

central region as well as midparietal. 

The latency effect for P3 is visible as a later 

evolving positivity for the no-go condition. 

Summary. For both go and no-go conditions, N1 showed a 

frontocentral origin and a bilateral frontal distribution. 

P2 showed a vertex origin and a midparietal distribution for 

both go and no-go conditions. N2 demonstrated a prefrontal 

origin and distribution for both go and no-go conditions. 

The origin and distribution of P3 is more anterior in the 

no-go condition than in the go condition. In the go 

condition, P3 originates at the midparietal region and 

spreads bilaterally. P3 originates at the vertex and 

spreads toward the left central as well as midparietal 

regions in the no-go condition. 
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Chapter 8 - Discussion 

N1 Amplitude 

A major result was that Nl amplitude was significantly 

greater during the go condition than the no-go condition 

across all bilateral sites. This finding supports the 

hypothesis that N1 amplitude would be higher for stimuli 

requiring responses and replicates previous research (Alho 

et al., 1987; Michie et al., 1990; Parasuraman, 1978, 1980; 

Spong et al., 1965; Woods et al., 1992). 

A response is not required to create N1 enhancement. 

Similar findings (Hillyard et al., 1973; Spong et al., 1965) 

for N1 amplitude have been found in counting paradigms not 

requiring an overt response. However, N1 enhancement has 

only been found in conditions which require increased 

attention to a stimulus. Presumably, the larger amplitude 

of N1 for an attend condition is associated with a greater 

number of neurons responding in such a conditio*n (Hillyard 

et al., 1973; Spong et al., 1965; Picton & Hillyard, 1974). 

Increased N1 amplitude may be an indication of the 

additional neural processing of an attended stimulus (Picton 

& Hillyard, 1974). 

This condition effect on N1 amplitude appears to be a 

distinct component process and not the result of an 

endogenous processing negativity (Nd&dtadnen, 1982). 

97



Difference waveforms (Nd) were not calculated in this 

experiment, but grand averaging, means comparison, and 

repeated measures ANOVAS clearly showed that the negative 

displacement of N1 for the go condition, did not continue 

for the later ERP components N2, P2, and P3. 

The use of an equal number of go relative to no-go 

stimuli helped to control for the possible effect of the 

sensory encoding of a standard stimulus (Ndatdnen, 1982, 

1990, 1992). As there was no standard stimulus, no such 

process was possible. Yet the go stimulus continued to 

evoke a greater negative response relative to the no-go 

stimulus. While this does not deny the possibility of 

sensory encoding in experiments which use common vs odd 

stimuli, it does support the proposal that there is some 

other effect responsible for the negative displacement of 

the go N1 component. This effect may be selective 

attention. 

The local distribution of the N1 component supports a 

frontocentral origin (Picton et al., 1974). For both 

midline and bilateral sites, N1 amplitude was greater over 

the frontal and central regions than over the parietal 

region. The topographical isopotential maps supported a 

frontocentral origin as well. 

This evidence does not support the existence of an 

extremely frontal Nl generator at the anterior prefrontal 
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cortex. An anterior site of origin was not displayed in the 

isopotential maps. Nl amplitude was significantly greater 

at sites F3 and F4, than at sites Fpl and Fp2. 

These findings on localization do not contradict the 

theory (Fuster, 1990) upon which the prefrontal hypothesis 

was based. The speculation was that attention might 

increase processing of incoming sensory information from the 

extensive tracts to the prefrontal cortex (Goldman-Rakic, 

1987). Sites F3 and F4 are over the middle frontal gyri 

near the superior frontal sulci in Brodmann’s area 46 

(Homan, 1988). This area is part of the dorsolateral 

prefrontal cortex and receives extensive sensory tracts. 

P2 Amplitude 

The local distribution of P2 supports the contention 

that Ni and P2 are distinctly different ERP components 

(Hillyard & Picton, 1979). As expected, for both the 

midline and bilateral measures, the amplitude of P2 was 

greater over the central and parietal regions than over the 

frontal regions. Topographical mapping supported an origin 

at the vertex and a centroparietal distribution. It has 

been suggested that P2 is a component reflecting additional 

sensory association perhaps involving the parietal 

association cortex (Yingling & Nethercut, 1983). 

