
Internal perceptual system noise and redundancy 

in simultaneous inputs in form identification! 

Abstraet 

Identification accuracy of forms was studied as a 

function of the number of simultaneous occurrences of 

the form on different foveal locations. A model for 

computing perceptual independence was presented and 

the data suggest that at a given moment in time internal 

noise for different elements in the visual perceptual 

system, represented by different foveal locations, is 

uncorrelated. 

IntrodaetloD 

A concept of internal perceptual noise has been applied 

fruitfully to problems in auditory (Swets, 1964) and 

visual perception (FitzHugh, 1957; Eijkman & Vendrik, 

1959). It accounts for the varying sensitivity of the S 

from trial to trial when the signal is at constant energy 

level. In part, the concept is grounded in the electro

physiological evidence that neurons and ganglia show 

spontaneous discharges in the absence of external stim

ulation (FitzHugh, 1957). The temporal distribution of 

this internal noise has been studied by Eriksen & 

Hoffman (1963) in visual perception, and the question 

arises as to whether in vision, at least, this internal 

noise may not have an areal as well as a temporal dis

tribution. It would seem reasonable that at any given 

moment in time internal noise is different in different 

parts of the visual system as represented by different 

foveal locations. Closely adjacent areas, sharing es

sentially the same microenvironment, may be expected 

to show some noise correlation, but at some minimum 

separation noise becomes uncorrelated. 

The possibility of such an areal distribution of internal 

noise can be tested by ti:le following experimental 

arrangement. An exposure duration sufficient for an 

above-chance hit rate (HR) for identification of simple 

forms singly presented is obtained. Then, keeping ex

posure duration constant, two or more of the same form 

are presented in a single exposure separated by ex

perimentally varied ~ foveal distances. If the internal 

noise corresponding to the different foveal areas 

simultaneously stimulated in a single exposure is less 

than perfectly correlated, the S's HR should increase 

with multiple occurrences of the same form. Further, 

when the retinal or foveal spacing is far enough so that 

the internal noise is completely uncorrelated, the gain 

in HR accruing through two, three, four, or more 

simultaneous exposures of the same form should be 

predictable from a model based on independence. 

To determine whether a given retinal spacing leads to 

uncorrelated noise, a model is needed to predict what 

the increment in HR should be if the two areas are 

indeed independent or uncorrelated. The usual prob-
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ability formula for predicting the occurrence of one or 

the other or both of two independent events, 2P _ p2, 

where P represents the HR for a single presentation, is 

inappropriate. A given HR contains not only the pro

portion of times the S correctly perceived the stimulus 

but also the number of times he guessed correctly. Since 

the S is allowed only one response following a multiple 

presentation of the same form in a single exposure, the 

above formula has the effect of giving double weight to 

the guessing component in the S's response. 

A somewhat more appropriate model can be con

structed by assuming that a given HR is composed from 

two states in the S, state A where he perceives the 

stimulus and state B where he guesses. In a two

category judgmental task where the a priori probability 

of a correct response is .5, the proportion attributable 

to state A can be estimated by assuming that the S 

guessed correctly the same number of times he guessed 

incorrectly. 

A more refined model is obtained if we take cognizance 

of the fact that a S's perceptual states are more complex 

than completely perceiving the stimulus or not per

ceiving it at all. Most Ss have no difficulty in reliably 

classifying their subjective confidence in their judg

ments into three categories; "certain," "think so," 

and "guess." These three ratings are typically found 

to have differential HRs. For judgments classed as 

"confident," HRs are typically higher than for judgments 

classified as "think so," and "guess" judgments fre

quently have a HR not much above chance. If we require 

an S to use three confidence categories for each judg

ment, we can make the assumption that these confidence 

ratings reflect different perceptual states: A, B, andC. 

The HR associated with each of these states can be 

empirically determined. The HR to be expected from 

two independent opportunities to perceive where each 

opportunity has the same HR, is obtained by first 

multiplying the two matrices, 

rPA 1 [PA PB Pc 1 rPAPA PBPA PCPA 1 
PB - PAPB PBPB PCPB . 

l Pc J l PAPC PBPe PePc J 
Next all proportions containing a state A are added to

gether and multiplied by the state A HR. All terms 

having a state B but not a state A are then added to

gether and multiplied by the state B HR and finally the 

term PCPC is multiplied by the state e HR. The 

summing of the three products then yields the HR to be 

expected for two independent opportunities to perceive. 

As can be seen the assumption has been made that 
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when a combination of two different perceptual states 

occurs on a given trial the probability of a correct re

sponse is determined by the highest HR associated with 

the two perceptual states that are in combination. 

