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SUMMARY

-

Experiments within the microgenetic paradigm provide an assess-
ment of the role of stimulus structure and, inferentially, cognitive
structure, on perception. Seven-letter arrays differing in % redun-
dancy were repeatedly exposed for brief durationms. The arrays were
unfamiliar to the Ss in Exp. I whereas the §s had to memorize the list
of stimuli in Exp. IT. All Ss were instructed to report what they saw.
Perceptual "reports" (Natsoulas, 1967) were obtained in Exp. II only.
Letter position was the overriding determiner of perceptibility, yield-
ing an inverted U-shaped function about the fixation point. The increase
in perceptibility as a function of stimulus structure was significant
but small while information transmitted decreased markedly. The results

are interpreted in relation to two models of infermation flow for the
recognition and microgenesis tasks.




B S T

Tachistoscopic recognition and perceptual microgenesis provide
contrasting paradigms for the study of the effects of past experience
on perception. While the stimuli are repeatedly exposed for brief
durations in both paradigms, no change is made in the parameters of
stimulation in the microgenesis paradigm, whereas duration or intensity
is usually varied in the recognition paradigm. In both tasks, perfor-
mance improves over repeated exposures of the stimulus. -

The important difference between the two tasks, however, is not
the differential treatment of the stimulus, but the instrucfion given
to the viewer. In the recognition paradigm S is instructed to guess,
i.2. to report what he thinks the stimulus was, while in the micro-
genesis paradigm, § is instructed to report what he saw. Thus the two
tasks clearly involve both perceptual and memory processes, but the
difference in instructions suggests that different processes predomin-
ate in determining the response: memory for the recognition task and
perception for the microgenesis task. Since the relative contribution
of the two processes has never been evaluated for these "serceptual
tasks, some confusion remains as to the locus of the effects of past
experience. Does it affect the percept, taking part in the perceptual.
processing, or does it only affect the report of the percept, entering
the system as part of the subsequent memory processes?

Miller, Bruner, and Postman (1954) interpreted the improvement
in recognition with familiarity of context which they found for letter
arrays as support for the view that the perceptual process was altered.
However, they provided no means for separating perceptual from memory
processes so that the locus of their effect could not be determined.
Indeed, Baddeley (1964a) found the same relationship when exposure
time was long enough for S to have perceived all of the letters in the
stimulus. He suggested, therefore, that the effects were initiated in
postperceptual processes. This was a forceful hypothesis because now
the corollary finding--that the amount of information processed per
exposure was constant--could be seen as a reflection of the limitation
of immediate memory. In this view, the more closely a letter sequence
approximates English, the easier it was to encode in terms of existing
language habits, and ‘the better it was remembered and reproduced. But
Baddeley's experiment does not eliminate the possibility that similar
effects exist in the perceptual system and that Miller, et al. were, in

fact, ocbserving such a phenomenon.

The microgenetic paradigm provides less ambiguous data: other
things being equal, briefly exposed English words were more easily
perceived than Turkish words (Hershenson & Haber, 1965). The interpre-
tation of this. finding required two assumptions: (1) stimulus structure
was controlled to the extent that the languages have unique but equiv~
alent letter probabilities and sequential ‘dependencies, and (2) past




experience with language in the form of cognitive structures--S's stored
equivalent of the structure in the language--was available to S only for
English. The greater perceptibility of English over Turkish words could
then be attributed to the differential availability of cognitive struc-
tures related to the two languages. The emphasis on report of what was
“"seen" in that experiment suggested that memory entered the processing
sequence prior to visual experience and affected the visual image.

The two experiments to be reported were performed to examine this
effect of cognitive structure in more detail: to pinpoint the locus of
the effect and to quantify it. To .his end, stimulus structure was varied
by using letter arrays differing in approximation to English (AE) as well
as English words, while cognitive structure, that structure represented
by S's knowledge of the English language, was assumed to be constant.

The contribution of cognitive structure to the percept coxld then be
assessed, presumably, by assessing the role of stimulus structure since
it has already been demonstrated that the structure in the stimulus is

of little use unless mediated by its counterpart in memory (Hershenson

& Haber, 1965). Moreover, using stimuli varying in AE permits measurement
of stimulus information and subsequent calculation of the amount of infor-
mation processed in a purely perceptual task.

