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ABSTRACT 

The problem: to what extent do cortical evoked potentials correlate 

with differences in complex visual stimuli and with differences in 

observer confidence that a correct judgment has been made? Electro- 

encephalographic records obtained in response to complex visual stimuli 

were examined in two studies involving thousands of stimulus presentations 

and a variety of stimulus characteristics. Six observers made responses 

to subsets of the stimuli. A signal detection paradigm governed the 

experimental procedures and analyses. Even when stimulus differences 

were extremely small, it was often possible to make accurate assignments 

of sets of averaged EEG's to the appropriate stimulus conditions and to 

an observer's degree of confidence in the correctness of his judgment. 
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INTRODUCTION 

Millions of cells in the visual cortex of the brain respond when- 

ever a human observer looks at something. Small electrodes temporarily 

applied to the intact scalp, in conjunction with sensitive amplifiers, 

permit us to record the electrical activity of some of these cortical 

cells. Such a record, called an electroencephalogram (EEG), contains 

positive and negative components that vary over wide ranges of frequency 

and amplitude. 

Because such changes are characteristically small and buried in 

noise, it has been found helpful to average many EEGs, with the recordings 

time -locked to stimulus onset. These averaged traces permit examination 

of important components that would otherwise be buried in noise. The 

noise fraction of the record smooths out as the averaging process con- 

tinues, while constant elements of the brain's activity are gradually 

enhanced and clarified. 

The averaging procedure, while fruitful (see below), is time con- 

suming because of a lack of high -speed data -reduction systems. To eliminate 

this problem and to give ourselves more flexibility in data analysis, we 

developed a series of computer programs that reduced our data analysis 

time by a factor of 10 (see Appendix). 

While these programs were being written, we also conducted studies 

involving complex visual stimuli. The stimuli that have been used in EEG 

experiments by other investigators have been relatively simple and have 

included checkerboard patterns, presence or absence of a spot of light, 

simple geometric figures, and grids composed of light and dark lines. 
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In our own program we attempted to work with complex visual stimuli 

analogous to real world objects and image elements. Our results should, 

therefore, be applicable to real world situations. 

Our long -range goals were twofold: (a) to determine the extent 

to which components of the visual averaged evoked potential (AEP) reflect 

the detectability of complex, real, or realistic targets of interest 

embedded in "natural" contexts or backgrounds, and (b) to determine, 

with respect to such stimulus materials, whether the visual AEP contains 

useful information about the observer's state of attention, his sensitivity 

(or detection ability), and his biases (or guessing criteria). 

Positive results in connection with any of the foregoing problems 

would have immense practical implications. We could, for instance, hope 

to develop sensitive measures of the detectability of various targets or 

stimuli, uncontaminated by the judgmental processes of observers. We 

might also expect to find a direct, unbiased index of an observer's 

ability to locate or identify various targets under various conditions. 

This would be extremely useful in the screening and training of photo - 

analysts. It is not impossible that observers could be taught to be 

aware of their own attentional states, with a resulting increase in deci- 

sion accuracy. 

We have heard the criticism that work of this sort smacks of Orwell's 

1984. To allay such fears we emphasize that there is no likelihood of 

compromising an observer's privacy. The electronic recording of the simul- 

taneous responses of millions of brain cells is in no sense a means of 

reading thoughts. An EEG depicts mass actions of parts of the brain. 

It is no more "personal" than are records of heart rate, respiration, or 

other biomedical indices of physiological functioning. We emphatically 

do not envision rows of photoanalysts wired into computers and wholly or 

partially controlled as programmed parts of a man -machine complex. 

What we do envision and seek is a better understanding of the 

processes by which observers extract information from complex images. We 

want to know what characteristics of the image and what states of the 

person lead to the most accurate and sustained analytic performance. A 
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person is, among other things, an information processing system. If we 

can tap into that system prior to the point at which the individual 

begins to talk to himself about what he is doing, we expect to find (and 

indeed have found) useful indicators of system performance, unbiased by 

guessing habits or other kinds of error that are introduced further along 

in the internal information -handling system of the person. 

We report here the results of the first two steps toward our 

long -range goal. 

Researchers have manipulated a wide range of physical and psycho- 

logical variables while monitoring EEGs. Stimulus intensity,1 -3 contour 

and contrast,4,5 wavelength,6,7 retinal site of stimulation,4,8 -15 ocular 

convergence and accommodation,16 and eye position15 are some of the physi- 

cal variables that have been manipulated. 

In addition to finding that the foregoing physical variables 

affect EEG responses, researchers have begun to notice the influence of 

a large number of psychological variables. Perceived brightness, 17-21 

stimulus information content,22 -25 and both vigilance and attention26 -31 

are some of the psychological variables that have been found to be important. 

Researchers have also shown that decision and discrimination tasks 

are reflected in the evoked response. Davis27 noted that auditory 

decision -making results in enhanced auditory evoked response amplitude. 

In a problem -solving study involving concept identification and geometric 

forms, Wilson, Harter, and Wells32 found that EEG components can indicate 

the type of stimulus to which attention is being paid, the method of 

problem solution, and the problem solution. The indices were a late 

positive component (250 to 350 msec) and a slow positive baseline shift 

in the vertex recording. Haider, Spong, and Lindsley30 and Haider33 noted 

enhanced amplitude associated with correct detections of stimuli, while 

Ritter and Vaughn" found a 300 -msec positive component in both auditory 

and visual detection tasks. 

These studies typically followed the classic psychophysical methods 

in which only positive and negative detection or discrimination responses 

were monitored (i.e., hits and misses). With this type of experimental 
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procedure, there are, however, four response categories to be monitored: 

hits, misses, false positives, and correct rejections. Most EEG studies 

have not been reported in terms of this four -way set of response cate- 

gories, but studies based on the theory of signal detection (TSD) have 

been. Given the assumption that there is a relationship between subject 

performance (hit and miss rates) and EEG components, the researcher is 

discarding a significant portion of the data when he fails to record 

false positive and correct rejection responses. 

The conventional psychophysical methods, furthermore, do not 

yield a true measure of sensitivity. In past research observer uncertainty 

concerning the appearance or classification of a stimulus usually has 

been scored as a miss. The use of highly trained subjects has been ex- 

pected to guarantee a constant state of motivation and a stable criterion 

level. The problem, however, is a lack of separation between response 

bias (criterion level influences associated with motivation, payoff, 

expectation, affect level, and other psychological variables) and sen- 

sory effects that are associated with the physical characteristics of 

the stimulus and with neural events such as transmission characteristics 

and adaptation. By monitoring hit rate and false positive rate in the 

TSD framework, we have attempted to separate the EEG components associated 

with response bias or criterion level from those associated with sensory 

effects. 

