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The study concerns how human observers .iudge the relr::.tive posi ti :.r" 

of successively presented points of light in an otherwise dark fielc. In 

:particular, the possible role of involuntary head movements and. binocu ·. [~Y/ 

monocular viewinp: conditions is considered. The data are analysed in te~·:··~ 

of a mathematical model of the perceptual process which deals vi th sho:~'­

tcrm memory for visual nosition. Contrary to previous sup;p.;estions in the 

literature, neither of the viewing variables proved to have a significant 

effect. In addition, the results provide a strong test of the theoretical 

model which appears to confirm the model's validity. The results of this 

study are shown to suggest a particular direction for future experiment­

ation. 

ii 



Acknowledgment 

The author would like to express his appreciation to Dr. Ronald 

Kinchla without whose help this paper would not have been possible. Thanks 

are also due to Dr. A. B. Kristofferson and Dr. G. R. Morrison for their 

helpful sugr,estions relatin~ to the analysis of the results. 

Finally I would like to acknowledge Lorraine Allan for her 

patience during extended conversations relating to this work, to Cy Heber 

who prepared the graphs and to Susan Winegarden who typed the manuscript. 

iii 



Table of Contents 

Page 

Introduction 1 

A t1athematical lltodel of the Perceptual Process 5 

Apparatus and Procedure ................. 11 

Results ................... 13 

/ 

Theoretical Analysis and Discussion .............................. 17 

Conclusion 32 

References 34 

Appendix A 35 

Appendix B 44 

iv 



Figures 

l. Schematic of model. 

2. Distribution of Yt conditional on the difference between s 0 and st. 

3a. Estimated (~oints) and predicted (lines) values of ~t given ~. for 

Observers 1 and 2. 

3b. 

4a. 

Same as 3a for Observers 3 and 4. 
2 Estimated (noints) and predicted (lines) values of at given ~ 

for Observers 1 and 2. 

l~ b. Same as 4a for Observers 3 and 4. 

5. Estimated (points) and predicted (lines) values of ~t given an 

overall estimate of ~ for each observer. 

6. Proportion of different responses at each value of the inter-stimulus 

interval combining all the data at each value oft. 

7. Estimated values of the criterion in degrees visual angle, given 
~. 

an overall estimate of ~ for each observer. 

v 



Tables 

1. Hit and false-alarm proportions based on the data from each com­
bination of view-ing condition and time. 

2. Summary of Chi-Square tests on the effect of t and each of the two 
view-in~ variables. 

3. Estimated and predicted values of ct. 

4. Hit and false-alarm proportions based on all the data from each 
t value for each observer. 

5. Estimated and predicted values of ot based on all the data from each 
t value for each observer. 

6. Average proportion of different responses ~pdiff) and estimated values 

of the criterion in degrees visual angle (Ct). 

vi 



Introduction 

The introduction of Decision Theory into Psycholov,y and its 

application in psychophysics ha,ve made it possible to obtain a measure of 

an observer's "sensitivity" in certain discrimination tasks which is 

relatively unaffected by such "non-sensory" factors as his expectancies 

and the costs or gains associated with the various stimulus-response 

contingencies. This statistical decision making approach to human sir:nal 

detection and a comprehensive treatment of its application in psychophysical 

research is presented in a book by Green and Swets (1966). In a paner 

by R. A. Kinchla and F. Smyzer, !:._ Diffusjo~ Model pf Perceptual_ Me~ 

(1967), a model is presented to represent the way in which an observer 

compares two stimuli presented at different points in time. The model 

developed by Kinchla is an extension of previous detection theory in that 

it represents how an observer's ability to discriminate two stimuli is 

reduced by the temporal interval between successive stimulus presentations. 

Of interest here is Kinchla and Smyzer's application of the model 

to data from a visual position discrimination task. The task required an 

observer to detect a lateral difference in position between two small 

noints of li~ht flashed successively in the dark with a time interval 

between flashes. The stimulus display, positioned at eye level with the 

observer seated some distance away, consisted of two circular white lights 

horizontally separated from each other. Each trial began with a warnin~ 

tone followed by a 100 msec. illumination of the light on the right of the 

display. Then, after some temporal delay, either the same light or the 

second light, displaced to the left of the first, came on for another 100 

msec. Finally, the observer had two seconds in which to indicate one of 

two possible decisions: "both flashes occurred in the same position" or 

"the second flash was displaced to the left of the first". 

It is clear that in order for an observer to distinguish a difference 

in position between two visual stimuli separated in time he must in some 

sense maintain a "memory" of the first stimulus position until the occur-



renee of the second. The lon,9:er the delay between the two stimuJ.i the 

poorer will be his memory of the first when the second is presented. 

Kinchla's model represents a memory decay of this sort as a type of 

2 

random walk process. Kinchla and Smyzer suggest that the loss of position 

information represented by this theoretical random walk may to a larr:e 

extent reflect overt involuntary eye movements durinp; the interval between 

the two lip;ht flashes. There is evidence from another study which indicates 

that eye movements play a macior role in this sort of discrimination (f1atin, 

Pearce, Matin, and Kibler, 1966). Using a similar task L. Matin and his 

colleagues have investigated the possible role of eye movements and ocular 

proprioception in position or direction perception. Horizontal eye move­

ments were measured, using a contact lens and mirror technique, '1-rhile 

an observer gave psychophysical reports regarding the position of a point 

of light relative to a fixation point extinguished some time earlier. The 

stimulus display consisted of a horizontal array of 9 circular lip;hts. Each 

trial consisted of a four second illumination of the center light followed 

by a fixed temporal delay of 3 seconds whereupon one of the other lights 

to the left.or right of center came on for 6 msec. This is contrasted with 

the procedure used by Kinchla and Smyzer in which 100 msec. duration flashes 

were used and the inter-stimulus delay was varied in ~ second increments 

from .5 seconds to 2.0 seconds. Matin's results indicate that a large 

portion of the psychophysical response variability is accounted for by 

involuntary eye movements, primarily continuous drifts with relatively 

few saccadic movements. In terms of the discrimination problem, these 

findings indicate that it is not only the relative physical position of 

the stimuli on the display that determines an observer's response, but 

the relative point of stimulation on the retina. The relative points of 

retinal stimulation depend to a large extent on involuntary eye movements 

during the inter-stimulus interval. 