Unlike N1, the amplitude of P2 showed a hemispheric 

effect. P2 was larger over the right hemisphere. This 
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finding is consistent with a right hemispheric process 

involving phasic attention (Tucker & Williamson, 1984). The 

global attention to the temporal pattern of pitch might also 

involve the right hemisphere more than the left hemisphere 

(Posner & Petersen, 1990). 

The lack of a correlation between the spatial 

distributions of N1 and P2 emphasizes the danger of relying 

upon components subtractions to provide meaningful 

inferences. If N1 is primarily reflecting an active anterior 

attentional process and P2 a passive posterior associative 

process, then an attempt to measure both components together 

may result in a serious methodological confound. 

Grand averaging revealed that there was a trend for the 

amplitude of P2 to be higher during the go condition, as 

predicted. If P2 enhancement is associated with increased 

attention, than the go stimulus should have evoked a larger 

P2. However, this was not supported statistically. Perhaps 

this could have been supported with greater statistical 

power, as will be discussed later. 

N2 Amplitude 

The spatial distribution of N2 supported the hypothesis 

that N2 is reflective of an anterior prefrontal process. In 

the bilateral assessments, N2 was larger over prefrontal 

sites Fpl and Fp2, than frontal sites F3 and F4, and larger 

over the frontal sites than over the central and parietal 
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sites. Topographical mapping of isopotentials showed that 

the origin and distribution of N2 was in the anterior 

prefrontal region. Perhaps because Fpl and Fp2 have not 

typically been included in prior research, this finding has 

not been previously demonstrated. 

This extension of previous findings emphasizes the 

importance of utilizing extremely anterior electrode sites. 

But, even for the midline sites, which could not address the 

anterior prefrontal region, N2 was largest at the frontal 

region. This frontal distribution of N2 is consistent with 

the findings of Jodo and Kayama (1991), Nativ et al. (1992), 

and Pfefferbaum et al. (1985). 

Sites Fpl and Fp2 are over the inferior part of the 

superior frontal sulcus in area 10. This area is just 

superior to the orbitofrontal region. This finding is 

consistent with my proposal that the N2 component is 

associated with inhibitional activity occurring in the 

orbitofrontal region. A negative component generated in the 

orbitofrontal region and associated with inhibition had been 

previously shown in nonhuman primates (Sasaki & Gemba, 

1986). The current findings extend the prefrontal 

localization of N2 to humans. 

The prefrontal distribution of N2 was not accompanied 

by a significant effect for condition. Previous research 

had reported N2 enhancements during no-go trials (Jodo & 
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Kayama, 1991; Pfefferbaum et al., 1985). The condition 

result for N2, in this experiment, was in the right 

direction, but not significantly so. As shown by grand 

averaging, the amplitude of N2 tended to be larger and more 

negative for the no-go stimuli, as predicted. However, this 

hypothesis was not substantiated with statistics. While not 

carried out in the present dissertation, an evaluation of 

individual differences might elucidate these findings 

further. For instance, individuals who demonstrate strong 

inhibitory abilities may evoke larger N2s during no-go 

trials than those with weaker inhibitory abilities. Further 

studies may investigate these possible moderating factors. 

In spite of the lack of significance, the conditional 

direction of N2 was also contradictory to that predicted by 

mismatch negativity (Ndadatdnen, 1988). If a negative 

displacement, as an Nd, was influenced by an attentional 

trace to the go stimulus, than the go condition should have 

resulted in a more negative component (MMN) at about 200 ms. 

This did not occur. 

Surprisingly, the amplitude of N2 was significantly 

greater over the left than right hemisphere. This did not 

support the hypothesis that N2 would be related to a phasic 

inhibitory process mediated by the right prefrontal cortex. 

Response inhibition has not been previously demonstrated as 

hemispheric. Perhaps the tonic inhibition required to 
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withhold a response, requires additional voltage in the same 

manner that additional latency is required. 