Studies in which the TSD method was used in conjunction with evoked 

responses have shown this to be a valuable research strategy. For example, 

Rasmussen,35 using threshold -level quadrigon stimuli, found subject 

confidence -level and correct stimulus detection to be reflected in two 

visual evoked response (VER) components (225 and 450 msec). Begleiter 

and Porjesz36 presented evidence that two VER components (100 to 140 msec 

and 140 to 200 msec) vary according to changes in subjects' judgments of 

flash stimulus intensity, even though physical stimulation remained con- 

stant. The consistency of their data suggested the use of VERs as indi- 

cators of particular response outcomes. John37 has presented similar 

findings in animal research. 
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To explore further the EEG correlates of confidence level, a 

rating scale based on the work of Pollack and Decker36 was used in our 

study. Within this framework observers responded to identical stimuli 

across a range of criterion or confidence levels. Because past re- 

search35,39 -42 has indicated that changes in subject performance may be 

combined functions of response bias and of sensory changes, we attempted 

to find differential, electrophysiological correlates for the type of 

decision the observer made and for stimulus parameters. 
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PILOT STUDY 

With simple stimuli it is clear that there are separate components 

of the EEG for physical and for psychological variables. We decided, 

therefore, to conduct a pilot study involving complex stimuli to find 

out whether the separate EEG components could still be found. As stimuli 

we used a group of computer -generated nonsense forms of considerable 

complexity. We had developed these stimuli43 as analogs of many of the 

parameters found in real images, and we named them "quadrigons." Our 

goals in the pilot study were to test our data analysis system and to 

investigate the feasibility of applying a combination of TSD methodology 

and EEG monitoring to our quadrigon system of image evaluation. Positive 

results in such a study would be the basis for using a similar approach 

in the study of more realistic imagery. 

Procedure 

The stimuli were 40 nonsense forms (quadrigons) selected at random 

from an available set of 500.43 These were prepared as 35 -mm slides with 

black forms on clear surrounds. Two conditions existed for the entire 

set of 40 stimuli: (1) they were pointed at all exterior and interior 

angles, or (2) they were slightly rounded at all angles (6.3 -mm rounding 

at the original scale, which was a 21.59 -cm by 27.94 -cm format). The 

resulting 80 quadrigons were randomized (two separate sequences) for pre- 

sentation to observers. The average long dimension of a quadrigon, back - 

projected on a translucent screen, was 7.62 cm. Exposure duration was 

8 msec. A 300 -W Kodak Carousel projector with a tachistoscopic shutter 
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(tripped by a signal from a punched tape) was the source of the stimulus 

images. The screen -to- observer distance was 2.74 m. Figures 1 and 2 

are schematic representations of the experimental equipment. Stimulus 

occurrence produced a clear signal in the EEG records. 

There were two observers in the pilot study, one male and one 

female. The male observer gave a 20/11 (uncorrected) response to a 

Snellen chart, and the female observer gave a 20/20 (corrected) response. 

These observers were paid $1.65 for each hour they participated in the 

study. Each experimental session consisted of three runs of 40 stimuli 

with a 10 -min break between each run. 

The two observers each made from 1500 to 1800 responses to the 

stimuli described above. The pointed or rounded character of the quadri- 

gons consitituted the discrimination task presented to the observer. 

Responses were of two kinds: (1) involuntary, electroencephalographic 

output from the visual cortex, and (2) voluntary finger pressure on one 

of five keys representing degree of certainty that the stimulus was either 

pointed or rounded. The certainty scale was 1 = positive rounded, 2 = 

relatively certain rounded, 3 = can't decide, 4 = relatively certain 

pointed, and 5 = positive pointed. A set of certainty responses is shown 

in Table 1. Cell entries in this table represent the number of responses 

analyzed for observer two. Observer one had fewer than 32 responses in 

each of the two cells marked with asterisks, even after 15 recording 

sessions. His discriminative performance was so accurate that it was 

rare for him to be certain that a pointed quadrigon was rounded or 

vice versa. Observer two, on the other hand, was responsible for a 

larger number of entries in these two extreme response -error cells. 

Table 1. Response Frequency 

Relatively Relatively 
Stimulus Positive certain Can't certain Positive 
condition rounded rounded decide pointed pointed 

Rounded 128 100 32 32 *32 

Pointed *32 32 32 100 128 
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The cell entries in Table 1 sum to 648 and comprise a random 

selection of less than half the total responses recorded for observer two. 

To compute average EEG voltages covering a 1000 -msec period following 

stimulus onset, for about half the responses obtained from both observers, 

required 11 days (8 hours per day) of tape transport and of calculation 

by a computer of average transients (CAT). The tape records of each 

stimulus- response pairing contain information shown schematically in 

Fig. 3. 

Response and 
stimulus code 

Ready signal Stimulus slide placed in Stimulus Analysis inserted on 
to observer projection position, 8 msec begins tape 

1. 
3000 rrscc ,_ n 

i 

I 3000 msec of record, 1 1000 msec of record ¡HA 
available for future analysis in present analysis! 40 msec, 

I delay time 

op Recording occurs in this direction. 
Analysis occurs in this direction. 

Fig. 3. Schematic Diagram of Temporal Relationships during 
an Observation Trial. 

In each observation trial there were a ready signal (beep) to 

the observer, a 300 -msec delay while the automatic machinery prepared to 

project the stimulus, 8 msec of stimulus display, a 1000 -msec post - 

stimulus -onset period, a double beep telling the observer to make a con- 

fidence response, and insertion of a response and stimulus code on the 

tape. Separate EEG records were obtained simultaneously from the inion 

and the vertex for the 4000 -msec period following the ready signal. Inion 

records, only, have been analyzed. 

During compilation of the averaged evoked potentials, the tape 

was run in reverse. The computer searched for the code representing 

the stimulus- response configuration being averaged at the moment (one 

configuration for each cell of Table 1) and triggered the CAT when such 
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a code occurred. After a 40 -msec delay, 1000 msec of EEG voltage 

record were placed in the CAT for the given trial, ending with the time 

of stimulus onset. 

The results of the CAT analysis44 strongly indicated that our 

approach to the problem was correct. Even though the data reduction 

computer programs were not available then, we decided to start the main 

study using more realistic stimuli. 
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MAIN STUDY 

The stimuli used in the main experiment were two plan -view air- 

craft silhouettes, as shown in Fig. 4. 

