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Ss were asked to identify ambiguous auditory and visual stimuli (words and
pictures), each of which was presented for a series of consecutive trials, On
successive trials, the degree of ambiguity (auditory masking or amount of
blur) was reduced, so that on the final presentation, the stimulus was easily
recognizable. The Ss were divided into 2 grps.; the WRA (wide range of
ambiguity) grp. was given a series of 135 f{rials on each stimulus, while the
NRA (narrow range of ambiguity) grp. was given fewer trials, starting at a
lesser degree of ambiguity. It was found that the NRA grp. recognized the
ambiguous stimuli earlier than did the WRA grp., indicating that an initial
misinterpretation of an ambiguous stimulus can interfere with its later
veridical recognition. Performance on the recognition tasks was predictable
from scores on a set of cognitive factors, among them flexibility of closure
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(field dependence-independence) and cognitive flexibility-rigidity.

ProBLEM

Ambiguity involves a relation between a
perceiver and an object of perception: it ex-
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ists whenever a perceiver, in attempting to
interpret or impart meaning to an object, finds
that the object is capable of being under-
stood in more than one way. A perceptual ob-
ject will be ambiguous if it is obscure and
indistinct to the perceiver, or if it implies a
clear set of alternative interpretations.

While the presence of ambiguity in percep-
tion depends to a large extent on character-
istics of the stimulus object, there are ex-
periential factors, as well, which can deter-
mine whether or not a stimulus will be
perceived as ambiguous within a given per-
ceptual context, Consider, for instance, a
situation in which subjects are asked to
identify photographs of objects which have
been rendered obscure by being thrown out of
focus. An initial exposure to such an out-of-
focus visual stimulus, once it has been mis-
interpreted by a subject, will interfere with
the subsequent recognition of the stimulus
object as it comes slowly into focus. Subjects
who have been exposed to a highly blurred
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image will show a substantial delay in recog-
nition if, while attempting to recognize that
image, they have been kept ignorant about
the correctness of their conjectures. In this
situation, the ambiguity of the image at any
particular moment clearly depends upon the
subject’s history of hypothesizing about the
blurred stimulus as well as upon its degree of
focus at that moment.

The adverse effect of early exposure to am-
biguity upon subsequent recognition of am-
biguous visual images was first demonstrated
by Galloway (1946) and was later replicated
by Wyatt and Campbell (1951), who used
instructions designed to ensure that the sub-
jects were attempting to perceive the objects
veridically. Bruner and Potter (1964) have
criticized these previous studies on the
grounds that two variables have in each case
been confounded: namely, the overall ex-
posure time and the focus range of viewing.
Using an analysis-of-variance design, they
were able to confirm the finding that previous
exposure to a highly blurred image interferes
with recognition. In addition, they found the
extent to which recognition is delayed depends
on the overall time spent in viewing the pic-
ture: when the viewing time was shortened,
recognition occurred later than when the
viewing time was more prolonged. The inter-
ference phenomenon has been demonstrated
using auditory stimuli as well, Blake and
Vanderplas (1950) demonstrated that non-
veridical recognition of a word presented at
a subthreshold loudness elevated the intensity
level necessary to achieve correct recognition
of the word. They found the mean stimulus
intensity for recognition to be significantly
higher when subjects had made nonveridical
hypotheses prior to recognition, than when no
such hypotheses had been ventured. On the
basis of these findings, they concluded that
the formation of a strong, prerecognition hy-
pothesis is a necessary prercquisite for inter-
ference in perceptual recognition.

While it appears that nonveridical hypothe-
ses are sources of interference, there appears
to be no simple relation between the amount
of interference created by these hypotheses
and the length of time they have been held.
Smock (1955) compared the visual recogni-
tion performance of a group of subjects under
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stress with the performance of a group of
subjects who were more secure. He found
that, over a series of five recognition prob-
lems, the difference between the mean recog-
nition points for the two groups remained the
same, with the stress group always recogniz-
ing later than the security group. What varied
from problem to problem, however, were the
differences between the (mean) points at
which the two groups of subjects first formu-
lated their hypotheses. On the basis of the
lack of a systematic relation between the
group means for these two variables, it would
seem unlikely that recognition performance is
a function of precocity of hypothesis forma-
tion.

