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ABSTRACT 

The visual evoked response (VER) correlates of decision accu

racy and confidence level in a visual discrimination task were studied. 

Data indicate that, for certain subjects, stimulus parameters, subject 

decision accuracy, and confidence level are reflected in the VER and 

that given enough data it is within present technological capabilities 

to imply behavioral outcomes and certain psychological processes by 

examination of the cortical electrical record. 

vii 



INTRODUCTION 

This study was an examination of the visual evoked response 

(VER) correlates of decision accuracy and confidence level in a visual 

discrimination tasko Researchers have manipulated a wide range of 

physical and psychological variables while monitoring VER components0 

Stimulus intensity (Armington, 196*f; Shipley, Jones and Fry, 1966; 

Cobb and Dawson, i960), contour and contrast (Harter and White, 1968, 

1970; Eason, White and Bartlett, (1970), wavelength (Shipley, Jones 

and Fry, 1965; Riggs and Sternheim, 1969)* retinal site of stimulation 

(Eason, White and Oden, 1967; Eason and White, 1967; Michael and Halli-

day, 1970, 1971? Jeffreys, 1969, 1970, 1971; Eason, White and Bartlett, 

1970; Yee, 1972), ocular convergence and accommodation (Harter and 

Salmon, 1971)» and eye position (Yee, 1972) are some of the physical 

variables that have been manipulated in VER studies. 

In addition to findings showing VER sensitivity to these physi

cal variables, investigators have begun to notice the influence of a 

large number of psychological variables. Stimulus information content 

(Sutton, Tueting, Zubin and John, 1967; Sutton, Braren, Zubin and John, 

1965; John, Herrington and Sutton, 1967; Shevrin and Fritzler, 1968), 

and vigilance and attention (Davis, 196*+; Chapman and Bragdon, 196*t; 

Garcia-Austt, Bogacz and Vanzulli, 196^; Haider, Spong and Lindsley, 

196**; Spong, Haider and Lindsley, 1965? Donchin and Lindsley, 1966) are 

some of the psychological variables that have been found associated 

with VER components. 

1 
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Investigators have also shown decision and discrimination tasks 

have an effect on the evoked response.. Davis (196*+) noted that audi

tory decision-making results in enhanced auditory evoked response am

plitude ® In a problem-solving study involving concept identification 

and geometric forms, Wilson, Harter and Wells (1973) found that certain 

VER components can indicate stimulus attended, method of problem solu

tion, and problem solution0 The VER indices were a late positive com

ponent (250-350 msec) and a slow positive baseline shift in the vertex 

recordings Haider, Spong and Lindsley (196*4-) and Haider (1967) noted 

enhanced VER amplitude associated with correct detections of stimuli® 

Ritter and Vaughan (1969) state similar findings for a 300 msec posi

tive component in both auditory and visual detection tasks® 

These studies typically followed the classic psychophysical 

method in that only positive and/or negative detection or discrimina

tion responses were monitored (i.e®, hits and misses)® However, given 

this type of experimental situation there are actually four response 

categories to be monitored: hits, misses, false positives, and correct 

rejections® Typically, the VERs for the latter two categories are not 

monitored® While VER studies generally do not utilize this four-fold 

categorization of responses, studies based on the theory of signal de

tection (TSD) do® Given the assumption that there is a relationship 

between subject performance (hit rate) and VER components, one discards 

a significant portion of the data when he fails to monitor the VERs 

associated with the false positive and correct rejection categories. 