The case where there are n independent opportunities 

to perceive is computed according to the same logic. 

The probability that a percepvlal state other than A will 

occur on all n independent opportunities to perceive is 

given by (1 - P A)n. The probability that perceptual state 

C will obtain on all n independent opportunities is given 

by P CAB = Pc n. The probability that a B state will 

occur but not an A in the n opportunities is 

P BA = (1 - P A)n - Pc n. Finally, the probability of an A 

state occurring on one or more of the independent 

opportunities is given by P AvA = 1- P BA - Pc n. 

,.,·.hud 
The form stimuli were the capital letters A, T, and U, black on 

white and subtending .30 of visual angle . They were presented in a 

tachistoscope containing a dark adaptation field with a faintly glowing 

x fixation point. Three retinal spacings of the stimuli were employed. 

For the 1/ 20 condition the stimuli occurred on the circumference of 

an imaginary circle having a radius of 1/20 of visual angle around the 

fixation point. For the 10 and 20 conditions the circumference of this 

imaginary circle subtended 10 and 20 radii from the center of the 

fixation point. During several practice sessions an exposure duration 

was determined for each S that resulted in 50 to 55% identification 

accuracy for only a single presentation of a form at the given retinal 

spacing. Each S engaged in four sessions at each of the three retinal 

spacings. During each session trials containing one, two, four and 

six s imultaneous occurrences of the same form were randomly 

presented to him for judgment. The forms appeared in a random 

arrangement in the positions on the imaginary circle that would 

correspond to the numbers two, four, six, eight, ten and twelve on a 

clock. Thus on some trials a S would be presented a single A in one 

of these lo cations. On other trials two, four or six As would be 

simultaneously presented in these positions. Similarly, for the Ts 

and Us. In addition to making a forced-choice judgment as to which 

of the three forms had been presented on a given trial, the S also 

rated his subjective confidence in his judgment using the numbers 

1, 2 or 3 to reflect respectively, "confident," "think so," and 

"guess." Ss were counterbalanced through all three retinal separa

tion conditions for a total of 12 experimental sessions per S. During 

each session each S made 18 judgments for single stimulus occur

rences and the same number of judgments for each of the two, four 

and six stimulus presentations for a total of 72 judgments per session. 

The Ss were six practiced Os recruited from graduate students 

and were pa id for their services. 

Results and Discussion 

Percent correct identifications were analyzed in a 

three-way analysis of variance (8s, retinal separation, 

and number of repetitions of the form in a single pre

sentation). The effect of the number of form repetitions 

was highly significant (F 3/15 = 42.5) and a significant 

condition by 8s effect was also obtained. This latter, 

however, is attributable to our inability to match 8s 

across conditions at an exposure level yielding exactly 

50% identification accuracy. There was, however, no 

indication of an interaction between number of stimuli 

presented in an exposure and degree of retinal separation 

(F 6/30=1.18). 

The data have been pooled through retinal separation 

conditions in Fig. 1 where the ± 20 range is indicated 
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Fig. 1. Predicted and obtained form identification as a function of 

the number of simultaneous OCCurrences of the form. 

for the obtained values. Identification accuracy in

creases in a negatively accelerated fashion with an in

crease in the number of repetitions of the same form 

in a single exposure. The dotted line curve in Fig. 1 is 

the predicted identification accuracy or HR using the 

model outlined in the introduction and the data obtained 

by pooling through Ss for the condition where only one 

stimulus was presented in an exposure. Theprobability 

of perceptual states A, Band C, as inferred from the 8s' 

confidence ratings, were .117, .291, and .592. The differ

ential HRs associated with these perceptual states were, 

respectively, .812, .597, and .437. 

The model provides a satisfactory fitfor the observed 

data points. It may also be pointed out that the pre

dictions are made on the basis of six empirically 

derived values for each 8, each prone to sampling; error. 

Whatever error occurs in estimating the probabilities 

and HR for the three perceptual states in the single 

presentation condition becomes magnified a's n in

creases. The lack of a significant interaction between 

degree of retinal spacing of the stimuli and number of 

stimuli presented in a trial suggests that, at the degree 

of separation between forms employed in this study, tHe 

internal perceptual noise corresponding to the re

spective foveal areas stimulated is already uncor

related. The lack of correlation is attested by the close 

fit of the observed data points to the pOints predicted 

on the assumption of zero noise correlation. Even under 

the 1/20 condition the forms were about 10 apart a 

large proportion of the time due to their spacing on the 

1/20 radius. 
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