If subjects differ in their susceptibility to
the adverse effect of their own incorrect hy-
potheses upon subsequent formation of cor-
rect ones, then we might expect the individual
differences in their recognition points to be
reliable. While Bruner and Potter (1964)
reported a Kendall measure of concordance
(W) of only .116 for their 13 subjects, a
reliability of .58 was obtained in another
study using Bruner and Potter’s pictures
(Frederiksen, 1965), in spite of the fact that
the pictures were deliberately chosen without
recourse to an item analysis. Since individual
differences in recognition performance were
found to be moderately reliable, this study
went on to examine the relations between per-
ceptual recognition and five other cognitive
and perceptual variables. While it was found
that not all of the pictures required the same
combination of abilities for their recognition,
some general effects of the cognitive abilities
on recognition were nevertheless discovered.
The ability to visualize (to transform the
image of a spatial pattern into other visual
arrangements) was found to be associated
with delayed recognition, while speed of
closure (the ability to unify an apparently
disparate perceptual field into a single per-
cept) was related to early recognition. The
post hoc explanation for the first of these
results was that the ability to visualize con-
tributes to late recognition because of the
fact that visualizers can manipulate and
transform their images of a stimulus and
thereby make them conform to their hypoth-
cses—albeit deceptively.
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In addition to recognition-point measures,
the subjects received scores which assessed
their rates of hypothesis formation during the
early stages of blur, When these scores were
correlated with recognition points, it was
found that the chances of recognizing a pic-
ture early were greater when a subject pro-
duced many initial hypotheses than when he
was able to furnish only a few initial ideas
(r = —.46). Subjects who could entertain
many hypotheses simultaneously or in guick
succession were presumably less susceptible
to the interference which holding one hypoth-
esis has on the formation of another. Simi-
larly, subjects who advanced few hypotheses
were, presumably, less able to develop new
hypotheses to augment or replace their early
ideas.

METHOD

The plan of the present study was (e) to develop
a new recognition test which utilized a different
sensory modality (audition) and which employed a
previously untried technique for producing am-
biguity, (b) to test the hypothesis that reducing the
range of ambiguity would result in earlier recogni-
tion in both modalities than would be obtained
using a wide range of ambiguity, (¢) to find out if
perceptual recognition performance in the two mo-
dalities is more highly correlated in the WRA group
than in the NRA group, (d) to investigate the role
played by a number of perceptual and cognitive
factors in perceptual recognition, and in particular
(e) to test the plausibility of the hypothesis that
interference in perceptual recognition is related to a
factor-analytically derived measure of flexibility
(cognitive flexibility-rigidity). Since a number of
different kinds of flexibility factors have been
identified in the literature, this study had, as a sixth
purpose, the factor-analytic investigation of the re-
lations among a number of tests purporting to
measure different aspects of cognitive flexibility.

Our intevest in the problem of perceptual recog-
nition concerns the psychological effects of hypothesis
formation on the later revision of a hypoth-
esis, once disconfirming evidence has become avail-
able. As the degree of stimulus ambiguity is gradu-
ally reduced, the number of possible interpretations
of the stimulus diminishes, until, on the final trial,
a single interpretation alone is tenable. By develop-
ing an analogous task in auditory recognition, it
becomes possible to find out if general conclusions
about the processing of ambiguous information can
be reasonably drawn from the study of recognition
in a single modality. With this purpose in mind, an
auditory recognition fest was devised in which single,
polysyllabic words served as the objects to be rec-
ognized. Ambiguity was created by masking the
words with a mixture of other speech sounds., When

the signal-to-masking-noise ratio was low, the sub-
ject heard a variety of sounds which could be
construed to represent any one of a number of
possible words, As the masking noisc was attenuated
on successive trials, the probability of incorporating
masking sounds inta one’s hypothesis grew smaller.
Morecover, the masking sound associated with a word
was identical through all successive presentations of
the masked word, and only its loudness was altered.
In this way, it was assured that the subject would
continue to hear those elements of the masking
sound which he had incorporated into his incorrect
hypothesis. Since the loudness of these incorporated
elements gradually diminished, the subject’s incorrect
hypotheses were not abruptly disconfirmed but,
rather, grew steadily less plausible.