The VER correlates associated with all four categories of response were 

examined in this study. 
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Furthermore, the conventional psychophysical method does not 

yield a true measure of sensitivity. In past research subject(s), un

certainty concerning the appearance or classification of a stimulus was 

arbitrarily rated as a miss0 The use of highly trained Ss was intended 

to maximize the likelihood of a constant state of motivation and stable 

criterion level* However, the obvious problem is the lack of separa

tion between response bias or criterion level influences (associated 

with motivation, pay-off, expectation, affect level, and other psycho

logical variables) and sensory effects (associated with physical char

acteristics of the stimulus and certain neural events such as trans

mission characteristics and adaptation). By monitoring hit rate and 

false positive rate this study attempted to differentiate the VER com

ponents associated with subject response bias and criterion level from 

those associated with sensory effects,, 

A few investigators previously have utilized the TSD framework 

in evoked response research. Hillyard, Squires, Bauer and Lindsay 

(1971) found PjJOO amplitude to be greatest in the correct detection 

stimulus-response outcome category,. Since P300 was virtually undetec

table in the correct rejection category, it was concluded that P300 is 

associated with S's confidence of stimulus occurrence. They also pre

sent evidence for a monotonic relationship between P300 amplitude and 

S's numerically rated confidence level® P300 amplitude was also 

related to d', a TSD measure of observer sensitivity to stimulus. Paul 

and Sutton (1972) found the late positive component of the auditory 

evoked response to be closely related with S's criterion level. The 



late positive component was of greatest amplitude in strict criterion 

conditions and lowest amplitude in the liberal criterion conditions® 

Unbiased criterion conditions resulted in late positive components of 

intermediate amplitude» They also noted a monotonic increase in the 

amplitude of this component as "percent bias," a nonparametric index 

of response bias developed by Hodos (1970), increased*, 

Rasmussen (1972), using threshold level quadrigon stimuli, found 

S's confidence level and correct stimulus detection to be reflected in 

two VER components (225 and ̂ 50 msec)., Begleiter and Porjesz (1975) 

presented evidence that two VER components (100-1'fO msec and lk0-200 

msec) vary according to changes in S's judgments of flash stimulus in

tensity even though physical stimulation remained constant. The con

sistency of their data suggested the use of VERs as indicators of par

ticular response outcomes0 John (1967) has presented similar findings 

in animal researcho These studies, using the TSD method in evoked 

response studies, offer a valuable research strategy® 

In order to further explore the VER correlates of confidence 

level, this investigator used a rating scale based upon the work of 

Pollack and Decker (1958) in this study of visual discrimination and 

its relation to the evoked response* Within this framework Ss were 

able to respond to identical stimuli across a range of criterion or 

confidence levels. Adoption of the rating scale was especially im

portant in light of past research (Swets, 196^; Swets, Tanner and 

Birdsall, 1961; Clark, 1966; Paul and Sutton, 1972) that indicated 

that changes in performance may be a function of response bias as well 



as sensory changes. A modified discriminant analysis program was 

applied to the data to facilitate interpretation of the results. This 

program was used to derive criteria which characterized the VERs 

associated with the respective stimulus-response outcomes,, 

The above framework allowed monitoring of hit rates and false-

alarm rates in an experimental situation which encompassed 10 stimulus-

response outcome possibilities. Electrophysiological correlates of hit 

rate and false-alarm rate and the 10 stimulus-response outcome cells 

were recorded on tape and subsequently analyzed by computer. This 

study was, thus, an attempt to derive VER correlates of decision

making, confidence level, and decision accuracy and to use these cor

relates to classify unidentified'VERs. 



METHOD 

Stimuli 

Two classes of stimuli were used in the study; signal and noise. 

The target stimulus, binocularly viewed, consisted of identical top-

view profiles of an Air Force F--105 Fighter-Bomber while each noise 

stimulus was a 1/8" rounded version of the target profile (Fig. 1). 

The stimuli, projected onto a transluscent screen, subtended 2°37' x 

l°2Jf' with a square surround of 2°57' at a distance of 188 cm. A Kodak 

Carousel slide projector was used in order to present the stimulus 

slides in a pre-arranged random sequence. A Grass PS-2 photo-stimulator 

tube was adapted to the slide projector in order to eliminate the noise 

and reliability artifacts that might be associated with the use of a 

mechanical shutter., PS-2 intensity was set at k which, according to 

the Grass Instrument Company manual, is equivalent to approximately 

282,500 lumens peak intensity or 22,500 candlepower. The light energy 

arriving at the eyes, however, was relatively low due to the short 

stimulus duration (10 microseconds) and it was further attenuated by 

the four projector focusing lenses and intervening light diffusing sur

faces. 