Rounded = Noise 
(see text) 

Pointed = Signal 
(see text) 

Fig. 4. Aircraft Silhouettes Used as Stimuli in the Inves- 
tigation of Electroencephalographic Responses to 
Complex Visual Stimuli. 

As viewed by observers, the two major dimensions 
of these silhouettes had retinal subtenses of 
2 °37' and 1 °24'. 
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There were two classes of stimuli in the study: signal and noise. 

All stimuli were viewed binocularly. The signal stimulus was a plan -view 

profile of an Air Force F -105 fighter bomber with sharp corners everywhere. 

The noise stimulus was a slightly rounded version of the signal profile 

(see Fig. 1). The 3.2 -mm rounding refers to the original scale of the 

drawing, which was a 21.59 -cm by 27.94 -cm format. This rounding was so 

inconspicuous that we had to emphasize to all observers that there was 

a real difference between the two types of stimuli. The stimuli, pro- 

jected onto a translucent screen, subtended 2 °37' by 1 °24' with a square 

surround of 2 °57' when viewed at a distance of 1.84 m. A Kodak Carousel 

slide projector presented the stimulus slides in a prearranged random 

sequence. A Grass PS -2 photo- stimulator tube was fitted to the slide 

projector to eliminate the mechanical noise and reliability artifacts that 

are sometimes associated with the use of a mechanical shutter. The PS -2 

intensity was set at 4. According to the Grass Instrument Company 

manual, this is equivalent to approximately 282,500 lumens peak intensity 

or 22,500 candlepower. Stimulus brightness, however, was relatively low 

because of the short stimulus duration (10 psec) and because of attenua- 

tion by the projector lenses and intervening light- diffusing surfaces. 

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. A reference electrode 

was placed on the right ear, and the left ear was grounded. Grass silver - 

chloride- coated silver -disk electrodes were used to obtain the electrical 

record. Occipital EEG was amplified by a Grass model 7 polygraph and 

wideband ac pre -amplifier, whereas vertex activity was amplified by the 

Grass model 7 polygraph and a Grass model 7P5A wideband ac pre -amplifier. 

For both recording sites the high - frequency half amplitude setting was 

35, whereas the low frequency half -amplitude setting was 0.3. A Hewlett - 

Packard seven -channel tape recorder was used to record the data. Specially 

designed apparatus encoded onto magnetic tape the information regarding 
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experimental conditions and the corresponding responses, for retrieval 

and off -line analysis of the data (see Fig. 2). 

Procedure 

There were five observers in the main study, four males and one 

female. Their ages ranged from 20 to 28 years. All had at least 20/20 

uncorrected vision. These observers participated in from 10 to 20 

experimental sessions, the number depending on the rate at which responses 

accumulated in the several cells of the experimental matrix of responses 

(see Table 2). Each observer was paid $1.85 per hour. 

Observers were seated in an adjustable chair in a darkened room 

with low ambient lighting. Each experimental session consisted of two 

runs of 80 stimulus slides each, 40 target stimuli and 40 noise stimuli 

in a prearranged random sequence. Five -minute rest periods occurred 

every 40 trials. 

In the main experimental condition the observer was required to 

make a decision and to perform a task at the appropriate time. During 

each trial the observer fixated the stimulus display, observed a stimulus, 

and responded concerning the stimulus perceived and the certainty of 

this decision. He was instructed to press the appropriate finger key 

upon hearing the response cue. The five possible responses for this 

study were 

Finger key 1 -- absolutely certain that stimulus was a signal 
(Positive Pointed) 

Finger key 2 -- relatively certain that stimulus was a signal 
(Probably Pointed) 

Finger key 3 -- uncertain of perception 
(Don't Know) 

Finger key 4 -- relatively certain that stimulus was noise 
(Probably Rounded) 

Finger key 5 -- absolutely certain that stimulus was noise 
(Positive Rounded) 

These stimulus- response options resulted in the 10 -cell matrix presented 

in Table 2. 
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Table 2. Ten Possible Occurrences in Main Study 

Responses 

1 2 3 4 5 

Pointed stimulus P -1 P -2 P -3 P -4 P -5 

Rounded stimulus R -1 R -2 R -3 R -4 R -5 

To obtain an adequate sample of EEG traces for each of the 10 cells 

in this matrix, a total of 1300 to 2500 trials was recorded for each of 

five observers during 10 to 20 sessions per observer. 

The sequence of events in each trial was the same as that of the 

pilot study described above. There were four differences between the 

two studies: (1) the stimuli in the main study were silhouettes of 

realistic objects, (2) these stimuli were rounded 3.2 mm instead of 6.3 

mm, making it much more difficult for the observers to differentiate 

between the two, (3) illumination in the main study was provided by a 

Grass PS -2 photostimulator, instead of the slide projector tungsten 

bulb, and (4) the meaning of the five response keys was reversed in the 

second study. 

Results 

Our experimental problem was to determine whether EEG records of 

brain waves from the human visual cortex contain information that can be 

correlated reliably with subtle differences in complex visual stimuli. 

The investigation produced substantial positive results. Seeley's com- 

puter program successfully chose from digitized EEG records those data 

points that carried significant information about differences in the 

stimuli being viewed. The records were produced on a common time base, 

keyed to the time of stimulus presentation. 

We analyzed data from observer two in the main study to test 

Seeley's T -1 programs. Critical points were identified by comparing the 

EEG traces resulting from repeated presentation of the two test objects. 

Then new sets of EEG traces, for the same signal conditions, were used 
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in a validation analysis, and the program made completely accurate stimu- 

lus classification statements for the new traces. 

The 10 possible combinations of stimulus- response conditions are 

shown in Table 3. We will describe the results from four of these com- 

binations (A, B, C, and D in Table 3). 

Table 3. Experimental Design 

Stimulus class 
(aircraft sil- 

houette) 

Observer- response category 

1 

Positive 
pointed 

2 3 4 

Probably Don't Probably 
pointed know rounded 

5 

Positive 
rounded 

Pointed 

Rounded 

A 

X 

X 

X 

B 

C 

X 

X 

X 

D 

Comparisons between EEG traces from combinations A and D and 

between traces from combinations B and C reflect physical stimulus dif- 

ferences. Comparisons between A and B and between C and D reflect 

differences in the observer's confidence concerning his discrimination. 

Comparisons between A and C and between B and D are less enlightening 

because they confound stimulus and confidence effects. 