)

‘Method

Experiment I

Stimuli.--Seventy English words were randomly selected from those
of Haber and Hershenson (1965). In addition, four lists of seventy 7-letter
arrays of each of zero-, first-, second-, and third-order AE were con-
structed according to a procedure outlined by Shannon (1948). Each stim-
ulus array was lettered in black on a white caxrd. The letters were 3/8 in.
high, 2 1/2 in. wide, and subtended a horizontal visual angle of 2 1/2°,
The reflectance, measured at the eyepiece with a Macbeth Illuminometer,
was 95 m-L. for both stimulus and adapting fields. (The same value was
obtained with a Pritchard Photometer, Model No. 1970-PR, scme months after
the experiment.) In all other respects the stimuli conformed to those of
Haber and Hershenson (1965).

Procedure.--Ten arrays in each of the stimulus lists were randomly
assigned to each of seven (1, 2, 3, 4, 5, 10, and 15) exposures (E) repre-
senting the number of times it would be flashed. Five random presentation
orders were constrr.ted containing two arrays randomly assigned to each of
the 35 cells of an AE-by-E matrix. The presentation orders followed a
random sequence for each S.

The stimuli were presented in one channel of a three-channel mirror

tachistoscope (Scientific Prototype Mfg. Corp., Model GA). A second chan-
nel, serving as an adapting field, contained two faint lines demarking the
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area in which the arrays would appear. The Ss were instructed to fixate
between two faint dots which bisected the lines. The S initiated each
trial by pressing a button when he was giving maximal attention to the
proper fixation point.

,‘.

The Ss were given two practice sessions preceding the experiment.
English words with one letter missing were flashed so that S's performance
could be monitored via reports of missing letters. Few incorrect responses
were made. The durations to be used for each S in the experimént proper
were determined during these practice sessions by adjusting the exposure
duration of the practice words until a value was found such that S reported
few letters on the first exposure but correctly reported all the letters
(and the correct missing letter) on some subsequent exposure. The mean
duration was 12 msec.; the range was from 9 to 20 msec. '

In all experimental sessions, S reported after each exposure both
the letters he was certain he perceived and their respective positions
(P) even when, in the case of English words, he was certain of the word.
At no time was S given information as to his accuracy. Nor did he know
at the time he was reporting whether there would be further exposures for
the same array. Interflash interval was never less than five secon’-.

Subjects.--The Ss were 1l male undergraduate students enrolled in
an elementary course in perception at the University of Wisconsin. They
had not previously served in a perception experiment and were not aware
of the nature of the experiment at the time of testing. Each S was
tested individually ‘in seven l-hour sessions.

Experiment II

Except for those which spelled English words, the letter arrays in
Exp. I were unfamiliar to the Ss. Bvi clearly § had to remember what he
saw in order to report it. Thus, it could be argued, despite the effort
to ensure that Ss reported only what they saw, it would be possible for
the reports to be altered by nonperceptual factors operating subsequent
to the visual image. Morecver, since the stimuli differed in AE, a dif-
ferential ability to remember the letter arrays as a function of AE could
also be reflected in the responses. Thus it would be impossible to deter-
mine whether the differences were due to activity in the perceptual system
or not. To eliminate this ambiguity, a second experiment was performed in
which Ss were required to memorize the entire list of letter arrays.

Stimuli.--The stimuli were 65 arrays, 13 from each of the five lists
of Exp. I. Because of an alteration in the apparatus, the arrays were
relettered slightly smaller in height (5/16 .a.) using a slightly different
lettering stencil (LeRoy No. 3240-240C and pen No. 3233-5). All other
parameters of stimulation were unchanged. .




Procedure.--Each S was given a set of cards containing the 65
arrays to memorize at his leisure. When S felt he had committed the
list to memory, he was tested in the tachistoscope to determine whether
he could recall each array after a brief exposure. A duration was
selected (less than 10 msec.) for which § would report seeing only one
or two letters of a seven-letter array. Each array was presented at
this duration and S was required to spell it oui. When S was able to
reproduce over 95% of the letters in all of the arrays, he vas permitted
to begin the experiment proper.

During the test sessions it was also possible to determine a
duration at which S reported two or three letters per exposure. These
durations, ranging from 4 to 30 msec. with a mean of 20 msec., were used
in the experiment proper.

The 65 arrays were each exposed five times according to ten inde-~
pendently constructed random orders. These orders were sequenced randomly
over ten days so that all Ss tested on the same day (never more than
three) received the same list on that day. Since Ss started the exper-
iment on different days, no two Ss received the same sequence of random
lists, i.e., the random order of lists and experimental days on which a
particular S would receive the lists were uncorrelated.

The Ss were given prior knowledge of the stimulus array to be
flashed by exposing it in the tachistoscope while § spelled it out.
This procedure, together with cumplete learning of the stimulus popu-
lation, was intended to eliminate any effect of differential forgetting
for arrays of different AEs (Haber, 1965) and to ensure perceptual
report (Natsoulas, 1967). In all other ways the procedure was the same
as in Exp. I. :

Subjects.--The Ss were six graduate and undergraduate students
and the author. Each S was tested individually in ten l-hcur cessioms.
Three Ss were familiar with the procedure, the remainder were naive.