Electrical Recording 

Evoked responses were recorded monopolarly at the vertex midway 

between the nasion and inion on the midline and at a point 2.5 cm. 

above the inion and 2.5 cm. to the right of midline. Reference 



a 

b 

Figure 1. Target and noise stimuli. — a., Standard top-view profile 
of USAF F-105 Fighter-bomber used as target stimulus. 
_b, 1/8" rounded version of target stimulus used as noise 
stimulus. 
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electrode was placed on the right ear and the left ear was grounded. 

Grass silver chloride-coated silver disc electrodes were used to obtain 

the electrical record. Occipital EEG was amplified by a Grass Model 7 

Polygraph and Grass Model 7P3A Wide Band A0C0 Pre-Amplifier while ver

tex activity was amplified by the Grass Model 7 Polygraph and a Grass 

Model 7P5A Wide Band A.C. Pre-Amplifier0 For both recording sites the 

high frequency 1/2 amplitude setting was 35 while the low frequency 

amplitude setting was 0.3° A Hewlett-Packard 7-Channel tape recorder 

was used to record the data* Specially designed apparatus encoded in

formation regarding experimental condition and corresponding responses 

on to the magnetic tape to facilitate retrieval and off-line analysis 

of the data (Table 1). 

Procedure 

Five Ss (*t male and 1 female) aged 20-28 were employed. Ss 

were questioned prior to each day's session concerning their preparatory 

set, fatigue level, and general physical condition (medications, aller

gies, recent alcohol consumption, etc.). Experimental sessions were 

conducted between noon and 7?30 P.M. daily. S was seated in an adjust

able chair in a darkened room with low ambient lighting,. Each experi

mental session consisted of two runs. There were 80 stimulus slides 

per run, 40 targets and J+0 noise stimuli presented in pre-arranged 

random sequence. Five minute rest periods were interspersed every 40 

trials. 

There were three experimental conditions. In Condition 1, Ss 

fixated on the stimulus display and observed the randomly presented 
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Table 1. Matrix illustrating the 10 possible stimulus-response out
comes in this study# 

Finger Finger Finger Finger Finger 
Key 1 Key 2 Key 3 Key k Key 5 

Target Stimulus (V (T2) (T3) <v (T5) 

Noise Stimulus (N.^ (N2) <N3> <v (N5) 
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signal and noise stimuli. No decision or overt response was required 

of the So Condition 1 was an attempt at deriving VERs determined 

solely by stimulus characteristics and uncontaminated by decision and 

task-related components* Ss were required, in Condition 2, to fixate 

on the stimulus display, observe the stimulus and press a pre-specified 

finger key after hearing a signal., Condition 2 was designed to extract 

possible motor-task related VER components from the record. It should 

be noted that Ss were not given instructions to discriminate between 

the two classes of stimuli in Conditions 1 and 2. In fact, Ss had dif

ficulty discerning any differences among stimuli before they were shown 

the stimulus parameters that were altered to generate the target noise 

dichotomy. This information was given to Ss prior to Condition 3« In 

Condition 3» S was required both to make a decision and perform a task 

at the appropriate time. During each trial S fixated on the stimulus 

display, observed a stimulus, and responded according to the stimulus 

perceived and certainty of his decision. He was instructed to press 

the appropriate finger key upon hearing the response cue. The five 

possible responses are listed below: 

Finger Key 1- S absolutely certain that stimulus was a target 

Finger Key 2- S relatively certain that stimulus was a target 

Finger Key 3- S uncertain of perception 

Finger Key ̂  S relatively certain that stimulus was noise 

Finger Key 5- S absolutely certain that stimulus was noise 

The above stimulus-response options result in the ten cell matrix pre

sented in Table 1. In order to obtain an adequate sample of VERs for 
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each of the ten cells of this matrix a total of 1300 to 2500 trials 

were recorded for each of five subjects over a period of ten to twenty-

sessions. 