P3_ Amplitude 

The amplitude of P3 demonstrated an interesting 

condition by region interaction. P3 amplitude was larger 

over the frontal and central regions during the no-go 

condition, whereas this regional enhancement did not occur 

during the go condition. Grand averaging revealed a trend 

in the same direction for the prefrontal sites and the 

opposite direction for the parietal region. 

Unlike the other components, there was an easily 

discernible difference in the topographical voltage 

gradients of go vs no-go responding. Go P3 originated at 

the midparietal site and spread bilaterally over the 

parietal cortex. The origin of no-go P3 was slightly 

anterior to the vertex and spread to the left central as 

well as midparietal region. 

P3 amplitude has previously shown an anterior shift 

(Malloy, 1987; Pfefferbaum et al., 1987) from the go to the 

no-go condition. It has been proposed that P3 for go 

stimuli reflects a different property from P3 for no-go 

stimuli (Jodo & Inoue, 1990). Perhaps the anterior shift 

for no-go is associated with a prefrontal inhibitory 

decision. 
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In a recent study (Roberts et al., 1994) P3 amplitude 

was significantly higher in the no-go condition than in the 

go condition, especially at frontal and central sites. The 

authors proposed that P3 enhancement was associated with an 

inhibitory mechanism, but did not address prefrontal 

involvement. The opposite condition finding has been 

reported (Pfefferbaum & Ford, 1988), with P3 showing a 

larger amplitude in the go condition, using only three 

midline electrode sites. Roberts et al. (1994) used a full 

complement of electrodes, but failed to analyze Fpl and Fp2. 

Perhaps anterior inhibition may result in larger no-go P3 

amplitudes in studies which utilize anterior electrodes. 

Further research using anterior electrode sites is 

suggested. 

The hemispheric hypothesis for P3 amplitude found 

support in a region by hemisphere interaction. For the 

prefrontal and frontal regions, the amplitude of P3 was 

higher over the right hemisphere. This finding coincided 

with the proposal that P3 would reflect a phasic intentional 

process mediated by the right prefrontal cortex (Heilman et 

al., 1987). A previous go/no-go study (Roberts et al., 

1994) found that P3 was of larger amplitude on the left, in 

subjects responding with the right hand. The effect of a 

slow negative motor potential over the contralateral 

hemisphere should have reduced P3 amplitude on that side. 
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As responses were bilateral in this study, there was less 

probability of a motor confound. 

P3 Latency 

P3 was the only component which demonstrated a latency 

effect. As hypothesized, for both the midline and bilateral 

analyses, P3 latency was longer to the no-go condition. This 

finding replicates previous research (Jodo & Inoue, 1990; 

Jodo & Kayama, 1991; Nasman & Rosenfeld, 1992; Pfefferbaum & 

Ford, 1988; Pfefferbaum et al., 1985). The latency of P3 is 

correlated with reaction time (Donchin, 1984; Hansen & 

Hillyard, 1988) in forced choice experiments which require a 

response every time. 

This observation is consistent with the proposal that 

P3 in a no-go condition is associated with a decision not to 

respond (Pfefferbaum & Ford, 1988; Roberts et al., 1994). A 

decision to inhibit responding may take longer than a 

decision to respond. A regional main effect on P3 latency 

was also consistent with prefrontal involvement in 

inhibition. P3 latency was longer at the prefrontal cortex 

where intentional inhibition might occur than at the central 

region where motor activation is processed. 

Multiplicity 

There was evidence for the multiplicity of P3. Of the 

22 subjects included in the analyses, 6 produced visually 

distinct P3a and P3b components. As described by Squires et 
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al. (1975), the P3b component was larger overall but 

especially noticeable at the parietal region. P3a occurred 

earlier and had a higher amplitude in the frontal region. 

Because P3 amplitude was higher during the no-go 

condition at prefrontal and frontal sites, the influence of 

P3a could be implicated in this result more than the effect 

of P3b. As P3a is generally not responsive to attentional 

manipulations (Sutton & Ruchkin, 1992), this finding 

warrants further investigation. 

Methodological Problems 

Empirical Confounds. Allison (1984) has described 

evoked potentials research as electrophrenology. Just like 

the bumpologists of the past, evoked potentials researchers 

make inferences about faculties in the brain from the size 

and location of phenomena at the scalp. 