In addition to the longer presentation of the initial fixation 

point in the Matin, et al. study, there are two other factors which make 

it difficult to compare their data with those of Kinchla and S~vzer. Matin, 

et al. used a biting block in con,junction with monocular viewing in their 



3 

study whereas Kinchla-Smyzer's observers viewed binocularly with no special 

head stabilization. Thus in regard to head stabilization, it mir;ht be 

suspected that involuntary head (and body) movements could result in 

poorer performance by Kinchla and Smyzer's observers since such movements 

during the inter-stimulus interval could influence the relation of the 

two points of retinal stimulation in the same manner as involuntary eye 

movements. Kinchla and Smyzer do, in fact, suggest that stabilizing the 

observer's head with a biting block might reduce the magnitude of the 

position memory loss by as much as fifty percent. The other difficulty 

in comparing the Matin and Kinchla-Smyzer data is that monocular and 

binocular viewing may not be equivalent. For example, note that while 

view·ing binocularly two retinal input values are available to the observer 

with the occurrence of each light stimulus, one in each eye. Some sort 

of perceptual mechanism could conceivably compare the position information 

available in each eye. Since it has been reported that involuntary slow 

drift movements, a major factor in the loss of position information, 

are essentially random and uncorrelated between the two eyes (Krauskopf, 

Cornsweet, and Riggs, 1960), the comparator might reduce the loss of 

position information by averaging out part of the random effect of the 

slow drift movements. 

In another, as yet unpublished, study by !11atin, Matin, and Pearce,1 

eye movements were measured in two dimensions in a similar psychophysical 

task. A measure of the variance of involuntary eye movements during a 

3 sec. inter-stimulus interval was obtained for one observer and was on 
2 

the order of .05 degrees /sec., about~ the typical value obtained 

indirectly in the memory study. Thus according to the preceding arguments, 

the larger estimate of memory variance obtained from the psychophysical 

data in the Kinchla-Smyzer study could be due in part to uncontrolled 

head and body movements. Of course, it is altogether possible that the 

indirect psychophysical measuring technique is simply not sufficiently precise. 

1Matin, L., Matin, E., and Pearce, D., Columbia University (nersonal 
communication). 



The nresent study is primarily an a.ttemnt to sepa.rate and identif~r 

some of the individual factors which may alter performance and consefluently 

either raise or lower the rate of memory loss in this discrimination. 

Specifically, two factors were examined: the extent of head stabilization 

and monocular versus binocular viewing. It was also expected that the 

study would provide more information on which to evaluate the ~enera1 

validity of Kinchla's model and the value of the "diffusion rate" as a 

measure of visual position memory. 
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In this section the model developed by R. A. Kinchla (Kinchla 

and Smyzer, 1q67) will be reviewed, notn.tion introduced, and some measures 

defined which will be used later in our experimental analysis. (The 

reader is referred to the original paper for a more detailed development 

of the model.) The model applies to perceptual tasks in which the 

observer makes similarity Judgments rep;arding two successively presented 

values of some stimulus variable. We shall denote the first value which 

terminates at time zero by s 0 and the second value which is introduced 

at timet by st. 

The observer's performance in a discrimination task of this sort 

in which st is either equal to s 0 or equal to s 0 plus a constant denoted 

~s , may be summarized by two proportions: the proportion of hits and 

the proportion of false-alarms. The proportion of hits equals the number . 
of trials on which the observer correctly reported a stimulus increase 

divided by the total number of trials on vThich s 0 and st were in fact 

different. The proportion of false-alarms equals the number of trials 

on which the observer incorrectly reported a stimulus difference divided 

by the total number of trials on which s
0 

and st were actually the same. 

These proportions may be treated as estimates of corresponding conditional 

probabilities: the probability of a hit, Pr(H), and the probability of 

a false-alarm, Pr(FA). For our purposes it is sufficient to note that 

the model accounts for changes in the hit and false-alarm proportions 

produced by variations in the inter-stimulus delay (t). 

The basic structure of the model is shown schematically in Fi~. 1. 

It is defined by Kinchla and Smyzer as follows: 

Each time some value of the stimulus variable initiates the 

input process, it evokes some value of the sensory variable 

X. The values of the stimulus variable at time 0 and at time t 

are denoted, respectively, by s 0 and st. Similarly, the values 
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of the sensory variable evoked by s 0 and st are denoted by x0 
and xt. Since xt occurs Jater in time than x0 , the observer 

stores x
0 

in memory until time t. He then makes a simiJ.arity 

decision regardin~ s 0 and st on the basis of the discrepancy 

between mt' his memory of x0 at timet, and xt. Thus three 

processes interact to determine the relationship between 

stimulus and response: input, memory, and decision. 

Repeated inputs of' the same stimulus value, s, do 

not necessarily evoke the same sensory value~ however, the 

distribution of the evoked values wiJ.l be Gaussian with an 

expected value equal to the actual stimuJ.us value. (Thu·s x 

can be expressed in the same units as s~. 

The Hemor_y Pro~ess 

Once the sensory value x
0 

is stored in memory at time 

0, it is diffused or modified through a random walk process 

until it is read into the decision process at time t as the 

memory mt. One step in the random waJ.k occurs every 1/E 

seconds ,.,hen the value in memory is increased by the amount w 

with probability p, or decreased by the same amount with 

probability 1-p. (He shall assume the unit parameter is chosen 

so that mt is in the same units as s). · 

The Decision Process 

The observer has some response criterion at timet, 

which we shall denote Ct' and only reports a stimulus difference 

if the discrepancy between xt and mt exceeds ct. 

Note that the memory of x0 at time t (mt) will depend upon the initial 
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input value (x
0

) plus the net effect of the random walk. Thus the anparent 

difference between the two stimulus events for the observer is specified in 

the model as the discrepancy between the actual sensory event at timet (xt) 

and his memory of the initial sensory event (x0 ) at timet (mt). Thus it 

will be useful to define this discrepancy as the value yt' where: 

(1) 
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It can be shovn (Kinchla-Smyzer, 19[;7) that this process leac1s to a 

decision nroblem for the observer represented schematically in Fir~. 2 

by t1vo overlappinf"> distributions. 'l'he distributions should nctually be 

discrete binomial functions~ however, since they usuall;r can be annroxima.ted 

closely by the simpler Gaussian distribution, this apnroximation will be 

used here. They represent the theoretical samplinf"> distributions of yt 

under the two possible stimulus conditions: st eaual to s 0 and st equal to 

s
0 

plus t:J.s . The model represents the observer as establishinp; some cutoff 

point or criterion value of yt' denoted Ct' and reporting a stimulus 

difference only if the observed discrepancy exceeds Ct. Thus the hit and 

false-alarm probabilities will be determined by the area to the rip;ht of 

Ct under the appropriate curve. Furthermore, any change in the hit pro­

portion due to a change in criterion will result in a corresponding, but 

generally unequal change in the proportion of false-alarms, with the sen­

sitivity measure (ot) remaining constant. 

It can also be shown that the observer's sensitivity can be 

summarized by the quantity ot defined as follows 

/:J.S 

=1at 2 
(2) 

where !:J.s is the physical separation bet'\-reen the two lights and at
2 

is the 

variance of the distribution of discrepancies between mt and xt. It can 

also be shmm that a consequence of the model is that 

2 
a = "'t + K t 'I' 

(3) 

where <Pt is the variance in Yt accrued during the inter-stimulus interval 

and K is the sum of the variances of x0 and xt (see Fig. 1). Thus we 

shall refer to <Pt as the "memory variance" and K as the 11 input variance". 