In order to assess the extent of interference in
recognition, the subjects were divided into two
groups which were given different versions of the
two recognition tests. One group (the WRA group)
was given versions of the auditory and visual recog-
nition tests in which the full (wide) range of am-
biguity was covered on each item. A second group
(the NRA group), began ecach test item at a later
stage of ambiguity than the normal starting point
and thus received a reduced (narrow) range of
ambiguity on every item. The subjects in the WRA
group were thus given a greater opportunity to mis-
interpret the ambiguous stimuli than were the sub-
jects in the NRA group, and it was hypothesized
that the mean recognition points for the WRA
group would exceed the means for the NRA group.

The principal similarity between the auditory and
visual recognition tasks lies in the way prerecogni-
tion hypotheses were gradually made less plausible
due to the slow reduction of stimulus ambiguity.
Those abilities which are common to both recogni-
tion tasks should therefore he the ones which relate
to interference in the successive formation of hy-
potheses as disconfirming evidence becomes available.
Since there was greater opportunity for this inter-
ference to influence the recognition scores for the
WRA group than for the NRA group, it was hy-
pothesized that the auditory and visual recognition
test scores would correlate more highly in the first
group of subjects than in the second.

Cognitive Ability Measures

It has been suggested that a subject’s performance
in perceptual recognition is determined, in part, by
his ability to reject promptly an erroncous hypoth-
esis about the identity of the stimulus in favor of a
new hypothesis when contradictory evidence be-
comes available. This concept of susceptibility to
inferference bears a striking resemblance to the no-
tion of flexibilily in problem solving. Flexibility has
been characterized by Wand (1958) as “a sensitivity
to changes in external conditions and an ability to
adjust behavior to the uncertain or unexpected in
problem situations [p. 31.” It is reflected in per-
formance on tasks in which a habitual or set type
of behavior results in a low score. In such tasks, the
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subject must reject routine or set problem-solving
methods in favor of more efficient ones.

The selection of tests which purport to measure
flexibility poses a problem due to the large number
of such tests available and to the lack of knowledge
about their interrelations (Chown, 1959). A num-
ber of investigations (Applezweig, 1954; Yorster,
Vinaake, & Digman, 1955; Goodstein, 1953; Wol-
pert, 1955) have failed to find significant correla-
tions between selected measures of flexibility, and
have raised doubts about the existence of a general
flexibility factor. While a dispositional or cognitive
rigidity factor has been found in at least two stud-
ies (Cattell & Tiner, 1949; Oliver & Ferguson, 1951),
other studies by Scheier and Ferguson (1952) and
Scheler (1954) have shown that most of the vari-
ance of the cognitive (and motor) rigidity tests
could be accounted for by other, traditional ability
factors such as motor speed, verbal reasoning, and
number ability, In an attempt to see if all of the
variance in flexibility tests could be explained in
this way, Wand (1958) constructed a set of rigidity
tests which were closcly patterned after conven-
tional tests of cognitive abilities. These experimental
tests were designed so that the items, while resem-
bling those of conventional aptitude tests, required
the subject to “introduce new methods and to over-
come sets [Wand, 1958, p. 291.” She tested the hy-
pothesis that each of the flexibility tests had a sig-
nificant portion of its nen-error variance that was
not correlated with the aptitude test on which it
was patterned and found that most of the flexibility
tests did indeed possess a significant amount of inde-
pendent, non-error variance.

Since Wand’s battery included tests representing
a number of previously established flexibility fac-
tors (flexibility of closure, Guilford’s adaptive flexi-
bility—Frick, Guilford, Christensen, & Merrifield,
1959; Wilson, Guilford, Christensen, & Lewis, 1954—
and Scheier and Ferguson’s cognitive rigidity)
along with her own experimental fests, it was felt
that a further analysis of her data might reveal a
group of tests that could serve, in the present study,
as markers of flexibility., A factor analysis of the
ability test portion of her data (her Variables 2
through 22) was therefore carried out, and five
oblique factors were extracted. These factors were
interpreted as (e) spatial ability, (b) cognitive flexi-
bility-rigidity, (¢) verbal ability, (¢) numerical ap-
titude, and (e) speed of closure.