Figure 2 illustrates the time sequence followed in all the 

experimental conditionso The sequence of events in each trial proceeds 

as followso Two seconds prior to the stimulus, the ready signal, a 

single "beep," is presented,, The response cue, a double "beep," occurs 

two seconds after the stimuluso S has been instructed, in Condition 2 

and 3 to respond during the next four second period0 He has been told 

that this is not a test of reaction time and that he has more than 

sufficient time to activate the appropriate response key. The two 

second pause after stimulation was a precautionary measure introduced 

to preclude possible motor-potential contamination of the decision com

ponent in the cortical record,, The response period was followed by a 

four second apparatus recycle interval«, An entire trial cycle spanned 

12 seconds® 

VERs associated with each of the ten stimulus-response outcome 

cells were collated and retained on magnetic tape» Data tapes were run 

in reverse to generate the averaged evoked response for the respective 

response categories., The analog EEG data were subsequently digitized 

by means of a Digital Equipment Corporation PDP-12 computer and ana

lyzed by means of a Control Data Corporation 6^00 computer using a 

modified discriminant analysis program (Figo 3)» 

This program of analysis was developed in this laboratory 

through joint effort with Mr. George W. Seeley, Lawrence Wheeler, Ph.D., 



READY RESPONSE READY 
CUE STIMULUS CUE CUE 

4— 2 SEC.—> 

VER 

2 SEC. 1 SEC. 4 SBC. RESPONSE 4 SEC. APPARATUS 
INTERVAL RECYCLE 

Figure 2. Time sequence of events in each trial followed in all 
experimental conditions. Each trial spanned 12 seconds. 
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Figure 3* Schematic diagram of apparatus. — &<, Data acquisition 
(adapted from Rasmussen, 1972). 15, Data analysis 
(adapted from Rasmussen, 1972). 



and Terry C. Daniel, Ph.D. It is essentially a technique in which VERs 

generated in the different stimulus-response outcome cells were used to 

derive criteria for classifying unidentified VERs0 The analysis pro

gram proceeded in the following sequence» Single trial analog data 

from a particular stimulus-response outcome cell are digitized, and 

subsequently normalized to control for shifting baselines and noise-

level 0 The digitized trace consisted of 509 voltage readings at two 

msec, intervals across the trace. Individual traces (50) were accumu

lated in storage in this manner to generate the averaged response® The 

mean and variance for the 50 traces were calculated at each of the 509 

points. The above sequence was repeated for a second stimulus-response 

outcome cell. A T-test was then applied between the two averaged re

sponses at each of the 509 pointsa Those data points yielding t-ratios 

greater than or equal to 2.0 (.05 level of significance) were retained 

as were their means and variances® These points were used as criteria 

for classifying VERs generated from data that had not yet been identi

fied by the computer. These unidentified or stranger VERs were sampled 

in a number of different ways and generated in the same manner as the 

VERs used for criteria generation. Each stranger VER was compared with 

the two VERs used to generate the criterion points. T-tests were run 

between the stranger VER and both criterion VERs at each of the cri

terion points. The resultant t-ratios were normalized and converted 

to likelihood ratios. These ratios were multiplied together resulting 

in an over-all likelihood ratio. The magnitude of the ratio was used 

to determine the likelihood that the stranger VER belonged to the same 



category as either of the criterion VERs. This procedure was repeated 

until the pool of stranger VERs generated from the data was exhausted. 

Thus, the program was designed to make binary predictions, comparing 

the characteristics of an unknown VER with those of two known classes 

of VERs and ultimately placing the unknown VER in one of the two known 

classes. 



RESULTS 

Using the occipital record and the computer generated criterion 

points (Tables 2-6), it was possible to obtain a satisfactory level of 

VER identification accuracy in three types of comparisons for subject 

LC and two types of comparisons for subject SMo The three types of 

comparisons applied to the data were: 

1. Accuracy of response ~ identification of VERs associated with 

correct discrimination of stimuli versus those associated with 

incorrect discrimination. 