.Results

A four-way factorial analysis of variance was performed on arc
sine transiormations of proportions (% letters correct) for the first
five exposures of Exp. I, and for Exp. II. All main effects and inter-
actions were significant (p < .0l) except the AE x E interactions ir
Exp. I and the AE x E and AE x E x P interactions in Exp- II. All of
the subsequent analyses refer to these data.

Stimulus structure.--Figure 1 shows that perceptibility, measured
by percent letters correct, increased as a function of stimulus structure,
measured by percent redundancy of letter sequences, for both ¢xperiments.
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The percentages are also shown transformed into bits per exposure accord-
ing to the following rationale: Since no statistical constraint exists
between the neighboring letters or in the selection of letters in the
zero-order arrays, each letter represents one equally likely selzction
out of 26, requiring, on the average, log, 26 = 4.71 bits per letter.
Since each array contains seven letters, there are 7 x 4.71 = 32.97

bits available on each exposure for zero-corder arrays. The amount of
information perceived, in bits, is given by the product of this value

and the percentage associated with the corresponding value of information
perceived.

For each experiment, the line of best fit was calculated by the method
of least squares using only the data from zero-, first-, second-, and
third-order AE because fairly precise estimates of percent redundancy
are available for these letter sequences (Baddeley, 1964L; Miller, et
al., 1954; Tulving, 1963). The values used throughout this report are:
zero-order = 0% redundancy, first-order = 157 redundancy, second-order
= 29% redundan:y, and third-order = 35% redundancy. The point for
English was then plotted at the abscissa value corresponding to the
obtained perceptibility score. This method ylelded redundancy esti-
mates for Englisk of 67% for Exp. I and 55% for Exp. II. ‘he latter
value is consistent with other estimates of the redundancy of printed
English (Garner, 1962, p. 239).

Information transmitted (processed) per exposure as a function
of stimulus structure is shown, for both experiments, in Figure 2.
Information transmitted is calculated by taking account of the relative
redundancy of the stimuli, i.e., by correcting the perceptibility scores
(% letters correct) for the redundancy arising out of the statistical
.constraints used to construct the stimuli. Thus information trans-
mitted = (information perceived) - (correction for redundancy of stimulus)
= (% letters percéived) x (100 - % redundancy). This correction under-
lies the comclusion of Miller, et al. (1954) and of Baddeley (1964a)
that the amount of information transmitted per exposure is independent
of the redundancy of the stimulus. Figure 2 shows that there was a
linear relationship between information transmitted and stimulus struc-
ture in both experiments, but both lines have a negative slope. Thus
in the microgenesis situation, the more highly structured the stimulus,
the less the information transmitted per exposure.

Repeated exposures.--Perceptibility increased over repeated exposures
for each AE in a more or less parallel fashion up to the fourth exposure 4
in Exp. I (Fig. 3). Perceptibility for the fifth exposure did not differ
from that for the fourth (Newman-Kuels test). Perceptibility was also
scored in percent "words" (all seven letters) correct for each of the
fifteen exposures. These data compare favorably with other measurements
of the microgenetic increase in perceptibility over repeated exposures
which were scored in this way (Haber, 1966, 1967). In Exp. II the effect
of repeated exposures (Fig. 4) was negligible after the second exposure
(Newman-Kuels test).
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Letter position.--Perceptibility as a function of letter position
appears to have been a combination of a number of factors in Exp. I.
In general, the letter in the third position (the one just to the left
of fixation) was perceived most often. The letters to the left of fix-
ation were perceived more frequently than those to the right of fixatiom,
and the end letters (positions 1 and 7) were perceived more frequently
than their immediate neighbors. The linear, F (1, 10) = 41.52, p < .0l;
cubic, F, (1, 10) = 32.41, p < .0l; and quartic, F_ (1, 10) = 25.69,
p < .0l trends for letter vosition were all signi?gcant. B

Letter position interacted with both AE and E. Figure 5 shows the
differential position effect for 4E. With respect to position, the curve
for English is the most nearly symmetrical, while the zero-order curve
shows a marked left-to-right decrease. The curves for the other AEs fall
in between. This interaction probably reflects the differential forgetting
over positions (the left-right decreasing linear trend) for the different
AEs. It is most likely an order-of-report effect since the Ss invariably
reported the letters from left to right although they were not instructed
to do so. Further evidence that differential forgetting was involved
is given by the E x P interaction which shows that performance over
repeated exposures improved more with additional exposures for positions
5, 6, and 7. '