The cognitive {lexibility-rigidity factor was clearly
defined by Wand’s ecxperimental flexibility tests
along with Scheier and Ferguson’s Sign Changes and
Reversed Reading tests. In addition, cach of Wand’s
experimental tests was seen to load upon one of the
conventional ability factors (spatial ability, verbal
ability, or numerical aptitude) as was expected. The
tests loading on cognitive flexibility-rigidity covered
a variety of tasks, all of which required flexible
thought. One of these tests, Verbal Problems, re-
quired the subject to ignore the contextual meanings
of words; another, Resourceful Arithmetic, required
the subject to reject routine methods of solving

problems for more efficient and less habitual meth-
ods. The Sign Changes and Reversed Reading tests
both required the subject to perform overlearned
operations (reading and computing) in an uncon-
ventional manner. These tests, together with one ex-
perimental test of flexibility (Word Decoding), were
included in the present test battery. The Word De-
coding Test was thought to require flexible thought
in that it tested how readily a subject could think
up unusual pronunciations or meanings for letters
and symbols.

Since Wand had used only two tests of flexibility
of closure, it was impossible to obtain a separate
factor representing this perceptual ability in the
analysis of her data. Since it was felt that this
“ability to overcome embeddedness [Witkin, 1964,
p. 178]1” might bear an interesting relationship to
cognitive flexibility, as well as to visual and audi-
tory recognition, several tests loading on this factor
were included in the test battery., Two of these
tests (Hidden Figures and Hidden Patterns) re-
quired the subject to search for and identify certain
geometric forms which had been embedded in
larger geometric figures, A third test (Copying) re-
quired the subject to copy angular geometric pat-
terns onto a square matrix of dots. It was expected
that flexibility of closure and cognitive flexibility-
rigidity would form distinct, but highly oblique
factors.

Tests representing a third flexibility factor, se-
mantic spontaneous flexibility (identified by Frick
et al, 1959; Wilson et al, 1954), were included as
well. This factor has been defined by French, Ek-
strom, and Price (1963) as “the ability to produce a
diversity of verbally expressed ideas in a situation
that is relatively unrestricted [p. 3501.” The two
representative tests, Utilities and Object Naming,
were scored for the number of shifts in categories of
responding which a subject makes in listing the
utilities or names of objects. Several measures of
ideational fluency 8 were also included, in order to
control for the tendency of some subjects to pro-
duce more answers than others in an open-ended
test. Tt was expected that the tests of semantic
spontaneous flexibility would load highly on this
fluency factor.

In addition to our threc measures of fexibility,
tests representing four perceptual abilities were se-
lected from the set of factor tests reviewed and
described by French et al. (1963), and were included
in the present study. The first of these factors,
visualization, has been defined as “the ability to ma-
nipulate or transform the image of spatial patterns
into other visual arrangements [French et al, 1963,
p. 471.” It was measured by tasks which required

8 Ideational fluency was represented by two pub-
lished tests (Topics and Thing Categories) and two
tests prepared especially for this study (Sound In-
terpretation and Interpreting Inkblots). In the Sound
{nterpretation Test, the subject listened to two 50-
second recorded sclections, which contained a mix-
ture of sound effects, and was asked to write down
what the selections sounded like.
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the subject to “imagine” how an object would ap-
pear after it had been moved through space in some
complex series of specified motions; he then had to
select from a set of alternatives the figure having
the appearance of the transformed object. The
three tests of this factor (Form Board, Paper Fold-
ing, and Surface Development) were administered
under relatively unspeeded conditions. It was ex-
pected that visualization would be related to visual
recognition when a broad range of ambiguity was
cmployed, as it was in the previous study.

Since tests of visualization resemble tests of spa-
tial orientation, measures of this second spatial
factor were included in order to insure that an
unambiguous measure of visualization would be
obtained. The two spatial orientation tests (Card
Rotations, Cube Comparisons) evaluated the sub-
ject’s perception of the positions of objects in rela-
tion to his own position as the observer. The test
items were relatively easy and were given under
highly speeded conditions,

The third perceptual factor represented was speed
of closure; it was assessed by means of tests which
required the subject to identify incomplete figures
or words (the Concealed Words and Gestalt Com-
pletion tests). In the previous study speed of
closure was found to be associated with early slide
recognition. However, since this ability involves
tasks in which a perceptual field containing dis-
parate parts is viewed, it would appear likely that
speed of closure would be more highly related to
visual recognition for subjects who began viewing
the ambiguous pictures at a point where the visual
field was more differentiated, that is, for subjects in
the NRA group.