In the visual experiment reported by Kinchla and Smyzer the input variance 

was found to be negligible so that it was possible to use the model in a 

one parameter form with K equal to zero. Thus ot' the number of standard 

deviations separating the means of the distributions in Fig. 2, was simply 

a function of !:J.s (the stimulus difference), t (the inter-stimulus interval), 

and <P (the diffusion rate). 



Estimates of ot can be obtained directly from the hit and false­

alarm proportions by consultin~ a table of normal deviates (in a manner 

which follows obviously from a consideration of Fig. 2). This estimate 
2 

of ot' denoted at, can then be used to estimate ot by substitutin~ in 

Eq. 4 (this equation follows algebraically from Eq. 2). 
2 

= (~) 
at 

(4) 

An estimate of the variance for each t value may then be plotted against 

time. Since ot2 is theoretically a linear function oft (Eq. 3) a best 

fitting straight line (in the least squares sense) is then fitted to 

these points. The slope of this line may be considered an estimate of ¢ 

denoted¢; note that ¢ is simply the rate at which the memory variance 

increases during the inter-stimulus interval. Furthermore, if we make 

the simplifying assumption, suggested earlier, that the input variance 

(K) is negligible, then by Eq .. 3 

(5) 

In this special one parameter form of the model ¢ is obtained by fittin~ 
"' 2 

the best linear function with intercept 0 to the plot of ot against t. 

Hith this overall estimate of ¢ and Eq. 3 we can obtain predicted values 

of ot2 . Then substituting these predicted values of ot
2 

in Eq. 2 will 

yield predicted values of ot based on the overall estimate of¢. Finally 

plotting these predicted values of ot for each value of t indicates how 

sensitivity should theoretically change as a function of the delay 

between flashes. Later we shall consider how a comparison of these pre­

dicted and estimated values of ot indicates the extent to which the model 

is consistent with an observer's performance. 

9 

To summarize, given the hit and false-alarm rates for each t interval 

an overall e?timate of ¢ may be obtained which reflects the rate of memory 

decrement during the inter-stimulus interval. Predicted values of ot may 

then be obtained using this single parameter ¢. The degree to which the 

individual predictions are consistent with the estimates of ot for various 

t values is the basic test of the model. 
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It is of additional interest to consider the manner in vrhich 

estimates of Ct' the decision criterion, can be obtained from an observer's 

performance. If the model were correct, the differences between the 

observed hit and false-alarm rates and the predicted ROC curve (i.e., the 

set of performances produced by changes in criterion with a fixed sen­

sitivity) must be attributed to sampling variance. Thus the best estimate 

of Ct will be obtained by usin~ that point on the predicted ROC curve 

nearest (in the least squares sense) the observed data point. The false­

alarm rate at that point would by definition equal the area to the right 

of Ct under the distribution of Yt forst equals s
0 

(see Fig. 2). Con­

sulting a table of normal deviates vrill indicate the distance betvreen 

~t and the mean of the st equal s 0 distribution in sigma units (denoted 

c;). The criterion expressed in~~egrees visual angle, denoted Ct' may 

then be obtained by multiplying Ct (the criterion in sigma units) times 

the predicted values of crt
2 

for each t delay. 
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~.:e_r_aratus and Procedure 

The stimulus display consisted of tvTO circular vrhi te lir;hts ·,·rhich 

were laterally separated from each other. Each light (Dial co II 39, 28V, 

.Olt amp. operated at 20V) was .165 em. in diameter with a luminance of 

lt millilrunberts. There 1-ras a ~. 8 em. separation between the midpoints 

of the tvro lights. The timing of stimulus presentations was electror::ically 

controlled to an accuracy of 1 msec. and their sequence was automatically 

programmed through punched paper tape. The display was placed 3.65 

meters in front of the seated observer at eye level so that the distance 

between the two lights subtended a visual anp;le of . i~l~ degrees '\oThile the 

diameter of each light subtended .026 degrees. The separation between 

the two lights remained constant during the experiment. 

Each of the four observers sat in complete darkness and tried to 

detect a lateral difference in position between two successive present­

ations of light with a time interval (t) between flashes. Each of the 

observers had an uncorrected visual acuity of 20/20 or better in both 

eyes which was determined using a standard eye chart. Each trial began 

withal second, 1000 cps, auditory warning signal. At the offset of 

the warning tone the light on the left of the display came on for 100 msec. 

and then went off. Then, after some time delay, either the same light or 

the light on the right of the display came on for another 100 msec. At 

the offset of the second light the observer had two seconds to indicate 

either that the two flashes had occurred in the same position _("same" 

response) or that the second flash was displaced to the right of the first 

(
11 different" response). He indicated his decision by pushing one of the 

tvro push buttons located on the arm of his chair. 

In terms of the model, the stimulus variable S corresponds to the 

horizontal position of each light expressed in degrees visual angle from 

the midpoint of the light on the left of the display. Thus, the initial 

value of S on each trial (s0 ) would always be 0 degrees while the com­

parison value (st)' which occurs following the inter-stimulus delay (t), 

could equal 0 degrees or .44 degrees. The sequence of stimulus presen­

tations was separately determined for each block of 50 trials. In each 



such sequence, st equaled s 0 (o dep;rees) on a randomly determined ?5 

trials, 1vhile on the remaininp; 25 trials st equaled . 4lt dep;rees. An 

experimental session consisted of eip:ht such blocl~s with a preliminary 

dark adaptation period of 10 minutes and one minute rest periods (in 

the dark) between blocks. There were 4 values of the inter-stimulus 

12 

delay: t equal .5, 1.0, 1.5, or 2.0 seconds. Each of the 8 possible 

combinations oft value with and without the biting block was in effect 

throughout one of the eight blocks of 50 trials. The seauence of con­

ditions was randomly determined within each such session. During alternate 

sessions the observer viewed the display either monocularly or binocularly. 

In this way, each observer participated in 32 daily 50 minute sessions: 

the first eight of these sessions were considered practice days and were 

not included in the final data analysis. Thus, twelve blocks of 50 trials 

each were collected for each of the 16 combinations of four viewing con­

ditions and four t values for a total of 600 trials per condition. 

Each observer had his own biting block consisting of a heavy gun.ge 

aluminum plate which could be fastened to a rigid stand bolted to the floor 

of the experimental chamber. To ensure rigid head fixation, a solid mold 

of each observer's teeth was formed on his biting block using dental 

impression compound. The head stabilizing apparatus was situated below 

eye level so that it offered no discernible interference in viewing the 

display. 