Perceptibility was again a function of letter position in Exp.
II but presented a markedly different picture from that of Exp. I.
Figure 6 shows the comparative functions: the curve for Exp. I masks a
great deal of spread among thz AEs (see Fig. 5) whereas the curve for
Exp. II is highly representative (the overlap was too great to present
the separate curves pictorially). The overall effect is more sysmet:zi-
cal in Exp. II: the quadratic, F(1, 6) = 43. 47, p < .01, and quartic,
F(1, 6) = 17.97, p < .01, trends were significant. The AE x P interactionm,
while significant, did not show a clear or marked relationship.

The E x P interaction in Exp. II zlso did not reflect large dif-
ferences in the shape of the position curve but showed small consistent
differences in the differential shift in letter perceptibility with
increasing exposures for the different positioms. Perceptibility decreased
over the first three exposures and then increased slightly for positions -
1, 2, and 3, while the opposite was true for positions 4, 5, 6, and 7.

Response analysis.--To analyze the properties of the responses in
Exp. I, three frequency distributions were obtained for each AE x E
cell: (a) letters correctly perceived (e.g., the number of times "A"
was given in response to A in ‘the stimulus), (b) stimulus letters con-
fused or incorrectly perceived (e.g., the number of times A was presented
when the response was some letter other than "A"), and (c) letters
guessed (e.g., the number of times "A" was the response but not the
stimulus). The three distributions were essentially summations of por-

tions of a confusion matrix mapping stimuli along the columns into responses
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along the rovs: Letters correct is given by the diagonal entries,

letters confused is the sum of the off-diagonal column entries, and letters
guessed is the sum of the off-diagonal row entries. Thus there were three
types of distributions for each of the 25 AE x E cells, yielding 75 dis-
tributions in all. The distributions of letters correct and letters con-
fused were converted to percentages since all letters were not presented
an equal number of times. The 75 distributions were intercorrelated
(Pearson product-moment) within exposures. Only those correlations

among §he “"guess" distributions were significant (mean r = 73.8, SD

= 17.7).

Pa=tial correlation coefficients were computed for each of the 75
distributions with five other distributions: objective visual confus~
ability (VCO) from Chase and Posner (1965), subjective visual confus-
ability (VCS-1) from Tinker (1928) and (VCS-2) from Chase and Posner
(1965), auditory confusability (AC) from Conrad (1964), and English
Frequency (EF) from Fitts and Switzer (1962). For the 75 distributions,
none of the correlations with AC or with VCS-2 were significant, two of
the correlations with VCS-1 were significant, and seven of the correla-
tions with VCO were significant. Thus in Exp. I, there was little or
no relationship between either the letters correctly perceived, the
stimulus letters incorrectly perceived, or the letters guessed, and visual
or auditory confusability.

The correlations with EF pruvide a clear pattern with respect to
letters guessed. Al)} entries were positive and significant except for
zero-order and these were in the same direction and narrowly missed
significance. Thus the distributicns of incorrect responses were similar
to that of EF--the Ss, when they made errors, responded as if they were
guessing by sampling from a distribution of EF (Attneave, 1953).

Five of the 25 distributions of letters correct showed significant
correlations with EF, ~ the other 20 showing no clear pattern. All
of the correlations but one between EF and letters confused were negative
(16 significantly so) suggesting a tendency to confuse the less frequent
letters in English. Thus, the letters correctly perceived had little
relationship to the statistical properties of English, whereas the errors
were directly related to these properties.

An analysis of errors was impossible to perform on the data of Exp.
II since the Ss almost exclusively reported correct letters or nothing.
The distribution for letters correct showed no consistent patterns.

Discussion

The two experiments investigated whether redundancy (structure) in
written language contributes to visual perception. The analysis of the

I8
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problem can be understood most easily within the framework of two archi-
tectural schemas illustrating both the ~Inceptual problem raised by the
question of locus and the methodologica . problem raised by the question
of perceptual report. Figure 7 shows (a) the "ranch" model in which
memory acts on responses only, and (b) the "split level'' model in which
memory acts as part of the perceptual system as well as on the responses.

In the ranch model, stimulus information is processed by the per-
ceptual system alone, resulting in a visual image. Although memory plays
no role in the processing prior to the visual image, the responses may,
nonetheless, reflect the activity of memory processes since the percept
must be remembered to be reported (Haber, 1968). in..the split-level
model stimulus information is processed by a perceptual system inter-
acting with memory prior to the visual image. Thus the visual image
itself may have properties which reflect memory processes. Since this
percept also must be remembered, the flow of information must return to
the memory system whence it procedes to the respomse.