A spatial speed factor, spatial scanning, was also
represented in the test battery. The three tests of
spatial scanning (Maze Tracing, Choosing a Path,
Map Planning) measured the subject’s speed in sur-
veying a complicated spatial field and were ad-
ministered under highly speeded conditions. Finally,
a memory factor (memory span) was represented in
the test battery, The two measures of this factor
were conventional letter- and number-span tests
(Kelley, 1954), in which series of letters or digits
of varying lengths were read to subjects, who then
had to reproduce them immediately. This factor was
included in the study because it was thought that
rapid memorization of the sounds contained in the
auditory recognition test might perhaps facilitate
eatly recognition of the stimulus word.

The Visual Recognition Task

The visual recognition test consisted of a series
of 14 color slides containing pictures of ordinary
objects, Subjects were shown each of these pictures
in a sequence of 15 stages of decreasing ambiguity.
The ambiguity was produced by a blurring of the
pictures, which reduced the amount of detail ob-
servable in the objects photographed and distorted
their appearance, Thus each of the slides was pre-
sented in 15 dilferent stages of gradually improving
focus, covering 14 subjectively equal focus intervals

(Frederiksen, 1965). The subjects were asked to try
to identify these pictures as they came into focus.
The slides were projected using a Kodak Carousel
projector onto a standard 4% X 6-foot grainless
screen, At each stage of focus, a picture was exposed
for 10 seconds, followed by a 10-second pause during
which the subjects wrote their guesses about what
the slide depicted. In all, 5 minutes were spent on
each picture,

A subject’s recognition point was defined as the
stage of focus at which a criterion word or phrase
(distinct for each slide) was first mentioned without
a subsequent return to an incorrect hypothesis. If
a subject failed to write down the criterion word, he
was given a score of 16, The scores therefore ranged
from 1 (immediate recognition on the first and most
blurred trial) to 15 (recognition at full focus) and
then 16 (no recognition at all). A more complete
description of the visual recognition test and the
methods used in its construction was given in a
previous report (Frederiksen, 1965).

The Auditory Recognition Task

Having decided to use a masking technique to
create ambiguity for the test of auditory recogni-
tion, and having settled on the use of single, poly-
syllabic words for items to be recognized, the authors
turned to the study of Blake and Vanderplas (1950)
for a source of such words. From their list of 84
words, the 20 words having the largest numbers of
prerecognition hypotheses were sclected, Each of
these had at least 8 prerecognition hypotheses, the
highest number being 14, The auditory recognition
test was then constructed out of these 20 items by
masking each of them with other speech sounds.

The auditory masking was accomplished in the
following manner: A master tape was prepared con-
taining on a single track four voices of approxi-
mately equal loudness, all belonging to the same
speaker, and all speaking at once, On the second
track of this tape were recorded the stimulus words,
each one thus being accompanied by its own par-
ticular masking sound. This tape could be played
back any number of times, in order to combine
stimulus words and masking ones in any desired
proportions of loudness, In this way, cach test item
was recorded 15 times, with the identical masking
sound accompanying each recording. The only dif-
ference between successive recordings of the stimu-
lus-mask composite was the degree of attenuation of
the masking signal. On the first trial, stimulus and
mask were equally loud, while on subsequent trials,
the loudness of the masking sound was attenuated, 1
decibel for each trial. The scale of ambiguity for the
auditory recognition test ran from no attenuation
on Trial 1, to 14 decibels attenuation on Trial 13.

The item analysis, Twenty subjects, who were
college students and summer employees of the Edu-
cational Testing Service, took the 20-item auditory
recognition test. After each presentation of the stim-
ulus word, a $-second pause was provided, during
which the subjects wrote their guesses about the
identity of the word, The auditory items werce pre-
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sented to groups of five subjects in one of four
different orders: the items were divided infto quarters
containing five items, and each group of items was
presented once as the first, second, third, and last
group to be heard by a group of subjects.

The scoring procedures resembled those used for
scoring the visual recognition test., A subject’s recog-
nition point was defined as the first trial on which
he first heard the correct word without returning to
an incorrect hypothesis about the word. If a subject
failed to write down the criterion word at all, he
was given a score of 16. For the most part, the
scoring criteria were furnished by the item words
themselves. However, the criteria for two of the
items were rendered “casier”: by allowing the in-
clusion of the suffixes -ed or -ing.