The observers were informed of the physical structure of the 

stimulus display, the random method for generating stimulus sequences 

and the relative frequency of occurrence of the two stimulus events in 

each block of 50 trials. In addition, each observer was informed of the 

total number of his correct responses at the conclusion of each session 

in an attempt to maintain a reasonable level of motivation; however, 

trial by trial feedback was not included in this experimental design. 
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Results 

Each observer's performance may be summarized by the average hit 

and false-alarm proportions obtained for each of the 16 combinations of 

four viewing conditions and four inter-stimulus delays. Each proportion 

is based on 300 trials so that each pair of hit and false-alarm proportions 

is based on 600 trials (as specified in the procedure section). These 

values appear in Table 1 and comprise the basic data on which the the­

oretical analysis is based. However, for our statistical analysis, the 

frequencies of the four stimulus-response contingencies were organized 

in a two by two matrix for each of the 16 combinations. The statistical 

significance of the effect of each experimental variable vras evaluated 

by three Chi-Square homogeneity tests,
1 

one for each variable. Each of 

the stimulus-response matrices compared in a particular test were obtained 

by combining all the data obtained under each value of the experimental 

variable being evaluated. Thus, two matrices were compared in the tests 

for each of the two viewing variables and four matrices were compared in 

the test for the inter-stimulus time (t) variable. If the null hypothesis 

were correct, then differences in the relative frequency of responses in 

the corresponding four cells of the compared matrices were produced by 

sampling error alone and not from systematic differences in experimental 

effects, i.e., the frequencies in each matrix were generated by the same 

stochastic process. Assuming the null hypothesis were true, the best 

estimate of the expected frequency in a particular cell is the average 

frequency in that cell among the matrices being compared. Given these 

expected frequencies, a Chi-Square may then be calculated in the usual 

manner. Table 2 presents the results of these tests for each observer. 

The Chi-Square for the inter-stimulus delay (t) was significant at the 

.001 level for each observer evaluated with 6 degrees of freedom. However, 

evaluated at 2 degrees of freedom neither of the two viewing variables 

------------- ------------- -----------
1A detailed discussion of this type of Chi-Square test is 

presented in Suppes and Atkinson, 1960. 



TABLE 1 

Hit and False-Alarm Proportions Based 
on the Data from Each Combination 
of Viewing Condition and Time.* 

Obs.l Obs.2 Obs.3 Obs. i~ 

t H FA H FA H FA H FA 
-----------------· 

. 5 .88 .18 .79 .17 . 71• .19 . 72 .n 
Binocular 1.0 .75 .24 .68 .25 .58 .18 .51 .19 Biting Block 

1.5 .67 .25 .62 .28 .59 .26 .56 .29 
2.0 • 71 .29 .62 .29 .51 .25 .57 .21 

------------------·----·-

.5 .81 .26 .77 .16 .71 .19 .74 .21 
Binocular 1.0 .72 .25 .69 .25 .62 .24 .62 .22 
No Biting Block 1.5 .68 .25 .62 .29 .61 .29 .61 .23 

2.0 .66 ·.35 .59 .29 .53 .31 .58 .35 

.5 .84 .18 .83 .15 -77 .17 .71 .17 
Monocular 1.0 .74 .21 . 73 .24 .69 .25 .62 .24 
Biting Block 1.5 . 73 .30 .63 .28 .67 .28 .62 .29 

2.0 .75 .30 .63 .31 .61 .30 .58 .31 

.5 .81 .26 .81 .21 .74 .21 .75 .21 
Monocular 1.0 .74 .29 .68 .29 .69 .26 .67 .24 
No Biting Block 1.5 .68 .30 .61 .29 .62 .30 .62 .32 

2.0 .66 .37 .64 .32 .61 .28 .66 • 31• 

* Each proportion is based on 300 trials since each stimulus occurred 
300 times in ~he 12 blocks of 50 trials under each of the 16 test conditions. 



TABLE 2 

Summary of Chi-Square Tests on the Effect of t 
and Each of the Two Viewing Variables 

Obs. 

1 
2 
3 
4 

Total Chi-Square 

Total df 

* Significant 
** Significant 

Time 
df = 6 

126. 738?:·* 
182 .129*•)< 
122.394** 
114.976** 

546.237** 

24 

at .05 level 
at .001 level 

Bite Block/No Bite Block 
df = 2 

6.288* 
.850 
.683 

2.949 

10.770 

8 

15 

Monocular/Binocular 
df = 2 

.046 

.832 
5.424 
2.355 

8.657 

8 



show·ed differences statistically sip;nificant at the . 01 level for any 

of the observers~ althouv,h the effect of the bitinB block variable was 

significant at the .05 level for Observer 1. Overall Chi-Square values 

were computed for the effect of each experimental variable by summinr; 

the appropriate Chi-Square value from each observer. These results 

•rere evaluated at 2h degrees of freedom for the t variable and 8 def>:rees 

16 

of freedom for each of the viewing variables. ~mile the overall Chi-Square 

for the t value was significant at the .001 level of confidence, neither 

of the vie1ving variables were significant at the . 05 level. 
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Theoretical Analysis and Discussion 

As indicated in the earlier discussion of the model, estimates of 

each observer's sensitivity, denoted ot' may be obtained for each condition 

using the observed hit and false-alarm rates. 'I'hese estimates are pre­

sented graphically as data points in Fig. 3a and 3b and numerically in 

Table 3. Each of the four vieving conditions for each t delay is pre­

sented. (lf.hile the Chi-Square values in Table 2 indicate no si~nificant 

effects for the vieving variables, a comparison of the variables in terms 

of the model vas conducted, since features of the data to vhich the 

statistical test vas not sensitive might have become apparent.) 

model 

total 

'I'he extent to which the estimates of ot are consisten-t: with the 

requires an estimate of the diffusion rate ~ , denoted ~ , and the 
. . 2 d (J- 2 h f th . . 1nput var1ance o

0 
, denote 

0 
, for eac o e four v1evnn~ con-

ditions. The data were examined for each observer as follows. Usin~ 
A 

Eq. l+ with the appropriate substitutions ( .1+1~ for b.s and ot for ot), an 

estimate of ot2 may be obtained for each t value. These estimates are 

plotted as points in Fig. 4a and l+b. The linear theoretical curves are 

based on Eq. 3 which specifies that ot2 is a linear function oft with 
2 slope ~ and intercept o0 • However, upon fitting straight lines to the 

data points it became a.p:ra.rent that input variance in this discriminatj_on 

is a negligible quantity. The variance of the four intercepts (one 

for each viewing condition) about the origin for Observer 1 through 4 were 

respectively, .0005, .0005, .OOh4 and .0037 square degrees visual angle. 