2. Stimulus parameters — identification of VERs associated with 

target stimuli versus those associated with noise stimuli 

irrespective of criterion level and accuracy,, 

3. Confidence level — identification of the VERs associated with 

the respective confidence levels irrespective of accuracy or 

stimulus presented* 

Examination of the record revealed an extremely high level of 

background noise. This extraneous noise was probably due to muscle 

activity and to apparatus artifacts that could not be traced,, The re

sult was a need for the inclusion of a greater number of raw EEG trials 

in each averaged VER, to make possible averaging of background noise 

and extraction of the time-locked VER« This requirement eliminated 

several comparisons that had been planned for the study. Specifically, 

it became impossible to use the data compiled in Condition 1, during 

16 
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Table 2. Criterion points and t-ratios (LC -- accuracy of decision). 
Each criterion point designates a two msec VER interval. To 
locate position of a criterion point on the VER multiply it 
by two. 

Criterion points t-ratios Criterion points t-ratios 

59 2.17 272 2.88 
60 2.16 273 3.01 
107 2.18 27̂  2.36 
191 2.08 275 2.13 
192 2.28 337 2.45 
19k 2.22 338 2.77 
195 2.18 339 2.57 
196 2.26 3k0 2.85 
197 2.07 3kl 2.57 
200 2,0k 3k2 2.53 
260 2.01 3k3 2,k2 
265 2.26 3kk 2.27 
266 2.27 3k5 2.13 
268 2.3k 3k6 2.15 
269 2.56 3k? 2.13 
270 2.18 3k9 2.13 
271 2.kk 



Table 3» Criterion points and t-ratios (LC — 
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- stimulus parameters)• 

Criterion points t-ratios Criterion points t-ratios 

155 2.27 3k8 2.2k 
156 2.15 3̂ 9 2.11 
157 2.62 351 2.08 
158 2.66 352 2.02 
159 2.61 353 2.3k 
160 2.9k 35̂  2.18 
161 2.90 357 2.10 
162 2.58 358 2.38 
163 2.91 359 2.11 
16k 2.89 362 2.01 
165 2.79 7̂1 2.16 
166 2.50 k72 2.20 
168 2.k7 k73 2.06 
19k 2.0*4- kyk 2.31 
195 2.lk k75 2.20 
195 2.05 k7S 2.16 
3̂ 1 2.15 k77 2.06 
3̂ 6 2.17 478 2.10 
3k? 2.k0 
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Table k. Criterion points and t-ratios (LC -- confidence level). 

Criterion points t-ratios Criterion points t-ratios 

8 2.13 8k 3.85 
60 2.23 85 3.97 
61 2.65 86 3.68 
62 2.72 87 3.30 
63 2.81 88 3.51 
6k 3.07 89 3.19 
65 2.11 90 3.03 
67 2.13 91 2.50 
68 2.11 92 2.51 
69 2.10 k82 2.01 
70 2.11 k8? 2.00 
71 2.27 k86 2.k9 
72 2Ja k8? 2.31 
73 2.50 k88 2.09 
7k 2.71 k89 2.18 

75 2.57 k90 2.12 
76 2.21 k91 2.23 
77 2.25 k92 2.̂ 0 
78 2.61 k93 2.07 
79 2.62 k9k 2.̂ 2 
8o 3.22 k95 2.01 
81 3.2k k9& 2.21 
82 3.20 k97 2.07 
83 3.31 k98 2.07 
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Table 5. Criterion points and t-ratios (SM — stimulus parameters). 
Each criterion point represents a 2 msec interval on the 
VER. To locate position of the criterion point on the VER 
multiply it by 2 msec. 

Criterion points t-ratios 

58 2.0k 
6l 2.03 
Ikl 2.19 
lk2 2.08 
lk3 2.0k 
Ibk 2.23 
188 2.29 
189 2.15 
190 2.30 
191 2.09 
275 2.09 

Criterion points t-ratios 

276 2.02 
277 2.03 
278 2.30 
279 2.22 
280 2.19 
281 2.30 
282 2.23 
283 2.36 
28if 2.6b 
285 2.18 
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Table 6. Criterion points and t-ratios (SM — Confidence level). 