There is one major difference, evoked potentials 

researchers are scientists. Phrenology was a clinically 

driven field in which observations were not tested with the 

scientific method. Nevertheless, there is a danger in using 

today’s advanced scientific tools in unscientific manners. 

Equipment and computer software are constantly being 

developed to provide new and interesting ways of looking at 

evoked potentials data. 

Most modern evoked potentials software will generate 

difference waveforms (Nd). Nd has gained widespread 
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acceptance across most of the field, because it may show 

additional waveforms (PN and MMN) which may be empirically 

separable from other evoked potentials components. Donchin 

(1994) has cautioned against this practice. The components 

visible in a difference potential are simply the differences 

in voltage between averaged EEG recorded in one condition 

and another. Although PN and MMN may behave in 

theoretically consistent and statistically significant ways, 

it should be recognized that they are empirically created 

components, not naturally occurring phenomena. 

With the multiplicity of P3, it is apparent that there 

may be at least two evoked potentials overlapping in time so 

‘that one is superimposed on the other and not separably 

measurable with conventional latency windows. Principal 

Components Analysis (PCA) has been recommended as a 

mathematical tool for discerning separate components that 

overlap in time (Donchin, 1989). PCA is a factor analysis 

on the data points making up an electrophysiological 

recording. 

There are several potential problems inherent in this 

method. PCA is based on the assumption that components do 

not significantly differ in latency (Their et al., 1986). 

Latency variations may result in components empirically 

derived by chance. Variance may be misallocated across 

varimax-rotated components which overlap in time (Wood & 
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McCarthy, 1984). Most evoked potentials researchers appear 

to be aware of these potential fallacies and caution is 

taken to avoid them. 

A serious problem may occur when PCA is used to 

transform a data set into a set of empirically derived 

components which are then entered into an analysis of 

variance. Automatic acceptance of PCA components without 

visual inspection of the raw data is as frivolous as relying 

on computer algorithms to measure the amplitude in latency 

ranges for which there may be no components in some 

conditions or subjects. The proper use of PCA is merely to 

identify and describe components which are not otherwise 

discernible because of temporal overlap. As long as care is 

taken to avoid these problems, PCA is a valuable tool to 

augment other kinds of evoked potentials analysis. 

The same is true of topographical isopotential maps. 

They provide an excellent pattern for recognizing the 

evolution of voltage across time and scalp location. 

However, it must be recognized that the color at each point 

on the map represents the approximate average difference in 

voltage between that point and a reference, usually the 

earlobes, truncated to fit a specific voltage spectrum that 

has a limited range of gradations. The resolution of 

topographical maps is limited by the number of electrode 

sites utilized (Tucker, 1994). The proper use of a 
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topographical map is to make generalizations that may be 

supported by more rigorous statistical methods (Ritter, 

Simson, & Vaughan, 1979). 

Reference Selection. Because of electrical reference 

selection, the potential for a sight bias toward increased 

amplitude at prefrontal sites relative to central sites may 

have existed in the evoked potential averages, as well as 

the topographical isopotentials. Each channel of EEG, from 

which the averages and topographies were derived, represents 

the potential difference between the associated scalp 

electrode and the average potential at the earlobes. 

Because the earlobes contain no neurons or muscle fibers, 

they are relatively electrically neutral compared to the 

scalp sites. The standard inference is that the difference 

in potential represented by each channel in a monopolar 

montage is generated mainly by the cortical activity 

underlying the scalp electrode. Unfortunately, no montage 

is truly monopolar. The electrical fields creating the 

potential at the earlobes may be influenced by activity in 

the temporal cortex. Scalp electrodes located relatively 

close to the temporal region (e.g. central) may show a 

smaller difference in potential, and therefore a smaller 

amplitude, merely because of proximity. 