(This finding is in agreement with Kinchla and Smyzer, 1967.) Thus, these 

linear functions represent the least-squares fit for a· linear function 

through the origin. The slope of the line in each case represents an 
A 

estimate of the "diffusion rate" (~). The linear functions provide a 

reasonable fit to the data for all observers under each of the four viewing 

conditions .. The goodness of fit of the model is considered in more 

detail later in this section. Although no detailed comparison of the 

viewing conditions will be presented in terms of the diffusion rate, a 

visual comparison in Fig. 4a and 4b suggests that the biting block may 
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TABLE 3 

Estimated and Predicted Values of ot 

Obs. 1 Obs. 2 Obs. 3 Obs. 4 

6tPred.6t 6tPred.6t otPred. ot 6tPred.6; 

.5 2.09 2.08 1. 76 1.64 1. 52 1.45 1.53 1.57 
Binocular 1.0 1.38 1.48 l.ll-t 1.16 1.12 1.03 ·1.16 1.11 
Biting Block 1.5 1.12 1.20 .88 .95 .87 .8lt . 70 .90 

2.0 1.11 1.01+ .86 .82 .70 .73 .98 .78 

.5 1. 52 . 1. 71 1. 73 1. 55 • 1.44 1.27 1.44 1.33 
Binocular 1.0 1.26 1.21 1.18 1.10 1.01 .90 1.08 .94 
No Biting Bloclc 1.5 1.14 .99 .86 .90 .84 . 73 1.02 .77 

2.0 .80 .86 .78 . 78 .58 .64 .58 .66 

. 5 1.90 2.18 1.99 1.67 1.69 1.65 1. 50 l.h3 
Monocular 1.0 1.4h 1. 5lt 1.32 1.19 1.18 1.17 1.01 1.01 
Biting Block 1.5 1.14 1.25 .91 .97 1.02 .96 .86 .83 

2.0 1.20 1.09 .84 . 8lt .80 .83 . 70 .72 

.5 1.52 1. 57 1.68 1. 56 1.44 1.59 1.1+8 1. 52 
Monocular 1.0 1.20 1.11 1.02 1.10 1.14 1.13 1.14 1.08 
No Biting Block 1.5 1.00 .91 .84 .90 .83 .92 .78 .88 

2.0 . 71~ .78 .83 . 78 .86 .80 .82 .76 
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result in a small clecren,se in the rate of memory lm~s. However, the 

overall variability in the data points precluclcG an;r definite cone] us ions 

re~ardin~ the bitin~ block (as indicated by the ],ack of sipnificance of 

the Chi-Souare test). At any rate, more data would be needed to establish 

the existence of such effects, since they must be very small if they exist 

at all. 

The estimated values of 4J may be used to obtain predicted values 

of ot' denoted Fred. ot, which may then be compared with the observed 

values. Substituting in Eq. 3, ~ for ~ and assumin~ zero input variance, 
' 2 

predicted values of crt may be obtained for each t delay. Then substituting 
A 2 2 

in Eq. 2, o t for crt - and . 44 for !:.s predicted values of 6 t may be obta,ined. 

These predicted values of ct are presented numerically in Table 2 and 

graphically (solid and dashed lines) in Fig. 3a and 3b. It seems clear 

that the single parameter form of the model provides a generally good pre­

diction of each observer's performance. 1 However, it is also worthwhile to 

consider, in some more quantitative terms, how well the model accounts 

for changes in sensitivity over the range of inter-stimulus delays. Since 

the null hypothesis could not be rejected with regard to the viewing 

variables, it is advantageous to combine the data for each t delay over the 

four viewing conditions to obtain average sensitivity values at each delay 

based on four times as much data as employed in the individual condition 

estimates shown in Fig. 3a, 3b, 4a, and 4b. A convenient test of the model 
"' can then be made as follows. Taking the variance of ct for the four t 

values around their mean as an estimate of the total variance in the 

dependent variable, and the variance of these same four values about 

their predicted values as an estimate of the unpredicted variance, one may 

obtain the proportion of the total variance accounted for by the model. The 

proportions were calculated for each observer and indicated that the model 

accounts on the average for about .96 of the total variance; the actual 

1 Further support for the general applicability of the model in 
visual discrimination is provided in Appendix B in which additional data 
from Observer 2 is presented. These data are from an unpublished experiment 
by this author in which a greater range of inter-stimulus delays were 
employed than were used in the present study. 



values obtained for Observers 1 throuo:h l1 were, respectively, . 911, • 92, 

.99. and .99. Thus the model accounts for o. substantial part of the 

total vario.nce. The hit and fo.lse-alarm proportions obtained by poolinr 

all the data from each t value for each observer are nresented in Table 

l1. The observed and predicted values of c\ on which this test was based 

are presented numerically in 'l'able 5 and f':raphically in Fig. 5 alonp: 

with the average ¢ for each observer. 

It is also of interest to consider the observer's decision 

criterion (discussed previously in the section on the model) in relation 

to the inter-stimulus interval. Since an initial analysis revealed no 

systematic differences in the observer's criterion with respect to the 

viewing variables, estimates based on all the data in Table 4 are presented 

here. It will be useful to first consider the total proportion of "different" 

responses made by each observer at each value of·the inter-stimulus interval. 

These proportions, denoted Pdiff' are presented numerically in Table 6 
and graphically in Fig. 6. It is apparent that each observer maintains 

an approximately constant proportion of "different 11 responses. In fact, 

this proportion is very nearly .5 in each case which is reasonable since 

the observer knew a priori that the two stimuli would occur equally often 

during each block of trials. However, since sensitivity is chan~ing as 

a function of the delay between the two stimuli, it must be true that the 

observer is changing the absolute value of his criterion in order to produce 

the same distribution of responses at each t delay. Estimates of the 
" 

observer's criterion in degrees visual angle (Ct) are presented in Table 

6 and Fig. 7. These estimates may be thought of as the minimum discrepancy 

in degrees visual angle that must.occur between the memory of the first 

stimulus and the position of the second stimulus at time t in order for 

the observer to respond "different". A stabile proportion of "different" 

responses implies that the criterion shifts to the right as the variance 

of the distribution of discrepancies between the memory for the standard 

and the comparison stimulus grows larger under the two possible stimulus 

conditions. Only if the observer's criterion is located midway between 

the means of the two distributions in Fig. 2, will the criterion remain 
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constant as the variance of yt increases durinp; the inter-stimulus interval. 
? 

If Ct is initially not at this midpoint, it must move toward it as at 

increases for the proportion of !'different'' responses to remain constant. 

Thus the variability in criterion around the midpoint (around .5 eSt or 

. 22°) as seen in the ,o:raphs for Observers 1 and l1 is generally consi sta.nt 

1vi th this interpretation. 

MILLS MEMORIAL LIBRARY 
McMASTER UNI'I-::RSITY 
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TABLE 4 

Hit and False-Alarm Proportions Based on All the 
Data from Each t Value for Each Observer 

Obs.l Obs.2 Obs.3 Obs.4 
t H FA H FA H FA H FA 

.5 .,84 .22 .80 .17 . 71.~ .19 . 73 .19 
1.0 .74 .25 .70 .26 .65 .23 .63 .22 
1.5 .69 .28 .62 .29 .62 .28 .60 .28 
2.0 .70 .33 .62 .30 -57 .29 .60 .30 
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TABLE 5 

Estimated and Predicted Values of c 
t 

Based on All the Data from Each t Value for Each Observer 

Obs. 1 Obs. 2 Obs. 3 Obs. 4 

ct Pred. ct ct Pred. ct ct Pred. ct 

1. 76 1.90 1. 79 1.59 1.52 1.50 1.49 1.52 

1.32 1. 34 1.16 1.13 1.12 1.06 1.10 1.08 

1.08 1.09 .86 .92 .88 .87 . 84 . 88 

.96 .95 .83 .80 .74 . 75 . 78 . 76 
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TABLE 6 

Average Proportion of "Different" Responses (Pdiff) 

and Estimated Values of the Criterion 
~ 

in Degrees Visual Angle ( ct) 

Obs. l Obs. 2 Obs. 3 Obs. 
~ 

pdiff. ct pdiff'. ct pdiff. ct pdiff . 