We have found that the analytic program always gave the appro- 

priate classification of sets of 45 or 50 EEG traces when the source of 

variation was stimulus differences only (conditions A -D or B -C). Classi- 

fication accuracy sometimes failed when the source of variation was 

observer confidence (A -B or C -D) and was also imperfect when stimulus 

and confidence effects were confounded (A -C or B -D). These results are 

summarized in Table 4. 

The T -1 program operated in the following way. Each EEG trace, 

a magnetic -tape record of 1000 msec of microvoltage fluctuations following 

a stimulus onset, was converted to digital form with a voltage analog 

number for approximately each 2 msec of record (500 numbers). The digital 

record was also coded for stimulus -class and observer -response categories. 
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Table 4. Results of Comparisons between Conditions 

Source of 
effect and 
conditions 
compared 

Generation of sampling -point sets 

No. of samp- 
ling points 
retained by 
program* 

points 
correctly 
classified 
per condition 

No. of ma- 
trices ana- 
lyzed (No. 

of traces) 

Validation (new data) 

% points 
correctly 
classified 
per conditiont 

No. of ma- 
trices ana- 
lyzed (No. 

of traces) 

Stimulus 
A vs D 

B vs C 

4 

4 

A 100,100,100 

D 100,100, 75 

3 (50) 

3 (50) 

A 100 

D 100 

1 (50) 

1 (50) 

42 

44 

B 100,100 
C 84,100 

B 100,100 
C 96,100 

2 (50) 

2 (50) 

2 (45) 

2 (45) 

C 61 

B 73 

C 54,65 

1 (50) 

1 (45) 

2 (45) 

Confidence 
A vs B 

C vs D 

1.1 

11 

A 100,100 
B 100,100 

A 100,100 
B 100,100 

2 (50) 

2 (50) 

2 (45) 

2 (45) 

A 10,50 

A 73,27 
B 73 

2 (50) 

2 (45) 

1 (45) 

3 

3 

C 100,100,100 

C 100,100,100 

3 (50) 

3 (50) 

C 100 

C 33 

1 (50) 

1 (50) 

Mixed 
A vs C 

B vs D 

6 

6 

A 100,100 

C 100,100 

2 (50) 

2 (50) 

A 50,83 

C 67,67 

2 (50) 

2 (50) 

21 

38 

B 100,100 
D 100,100 

B 100,100 
D 100,100 

2 (50) 

2 (50) 

2 (45) 

2 (45) 

D 62,48 

B 92 

D 37,34 

2 (50) 

1 (45) 

2 (45) 

*From 500 possible; discussed in text. 
tAnomalies in this column were partially responsible for our decision to revise our 

analytic program. 
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A set of n EEG traces was formed (n = either 45 or 50 in this 

report), yielding, for example, a matrix of 500 x 50 voltage analog 

numbers. Each matrix of numbers was associated with a particular stimulus - 

class and response- confidence category (see Table 3), and any matrix then 

could be compared with any other. 

The program kept track of the temporal location of each number 

in the matrix relative to stimulus onset. The basic problem was to 

determine which points on the temporal dimension of any matrix best 

distinguished that matrix from another. To solve this, the program com- 

pared two matrices at a time, forming the means and standard deviations 

of each of the two sets of 45 or 50 numbers at each location on the 

temporal axis of each matrix (500 points). 

For each of the S00 temporal locations the program, by an iter- 

ative process, then made a decision concerning the discriminative infor- 

mation content of the given location, based on consideration of mean 

differences between the two sets of matrix numbers at the location, weighted 

by the respective variances around the two means. The location then was 

either kept as a sampling point or removed from the matrix. Thus, the 

T -1 program found those points along the EEG trace that contained useful 

levels of differential information, given two sets of 45 or 50 traces, 

each set representing a different stimulus or response condition, or both. 

The number of sampling points so determined varied in our analysis 

from 3 to 44 (see Table 4). For each such point the program found a 

criterion or cutoff number that permitted it to make a decision about 

the classification of a given data matrix, new or old. For example, shown 

a new set of 50 traces resulting from pointed stimuli and high- confidence 

responses, the program had just four predetermined sampling points to 

examine, and it assigned the matrix to the pointed category on the basis 

of each of these points. It did equally well with a new set of 50 traces 

resulting from rounded stimuli and high- confidence responses, examining 

the same four sampling points (see Table 4). 

Then we improved the method by which the program established its 

cutoff number for each sampling point and refined the method by which 
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it retained or rejected the sampling points, but even without such modi- 

fications, the program gave the positive results mentioned above and 

was able to classify EEGs from pointed and rounded stimulus conditions 

in which the observer had been unable to report the nature of the stimulus 

(Table 4). When the stimulus was rounded and the response was "I don't 

know," we had enough data to form one set of 50 new traces. In this 

situation the program selected 42 sampling points, and it made 61% 

correct classifications across the 42 points in the new data, yielding 

an overall correct classification in terms of a majority criterion. 

It is by no means clear, however, that a simple majority criterion 

is justified because we had insufficient data to estimate the variance 

around the 50% level that corresponds to an "ambiguous" classification. 

When we used traces in sets of 45, we were able to examine both pointed 

and rounded stimulus conditions in the "I don't know" response category. 

This gave 44 sampling points, and the program was again correct overall 

in the three analyses of new data that our records permitted (Table 4): 

pointed, 73% correct; rounded, 54% correct (one set of 45 traces); and 

rounded, 65% correct (another set of 45 traces). 

For experimental conditions in which observer confidence was 

the source of variation, or in which stimulus differences and observer 

confidence were confounded, T -1 was able to perform 16 analyses of new 

data. In half of these the program gave correct overall statements, but 

it produced six failures and two cases in which no overall statement 

was generated (Table 4). It was clear to us that although the program 

was useful in separating large differences, subtle distinctions would 

require a more statistically powerful approach. We therefore refined the 

analytic program, arriving at two programs based on the t -test, with a 

subsequent likelihood ratio differentiation that involved the points 

found by the t- tests. The programs were called T -2 and T -3; T -2 was an 

intermediate program and will not be discussed further. 

T -3 Program 

T -3 selected three sets of 50 EEG values from case A and three 

sets from case B: the first 50, third 50, and fifth 50. The program 
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compared the relevant sets and, by means of a t -test criterion, saved 

significant points for later comparison with other sets. 