There are currently two methods to circumvent this 

bias: noncephalic references and computer averaged 
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reference. Noncephalic references may include the sternun, 

clavicles, or cervical vertebrae. This technique has been 

utilized extensively and successfully in the recording of 

short latency somatosensory evoked potentials. However, for 

longer latencies, the noncerebral artifact produced at these 

sites may severely contaminate scalp recordings. Each of 

these noncephalic locations was attempted during pilot work 

for this study. Because of their close proximity to the 

heart, the sternum and clavicle sites show extreme 

fluctuations in amplitude caused by ventricular 

depolarization. As the average resting heartrate is 60-80 

beats per minute in a college aged subject, these 

fluctuation will occur at a frequency of about 1 Hz. This 

will undoubtedly cause confounding artifact in the latency 

ranges for ERPs. 

With computer averaged referencing, a computer 

algorithm continuously calculates the average potential 

difference between every adjacent pair of electrodes on the 

scalp. This averaged potential is then used as the 

reference voltage for each channel of EEG. Computer 

averaging eliminates the bias caused by proximity of an 

electrode to the reference site. Unfortunately, for 

montages containing less than 64 electrodes, there is 

another kind of bias. Because the interelectrode 

differences between the scalp positions of the 19-channel 
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10-20 system (Jasper, 1958) may differ by a few centimeters, 

the amplitude of some sites may be reduced very slightly 

relative to others. 

Overall, computer averaged referencing is probably a 

better technique than monopolar arrangements because the 

bias is at least reduced, but there are two obvious 

technological problems. The first, is that most currently 

available EEG equipment simply does not have the capability. 

The second is that additional electrode sites are needed. 

Currently, 128 channel systems are utilized at only a few 

labs. Until they are widely available and affordable, many 

of us will have to continue to get by with monopolar 

arrangements. However, recognizing that the bias exists, 

may help us to better design our experiments to avoid 

reference related confounds. 

Future Directions 

This study was able to show an anterior distribution 

for N2 not previously reported. The effect of condition was 

in the right direction for both N2 and P2, but not 

statistically significant. Perhaps, greater statistical 

power would have enhanced these findings. 

The sample size was determined by a power analysis 

(Lipsey, 1990) of ten previous studies which reported means 

and standard deviations for N2 across conditions 

(Table VII). The expected effect size for N2 based on 
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previous studies was 1.4. The actual size for the effect of 

condition on N2 amplitude in the bilateral sites was 0.47. 

For P2 this effect was 0.35. With 22 subjects the chances 

of finding an effect of 0.47 at the .05 significance level 

is about 45%. To attain the power of .9 that had been 

desired would require 70 subjects. Clearly the labor 

required for an evoked potentials study of 70 subjects is 

beyond the scope of a dissertation and most individual 

projects. A better than 50/50 chance could be attained with 

as few as 30 subjects, but good science should not be such a 

gamble. 

There are other ways besides increasing sample size to 

increase statistical power. One way is to increase the 

number of observations. This experiment used 50 trials for 

each experimental condition, and a conservative threshold 

for establishing artifacts. After editing out artifacts, 

the data for some subjects was reduced to 30 trials, a 

minimal number for producing a clear average. 

Clinical studies typically employ up to 100 trials per 

stimulus in a long latency procedure (Spehlmann, 1985) and 

the data is not edited. As artifacts such as eye movements 

usually occur at different times relevant to the stimulus, 

they generally average out. The increased number of trials 

increases the signal to noise ratio. 
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Table VII - Power analysis of N2 amplitude. 

Study Effect Size 

Baldewig et al. (1993) 0.42 

Rugg & Beaumont (1979) 0.44 

Novak, Ritter, & Vaughan (1992) 0.52 

O’Donnell et al. (1993) 0.78 

Pratt et al. (1989) 1.41 

Iragui et al. (1989) 1.42 

Nielsen-Bohlman et al. (1991) 1.92 

Czigler & Csibra (1990) 1.97 

Deacon et al. (1991) 2.44 

Woldorf & Hillyard (1991) 2.86 
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However there are some problems with using this 

procedure in an experimental paradigm. The absence 

ofediting may lead to artifactual components when eye 

movement or muscular contractions become time locked to the 

stimulus. The greater the number of trials presented in an 

evoked potential study, the more likely habituation or 

practice effects (Jodo & Inoue, 1990) will occur. Perhaps 

further pilot work might be useful for establishing a 

balance between quantity and quality of recordings before 

launching another study. 