.53 .19 . 49 .23 .47 .25 .46 

.50 .22 .h8 .2lr . 4lr .29 .1!3 

.49 .24 .46 .27 .45 .29 .44 

.52 .20 .h6 .28 .113 .33 .45 
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ct 
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.31 

.30 

.30 
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Conclusion 

The results of this study are consistent with the findings of 

Kinchlo. and Smyzer (],.967) and provide a stronger test of the memory r.:odel 

because of the more extensive data collection. A 2:0odness of fit test 

indicated tha.t the stationary diffusion rate concept of this simnle perceptual 

rr,emory process accounted for about 96 percent of the mean chnnr:es in 

sensi ti vi ty produced by varyine; the delay betveen the flashes. 

Given the internal consistency in the do.ta as re~ards the influence 

of t, it seems clear that the v:ie"~>rin~ condition effects, if any, are 

relatively small. It would appear that although head and body movements of 

some magnitude must occur during the inter-stimulus interval their effect 

relative to other factors contributing to the loss of visual position 

memory is quite small. The lack of significant differences in monocular 

versus binocular viewing suggest that one retinal input at the time of 

occurrence of the light flashes is sufficient and that the additional 

impression available from the other eye when viewing is binocular, merely 

provides redundant position information. This finding is curious since 

the information from the second eye, given that involuntary slow drift 

movements are uncorrelated between the two eyes, could increment sensi­

tivity while viewing binocularly. Some observers did report seeing two 

lights simultaneously when, in fact, only a single flash occurred. This 

might indicate that convergence error is confounded with the binocular 

viewing effects. Presumably, by simply increasing the duration of the 

light stimuli, any convergence error could be eliminated in that the viewer 

would have ample time to properly fixate the flash. 

Prior to collecting the data in the present experiment, it was 

thought that our diffusion rate measure ¢ would more closely approximate 

the direct estimates of involuntary eye movements obtained by Matin et al. 

when monocular and fixed head viewing conditions were in effect as they 

were in their study. However, the average ¢ value obtained from the four 

observers was actually about three orders of magnitude larger. Thus, it 

would appear that either other differences in the two procedures account 



for the differences in the map;ni tudes of the tvro estimates or that the 

estimate derived from t,he model simply does not adequately reDresent the 

variance of involuntary eye movements. It was nointe~ our previousJs 

that Matin, et al. ernn1o;yed a l1 sec. duration initial stimulus vrhereas 

Kinchla-Smyzer used a 100 msec. duration initial stimulus. i1ddi t:Lonal 

un:nublished data collected by this author usinn; a single observer su~ro:ests 

that the duration of the initial stimulus is an important vari2.ble. The 

sc::r::e discrimination task used in this paper -vms employed with lonn:er 

initial stimulus durations. Four sessions were run for each of four 

different initial stimulus durations ranging from .5 to 2.0 sec. The 

average value obtained for this observer (Observer 2 in the main exneriment) 
0 

was . 065 deg. c.../sec., very similar to the estimate obtained by !J!atin, et al. 
2 of . 05 dep;. /sec. Although the present estimate was based on ~.ata. points 

representinp; 1600 trials each, it vas obtained by combining all the data 

from the several durations tested, as well as from all the viewing conditions. 

The results are presented simply to point out a potentially fruitful 

direction for future research. A study in which the psychonhysical pro­

cedure used by Matin, et al. was completely replicated would provide the 

best comparison of the two measuring techniques. 
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APPENDIX A 

This section presents the daily hit (H) and false-alarm (FA) 

frequencies for each observer under each of the four test conditions. 

While the actual sequence of test conditions was randomized as described 

in the procedure section, the data are presented here in the order in 

which they vrere collected for each test condition. Each frequency 

indicates the number of "different" responses the observer made to the 

25 same (st = s 0 ) stimuli,hits, and the 25 different (st = s 0 + ~ ) stimuli, 

false-alarms, in each 50 trial block under a specific test condition. It 

can be assumed that if the observer did not respond ''different" that he 

responded "same", since failures to respond were eliminated during 

preliminary training. 



.5 
Day H EA 

1 8 0 
2 19 4 
3 22 4 
4 23 9 
5 21 1 
6 18 3 
7 21 2 
8 25 3 
9 21 10 

10 24 4 
11 23 2 
12 25 2 
13 17 9 
14 23 6 
15 23 6 
16 23 7 

Daily Hit and False-Alarm Frequencies for Observer 1 

Vieidng Binocularly 

Biting Block No Biting Block 

1.0 1.5 2.0 .5 1.0 1.5 
H FA H FA H FA H FA H FA H FA - ..--:~ ..... ~._,. ~~-----............. ....... ·--~-~--· ~----~--. 

18 3 9 1 13 5 17 2 1 0 15 4 
18 5 14 10 13 1 19 4 18 1 16 8 
17 11 20 6 20 8 18 11 22 4 20 4 
21 1 17 12 19 12 22 8 19 lj 16 10 
18 6 rr 7 19 6 21 3 18 3 19 1 
12 1 12 3 13 8 9 0 11 !~ 8 0 
20 1 12 6 16 5 18 5 16 2 15 2 
20 3 17 4 21 6 22 5 17 8 19 6 
21 8 19 10 22 10 22 8 19 11 18 8 
21 11 19 9 17 13 22 10 18 8 18 9 
16 1 16 1 18 4 21 1 15 8 • 16 6 
20 7 15 8 14 1 21 8 19 6 16 10 
18 9 18 3 15 1 21 6 19 2 17 5 
18 5 17 2 20 7 23 10 21 7 19 9 
21 5 18 5 17 8 21 12 23 3 16 9 
21 8 21 12 20 1 22 11 21 14 22 11 