Then the data tapes were rewound and the program generated 

"stranger" trace sets whose nature we wished to predict on the basis 

of the saved data points noted above. To keep costs low, we looked at 

each stranger set, one at a time, comparing it to each of the nine sets 

of criterion points developed previously. Accuracy of prediction was re- 

corded, and the proportions of accuracy for each of the nine combinations 

of criterion points were printed out. 

T -3 registered the number of strangers for both cases (A and B), 

by noting the number of individual traces in each cell of the experi- 

mental design (Table 3). On this basis T -3 performed a ratio -selection 

procedure by calculating how many traces from each cell were to be 

chosen in order to make up a balanced, representative trace set. Then 

T -3 counted the number of combined traces that remained for use in new 

predictions of the A and B conditions. With this information we were 

able to ensure that all comparisons were based on the same data ratios 

from each cell of the design. 

The object of the T -3 programs was to separate different types 

of EEG trace sets mathematically, but the signal we were looking for was 

imbedded in so much noise that we had to combine many individual traces 

of a particular type to get any results at all. A single trace of a 

particular type was read in and normalized to take care of amplitude 

differences created by inherent noise. The trace was then placed in a 

holding area, and a counter noted how many such traces had been added. 

When the total reached 50, means and variances were calculated for each 

point on the combined trace. This procedure was followed for each of 

the cases, A and B. A t -test was then conducted between conditions A and 

B at every point on the combined traces. The positions, the means, and 

the variances of those points having is greater than or equal to 2.00 

are saved (P < 0.5). These points then served as "standards" against 

which to compare other trace sets. 

At this point the program went into the prediction mode. From 

the data not yet used up, the program developed a sequence of stranger 
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trace sets, combined as described above. Each stranger was compared by 

t- tests, at those points previously found, against the means and vari- 

ances of the A standard trace set and then against the B standard trace 

set. 

A likelihood ratio can be expressed as the ratio between two con- 

ditional probabilities [P(A) /P(B)]. We generated these probabilities 

by comparing a known case A and a known case B with a stranger EEG trace 

set. The t -test outcomes for a case A (known) vs stranger and a case 

B (known) vs stranger were converted to conditional probabilities, and 

the likelihood ratio P(A) /P(B) was computed. 

This procedure was carried out for every point saved as signifi- 

cant (from the original comparison of known case A and case B). When 

all point -by -point likelihood ratios had been computed for a particular 

stranger, we found the aggregate likelihood ratio by multiplication. 

This product was used to predict whether or not the stranger was a case 

A or a case B example by the following rule: when the product is 

greater than 1, the program is to call the stranger a case B; when the 

product is less than 1, then the stranger is to be classified as a case A. 

Because we now had an analytic program that could handle any 

set of our data, we decided to analyze results from both the pilot study 

and the main study. 

T3 Results --Pilot Study and Main Study 

Using only the occipital record and the computer- generated cri- 

terion points, we obtained satisfactory levels of accuracy for EEG identi- 

fication for two types of comparisons: 

(1) Stimulus parameters -- identification of averaged EEG traces 

associated with signal stimuli (pointed) versus those associated with 

noise stimuli (rounded), regardless of criterion level and accuracy. 

The stimulus analysis compared cells P -1, P -2, P -3, P -4, and P -5 with 

cells R -1, R -2, R -3, R -4, and R -5 (Table 2). Given a stimulus of a 

particular type, no matter what decision was made, we found consistent 

points on the averaged EEG trace that would permit accurate predictions 

of other averaged traces of that type. 
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(2) Decision -- identification of averaged EEG traces associated 

with the several confidence levels, regardless of accuracy of response 

or of the actual stimulus. The decision analysis compared cells P -1, 

P -2, R -1, and R -2 with cells P -4, P -5, R -4, and R -5 (Table 1). The 

results were positive, but were not as regularly accurate as those found 

in the stimulus analysis. 

Our criterion was a combined ratio > 0.55, derived from only 

those cases in which the ratio for each prediction (pointed and rounded) 

was > 0.50. Then the combined ratio was defined by (Pratio + Rratio)/2' 
In Table 5 observer one showed high predictability for stimulus 

in eight out of the nine possible comparisons and in four out of the nine 

comparisons for decision, thus indicating the stability of his EEG traces. 

Observer two, on the other hand, achieved our criterion in one out of 

nine possible comparisons only, combining both stimulus and decision 

situations. 

Table 5. Accuracy Ratio of T -3 Program for the Two 
Observers in the Pilot Study 

Observer 

Stimulus Decision 

Pointed Rounded Pointed Rounded 

1 

2 

0.89 

0.67 

0.67 

0.89 

0.89 

0.67 

0.89 

0.89 

0.57 

0.56 

0.78 

0.56 

0.78 

0.67 

0.56 

0.56 

0.67 

0.57 

0.50 

0.63 

0.50 

0.50 

0.57 

0.78 

0.89 

1.00 

0.89 

0.83 
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The T -3 program correctly classified many of the averaged EEG 

traces in the very noisy EEG outputs of the pilot study. Its perfor- 

mance was even stronger in the main study (Table 6). With less light 

and with smaller comparative stimulus- rounding (6.2 mm vs 3.2 mm), all 

five of the observers reached or exceeded our criterion of > 0.55 for 

decision prediction in all comparisons, and three of the five observers 

reached the criterion in the stimulus comparisons in at least one of the 

nine possible comparisons per observer. 

Table 6. Accuracy Ratio of Program T -3 for 
All Observers in Main Study 

Observer 

Stimulus Decision 

Pointed Rounded Pointed Rounded 

1 0.50 0.50 0.68 0.50 

2 0.62 0.54 0.67 0.67 

0.62 0.69 0.67 0.67 

0.62 0.62 

0.69 0.62 

3 0.60 0.70 1.00 0.57 

0.80 0.60 0.50 0.57 

0.50 0.71 

4 0.50 0.36 0.58 0.56 

5 0.33 0.91 0.78 0.50 

T -3 verified our earlier analysis of observer two's data by 

program T -1 (A vs D; Table 4). T -3 found four sequences of trace com- 

parisons that gave good predictions of recognition accuracy in the 

stimulus comparisons. Because the T -3 results were based on such large 

comparative data sets, we believe the signal differences did exist and 

were reliably discriminated by the program. 
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Further Analyses 

To clarify our findings we graphed the cumulative probabilities 

of the points that the T -3 program showed to be important. These graphs 

indicate definite similarities in EEG patterns between observers for a 

particular analysis and show that there are also uniquely different 

patterns for the stimulus and the decision analyses. We graphed data 

only for those observers who had > 0.55 predictability simultaneously 

for at least one of the nine possible analyses in case A and in case B. 