Another way to increase the number of observations, is 

to increase the number of electrode sites. Although, the 

eight bilateral sites were not more successful at 

establishing significance for N2 condition than the three 

midline sites, there was an improvement in p-values and the 

number of other analyses that were significant. Creative 

montages (e.g., Roberts et al., 1990) are being developed to 

maximize electrode sites while maintaining the equal number 

of observations across levels needed for repeated measures 

designs. As technology improves, the ease of assessing 

multiple sites without sacrificing accuracy to automation is 

increasing. Future studies should attempt to incorporate as 

many sites as methodologically feasible. 

A final method for increasing effect size is to 

increase activation of the process causing the effect. 
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Reducing the amount of time allowed for a subject to respond 

has been found to increase the amplitude of N2 in a go/no-go 

experiment (Jodo & Kayama, 1991). In this experiment, 

subjects were instructed to respond as soon as possible and 

a posthoc reaction time limit of 500 ms was utilized in data 

editing. Perhaps a further manipulation stressing response 

time could be used to increase inhibitory activity related 

to N2 amplitude. 

Increasing the number of trials tends to increase the 

signal to noise ratio, as long as eye movements, muscular 

contractions, and potentials not time locked to the stimulus 

are considered noise. A problem with averaging over a 

number of trials is that individual variation is averaged 

out. The electrical activity associated with a single 

response becomes superimposed with other trials. Purity is 

lost. In order to be able to evaluate the activity 

associated with extremely phasic events, such as sudden 

arousal or error, it is necessary to examine single trials. 

Currently the only available method for single trial 

analysis is stepwise discriminant analysis (Squires & 

Donchin, 1976). By this method, discriminant functions are 

identified using the amplitudes and slopes of evoked 

potential components visible in a single trial. These 

discriminant functions may then used to classify waveforms 

according to attentional condition. Other methods of single 
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trial analysis are currently under development. Future 

techniques may allow us to describe more precisely the 

patterns of neural activity involved in phasic cognitive 

processes. 

This experiment was designed exclusively to examine 

phasic processes including selective attention, response 

inhibition, and response selection. As noted in Chapters 1 

and 2, attention and intention may also be tonic processes. 

Until recently, quantitative EEG has been the best technique 

for examining brain electrical activity related to 

continuous processes. 

By combining discrete stimuli with continuous task 

performance, the effect of tonic sustained attention and 

tonic controlled intention may be assessed with event- 

related potentials (Isreal, Wickens, Chesney, & Donchin, 

1980). A further extension of this method might be to 

combine continuous tasks, such as tracking or vigilance, 

with discrete tasks, such as go/no-go discrimination. A 

more complete understanding of resource allocation (Kahneman 

& Triesman, 1984) to competing cognitive operations might 

then be achieved. 

Although the exploration of the established ERPs: Nl, 

P2, N2, and P3, remains incomplete, there is new territory 

on the horizon. A late negative potential, termed N400 has 

been sensitive to cognitive manipulations in attentional 
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discrimination and go/no-go tasks. Larger late negative and 

late positive components were found during no-go trials by 

Kok (1986). In subjects discriminating vowels or consonants 

on a computer monitor all conditions elicited a 

frontonegative wave peaking at about 400 ms (N400) anda 

positive parietally maximal wave at 600 ms (P600). Both 

waveforms were larger in the no-go condition. Kok (1986) 

inferred that the no-go stimuli elicited a prefrontal 

inhibitory process. 

N400 has been previously generated for semantically 

absurd words and may be a reflection of a "second look" 

process (Hillyard, 1984). The relationship between N400 and 

N2 was examined by Deacon, Breton, Ritter, and Vaughan 

(1991). Both components had the same frontocentral 

distribution, but N2 was more sensitive to physical stimulus 

parameters including size, while N400 was sensitive to 

changes in semantic category. The addition of a go/no-go 

response task to this semantic discrimination would provide 

an interesting extension to this paradigm. 
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Summary 

This study compared the effects of attention and 

intention on event-related potentials during go/no-go 

auditory discrimination. The effects of go vs no-go task 

condition were significant for N1 amplitude, P3 amplitude, 

and P3 latency. As predicted, N1 amplitude was 

significantly greater during the go condition, consistent 

with increased attention to stimuli requiring an overt 

response. For the frontal and central regions, P3 amplitude 

was higher during the no-go condition. This finding is 

consistent with an anterior involvement for inhibitory 

processing. As hypothesized, the latency of P3 was longer 

during the no-go condition, reflective of the longer 

processing time required for an inhibitional decision. 