2.0 
H FA 
'·~----

11 5 
18 10 
19 6 
14 14 
16 9 
14 5 
15 6 
19 7 
13 14 
19 14 
14 5 
17 10 
11 8 
20 1 
18 10 
21 11 

w 
0\ 



Daily Hit and False-Alarm Frequencies for Observer 1 

Viewing Monocularly with Right Eye Covered 

Biting Block No Biting Block 

.5 1.0 1.5 2.0 .5 1.0 1.5 
Day H FA H FA H FA H FA . H FA H FA._ H 

l 18 6 17 5 16 7 11~ 6 22 3 17 9 16 
2 20 5 19 5 21 4 16 10 19 l 15 6 l3 
3 21 6 20 5 18 7 19 12 22 7 19 10 19 
4 21 3 21 3 21 5 17 9 21 8 21 7 16 
5 19 3 17 4 15 -2 15 7 15 l 14 6 12 
6 12 0 .6 l 10 4 ll 2 ll 2 10 l ll 
7 19 4 17 5 15 3 18 6 19 4 17 5 17 
8 22 5 19 3 22 9 23 7 20 l, 20 7 17 
9 21 4 18 7 18 ll 17 10 23 8 17 10 14 

10 23 6 19 8 16 10 18 12 21 6 21 7 16 
11 24 5 20 7 24 10 20 ll 23 8 16 13 19 
12 21 6 18 3 20 7 21 4 22 0 20 3 20 -' 

13 21~ 5 19 0 15 5 22 4 22 9 21 6 20 
11~ 23 2 24 8 24 9 18 6 22 10 22 7 22 
15 23 8 23 9 16 9 23 9 22 9 21 9 18 
16 22 6- 23 7 23 11 20 12 23 7 24 11~ l7 

2.0 
F P. -·- _ _li_· __ F_A 

6 16 6 
9 19 6 
7 l7 ll 
7 18 8 
8 13 8 
4 5 l+ 
2 20 8 
9 15 12 

12 rr 8 
ll 17 ll 
12 16 ll 
10 17 8 

3 20 12 
3 18 10 

10 20 8 
6 19 10 

L ... ' 
---.< 



Daily Hit and False-Alarm Frequenci~s for Observer 2 

Viewing Binocularly 

Biting Block No Biting Block 

.5 1.0 1.5 2.0 .5 1.0 1.5 2.0 
Day __ H FA H FA H FA H FA H FA H FA H FA H FA 

6 ~·-------1 19 3 15 4 14 3 12 8 17 14 4 15 7 13 7 
2 rr 2 17 6 1{3 5 16 6 20 6 16 8 15 7 16 8 
3 18 2 15 8 11 10 12 7 20 2 15 5 15 6 14 7 
4 19 7 19 4 15 9 15 7 21 2 20 5 16 8 15 7 
5 21 4 16 8 14 11 14 7 16 3 19 3 18 4 14 5 
6 21 4 18 4 15 6 19 5 18 2 18 6 13 9 20 6 
7 17 6 18 4 11~ 8 12 9 23 2 14 9 13 9 14 8 
8 19 1 rr 9 13 6 13 5 19 1 18 5 16 5 11+ 6 
9 21 3 13 10 18 5 16 8 22 4 15 9 14 8 16 8 

10 19 2 16 7 16 6 17 7 19 7 20 4 16 7 14 8 
11 20 4 17 6 18 7 18 7 19 5 17 6 17 6 14 6 
12 20 1 17 5 16 5 15 6 15 7 14 6 111 5 12 8 
13 17 6 17 5 14 7 17 6 18 3 17 5 17 6 12 10 
14 22 7 16 8 17 7 15 11 18 8 20 6 15 9 18 7 
15 17 9 20 1 15 6 15 8 23 2 18 8 17 10 12 9 
16 23 4 20 7 16 11 16 8 22 5 18 7 15 10 18 5 

u .... ' 
:0 



. 5 
Q_ay H FA 

18 1 3 
2 21 2 
3 19 5 
4 22 2 
5 22 2 
6 20 2 
~, 19 7 
8 22 2 
9 20 6 

10 19 5 
11 21 5 
12 19 4 
13 24 0 
1lt 22 2 
15 19 7 
16 22 3 

Daily Hit and False-Alarm Frequencies for Observer 2 

Viewing Monocularly \vi th Left hye Covered 

Biting Block No Biting Block 

1.0 1.5 2.0 .5 1.0 1.5 
H FA H FA H FA H FA H FA H FA -15 5 14 3 12 5 23 2 13 7 12 7 
11~ 6 16 6 14 8 18 3 15 8 17 7 
19 6 17 5 11 11 19 5 21 5 21 5 
17 6 16 5 16 5 21 6 19 6 16 8 
19 6 15 7 12 12 23 6 18 6 15 4 
18 5 15 5 18 7 19 7 17 4 15 6 
20 5 18 6 16 9 15 4 20 5 16 8 
17 6 16 9 18 8 18 8 16 7 15 9 
19 6 15 11 15 8 22 5 18 7 17 8 
20 5 15 5 17 7 23 3 14 8 17 7 
14 4 13 7 14 3 19 4 . 17 7 14 8 
17 9 14 10 14 10 17 10 16 10 14 7 
19 5 15 6 19 6 23 3 15 8 17 6 
21 4 15 5 13 5 21 5 17 8 14 8 
18 7 17 7 15 10 21 5 20 8 15 9 
17 9 20 6 18 9 21 4 15 10 15 8 

2.0 
R 
10 
19 
17 
17 
15 
15 
13 
18 
21 
19 
14 
10 
15 
18 
18 
16 

FA 
10 

5 
8 
8 

13 
6 
8 
5 
4 
6 
7 

11 
8 
8 
8 

11 

~"' 0 



Daily Hit and False-Alarm Frequencies for Observer 3 

Vie•ring Binocularly 

Biting Block No Biting Block 

.5 1.0 1.5 2.0 .5 1.0 1.5 
Da;y: H FA H FA. H FA H FA H FA H FA H FA l:I FA 

1 23 8 21 b 20 7 22 18 22 3 19 5 20 7 16 8 
2 24 13 16 9 22 7 19 10 21 10 22 5 16 11 18 ll 
3 14 12 18 14 20 10 22 14 23 10 21 8 20 18 16 10 
4 22 0 17 4 18 5 18 6 21 3 22 1 16 7 18 8 
5 17 1 9 1 17 8 11 4 20 0 15 0 15 6 12 7 
6 21 1 22 2 13 8 lll 4 22 4 19 4 16 5 15 8 
7 18 5 7 1 6 0 8 1 13 1 12 3 14 5 8 14 
8 18 7 16 4 20 5 16 7 17 6 20 5 13 9 11 5 
9 18 6 19 5 20 5 13 6 18 7 12 10 20 7 14 12 

10 18 5 18 8 14 10 17 15 18 6 19 6 14 13 18 5 
11 21 4 11 2 17 7 12 3 16 3 16 8 14 5 12 8 
12 rr 7 10 7 9 6 13 2 20 6 12 7 16 8 12 4 
13 15 5 13 6 16 7 lll 9 13 7 14 10 15 7 13 9 
14 22 3 15 10 17 4 14 10 19 6 17 6 17 9 12 10 
15 20 5 17 2 14 9 10 4 22 3 16 7 13 5 17 8 
16 18 9 17 6 14 8 12 9 15 7 13 7 16 9 15 12 