This criterion permitted us to graph the data from both observers 

in the pilot study. In the main study, we were able to examine results 

from three observers for decision and from two observers for stimulus. 

It is probably true that decision components in the occipital EEG traces 

were easier to find than were other stimulus components. 

Pilot Study -- Figures 5a and 5b show the pilot study results for 

within- observer comparisons. Along the time axis there is a point at 

which the cumulative frequency curve for each analysis type increases 

dramatically. This point differs for each analysis. These results 

reinforce our conclusion that the T -3 program found real differences. 

We also hoped to find some similarity in the shapes of the cumula- 

tive frequency curves from the several observers. Figures 6 and 7 

represent this attempt. The decision comparisons (Fig. 6) show close 

matches, again indicating that this was the easiest component to locate 

in the EEG traces, even when there was much noise as in the case of 

observer two. What is interesting here is that the two observers have 

data that match not only in shape but also closely in time. This indi- 

cates that some EEG components are consistent among observers, even 

though this fact is often obscured by large inter -observer differences. 

Figure 7, showing stimulus comparisons, was disappointing be- 

cause not only did the observers not match times, but the curve shapes 

were different also. Given all the previous findings, we conclude that 

because our stimulus differences were extremely small, inter - individual 

EEG differences overshadowed stimulus effects. 

Main Study -- Figures 8a and 8b show, for the two observers of the 

main study, those within- observer comparisons that were possible given 
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our criterion of a ratio > 0.55. As in the pilot study, we found distinct 

points at which the two analyses showed marked differences. We believe 

the similarity of the findings in the two studies further verifies that 

the T -3 program located reliable differences. 

Figure 9 indicates that there was a definite similarity in curve 

shape for all three observers, relative to the decision component of 

the EEG. The stimulus comparison shown in Fig. 10 is less definitive 

with respect to similarities in response. Again we see that the decision 

analysis data have provided clearer differences. 

In order to include as many observers in our graphic analysis 

as possible, we decided to lower our criterion to > 0.50 (defined in the 

same way as described above). Figures 11 and 12 present decision and 

stimulus graphs, respectively, for all the observers that equaled or 

exceeded our new criterion. 

Figure 11 shows results from all five observers in the main study. 

Even with the lower criterion, all observers show the same pattern. As 

probability of correct prediction decreased, the 600 to 640 -msec area 

was found to be more useful for making predictions, whereas EEGs from 

observers with higher predictabilities showed a much earlier component 

that was important. 

Figure 12, with three observers, contains more information than 

does Fig. 10 with its two observers and its obscure trends. Figure 

12 clearly indicates that more predictable responses were associated 

with cumulative probability curves that rose later on the temporal axis. 

Thus our findings indicate that, dependent on ease of predictability 

by the T -3 program, EEG traces taken from the occipital area have an 

early component that relates to the decision made by the observer, and 

a later component that relates to the actual character of the stimulus. 

We made one further comparative graphic analysis. One of the 

observers who was in the pilot study was also in the main study. We com- 

pared results from this observer across the studies to find out whether 

the analytic program had found similar components for this person in 

each of the studies. Only the decision analysis was common to the two 
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situations. Figure 13 shows the results of the cross -experiment com- 

parison. There was an almost perfect match or correlation across the 

two studies, concerning the decision criterion points found for this 

observer. This is an important finding. We interpret it to mean that 

the computer program found real differences and that the information 

about decision components was constant across two experiments for at 

least one observer. 
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Fig. 13. Results of cross - experiment comparison. 
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DISCUSSION 

Our results indicate that complex visual stimuli that differ in 

pointedness generate EEG traces that can be separated by statistical 

analysis. This is in keeping with previous findings for less complex 

visual stimuli. The strength of our results rests on the complexity 

of our stimuli and the very slight physical differences among them. We 

consider it an important outcome that these small differences were 

reliably extricated from inherently noisy EEG traces. 

We also found that the shapes of cumulative probability curves, 

for different observers, were often similar within a given analysis. 

Although the curves differed in critical temporal points or regions, 

their shapes were clearly related. We see this as evidence that there 

is important EEG information; defining separate physiological or psy- 

chological states, that remains constant across observers, despite 

large individual differences. 

A third finding involves our cross -study comparison. The decision 

probability curves of the one observer common to both studies were almost 

identical in shape and temporal character, a strong indication that our 

findings are reliable and that within observers the complex psychological 

aspect of decision -making has an EEG correlate that is consistent between 

studies and over a long period of time (1 year). 

Given the amount of information we have generated and the consis- 

tency of our results, we suggest that attempts be made to extract informa- 

tion from a smaller number of averaged traces, or even from individual 

traces. 
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We believe that our approach is a useful one, but it can be 

refined. We can even imagine real -time analysis of EEG outputs with 

current extraction of fundamental information. 

One of the major problems in EEG work has always been the huge 

amount of data to be manipulated. With real -time systems and powerful 

statistical procedures, it may become possible to search more effectively 

for the complex factors that will enable us to reach our goals of effi- 

cient, useful, man -machine interactions and more effective training 

procedures. We hope that the work reported here will constitute a step 

toward these goals. 

ACKNOWLEDGMENTS 

For help of many kinds the authors are indebted to Dr. James A. 

Eyer, Dr. Terry C. Daniel, Dr. Robert W. Lansing, Mr. Louis A. Pfautsch, 

and Dr. Peter H. Bartels. The research reported here was supported by 

U.S. Air Force contracts F04695 -67 -C -0197 and F33657 -72 -C -0605. 



33 

APPENDIX 

EXPLANATION OF 

DATA REDUCTION PROGRAMS 

The first step in construction of our data reduction system was 

to translate the taped records of analog EEG traces into a more useful 

digital form. Time was provided on Dr. Bartel's PDP -12 computer, but 

lack of appropriate integrated hardware led us to attack this problem in 

three stages. 

Stage one digitized the analog traces and recorded them on PDP -12 

Linc data tapes. Stage two converted the linc tape information to an 

IBM (BCD) coded format and recorded it on magnetic tapes usable by the 

University's CDC 6400 computer. The third stage converted the IBM (BCD) 

coded data to CDC (6400) internal code. 