The essential difference between the two models--the position of
the percept in the processing sequence--represents the schematic way of
asking whether memory plays a role in determining the events that will
be represented in the visual .image or whether memory modifies only the.
report of that image. Thus from E's point of view, the models illustrate
the two interpretations for sets of recrponses having properties attri-
butable to memory processes: (1) they may reflect the action of post-
perceptual processes--those processes involved in remembering and reporting
the visual image (the ranch model), or (2) they may reflect a visual
image altered by the action of memory directly within the perceptual
system (the split level model).

, The modification in meth d in the experiments is illustrated by
separating from the general category of activity called "response' the
particular subset called "reports" (Natsoulas, 1967). In Figure 7 this
class of responses is represented by dashed arrows emc.ging from the boxes
labeled "percept" to indicate that reports are assumed to be isomnrphic
with the visual image. Now it should be apparent that in the split-level
model, unaltered reports of the visual image would manifest the attributes
of memory, whereas in the ranch model, they would not. Thus if reports
could be obtained,,the locus of the effects of past experience could be
determined. A major purpose of Exp. II was to obtain reports.

The models also underscore the differences between the processes
of perceptual recognition and perceptual microgenesis. Recognition
necessarily involves an interaction between perception and memory, and
it is expected that memory will at least supplement the visual image to
produce responses which match the stimuli better than those produced by
the image alone. The recognition responses should, therefore, contain
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contributions from both the visual image and the memory supplement,

and the properties of the responses will reflect the¢ activity of both
systems. Perceptual microgenesis, on the other hand, is by definition

a process which occurs prior to the visual image. Studies of microgenesis
therefore, are concerned only with properties of the visual image (Haber,
1966) and require for study the special class of responses called reports.

Assessment of reports.-~The data indicate that reports were obtained
in Exp. II, but not in Exp. I. The most convincing support for this iater
pretation is the difference in the shapes of :he curves for perceptibility
as a function of letter position (Fig. 6). Whereas this function was
relatively flat in Exp. I, it was an inverted U-shaped curve in Exp. II,
the shape expected for visual function--highest perceptibility around
the fixation point, dropping off the farther the letter was : -'m fixation
(Crovitz and Schiffman, 1965).

The AE x P interaction liends further support to this contention.
In Exp. I the interaction was large and highly differentiated, and bore
little resemblance to the main effect of AE (Fig. 5). In Exp. II it
was weak, hardly separable, and followed the main effect (the visual
function) closely for all AEs. If the curves in Exp. II are understood
as representing a visual function, then those of Exp. I can be under-
stood as a combination of this visual function and a memory or response
supplement.

The high correlation between EF and the distributions of incorrect
responses (guess distributions) suggests that the visual function was
supplemented by guesses (Attneave, 1953). It indicates that Ss were
saying they saw letters. which, in fact, they did not see, despite
specific ins-ructions not to guess. This behavior, which might be l~beled
"unintentional" guessing, in addition to providing incorrect responses,
probably inflated the correct responses differentially according to AE
as follows: The visual function from Exp. II indicates, first, that
there should have been little guessing for letters near the fixation
point since they had the highest probability of being perceived aud,
second, that guessing should have increased as a function of distance
from the fixation point. Furthermore, since Ss always responiled from
left to right, the.probability of a guess being correct should have been
a decreasing function of left-right position (subject, of course, to the
usual minor modifications of serial position effects), and should also
have been differentiated according to AE. This combination of events
could explain the complex differences between the AE x P interactions
(Figs. 5 & 6) and also why the overall performance was better in Exp.

I than in Exp. II.

~y
On the other hand, it is probable that little or no guessing tonk
place in Exp. II since there were almost no incorrect responses. Indeed,
there should have been no reason for S to guess the identity of a letter
in this experiment since the population of stimuli had been memorized
and S knew which array would be presented on each exposure. The problem
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for these Ss was whether or not they saw a particular letter, not what

it was. If, despite these factors, Ss still said they saw letters which,
in fact, they did not, then, indeed, the perceptibiiity functions would
have been inflated. However, th~ inflation would have been uniform
across AEs and the isomorphism between the report and the visual image
would have been maintained.

These assumptions fit the data of the two experiments so well
that the underlying assumption--that tne data of Exp. II were percep-
tual reports-~appears to be supported. The differences in the AE x P
interactions between the two experiments may be taken as a clear indi-
cation that stimulus structure initiated memory processes which determined
errors in responding and inflated the perceptibility functions indepen-
dently of the perceptual system in Exp. I, and that these effects were
almost totally absent in Exp. II. The perceptibility curves in Exp. II
may, therefore, be taken as close approximations of the properties of
the visual image.