.. 
0 



Daily Hit and False-Alarm Frequencies for Observer 3 

Viewing Monocularly with Left 1'ye Covered 

Biting Block No Biting Block 

.5 1.0 1.5 2.0 .5 1.0 1.5 2.0 
Day H FA H F. A H FA H FA H FA .H FA H . FA H FA 

1 21 6 21 13 18 13 20 12 20 3 20 6 23 17 -~-18 

2 24 6 22 9 19 7 25 21 19 1 21 7 22 16 12 11 
3 19 3 23 9 16 9 16 11 18 2 18 6 21 6 19 6 
4 19 2 20 6 19 4 15 12 21 1 14 9 18 6 19 16 
5 20 1 19 7 13 5 9 7 23 1 23 9 20 4 8 5 
6 19 6 14 3 8 5 15 5 17 8 16 4 16 5 17 6 
7 19 8 15 6 18 8 12 7 20 4 17 8 21 12 13 6 
8 20 3 15 8 15 8 18 9 19 6 16 8 19 9 17 6 
9 19 7 16 7 20 6 13 8 14 9 19 6 15 4 18 7 

10 21 5 17 8 15 9 15 11 16 5 20 6 15 6 17 8 
11 15 7 17 7 20 9 14 10 17 6 19 4 16 13 11 5 
12 21 4 18 7 18 6 12 7 18 2 8 8 10 11 15 8 
13 20 4 18 7 18 6 20 7 16 9 18 7 13 8 20 5 
14 18 2 20 5 19 11 17 8 17 8 13 4 14 5 17 10 
15 21 2 17 6 19 5 18 7 24 1 18 8 12 10 111 9 
16 19 3 21 4 17 7 20 5 21 4 20 6 14 10 15 5 

f-' 



.5 
Day H FA 

1 16 6 
2 17 3 
3 20 4 
4 19 4 
5 17 6 
6 17 8 
7 19 6 
8 19 2 
9 18 3 

IO I8 3 
11 I9 3 
12 I7 4 
13 19 4 
I4 19 4 
15 16 4 
16 19 3 

Daily Hit and False-Alarm Frequencies for Observer 4 

Viewing Binocularly 

Biting Block No Biting Block 

1.0 1.5 2.0 .5 1.0 1.5 
H FA H FA H FA ·H FA .H FA H FA. 
13 10 11 8 12 7 17 7 14 10 15 6 
13 3 15 4 8 6 22 2 15 5 18 5 
18 5 14 7 10 10 23 4 18 3 n 9 
18 5 17 4 16 5 21 2 16 7 13 8 
16 7 11 9 12 7 20 3 17 4 14 6 
14 8 15 9 15 5 19 8 18 6 l'{ 9 
14 6 14 8 16 5 19 8 10 9 15 4 
12 7 16 12 10 8 18 7 18 5 16 5 
17 6 15 9 16 6 18 3 19 2 18 7 
19 5 I3 6 I6 5 20 5 I9 6 I8 9 
I7 6 I3 5 I2 8 I9 3 I5 6 15 5 
14 0 9 6 I7 4 I8 4 I3 8 16 5 
13 5 15 5 17 3 17 6 16 5 I4 1 
14 2 I5 6 14 2 19 5 Ill 6 13 6 
16 2 12 5 1I 3 I7 3 14 3 12 ll 
I8 4 I9 7 I6 8 I9 9 I2 7 15 7 

2.0 
H 

9 
12 
18 
15 
14 
14 
10 
18 
19 
Ill 
15 
16 
9 

11 
21 
13 

FA 
12 

8 
11 
10 

9 
12 

9 
13 

6 
8 
6 
9 
6 
9 
8 

Il 

.;:::­
\) 



.5 
Day H FA 

1 21 4 
2 20 2 
3 19 5 
4 18 6 
5 23 3 
6 15 4 
7 20 3 
8 22 2 
9 20 3 

10 18 6 
11 14 5 
12 22 4 
13 13 9 
14 13 1 
15 14 5 
16 16 5 

Daily Hit and False-Alarm Frequencies for Observer 4 

Viewing l-lonocularly with Right Eye Covered 

· Biting Block No Biting Block 

1.0 1.5 2.0 .5 1.0 1.5 
H FA H FA H FA H FA H FA H FA ·-- -----
12 3 6 1 16 6 20 5 15 9 12 4 
18 4 14 6 10 9 21 1 19 6 18 11 
18 6 15 6 10 7 20 3 20 6 17 7 
17 7 12 7 10 3 19 6 13 6 14 7 
12 8 17 6 10 .9 19 6 18 6 15 8 
15 6 16 5 15 4 24 4 18 3 17 11 
18 7 15 5 17 8 17 8 17 7 15 6 
17 6 15 7 15 10 18 4 18 4 17 8 
16 ll 15 8 17 9 19 4 15 7 18 9 
15 5 16 7 16 7 17 7 18 7 16 7 
15 7 13 8 19 9 20 5 13 7 14 10 . 
18 5 14 9 14 6 20 5 16 5 15 10 
13 7 16 6 14 9 18 6 18 6 9 9 
18 7 17 7 16 7 lh 6 18 6 16 2 
11 5 16 10 15 7 20 3 16 8 19 7 
17 5 16 8 14 8 20 5 17 7 15 8 

2.0 
H 

5 
19 
14 
15 
18 
16 
18 
18 
16 
16 
16 
19 
14 
13 
16 
17 

FA 
3 

10 
9 

12 
9 
7 

14 
9 
6 
8 
8 
7 
6 

10 
10 

8 

_.,.. 
Lv 



APPENDIX B 

In this section data is presented which SUf,p;est that the model 

may be useful in predicting an observer's performance over a wider ran.r:e 

of inter-stimulus delays than were used in the present study. 

Observer 2 of the main experiment subseauently participated in 32 

additional sessions in wich the inter-stimulus delays were .25, 1.?5, 

2. 25, 3. 25 sec. , rather than . 5, 1. 0, 1. 5 and 2. 0 sec. as in the main 

experiment. In all other respects the two procedures were the sa~e. The 

data was analysed in the same manner as in the main experiment and the 

results are summarized in Fig. Bl and B2 in Table Bl. The model provides 

a reasonably p;ood prediction of the observer's performance. However, note 

that at the shortest inter-stimulus delay the model's predictions are 

smaller than the estimated values. More data would be needed to decide 

if there is a consistent deviation from the model at the shorter inter­

stimulus intervals. 
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TABLE Bl 

Estimated and Predicted Values of ot 

Binocular Binocular Monocular Monocular 
Biting No Biting Biting No Biting 
Block Block Block Block 

t ot Pred. ot ot ~red.ot ot Pred. ot <\ Pred. ot 

.25 2.21 2.01 2.31 l. 71~ 2.21 2.01 2.00 l. 78 

1.25 .81 .97 .70 . 78 .74 .90 1.05 .80 

2.25 . 70 . 73 .54 .58 .72 .67 .66 .59 

3.25 .64 .60 .51 .48 .56 .56 .46 .1~9 