The odd-even reliability of the average recognition
score in this preliminary study was .78 (corrected
for double length), despite the fact that the item
order was not fixed for all 20 subjects. However,
four items which correlated either zero or nega-
tively with the total score were eliminated from
the final form of the test,

The experimental design permitted an assessment
of the extent to which subjects improve with prac-
tice in recognizing masked words. While the degree
of improvement in rccognition appearved to be
lincarly related to the amount of practice on the
test, none of the differences between mean recogni-
tion trials for the four quarters of the test were
statistically significant. In the revised form of the
auditory test, the order of the items was altered:
difficult items were placed near the end of the test,
while casy items were offered at the beginning, In
this way, use was made of whatever systematic re-
lation existed between an item’s recognizability and
its position in the test. The items in the revised
form of the test were in a fixed order. Detailed item
statistics have been presented elsewhere (Frederik-
sen, 1966).

Subjects

The subjects for this study were 145 male college
undergraduate and graduate students at Princeton
University. All of the subjects were paid volunteers,
solicited by mail or poster. The WRA group, con-
sisting of 85 subjects, was run in December, after
classes had recessed prior to Christmas vacation.
The NRA group, containing 60 subjects, was run in
February, during the first week of the spring se-
mester.

Experimental Procedure

The 29 cognitive tests were administered to both
groups of subjects. They were given in two sessions,
cach lasting from 3 to 3% hours. The tests were
hypothesized to represent the cognitive factors listed
in Table 3 where footnote ¢ indicates those tests
which were thought to load on cach factor. The order
of presentation was arranged so that two tests mea-
suring the same ability were never contiguous; more-
over, ithe kinds of tasks required of a subject were
varied during any given time period. In addition,

an effort was made to separate the more lengthy
tests from each other. Although the order of ad-
ministration of the tests was fixed within each ses-
sion, subjects were allowed to attend an evening
session, prior to taking part in an afternoon session.

The auditory and visual recognition tests were
given in the afternoon and evening sessions, re-
spectively. In constructing the versions of the rec-
ognition tests given to the NRA group, it was in-
tended that the reduction in the number of stages
of ambiguity should be sufficient to produce a de-
crease in the number of early, “interference-creating”
hypotheses. At the same time, however, it was neces-
sary to avoid a restriction in the range of recogni-
tion scores possible, due to the elimination of trials
on which subjects might have recognized an item.
The following criterion was therefore adopted: For
every auditory and visual item, all trials (stages of
ambiguity) were eliminated on which the cumula-
tive percentage of subjects who recognized the item
was less than 4%. In those cases, however, where
fewer than a third of the trials were eliminated
using this rule, a criterion of 8% was used instead.
The number of stages of ambiguity deleted was
therefore determined for each item from the distri-
bution of recognition points on that item. From
the auditory test, as few as 3 and as many as 8
stages of ambiguity were eliminated, and from the
visual test, as few as 3 and as many as 10 focus
stages were climinated. The average number of
trials eliminated was 5.9 for the auditory test and
6.6 for the visual recognition test.

Scoring Procedure

The auditory and visual recognition tests were
scored according to the method described above.
Since the scoring criteria were applied literally, it
was not deemed necessary to assess the reliability
of the scoring. The scorers, of course, were kept
naive about the purpose of the study and were
therefore unaware of the hypothesis that subjects in
the NRA group were expected to recognize the
auditory and visual items earlier than subjects in
the WRA group.

The subjects’ scores on the cognitive ability tests
were for the most part simply the numbers of items
correctly completed, and no corrections for guessing
were made. The keys for scoring most of the tests
are given in French et al. (1963); the keys for scor-
ing the tests of flexibility-rigidity were developed
for this study by the author. The fests of ideational
fluency were scored for the number of different
answers written in the time period allowed, and no
attempt was made to assess the quality of the
answers. The two tests of semantic spontaneocus
flexibility were scored for the number of shifts
from one category of responding to another (French
et al,, 1963).

Resurts

Tt was hiypothesized that a reduction in the
range of ambiguity covered in the presenta-



RECOGNITION OF AMBIGUOUS STIMULI 7

tion of auditory and visual items should re-
sult in earlier recognition of the items. Those
subjects exposed to a wide range of ambiguity
were expected to recognize items later than
were those subjects who had escaped the
early, and highly ambiguous trials. This hy-
pothesis was strongly confirmed for both
modalities.

