Journal of Experimental Psychology
1969, Vol. 81, No. 2, 275-280

PERCEPTUAL RECOGNITION AS A FUNCTION OF
MEANINGFULNESS OF STIMULUS MATERIAL'!

GERALD M. REICHER?
University of Michigan

The present study evaluates a class of models of human information processing
made popular by Broadbent. A brief tachistoscopic display of one or two
single letters, four-letter common words, or four-letter nonwords was im-
mediately followed by a masking field along with two single-letter response
alternatives chosen so as to minimize informational differences among the tasks.
Giving Ss response alternatives hefore the stimulus display as well as after it
caused an impairment of performance. Performance on single words was
clearly better than performance on single letters. The data suggest that the
first stages of information processing are done in parallel, but scanning of the

resultant highly processed information is done serially.

Sperling (1960, 1963) and Averbach and
Coriell (1961) used a ‘‘partial report”
sampling technique for testing availability
to show that after a very brief visual presen-
tation of a matrix of letters Ss initially have
more information available than they can
report. This suggests that Ss have a
limited capacity to handle input informa-
tion so that when they are asked to report
all of the items in a stimulus display, they
lose information while they are responding.
Sperling has called the storage system in
which this information loss takes place
visual information storage (VIS) and sug-
gests that it is a fast-decaying system for
storing sensory information (i.e., informa-
tion which has not made contact with the
central processor or with long-term mem-
ory). Presumably, VIS does not contain
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the information necessary to tell whether a
particular figure is a letter or some other
figure or whether four letters make a word
or not. A scanning device (SCAN) selects
information from the VIS and passes it on
for further processing.

Sperling’s model is based on an earlier
model by Broadbent (1958). Both have a
sensory storage system to hold information
until the central processor is free to handle
it, an attentional mechanism selecting in-
formation to be processed while holding the
remainder in the sensory storage system,
and a limited capacity processing system.
In the early version of Sperling’s (1963)
model, the SCAN took place in a serial
manner (the extreme case of a limited
capacity processing system) at one letter
every 10 msec. This was suggested by an
experiment in which a visual masking
field, assumed to erase VIS, followed the
stimulus display after wvarious intervals.
The function relating time between the
stimulus and the masking field to the num-
ber of letters correctly reported had a slope
of 10 msec. per letter correctly reported.

Estes and Taylor (1966) have also re-
ported data favoring a serial processing
model. In Exp. I of their paper they re-
ported a decrease in percentage of correct
detections of the letters B or F in a display
as the number of elements in the display
increased from 8 to 16. They were able to
fit to their data a serial model of the follow-
ing form: During a given time interval, a
single item is scanned and classified as sig-
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nal or noise. The limitation on behavior is
imposed by a given probability that during
that time interval the remaining traces will
pass below threshold. Another possible
interpretation of this result is that each
item in the display has some probability of
being mistaken for the incorrect alternative.

Sperling (1967) has more recently argued
for a parallel, rather than a serial, mode of
operation of the SCAN. Although his Ss
performed better on one particular position
of a tachistoscopic display, all of the items
in all positions had some probability of
being reported correctly even after the
shortest times were allowed for processing.
This is unreasonable under the hypothesis
that .S completes the processing of one item
before he can report any information about
a second item and that he uses the same
search pattern over trials. Sperling also
notes that Ss can report the approximate
number of items, and the colors, as well as
the particular letters which have been cued;
he thinks that this fact also suggests parallel
processing.

Further support for parallel processing
is given by the data of Exp. II of Estes and
Taylor (1966). For a fixed display size
with redundant target items (i.e., two or
four) in the display, one model, postulating
the independence of target items, and
another model, postulating that a fixed
number of the items in the display were
being sampled and interrogated at once,
both fit the data better than their serial
model. Eriksen and Lappin (1965, 1967)
and Eriksen, Munsinger, and Greenspon
(1966) have also obtained evidence for
independent, as opposed to serial, process-
ing of display items.

Thus the evidence on whether early
analysis of visual information occurs in
serial or parallel is equivocal. Certainly
Sperling’s (1960) data showing that for-
getting has occurred while Ss are emitting
responses seem to demand that information
is being lost while waiting for other infor-
mation to be handled serially. His model
stresses the initial stages of information
processing (i.e., VIS) as the locus of infor-
mation loss associated with the “‘waiting
line”” of serial processing. However, it is
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equally appropriate to assume that the
serial processing occurs at some later stage
in information processing, such as in
identifying or attending previously pro-
cessed (or analyzed) information. Notice
that the term “‘processing’’ is being used
here to refer to any operation performed on
input information and not just to those
operations that require attention. Thus
far, single letters, the supposed serial ele-
ments of perception, have required com-
plete, single-syllable responses and Ss have
not had the opportunity to say more than
one of them at a time. Thus the inferences
drawn about time for processing and about
forgetting during processing could as well
be made about identifying (categorizing)
stimulus input or executing these responses.
If Ss were given an opportunity to respond
to more than one letter at a time, perhaps
they would have the same processing time
for an n-letter unit as for a single letter. In
that case it would be necessary to infer that
the letters of the n-letter unit were pro-
cessed in parallel. This would still allow
the recognition or identification units, the
“chunks” (Miller, 1956), to be handled in
a serial fashion.