Letter position.--The overriding determiner of perceptibility was
letter position. In Exp. I, perceptibility appears to have been determined
by an interaction of relative position in the sequence (left-right posi~-
tion) and position relative to the fixation point. In Exp. II it appears
to have been completely determined by the latter. Except for the slight
superiority of the left side, the letter position curve for Exp. II cor-
responds to visua.l anatomy. Thus perceptibility as a function of letter
position may reflect relative visual acuity or, perhaps, an internal
attentional mechanism for organizing input--a perceptual acuity.

In a series of experiments, Crovitz and Schiffman (1965) systema-
tically evaluated the contributions of position in sequence and position
relative to fixation point on the '"reportability" of letters exposed in
a tachistoscope. They required Ss to report the letters '"seen" but gave
them neither instructions about the stimulus array to be exposed nor
special training about the population of possible stimuli. Under these
conditions, reportability had little relationship to point of fixatiomn
or to variation in spacing (visual angle varied from 4° 24' to 8° 48')
but depended almost exclusively on the relative position witl ‘n the array.
This finding can now be understood since the instructions in their experi-
ments were similar to those of Exp. I. It is probable that Crovitz and
Schiffman were dealing with responses which, to a large extent, reflected
postperceptual processes.

Stimulus structure.--The slope of the line relating perceptibility
to stimulus structure was positive--it dif.lered significantly from zero--
but the difference in perceptibility between zero-order AE (0% redundancy)
and English (55% redundancy) was so small, less than 10%, that the impli-
cation must be asserted with reservation. That structure in memory en-
hances the percept of a stimulus which approximates that structure--that
the split level model is appropriate--is suggested but not clearly
demonstrated.
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The linear function relating information transmitted to stimulus
structure had a markedly negative slope, i.e., the amount of information
transmitted through the perceptual system was a decreasing function of
the redundancy of the stimulus. Now if the microgenetic task differs
from the recognition task in the extent to which postperceptual processes
determine the response, and if the amount of information transmitted in
a recognition task is cunstant, as Miller, et al. (1954) and Baddeley
(1964a) have shown, then the amount of information contributed by post-
perceptual processes in the recognition task must be an increasing function
of the stimulus structure.

The results are consistent with conceptions of the recognition
response as the product of multi-stage processing (e.g., Sperling, 1963),
except for the role of acoustic encoding and rehearsal. If acoustic re-
hearsal is part of the processing, then one should expect auditory con-
fusions to occur with some frequency. The lack of correlation between AC
and any of the other distributions in Exp. I supports the findings of
Dainoff and Haber (1967) for a similar perceptual task, of Chase and
Posner (1965) for a visual search (recognition) task, and of Keele and
Chase (1967) for a visual short-term memory task, which suggest that, in
general, acoustic encoding plays a minimal role in visual tasks. Perhaps
acoustic coding is invoked only when the percept is ambiguous or unknown.

Repeated exposures.--The increase in perceptibility over repeated
exposures found in Exp. I was similar to that found in a number of other
studies (Haber, 1966, 1967). The attenuation of the effect in Exp. II,
essentially a difference between the first and second exposures, raises
the question of the extent to which repeated exposures affect percep-
tibility. There appears to be nc reason to doubt that, at the leas.,
perceptibility is greater for a second exposure of the same sevi:n-letter
ayvvay regardless of its structural characteristics. The obvious alternative
explanations have apparently been ruled out since guessing and surprise
were eliminated. It is probable, therefore, that the attenuation reflected
the clearing away of responses which were initiated in postperceptual
processes. '

This explanation raises the question of the degree to which post-
perceptual processes initiated responses in previous studies of perception
as a function of repeated exposures. Unintentional guessing can occur
even when intentional guessing has been eliminated and it is likely to
be manitest when S knows what the stimulus was but has to decide how much
of it he saw. For example, in an experiment in which each of one group
of English words was shown to S immediately prior to the first exposure
and a second group of words was not so exposed, H¢ :r (1965) found that
perceptibility was greater when S was given prior knowledge of the stim-
ulus word. If unintentional guessing was present in both conditioms,
there would be little chance of adding correct responses for the stimulus
unknown group, but a great chance of adding correct responses for the prior
knowledge group. The percentage of letters correctly reported for known
words should, therefore, be greater than for unknown words.
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The E x P interaction in Exp. II--the decline in performance for
the left-hand positions and the increase in right-hand positions with
repeated exposures--may indicate that attention shifted with additional
exposures. That is, Ss may have focused attention on the left over the
first three exposures and then shifted to the right. This did not alter
the overall percentage of letters perceived after the second exposure,
however, nor the shape of the curve for letters correct over letter positionm.