Criterion points t-ratios Criterion points r-ratios 

14 2.0 166 2.14 
15 2.4 167 2.02 
16 2.36 258 2.33 
17 2.42 259 2.28 
18 2.4 260 2.02 
19 2.54 422 2.12 
20 2.14 423 2.35 
21 2.07 424 2.81 
22 2.0 425 3.31 
119 2.2 426 3.64 
120 2.12 427 3.82 
122 2.22 428 4.13 
123 2.39 429 4.04 
124 3.03 430 4.35 
125 3.02 431 4.39 
126 3.02 432 4.09 
127 2.91 433 3.79 
128 2.94 434 3.66 
129 2.79 435 3.57 
130 2.74 436 3.3 
131 2.4l 437 2.77 
132 2.3 459 2.2 
133 2.37 460 2.65 
134 2.49 461 3.0 
135 2.64 462 3.36 
136 2.94 463 3.52 
137 3.17 464 3.85 
138 3.21 465 3.78 
139 3.47 466 3.65 
140 3.58 467 3.81 
l4l 3.33 468 3.47 
142 3.06 469 3.18 
143 3.02 470 2.88 
144 2.63 471 2.7 
145 2.39 472 2.35 
164 2.38 473 2.1 
165 2.2 
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which only 40 VERs were recorded for the respective signal and noise 

stimuli. Condition 2 also had to be eliminated,, Using the given pro

gram of analysis, a minimum of 550 traces per category was required to 

obtain statistically reliable predictions0 This requirement altered 

Condition 3 of the experiment in that several categories were collapsed 

into a single category to provide an adequate number of traces to 

generate the required sample of averaged VERs = Thus, computer predic

tion of subject accuracy of response involved the discrimination of 

VERs associated with the T^T^N^N^ categories from those associated with 

the categories (Table 1)0 That is, hits and correct rejec

tions were collapsed into one category and compared against misses and 

false positives,. Thus, the computer was programmed to search for dif

ferences in the VER when Ss were correct as opposed to when they were 

incorrect® The next comparison involved discrimination between VERs 

elicited by the respective signal and noise stimuli across all confi

dence levels. Thus, the comparison was T^ ̂  vs0 Finally, com

puter discrimination of confidence level entailed comparison of VERs 

associated with VS° those associated with T̂ T̂ N̂ N̂ ,, 

The accuracy with which the computer was able to classify VERs 

in the three types of comparisons is listed below* 

Subject LC 

1® accuracy of response — 

2, stimulus parameters — 69& 

3« confidence level — 69% 



Subject SM 

1. stimulus parameters — 70% 

2. confidence level ~ 7^% 

Thus, for subject LC, the computer was able to correctly differentiate 

VERs associated with hits and correct rejections from those associated 

with misses and false positives on of the data examined* It was 

possible to differentiate VERs associated with the respective stimuli 

presented on 69% of the data. Similarly, examination of the VERs 

associated with confidence levels also yielded 69% accuracy in classi

fying unidentified VERs as being associated v/ith given confidence 

ratings. Subject SM's data yielded similar results. 

A cut-off point of 6% classification accuracy was imposed. 

The analysis program percentage accuracy with subjects SN, LZ, and LH 

on the three comparisons and with subject SM on the accuracy compari

son ranged down to 35^® The high noise level made discrimination 

between the various categories of VERs unreliable for these data. The 

criterion points employed and their respective t-ratios are listed in 

Tables 2-6. Examination of these t-ratios provides an indication of 

where the data traces used to generate the criterion points differ the 

most. For subject LC the criterion points appear to be weighted at 

different time intervals along the VER for the respective comparisons.. 