This conversion system consists of three main programs and four 

peripheral programs that check the accuracy of the manipulations carried 

out by the main programs. These programs are 

(1) Main program to digitize analog data 

(a) EEG -INION (the inion is the scull landmark that 

defines the location of the recording electrode) 

(2) Support programs for EEG -INION 

(a) PRINT N 

(b) TEST 1 

(3) Program to translate Linc (PDP -12) tapes into IBM (BCD) 

magnetic tape format 

(a) PDP -BCD 

(4) Support programs for PDP -BCD 

(a) SAVE 
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(b) EXAMINE 

(5) Programs to translate from IBM (BCD) to CDC internal code 

(a) S31. 

A brief explanation of these programs follows. 

The EEG -INION program digitizes analog EEG traces and stores 

them on Linc tape; 252 traces are stored on each tape. A trace consists 

of 500 samples taken every 2 msec for one minute of EEG recording. The 

program can be modified to take data from any EEG track and from any 

period of time before or after the stimulus presentation. It also 

rejects faulty data acquired during electrical surges. A data identifi- 

cation index is also created by this program. 

The PRINT -N program prints the contents of the block number 

designated on the teletype. This is a useful program for checking the 

data that are recorded on Linc tape by program EEG - INION. 

The TEST 1 program is a second check on EEG -INION. It tests 

the data identification index to see whether the sequence of responses 

has been accurately decoded. This sequence was defined, during the 

actual experiment, by a random presentation of stimuli to each observer. 

The TEST 1 program proved that the schematic diagrams representing the 

coding equipment were incorrect. It also showed us that electronic 

noise had inadvertently been recorded when the study was being run and 

allowed us to correct the EEG -INION program so that it would reject 

such signals. 

The PDP -BCD program changes the PDP -12 coded data into IBM (BCD) 

coded data and puts the result on magnetic tape compatible with the CDC 

6400 tape drives. This program also changes numbers from octal to 

decimal. An IBM (BCD) tape is termed a "Stranger" tape at the University 

Computer Center. (Note that this "stranger" has no relationship to the 

term used in the main text.) A "Stranger" tape allows one to put data 

of odd format into the CDC 6400 computer and change it into a form usable 

by the 6400 computer. 

The SAVE program was written to test the Digi -Data mag -tape drive 

that we used to write our CDC 6400 compatible tapes. No printed 
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description was available to explain the little foibles of this machine. 

The SAVE program tests all the probable means by which data can be 

written by this tape drive. The program was very useful. It showed us 

that this tape drive would not write an end -of -file or inter -record -gap 

on tape until at least one BCD character had been written first. This 

information allowed us to program PDP -BCD to allow for this quirk and 

saved us from further frustrating down -time. 

The EXAMINE program uses a BMEI cathode display tube to examine 

the contents of the magnetic tape written on the Digi -Data tape drive 

and is extremely useful for checking the accuracy of the data generated 

by program PDP -BCD. 

The S31 program converts the IBM (BCD) "Stranger" tape into 

CDC 6400 internal code. 



36 

REFERENCES 

1. J. C. Armington, "Adaptational changes in the human electroretinogram 
and occipital response," Vision Research 4:179 -192, 1964. 

2. W. A. Cobb and G. D. Dawson, "The latency and form in man of the 

occipital potentials evoked by bright flashes," J. Physiology 
152:108 -121, 1960. 

3. T. Shipley, R. W. Jones, and A. Fry, "Intensity and the evoked 
occipitogram in man," Vision Research 6:657 -667, 1966. 

4. R. G. Eason, C. T. White, and D. Oden, "Averaged occipital responses 
to stimulation of sites in the upper and lower halves of the 

retina," Perception and Psychophysics 2:423 -425, 1967. 

5. M. R. Harter and C. T. White, "Effects of contour sharpness and 

check -size on visually evoked cortical potentials," Vision 
Research 8:701 -711, 1968. 

6. L. A. Riggs and C. E. Sternheim, "Human retinal and occipital poten- 
tials evoked by changes of the wavelength of the stimulating 
light," J. Opt. Soc. Am. 59:635 -640, 1969. 

7. T. Shipley, R. W. Jones, and A. Fry, "Evoked visual potentials and 

human color vision," Science 150:1162 -1164, 1965. 

8. R. G. Eason and C. T. White, "Averaged occipital responses to stimula- 
tion of sites in the nasal and temporal halves of the retina," 
Psychonomic Science 7:309 -310, 1967. 

9. R. G. Eason, C. T. White, and N. R. Bartlett, "Effects of checkerboard 
pattern stimulation on evoked cortical responses in relation to 
check size and visual field," Psychonomic Science 2:113 -115, 1970. 

10. D. A. Jeffreys, "Characteristics of visual and auditory EPs," Chapter 
II, Part I, Neurosciences Research Program Bulletin 7:208 -216, 1969. 



37 

11. D. A. Jeffreys, "Polarity and distribution of human visual evoked 
potential (VEP) components as clues to cortical topography," 
Electroencephalography and Clinical Neurophysiology 29:328, 1970. 

12. D. A. Jeffreys, "Source locations of pattern -related visual evoked 
potential (VEP) components," Electroencephalography and Clinical 
Neurophysiology 30:365, 1971. 

13. W. F. Michael and A. M. Halliday, "Visually evoked responses to 

patterned stimuli in different octants of the visual field," 
Electroencephalography and Clinical Neurophysiology 29:106, 1970. 

14. W. F. Michael and A. M. Halliday, "Differences between the occipital 
distribution of upper and lower field pattern- evoked responses 
in man," Brain Research 32:311 -324, 1971. 

15. B. W. Yee, "The effect of eye position on the visual evoked potential," 
Master's Thesis, University of Arizona, Tucson, Arizona, 1972. 

16. M. R. Harter and L. E. Salmon, "Evoked cortical responses to 

patterned light flashes: effects of ocular convergence and 
accommodation," Electroencephalography and Clinical Neurophysiology 
30:527 -533, 1971. 

17. N. R. Bartlett and C. T. White, "Evoked potentials and correlated 
judgments of brightness as functions of interflash intervals," 
Science 148:980 -981, 1965. 

18. R. D. De Voe, H. Ripps, and H. G. Vaughan, Jr., "Cortical responses 
to stimulation of the human fovea," Vision Research 8:135 -147, 1968. 

19. H. G. Vaughan, Jr., L. D. Costa, and L. Gilden, "The functional 
relation of visual evoked response and reaction time to stimulus 
intensity," Vision Research 6:645 -656, 1966. 

20. H. G. Vaughan, Jr. and R. C. Hull, "Functional relation between 
stimulus intensity and photically evoked cerebral responses in 
man," Nature 206:720 -722, 1965. 