Experiment III

It has already been seen, in Exp. II, that perceptibility increases
only slightly as a function of stimulus structure for Ss who have memorized
the population of letter arrays to be used as stimuli and who know what
the particular array will be on a given exposure. This experiment is
intended to clarify the nature of this increase in perceptibility: to
determine whether it is indeed perceptual or whether it may be attributed
to pustperceptual processes whose nature has yet to be determined. An
indicator method will be used to minimize the contribution from post- i
perceptual processes to each response since this method requires § to
reply only with the single letter indicated.

Method

Stimuli.--The stimuli were 70 7-letter arrays, 14 of each of zero-,
first-, second-, and third-order approximation to English (AE), and 14
English words. These lists included one additional array to each of
the lists in Exp. II. Each array was lettered in black on a white card
with a LeRoy stencil No. 3240-240C and pen No. 3233-5. The 2 7/8 x
1/4 in. stimulus field was divided into 13 equal areas to contain letters
separated by six spaces. The stimuli subtended a horizontal visual
angle of 3 1/2°.

Procedure.--Stimuli were flashed in one channel of a three-channel
mirror tachistoscope. An indicater marker-a small vertical line of
light presented in a second channel of the tachistoscope-appeared to S
to be 1/8 in. above the indicated letter and informed S which letter
to report. The indicator was presented in one of two conditions: con-
currently (C) with the letter array, i.e., both stimulus field and
indicator field flashed at the same time or successively (S), i.e., the
indicator field flashed upon termination of the stimulus field.

The Ss were divided into three groups: Naive-Guess (NG), Naive-
No Guess (NNG), and Trained (TR). Subjects in both naive groups knew
nothing about the letter arrays before they were flashed. The TR
Group memorized the list of arrays to be showmn and, in addition, saw
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and were required to spell to E the word that would be flashed., NNG

and TR Ss were instructed to report only those letters they were certain
they had seen; NG Ss were required to respond even when they did not

see a letter. The latter condition provides a comparison with other
experiments using the indicator methodology since most experimenters
require Ss to guess the letter in the indicated position.

Arrays of seven letters were flashed once each so that eath of
the seven letter positions could be sampled. Each cell of the 70-cell
letter position (P) x treatments (T) x approximation to English (AE)
matrix was sampled once for each S.

Results

Table 1 shows the results of a four-way factorial analysis of
variance. All four main effects are significant: Groups (G), stimulus
structure (AE), treatments (T), and letter position (P). The inter-
actions of P X G and A X T were also significant.

Stimulus Structure.--The increase in perceptibility as a function
of stimulus structure was significant, but small, as in the previous
experiment (Fig. 8). The interaction of stimulus structure with treat-
ments, although significant, was slight and uninterpretable.

Training.--There was a large effect on training or instruction.
The TR group saw many more letters than others; the NG group did only
slightly better than the NNG group. While the interaction of letter
position was significant the differential effect did not appear
striking (Fig. 9).

Letter Position.--Main effect of letter position again was the
most marked effect yielding an inverted U-shaped function with the left 1
side better than the right side. There was an inversion of positions
6 and 7 which would be due to masking. The curve for the NNG group e
in the position by group interaction (Fig. 9) appears to be a visual
function, i.e., an inverted U-shaped curve with no upturning at the
ends and rather symmetrical. The NG group showed a similar curve with
upturned ends and a greater left-right difference. The curve given
by the TR Group showed a superior left side and an inversion between
positions 6 and 7.

Discussion

. Sampling from the percept by means ofkan indicator reduces the
probability that postperceptual processes modified the report of the