To test these alternatives the present
study measured recognition performance
on one or two letters, four-letter words,
and four-letter nonwords. The informa-
tional differences among the tasks were
minimized by: (a) requiring a forced choice
between two alternative single letters for
all conditions; (b) arranging the two re-
sponse alternatives so that if a word was
presented as a stimulus, both the correct
and the incorrect alternatives would make
a common word, given the other three of the
four letters. For instance, if WORD was
a stimulus, the alternatives could have been
D and K. If a nonword was the stimulus,
both of the alternatives made up a nonword.

Three display durations, with masking
fields following immediately upon termina-
tion of the stimulus, were chosen for each .S
in an attempt to sample three stages of the
development of the percept. The basis for
inferring development of a percept was im-
provement at the forced-choice task as a
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function of increasing duration of stimulus
presentation.

In an attempt to reduce the confounding
of perceptual effects with memory effects, a
condition was added in which the two al-
ternatives were given in advance of the
presentation of the stimulus display. With
this information, Ss would presumably have
to remember only the target item so that
memory loss would not confound the
results.

METHOD

General experimental plan.—Nine Ss were ex-
tensively tested so that each would contribute 48
observations to each level of all of the major varia-
bles: stimulus duration, cueing condition, and type
of material. During any particular session, .S was
presented three blocks of trials corresponding to the
three stimulus durations. Within these blocks, the
order of presentation of the material and the position
of the critical letter were random. The Ss were not
told and thus had no way of knowing what type of
material would be presented on any trial. The
stimulus durations for each S were determined
separately. One of the six possible orderings of the
three durations was chosen at random (without
replacement) for each S, The durations were sys-
tematically changed after each second session so that
each § received all possible orders of the stimulus
durations under both the precue and the no-precue
conditions. Five Ss received the no-precue condi-
tion on the first session of the experiment proper and
four received the precue condition. After the first
session, these cueing conditions alternated.

Materials and apparatus.—The word stimuli were
216 four-letter words chosen such that each of the
words could be changed by one letter to make up a
new word. The letter which could be replaced
(called the critical letter hereafter) to form a new
word, as well as the letter substituted to form that
new word, were the two response alternatives in the
forced-choice procedure. For example, D and K
were the alternatives for the word worDp, with D
being the critical letter. The critical letter came
from each of the four possible positions of the four-
letter words equally often.

The single-letter sets were made up by using the
same critical letters in the same position as were used
in the word sets. For example, for the word worDp
with alternatives D and K there was a letter D"
with alternatives D and K. The quadrigrams were
anagrams of the words with the critical letter held
in its same position. For example, OWRD was an
anagram of WORD, again with D and K as
alternatives,

Letters could appear in any one of eight possible
positions in a stimulus display of two rows and four
columns, A single letter would occur equally often in
any of the eight positions. In the two-letter condi-
tion the critical letter occurred equally often in each
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of the eight positions, the other occurring randomly
in any one of the four positions of the row not occu-
pied by the critical letter. The same pattern was
employed for one and two words and one and two
quadrigrams.

A three-channel tachistoscope (Scientific Proto-
type Model GB) was used for the presentation of
stimulus materials. A fixation point was displayed
on a blank field, followed by the stimulus display
initiated by S after a ready signal from E. This was
followed by a visual noise masking field with the two
response alternatives directly above or below the po-
sition of the critical letter in the prior stimulus dis-
play, depending on whether the critical letter had
been in the top or bottom row of the display. Under-
scores were used on the alternative card to indicate
the relative position of the critical letter in the
stimulus display. For example, ———F appearing
above the masking field would indicate that the
critical letter had been in the top row, fourth column.
All channels were kept at 30-ftl. luminance. Stimu-
lus materials were typed on white cards in Bulletin
type style. Letters were in uppercase, ¥ in. high.
The stimulus field was less than 2° of visual angle.
Because of the necessity of making the alternative
letters backwards for the nonstimulus channels of
the tachistoscope, the type style was photographed
and backwards letters were made on rubber stamps
and appropriately placed on the alternative cards.
The noise field was made with overlapping Xs and
Os of the typewriter.