Auditory Recognition

The distributions of recognition points for
a typical auditory item, for both groups of
subjects, are shown in Figures 1 and 2. In
Tigure 1, it can be seen that nearly 60% of
the subjects scored 16 (i.e., failed to recog-
nize the item at all) when the full range of
ambiguity was covered., Of the subjects who
did recognize, the earliest did so on Trial 5.
On the other hand, in Figure 2 we see that
60% of the NRA group—the group first hear-
ing the stimulus word on what was originally
the eighth trial—recognized the word
“beauty” immediately. Only 15% of the sub-
jects in the NRA group remained completely
unable to recognize this word, This finding
was typical of the auditory items; reducing
the range of ambiguity produced a complete
change in the shape of the distributions of
recognition points, Whereas large proportions
of the subjects in the WRA group were un-
able to recognize the words at all, subjects in
the NRA group often recognized the words
immediately. At the same time, the distribu-
tions of recognition points for those subjects
who did nof recognize on the first trial were
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Fie. 1. The distribution of recognition points for
the auditory item “beauty” obtained when the full
range of ambiguity was covered.
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Fi16. 2. The distribution of recognition points for
the auditory item “beauty’ obtained when the first
seven stages of ambiguity were omitted.

the same for both groups. This implies that
the length of time a hypothesis has been held
is not an important factor.

While there were differences in amount of
interference for different items, all of the
items nevertheless had smaller mean recogni-
tion points when the range of ambiguity was
reduced. The amount of interference (that is,
the difference between median recognition
trials for the two groups) associated with an
item correlated significantly (r = .53) with
the number of distinct prerecognition hypoth-
eses obtained for that item in the study of
Blake and Vanderplas (1950).

Disregarding item differences, the mean
score for the WRA group on the entire test
was 12.08, (8D = 1.47) while the mean for
the NRA group was only 9.74 (SD = 1.13).
The critical ratio for the difference between
the corrected mean recognition point # for the
WRA group and the mean for the NRA group
was over 15 (p < .001). The odd-even relia-
bility (corrected for double length) of the
original version of the test was .80, while it
was .52 for the reduced range version.

Visual Recognition

The distributions of recognition points for
a typical visual item are given in Figures 3
and 4. The distribution for the WRA group
is skewed to the left, while that for the NRA

+ Corrected mean recognition points for the WRA
group were computed in the usual way from sub-
jects’ item recognition points, except that if a sub-
ject’s item score fell below the starting trial for the
NRA group, it was raised to that value.
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Fic. 3. The distribution of recognition points for
the visual item “shoes” obtained when the full range
of ambiguity was covered.

group (which began viewing on the seventh
stage of focus) is skewed to the right. Unlike
those for the auditory items, not all of the
mean recognition scores for the visual items
decreased when the overall range of ambig-
uity was reduced. However, the mean recog-
nition points decreased for all but three of the
pictures.

Comparing the total scores on the visual
recognition test, the mean recognition point
for the WRA group was 11.54 (SD = 1,06),
while the mean score for the NRA group was
10.73 (SD = 1.00). The critical ratio for the
difference between the corrected mean for the
WRA group and the mean for the NRA
group was 5.12 (p < .001). Thus, despite the
fact that less overall time was provided for
subjects in the NRA group to view the ambig-
uous stimuli, they recognized the items earlier
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Focus Stage at Recognition

F1¢. 4. The distribution of recognition points for
the visual item “shoes” obtained when the first six
stages of ambiguity were omitted.

than did subjects in the WRA group. The
reliability of the test was essentially the same
for both groups (.68 in the WRA group and
.72 in the NRA group).