The hypothesized regional effects were apparent on all 

of the ERP components. The most important regional finding 

was for N2. The amplitude of N2 was maximal at the 

prefrontal region, and greater at the frontal region than 

the central and parietal regions. This extremely anterior 

enhancement of N2 has not been reported previously in the 

human literature, but supports prior research with nonhuman 

primates (Sasaki & Gemba, 1986). The importance of the 

orbitofrontal region in inhibitory processing cannot be 

understated (e.g., Pribram, 1971, 1991). Therefore, it is 
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crucial that future studies utilize extremely anterior 

electrode sites (e.g. Fpl, Fp2) in addition to more 

classically utilized frontal and posterior sites. 

The amplitude of N1 was greatest at the frontal and 

central regions, and greater at the prefrontal region than 

the parietal region, indicating greater attentional 

processing at anterior brain regions. The amplitude of P2 

was greatest at the central and parietal regions, and 

greater at the frontal region than the prefrontal region. 

P3 amplitude was maximal at the central and parietal regions 

and greater at the frontal region than the prefrontal 

region. P2 and P3 may be enhanced at posterior sites due to 

parietal association processing. 

A region by hemisphere interaction occurred for the 

amplitude of all components except Nl. A greater right 

hemispheric amplitude had been predicted for all component, 

due to right hemispheric involvement in attention and 

intention. This hypothesis was supported for P2 and P3, but 

not for N2. For the prefrontal region, P2 amplitude was 

greater over the right hemisphere. At the prefrontal and 

frontal regions, N2 amplitude was more negative over the 

left hemisphere. Also, at the prefrontal region and frontal 

region, P3 amplitude was larger over the right hemisphere. 

The overall findings of this dissertation further 

supported the view that the prefrontal region, particularly 
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the orbitofrontal area, is actively involved with inhibitory 

processing. Hemispheric asymmetries associated with 

response inhibition, selective attention, and response 

selection were evident, especially at the prefrontal region. 

Future research should address these issues with a greater 

number of electrode sites and more effortful inhibitory 

manipulations. 
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APPENDIX B - MEDICAL HISTORY QUESTIONNAIRE 

ID NUMBER 
DATE 
DATE OF BIRTH 

  

  

  

The following information is needed to insure that you have 
no medical problems which may interfere with your ability to 
participate in an EEG experiment. The information provided 
below will be treated confidentially. No names are 
associated with this information. Affirmative responses 
will not necessarily disqualify you from the study. 

Have you ever been hospitalized? yes no 
If yes, explain: 

Have you experienced a hearing loss? yes no 
If yes, explain: 

Have you ever had a head injury? yes no 
If yes, explain: 

Have you ever had epilepsy? yes no 
If yes, explain: 

Please list any medications which you are currently taking 
on a 
regular basis. 
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Do you have, or have you ever had, any of the following? 
(check if so) 

fear of small places 
learning disability 
dyslexia 
hyperactivity 
aifficulty concentrating 
seizures 
frequent episodes of passing out 
frequent severe headaches 
frequent memory lapses 
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APPENDIX C ~- CONSENT FORM 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY 

Informed Consent for Participants 
of Investigative Projects 

Title of Project Intentional Processes Assessed with 
Auditory Evoked Potentials 

Principal Investigator Timothy F. Knebel 

I. THE PURPOSE OF THIS RESEARCH/ PROJECT 

You are invited to participate in a study about 
intentional processes and auditory evoked potentials. 
Intentional processes are the cognitive and 
neurophysiological mechanisms by which humans select or 
inhibit behavior. Auditory evoked potentials are brainwaves 
which occur in response to an experimentally generated 
sound, such as a tone. This study involves experimentation 
for the purposes of determining how intentional processes 
influence brainwaves. 