21. C. T. White and R. G. Eason, "Evoked cortical potentials in relation 
to certain aspects of visual perception," Psychological Monographs 
80(24):1 -14, 1966. 

22. E. R. John, R. N. Herrington, and S. Sutton, "Effects of visual 
form on the evoked response," Science 155:1439 -1442, 1967. 

23. H. Shevrin and D. E. Fritzler, "Visual evoked response correlates 
of unconscious mental processes," Science 161:295 -298. 1968. 



38 

24. S. Sutton, M. Braren, J. Zubin, and E. R. John, "Evoked- potential 
correlates of stimulus uncertainty," Science 150:1187 -1188, 1965. 

25. S. Sutton, P. Tueting, J. Zubin, and E. R. John, "Information 
delivery and the sensory evoked potential," Science 155:1436- 
1439, 1967. 

26. R. M. Chapman and H. R. Bragdon, "Evoked responses to numerical 
and non -numerical stimuli while problem solving," Nature 203: 

1155 -1157, 1964. 

27. H. Davis, "Enhancement of evoked cortical potentials in humans 
related to a task requiring a decision," Science 145:182 -183, 
1964. 

28. E. Donchin and D. B. Lindsley, "Average evoked potentials and 
reaction times to visual stimuli," Electroencephalography and 
Clinical Neurophysiology 20:217 -223, 1966. 

29. E. Garcia -Austt, J. Bogacz and A. Vanzulli, "Effects of attention 
and inattention upon visual evoked response," Electroencephalography 
and Clinical Neurophysiology 17:136 -143, 1964. 

30. M. Haider, P. Spong, and D. B. Lindsley, "Attention, vigilance 
and cortical evoked potentials in humans," Science 145:180 -182, 
1964. 

31. P. Spong, M. Haider, and D. B. Lindsley, "Selective attentiveness 
and cortical evoked responses to visual and auditory stimuli," 
Science 148:395 -397, 1965. 

32. L. E. Wilson, R. M. Harter, and H. H. Wells, "Evoked cortical 
potentials and discrimination problem -solving in humans," 
Electroencephalography and Clinical Neurophysiology 34:15 -22, 1973. 

33. M. Haider, "Vigilance, attention, expectancy and cortical evoked 
potentials," Acta Psychologica 27:246 -252, 1967. 

34. W. Ritter, and H. G. Vaughan, Jr., "Averaged evoked potentials in 
vigilance and discrimination: a reassessment," Science 164:326- 
328, 1969. 

35. C. T. Rasmussen, "Evoked potential correlates of accuracy and 
confidence in a visual detection task," PhD Dissertation, Uni- 
versity of Arizona, Tucson, Arizona, 1972. 

36. H. Begleiter and B. Porjesz, "Evoked brain potentials as indicators 
of decision -making," Science 187:754 -755, 1975. 



39 

37. E. R. John, Mechanisms of Memory (Academic Press, New York, 1967). 

38. I. Pollack and L. R. Decker, "Confidence ratings, message reception, 
and the receiver operating characteristic," J. Acoustical 
Soc. Am. 30:286 -292, 1958. 

39. W. C. Clark, "The psyche in psychophysics: a sensory- decision theory 
analysis of the effect of instructions on flicker sensitivity 
and response bias," Psychological Bulletin 65:358 -366, 1966. 

40. D. D. Paul and S. Sutton, "Evoked potential correlates of psycho - 
physical judgments: the threshold problem. A new reply to 
Clark, Butler, and Rosner," Behavioral Biology 9:421 -433, 1973. 

41. J. A. Swets, Ed., Signal Detection and Recognition by Human 
Observers (Wiley, New York, 1964). 

42. J. A. Swets, W. P. Tanner, and T. G. Birdsall, "Decision processes 
in perception," Psychological Review 68:301 -340, 1961. 

43. L. Wheeler, T. Daniel, G. Seeley, and W. Swindell, "Detectability 
of degraded visual signals: a basis for evaluating image - retrieval 
programs," Optical Sciences Center Technical Report 73, University 
of Arizona, Tucson, Arizona, 1971. 

44. Lawrence Wheeler, Ed., "Further studies of the detectability of 
degraded visual signals," Optical Sciences Center Technical Report 
78, University of Arizona, Tucson, Arizona, 1973. 



3 


	azu_QC_351_A7_no84_pg000a001_m
	azu_QC_351_A7_no84_pg000a002_m
	azu_QC_351_A7_no84_pg000a003_m
	azu_QC_351_A7_no84_pg000a004_m
	azu_QC_351_A7_no84_pg001_m
	azu_QC_351_A7_no84_pg002_m
	azu_QC_351_A7_no84_pg003_m
	azu_QC_351_A7_no84_pg004_m
	azu_QC_351_A7_no84_pg005_m
	azu_QC_351_A7_no84_pg006_m
	azu_QC_351_A7_no84_pg007_m
	azu_QC_351_A7_no84_pg008_m
	azu_QC_351_A7_no84_pg009_m
	azu_QC_351_A7_no84_pg010_m
	azu_QC_351_A7_no84_pg011_m
	azu_QC_351_A7_no84_pg012_m
	azu_QC_351_A7_no84_pg013_m
	azu_QC_351_A7_no84_pg014_m
	azu_QC_351_A7_no84_pg015_m
	azu_QC_351_A7_no84_pg016_m
	azu_QC_351_A7_no84_pg017_m
	azu_QC_351_A7_no84_pg018_m
	azu_QC_351_A7_no84_pg019_m
	azu_QC_351_A7_no84_pg020_m
	azu_QC_351_A7_no84_pg021_m
	azu_QC_351_A7_no84_pg022_m
	azu_QC_351_A7_no84_pg023_m
	azu_QC_351_A7_no84_pg024_m
	azu_QC_351_A7_no84_pg025_m
	azu_QC_351_A7_no84_pg026_m
	azu_QC_351_A7_no84_pg027_m
	azu_QC_351_A7_no84_pg028_m
	azu_QC_351_A7_no84_pg029_m
	azu_QC_351_A7_no84_pg030_m
	azu_QC_351_A7_no84_pg031_m
	azu_QC_351_A7_no84_pg032_m
	azu_QC_351_A7_no84_pg033_m
	azu_QC_351_A7_no84_pg034_m
	azu_QC_351_A7_no84_pg035_m
	azu_QC_351_A7_no84_pg036_m
	azu_QC_351_A7_no84_pg037_m
	azu_QC_351_A7_no84_pg038_m
	azu_QC_351_A7_no84_pg039_m
	azu_QC_351_A7_no84_pg040_m