Procedure.—In Session 1 of the experiment, the
duration at which each .S performed at 909 accuracy
(uncorrected for chance) in identifying single letters
from two response alternatives was determined,
The test materials were a set of 120 single-letter
displays in which all of the letters of the alphabet
were used approximately equally often. The in-
correct alternatives were chosen randomly., The
method for finding the 909, point was a modified
up-and-down threshold procedure. Only the last
60 of the trials were used to determine the 909, per-
formance durations. The second session was used
to determine the duration yielding 60% perfor-
mance for each S.

The actual durations used for each .S were the
duration at which S achieved 609, performance,
the duration at which S achieved 909, performance
plus 5 msec., and the duration lying midway between
these two points. The range of durations over all
Ss was 35-85 msec. The mean difference between
the longest and shortest durations was 25 msec.

The six types of material were sorted into blocks
of 48 stimulus items with each block containing one
instance of each type of material with the critical
letter in each of the eight positions. The cards were
randomized within each block so that type of ma-
terial and position of the critical item were random.
During an experimental session, three blocks—one
at each duration—were shown. On alternate days
Ss were given the two alternative letters verbally
before each stimulus exposure and repeated them.
This verbal information before each trial was the
only difference in treatment for the condition where
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Ss had information before the trial (precue) as
opposed to the condition where they did not have
such information (no precue).

On each trial, S waited until she got a signal from
E. During this time the fixation point was visible
in the tachistoscope. After receiving the signal, .S
could initiate the stimulus with a hand switch when-
ever she was ready. The card with the masking field
and response alternatives followed immediately
upon termination of the stimulus and remained on
for 5 sec. After the appearance of the response al-
ternatives, S responded with the letter which she
thought had appeared in the stimulus display. The
intertrial interval was dependent upon the time
taken to initiate the stimulus and to respond. The E
occasionally timed the period between successive
initiations of the stimulus and found that this period
was generally somewhere between 15 and 20 sec.
Inasmuch as one of the possible hypotheses men-
tioned in the introduction calls for testing of a null
hypothesis, confidence judgments were obtained to
provide more data on which to base a decision. The
confidence judgments ranged from ‘1" to “4" and
corresponded to the following: (1) able to identify
the critical letter without reference to the alterna-
tives; (2) able to choose between the two alternatives
with better than chance accuracy; (3) not able to
choose between the two alternatives with better
than chance accuracy; (4) did not see the stimulus
display at all.

The instructions to .Ss emphasized (a) the way
in which the position of the critical item in the
stimulus display could be determined from the posi-
tion of the response alternatives on the card appear-
ing after the stimulus display; (b) that only one of
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the two responses could occur anywhere in the
stimulus display; (¢) that before each trial Ss were
to look at the fixation point, in a position corre-
sponding to the center of the area where the critical
letter might occur; and (d) that one of the two re-
sponse alternatives was to be given on each trial
even if guessing was required. Finally, Ss were
shown an example of the sequence of events in the
tachistoscope with the stimulus duration increased
to 5 sec.

Subjects—Each of nine paid volunteer female
students at the University of Michigan served for
fourteen 1-hr, sessions. All Ss were able to read the
20:20 line on an eye chart with each eye, with
glasses if they needed them. In addition to the nine
Ss, there were three Ss who could not complete the
14 sessions. Three experimental sessions were re-
peated, two because of illumination changes during
a session and one because of E error.

RESULTS

A comparison of the left- and right-hand
panels in Fig. 1 shows that Ss did worse in
the precue condition than in the no-precue
condition. These conditions were exactly
the same except for the advance informa-
tion regarding the alternatives in the precue
condition. The results (frequencies) for
all comparisons to be cited were analyzed
for significance by a contingency table
analysis (Kincaid, 1962).3 The differences
between the precue and no-precue condi-
tions for each type of material (collapsed
over stimulus duration) were significant
(p < .01 for each of the comparisons).

The experiment was successful in collect-
ing data at three stimulus durations with
different performance levels (p < .001 for
all comparisons collapsed over type of
material). This is also true when looking
at data for individual Ss. Collapsing over
the other conditions, it was always the case
that the long duration was easier than the
short"duration for every S.