II. PROCEDURES 

The procedures of this study will require your 
participation in one two-hour EEG recording session. You 
will be asked to individually perform a simple finger- 
movement task while having your brainwaves recorded. You 
will be signaled to perform the task by a series of tones 
which will be presented through headphones. Before 
performing the task your hearing will be tested while 
listening to a similar series of tones. 

During the task, you will wear an electrode cap which 
has electrodes permanently placed in the cap. The cap 
resembles a swimming cap and may be slightly uncomfortable, 
as it is attached to a harness that is fastened lightly 
around your chest to hold the cap in place. You will also 
have electrodes placed on your earlobes, near your eyes, and 
on your fingers. To reduce skin resistance, your skin will 
be cleaned with a mildly abrasive cleanser. 

The possible risks or discomfort to you as a 
participant include slight discomfort from the abrasive 
cleaning and a trivial risk of infection. To insure your 
safety from infection, the experimenter has thoroughly 
sanitized the electrodes and washed the electrocap. The 
experimenter will wear clean rubber or vinyl gloves while 
attaching the electrodes. 
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IIrtT. BENEFITS OF THIS PROJECT 

Your participation in the project will provide 
information which may be valuable for determining how the 
brain functions in selecting or inhibiting human behaviors. 

No guarantee of benefits has been made to encourage you 
to participate. 

You may receive a synopsis or summary of this research 
when completed. Please leave a self-addressed envelope with 
the experimenter. 

IV. EXTENT OF ANONYMITY AND CONFIDENTIALITY 

The results of this study will be kept strictly 
confidential. At no time will the researchers release the 
results of the study to anyone other than individuals 
working on the project without your written consent. The 
information you provide will have your name removed and only 
a subject number will identify you during analyses and any 
written reports of the research. 

V. COMPENSATION 

Monetary 
For participation in the project you will receive $5 

per hour for a total of $10. 

Course Credit 
If you prefer, instead of monetary compensation, you 

may receive 2 hours credit for the psychology class in which 
you are enrolled. 

Alternative Procedures 
If as a result of this project, you or the investigator 

determine that you should seek counseling or medical 
treatment, the following is available: the University Health 
Center, the University Counseling Center. 

VI. FREEDOM TO WITHDRAW 

You are free to withdraw from this study at any time 
without penalty. If you choose to withdraw, you will be 
compensated for the portion of the time of the study. If 
you choose to withdraw, you will not be penalized by 
reduction in points or grade for your psychology course. 
There are alternative choices for receiving extra credit for 
course evaluation. 
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There may be the following circumstances under which 
the investigator may determine that you should not continue 
as a subject of this experiment: failure of the hearing 
test, inability to reduce recording of artifacts from 
uncontrollable muscular activity or eye movements. You will 
be compensated for the portion of the project completed. 

VII. APPROVAL OF RESEARCH 

This research project has been approved, as required, 
by the Institutional Review Board for projects involving 
human subjects at Virginia Polytechnic Institute and State 
University and by the Department of Psychology. 

VIII. SUBJECT’S RESPONSIBILITIES 

I know of no reason I cannot participate in this study. 
I have the following responsibilities: Report to the 
experimenter any history of hearing loss, head injury, or 
epilepsy. Report to the experimenter current regular 
medications. Refrain from consumption of alcohol, caffeine, 
or other nonprescription drugs for 24 hours preceding the 
experiment. 

IX. SUBJECT’S PERMISSION 

I have read and understand the informed consent and 
conditions of this project. I have had all my questions 
answered. I hereby acknowledge the above and give my 
voluntary consent for participation in this project. 
If I participate, I may withdraw at any time without 
penalty. I agree to abide by the rules of this project. 

  

Signature 

Should I have any questions about this research or its 
conduct, I will contact: 

Timothy F. Knebel 1-8146 Helen J. Crawford 
1~6520 

Investigator Faculty Advisor 

Richard Eisler 1-7001 Earnest Stout 1- 
9359 

Chair, HSC Chair, IRB 
Psychology Department Research Division 
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