Specifically, using a cut-off t-ratio of 2.2, the 310-336 msec interval 

of the VER appears related to stimulus parameters. On the other hand, 

the 120-128 msec and 142-184 msec intervals play a large part in VER 



discrimination of confidence level. Finally, accuracy of S's discrimi

nation was reflected by portions of the VER at 530-5̂ 8 msec and 67̂ -

688 msec. 

For subject SM, VER discrimination of confidence level were 

based largely on differences between data traces at two late intervals 

(8^6-87^ msec and 918-9^ msec) and to a lesser extent on two earlier 

intervals at 30-38 msec and 2^-290 msec., VER differences associated 

with stimulus parameters were most prominent in the 556-570 msec inter

val® For comparisons where the analysis program was unsuccessful, 

there was no systematic order to the criterion points used« The number 

of criterion points chosen in such a situation ranged from two to 200 

and these were characterized by low t-ratios. 

Due to large expenditures of time and money in the development 

and implementation both of analysis and data acquisition, a large 

portion of the data is at present unanalyzed. The entire vertex record 

has not been examined. 



DISCUSSION 

It would be misleading to discuss the aforementioned VER cri

terion points in terms of conventional VER components as described by 

past investigators (e.g., P300 — as discussed by Hillyard, Squires, 

Bauer and Lindsay, 1971)? since the data were not derived in the tra

ditional computer of average transients (CAT) methods Additionally, 

it should be noted that other criterion points were also used for VER 

classification and that these criterion points were sometimes used for 

more than one type of classification. The data indicate, however, that 

at certain latencies the derived VERs differed markedly and that these 

differences can be associated with stimulus parameters, S's confidence 

levels, and accuracy of decisions,, The classification of unidentified 

or stranger VERs was based upon statistical analyses at certain inter

vals on the VER, rather than on the traditional method entailing the 

observation of changes in actual components of computer averaged re

sponses. As a result, discussion of these data in relation to past 

research is difficult. 

It is also unfortunate that present resources do not permit 

analysis of the vertex data, as much of previous research on the con

tributions of decision and accuracy to the VER is based on vertex 

recordings. 

Trial generation of averaged responses on a Model 1052 Fabritek 

CAT proved unsatisfactory because of the unusually high noise level and 
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comparison of different VERs thus generated was ineffective since the 

evoked response was virtually undetectable against the background noise. 

However, given the precedents cited above (Haider, Spong and Lindsley, 

196^; Haider, 1967; Ritter and Vaughan, 1969; Hillyard, Squires, Bauer 

and Lindsay, 1971; Paul and Sutton, 1972; Rasmussen, 1972; Wilson, 

Harter and Wells, 1973; Begleiter and Porjesz, 1975) it was expected 

that the independent variables would have some consistent and observ

able effect upon the VER. Using the specially designed analysis pro

gram this expectation v/as met and despite the noise level it was 

possible to imply, in some cases, subject response accuracy, confidence 

level, and stimulus presented based upon examination of S's VERs. 

Thus, the restrictions imposed by the analysis method and the 

unanalyzed data render the findings of this study no less intriguing. 

For subjects LC and SM it was possible to classify stranger VERs with 

relatively high accuracy (67^-76%) . It is significant that for subject 

LC the computer was able to identify VERs associated with incorrect 

responding. This indicates that after the stimulus information is fed 

into the peripheral sensory system it can be misinterpreted somewhere 

in the central nervous system. The data suggest that this misinterpre

tation is encoded in the VER at 530-5^8 msec and 67^-688 msec. In like 

manner, subject confidence level was encoded in the VER at 120-128 msec 

and I*f2-l8*f msec. Also, regardless of confidence level and decision 

accuracy, stimulus parameters were found to be encoded in the 310-336 

msec interval. Thus, for subject LC the VER encoding is reflected in 

the following sequence: confidence level, stimulus parameters, and 
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decision accuracy® VERs for subject SM showed confidence level to be 

encoded at 8^6-87^ msec, 918-9^ msec, 30-38 msec, and 2kk-290 msec 

while stimulus parameters were associated with the 556-570 msec inter

val. These data indicate that although stimulus parameters, confidence 

level, and accuracy of response are reflected at different latencies 

across the VER the latencies do not necessarily remain constant across 

subjects. 