The comparisons suggested earlier are as
follows: Collapsing over stimulus duration
in the no-precue condition, performance on

3 Kincaid’s procedure combines 2 (correct vs.
incorrect) X m (conditions) contingency tables for
each S to arrive at a single pooled 2 X m table; the
test takes into account the consistent differences
between Ss in a manner analogous to the repeated
measurements design in analysis of variance. The
Ss are treated as individuals rather than as a random
sample from a large population, thus limiting sta-
tistical generality.
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one word was better than performance on
either one letter (p < .001) or one quadri-
gram (p < .001). Performance on two
words was better than either two letters
(p < .05) or two quadrigrams (p < .01).
The same ordering was true for the results
in the precue condition (p < .01 for all com-
parisons). Eight of the nine Ss did better
on the single words than on single letters.
The one S who reversed this trend was the
only S who said that she saw the words as
four separate letters which she made into
words. All other Ss said that they ex-
perienced a word as a word and not as four
letters making up a word.

Several other tests were made because
they seemed of possible interest, although
they are not independent of the tests made
above or of each other. Performance on
one of each type of material was better
than on two of that same type of material
(p < .001) for all comparisons in both
cueing conditions. Performance on one
quadrigram was better than performance on
two letters (p < .001 for each cueing con-
dition). Some Ss reported that the two
letters tended to divide their attention so
that this type of material sometimes seemed
more difficult for them than one quadri-
gram, which they could sometimes pro-
nounce or make into a word.

The differences attributable to stimulus
parameters held up over all serial positions
except when the critical letter was in the
bottom row in the two-item condition. The
most important deviation from the general
results was that performance on two words
was not better than performance on two
letters when the critical letter was in the
bottom row. This was true for each
stimulus duration.

The confidence scores support the fre-
quency data in that Ss were more confident
on words than on the other types of ma-
terial. However, the difference between
one and two of each type of material was
not as great as might be expected from the
frequency data. Also, the finding that Ss
seemed slightly more confident on one
quadrigram than on single letters does not
support the frequency data.
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Discussion

If we accept the assumption made in the
past, i.e,, that processing time is the critical
variable in this task and is a monotonic func-
tion of the time between the onset of the stimu-
lus and the onset of the masking field, we must
conclude that single words are processed faster
than single letters and reject a system for
serial processing of sensory information. The
Estes and Taylor (1966) fixed sample model
suggests that there might be some limit to the
number of letters which can be handled in
parallel; this data can only suggest that for
eight of nine Ss the sample can be four or
larger. The result that one S did better on
single letters than on words (for all three
durations) suggests that the type of scanning
that .S does may depend on set or strategy. If
a person is looking for single letters, he may be
able to scan letters rather than whole words.
If he is expecting words, the reverse may be
true. This would offer no particular problems
to a parallel model of processing of sensory
information but grave ones for a serial model.
In that performance on two of each type of
material was worse than performance on one
of that same type, the interpretation that
coded units or ‘‘chunks’ might be handled
serially remains tenable.

The fact that performance on words was
actually better than performance on letters
might suggest some difficulty with the assump-
tions made here. Thinking in terms of a
hierarchical system of information processing
makes it difficult to understand how a word
might be processed faster than the elements of
which it is comprised. If the assumption is
wrong and some variable besides processing
time is important in performance on this task,
we would not know whether performance on
words was as good as or better than perfor-
mance on letters because of processing time or
because of this other variable.

One possible explanation for the superiority
of performance on words is that letters are
forgotten more quickly than are words. The
attempt to reduce the memory load by giving
Ss the response alternatives before presenta-
tion of the stimulus display was not successful.
The data of the present experiment do not
suggest any promising explanations of why
prior information interfered with performance.
Under somewhat different conditions, the
opposite result has been found by Egeth and
Smith (1967) and Long, Reid, and Henneman
(1960).
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A second possibility is suggested by the re-
ports of some Ss that a single letter was harder
to find in the field of the tachistoscope than
four letters. If the process of perception can
be broken down into detection and recognition
with the completion of the former necessary
before proceeding to the latter, the superior
performance on words could be explained in
terms of their increased detectability due to the
greater area taken up by words than by letters.

There are alternatives to hierarchical pro-
cessing. Cattell (1886) thought that single
words were read faster than single letters (in a
reading reaction time experiment) because the
association between a common word and the
name of the word is more frequently made than
the association between a letter and its name.
Also, Gestalt field effects often suggest that
whole figures are more easily seen than the ele-
ments of which they are comprised.

Neisser (1967) has recently postulated a
theory of the sort considered here. He suggests
that there are early passive analyzers which
operate on information in parallel and that
further “‘construction’” of the percept takes
place serially. The construction phase of per-
ception could, presumably, take advantage of a
considerable degree of lower level processing.
Thus a word or even a ‘“meaning response’
could be constructed instead of the separate
letters or words of which it is composed.

In conclusion, the present experiment cannot
be considered conclusive with respect to the
stage of information processing at which serial
processing is imposed, but it appears quite
clear that the total processing time for multi-
ple-letter arrays need not exceed that for
single letters.
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