TABLE 1 '
Analysis of Variance on Number of Letters Reported Correctly
' in Indicator Study
Error
Source : df MS Term F
Groups (G) 2 65.661 (1) = 5.10%
Stimulus Structure (AE) 4 6.042 (2) 5.27%%
Treatments (T) 1 9.910 (3) 7.88%
Letter Position (P) 6 117.028 (4) | 25,35%%
AE x G 8 «731 (2) .64
TxG 2 +046 (3) .04
PxG ' 12 10.289 (4) 2,23%
AE x T 4 1,732 (5) 2.76%
AE x P . 24 «875 (6) ' «99
TxP | | 6 «537 (7) .63
AE X T x G 8 1,052 (5) 1.67
AExPxG 48 971 (6) 1.10
TxPxG 12 465 (7) 35
AExXTXP 24 : «758 (8) .87
AExTxPxG 48 .780 (8) .90
| S(G) (1) 12 12.875
AE x S(G) (2) ' 48 : 1.146
T x S(G) (3) 12 1.257
| PxS@G) (4) 72 4,616
AE x T x S(G) (5) 48 . .628t
AE x P x S(G)  (6) 288 884
TxPxS@) (7) 72 .849
AExT x P x S(G) (8) 288 .871
*P < .05
*4p & .01
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percept. Thus, both the increase in the percentage of letters correctly
reported as a result of guessing (intentional or unintentional) and
the decrease in the percentage of letters correctly reported due to
forgetting, should have been eliminated. When an indicator is flashed
simultaneously with a letter array, or immediately following an array,
S must remember only the single letter, presumably not a great burden
on his memory. There should be little forgetting in this case, if,
indeed, the stimulus were perceived. -

The shape of the letter position curve for the NNG group suggests
that these responses were more nearly isomorphic to the visual image
then those of the other groups. Accordingly, the effects of stimulus
structure on perception should be evaluated from the results of this
group, This group gave results which are consistent with those of
Exp. II: a slight increase in perceptibility as a function of stimulus
structure. In fact, the slope of the line of best fit was 0.09, very
close to that obtained in the previous study.

25




References

Attneave, F. Psychological probability as a function of experienced
frequency. J. exp. Psychol., 1953, 46, 81-86.

Baddeley, A. D. Immediate memory and the "perception” of letter sequences.

Quart. J. exp. Psychol., 1964, 16, 364-367. (a)

Baddeley, A. D. The redundancy of letter-sequences and space-information.
Amer. J. Psychol., 1964, 77, 322. (b) |

Chase, W. G., & Posner, M. I. The effect of auditory and visual confus~
ability on visual and memory search tasks. Paper presented at the
meeting .of the Midwestern Psychological Association, Chicago, May,

1965.

Conrad, R. Acoustic confusions in immediate memory. Brit. J. Psychol.,
1964, 55, 75-84.

Crovitz, H. F., & Schiffman, H. R. Visual field and the letter span. J. exp.
Psychol., 1965, 70, 218-223.

Dainoff, M., & Haber, R. N. How much help do repeated presentations give
to recognition processes? Percept. Psychophys., 1967, 2, 131-136.

Fitts, P. M., & Switzer, G. Cognitive aspects of information processing:
I. The familiarity of S-R sets and subsets. J. exp. Psychol.,
1962, 63, 321-329.

Garner, W. R. Uncertainty and structure as psychological concepts. New
York: Wiley, 1962.

Haber, R. N. The effect of prior knowledge of the stimulus on word recog-
nition processes. J. exp. Psychol., 1965, 69, 282-286.

Haber, R. N. Perceptual recognition: The direct effect of repetition,
duration, frequency, and prior knowledge. Paper presented at the
meeting of the Psychonomic Society, St. Louis, October, 1966.

Haber, R. N. Repetition as a determinant of perceptual recognition pro-
cesses. In W. Wathen-Dunn (Ed.), Models for the perception of speech
and visual form. Cambridge, Mass.: MIT Press, 1967. Pp. 202-212.

Haber, R. N. Perceptual processes and general cognitive activity. In J.
F. Voss (Ed.), Approaches to thought. Pittsburgh: University of
Pittsburgh Press, 1968, in press. .«




Haber, R. N., & Hershenson, M. Effects of repeated brief exposures on
the growth of a percept. J. exp. Psychol., 1965, 69, 40-46.

Hershenson, M., & Haber, R. N. The role of meaning in the perception of
briefly exposed words. Canad. J. Psychol., 1965, 19, 42-46.

Keele, S. W., & Chase, W. G. Short-term visual storage. Percept.

-

Miller, G. A., Brumer, J. S., & Postman, L. PFamiliarity of letter
sequences and tachistoscopic identification. J. gen. Psychol.,

Natsoulas, T. What are perceptual reports about? Psychol. Bull., 1967,
67, 249-272.

Shannon, C. E. A mathematical theory of communication. Bell Syst. tech.
_\lo 'Y 1948 'Y 27 'Y 379-423 'Y 623-656 .

Sperling, G. A model for visual memory tasks. ium. Factors, 1963, 5,
19‘-31.

Tinker, M. A. The relative legibility of the letters, the digits, and
of certain mathemat.cal signs. J. gen. Psychol., 1928, 1, 472-495.

Tulving, E. Familiarity of letter sequences and tachistoscopic identi-
fication. Amer. J. Psychol., 1963, 76, 143-146.