Limited recording capabilities precluded the collection of ocu

lomotor data. Thus, there is a possibility of oculomotor artifact in 

the data. This issue is especially relevant when the long latency cri

terion points are considered. The criterion points lying in the inter

val between 550 msec to 950 msec may indeed reflect oculomotor contri

bution occurring in a time-locked fashion as a behavioral associate of 

stimulus parameters, confidence level, and decision accuracy. However, 

the likelihood of this possibility is relatively low due to the distance 

of the recording electrode from the orbs and forehead muscles. Ss 

reported feeling relaxed and attentive during the experimental sessions 

and failed to notice any blinking or muscles tensing associated with 

the appearance of stimuli or the decision-making task. On the other 

hand, should it be discovered that these long latency criterion points 

reflect oculomotor function, these contributions apparently occur con

sistently enough to be used as another electrophysiological indicator 

of performance in decision-making tasks. 

The restriction imposed by the computer program concerning the 

large number of responses necessary to establish statistically reliable 



conclusions compromises the findings somewhat. Under ideal conditions, 

it would have been preferable to perform the VER comparisons using data 

from each of the ten individual stimulus-response outcome cells rather 

than collapsing several cells into one category to generate a higher 

number of data traces0 There is certainly the possibility that data 

have been obliterated by treating data from several different cells as 

a homogeneous group.. For example, it would have been a great deal more 

desirable to determine the contribution of stimulus parameters by using 

the experimental paradigm established in Condition 1 and Condition 2 

rather than by collapsing the responses to signal stimuli across all 

confidence levels and comparing them to the noise stimuli responses 

collapsed across confidence levels. As discussed above, Condition 1 

and Condition 2 were eliminated because of inadequate data. In the 

present analysis, the interaction and/or contribution of confidence 

level and accuracy is in all likelihood confounded with stimulus param

eter contributions. 

Similarly, in identifying the VERs associated with subject 

decision accuracy, hits and correct rejections are combined as are 

misses and false positives. Further, the relatively certain confidence 

level responses were combined with the absolutely certain responses. 

Under better conditions it would have been more informative to deter

mine differences not only between correct and incorrect responding but 

also between hits and correct rejections; and also between misses and 

false positives. It would also have been informative to note the in

teraction of confidence level with decision accuracy. Finally, rather 
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than combining two levels of confidence across different stimuli in 

determining the contribution of confidence level to the VER, it would 

have been better to have been able to note any changes in VER between 

single confidence intervals and also between and across stimuli„ 

In light of these compromises it is all the more encouraging 

that it was possible to identify any VERs from the different categories. 

The data indicate that, for certain subjects, stimulus parameters, sub

ject decision accuracy, and confidence level are reflected in the VER 

and that given enough data it is within present technological capabili

ties to imply behavioral outcomes and certain psychological processes 

by examination of the cortical electrical record,, With proper develop

ment, the analysis program employed in this study could be made much 

more efficient and require less data for analysis* An on-line system 

would drastically cut expenditures of time and money,. Such a system 

could be designed so that the human operator could receive immediate 

feedback on his performance,, As indicated by the data, it would then 

be possible for the computer to determine human decision and discrim

ination errorso Such information could be fed back to the operator to 

increase his pre- and post-training efficiency., The potential appli

cations of such a system are wide but would be especially useful in 

difficult decision or detection tasks involving changing criterion 

levels or pay-offs,, The problem of individual differences suggested 

by the data in this study would not be relevant in such a system since 

the system would be programmed to the individual operator,. Indeed, 

further research may reveal characteristic patterns to these individual 



differences that potentially could be applied to neurological and 

psychological assessment. This program could then offer an effective 

method for studying changes in the electrical record associated with 

temporal and spatial factors, psychological processes, injury, psycho-

pathology, neural degeneration, systemic changes, and like factors. 
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