The effect of decreasing the range of am-
biguity on recognition has been attributed to

TABLE 1

DESCRIPTIVE STATISTICS OF THE COGNITIVE TESTS

Group I Group IT
Cognitive test agsilé;h
M SD M SD
1. Concealed 2592 | 539 24.62| 4.87| .75
words
2, Gestalt com-| 17.09 3.24 | 17.50| 291 .77
pletion
3, Form board ) 23.12| 8,08 21,70| 879} .81
4, Paper fold- 15341 3.16] 14.57| 3.981 .86
ing
5. Surface de- 49096 | 11.24 | 48.35[ 10.30| .88
velopment
6. Soundinter- | 19.40) 8.81] 18.53] 8.71| .82
pretation
7. Interpreting | 13.32| 580] 11.97| 554| .85
inkblots
8. Topics 29.56 | 10.58 | 33.20| 13.24| .90
9. Thingcate- | 31.87| 8.72) 33.37|11.57| .67
gorles
10. Hidden 18.27] 7481 16.28| 6411 .76
figures
11. Hidden 184.49 | 28,37 {178.60) 30.61 | .91
patterns
12. Copying 39.80 | 11.03 | 41.47| 9.32| .89
13, Card rota- 169.18 1 35,76 [171.35] 3096 | .85
tions
14, Cube com- 29.84| 7.011 2902} 7.18| .77
parisons
15. Sign changes] 46.35| 6.98 | 44.98| 648 .85
16. Reversed 23.66 6.78] 2047| 574} .94
reading
17. Resourceful | 26.12 | 8.08| 23.251 7.51] .86
arithmetic
18. Verbal 2292 6361} 22.45| 598 .72
problems
19, Utilities® 20,14 | 7,20 18.90| 7.88| .74
20. Object 11.56 3.62| 12.40| 3.46| .40
naming?®
21, Word de- 18.66 | 5.62| 16.95| 5.02| .67
coding
22, Advanced 2940 | 4.93] 27.75| 421 .83
vocabu-
lary
23. Maze tracing| 27.82| 6.38| 28.67| 7.32| .92
24, Choosing a 1679 5.70) 16.52] 6.03| .78
path
25. Map plan- 25781 573 25.02| 7.11| .75
ning
26. Auditory 11,641 341 1222 3.94| .80
number
span
27. Auditory 10.05| 3.19| 10.50| 3.11} .73
letter span

a Scored for the number of shifts bhetween categories of
response.
b Corrected for double length.
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the interference of erroneous, prerecognition
bypotheses with the later formation of cor-
rect hypotheses when additional information
about the stimulus becomes available. If this
is the case, then individual differences in sus-
ceptibility to interference should determine in
part how poorly subjects will perform. Since
interference-producing hypotheses were pre-
sumably less likely in the NRA group, the
auditory and visual and recognition scores
should be more highly (positively) correlated
in the WRA group than in the NRA group.
The correlation between average recognition
points on the two tests was .18 (corrected for
attenuation) for the WRA group, and the
correlation for the NRA group was —.03
(again, corrected for attenuation). Neither of
these correlations was, however, statistically
significant.

Factor Analysis

Descriptive statistics of the cognitive tests
are given in Table 1. Three of the tests had
reliabilities below .75 (Thing Categories, Ob-
ject Naming, and Word Decoding). The Ob-
ject Naming Test had the lowest reliability
(.40), and this may have been due to scor-
ing errors, as this test was scored for the
number of shifts between categories of re-
sponding. The means and standard deviations
of the tests were computed separately for each
group. Although none of the differences be-
tween these means and standard deviations
are statistically significant, separate variance-
covariance matrices were nonetheless com-
puted for each group, and it was the weighted
average of these two matrices that was fac-
tored. This average variance-covariance mat-
rix, rescaled so as to have unities in its prin-
cipal diagonal, is given in Table 2. Since the
maximum likelihood method of factor analysis
involves the assumption that the test scores
are distributed according to the multivariate
normal distribution, separate chi-square tests
of normality were computed for each of the
cognitive tests. Using the .01 significance
level, seven of the cognitive tests were judged
not to be normally distributed. Three of these
tests (Gestalt Completion, Surface Develop-
ment, and Advanced Vocabulary) had skewed
distributions which indicated that they were
not sufficiently difficult to discriminate op-

timally among the students tested. Since the
normality assumptions were not met, the sig-
nificance test computed in the factor analysis
was disregarded,

The average of the group variance-covari-
ance matrices was factored according to the
method of Joreskog (1966), using his itera-
tive program for the ITBM 7094 computer. In
the Joreskog factoring procedure, the inde-
terminacy of the factor model is eliminated
by reducing the number of parameters con-
tained in the factor matrix. This is accomp-
lished by setting certain factor loadings ex-
actly equal to zero. The set of the zero load-
ings constitutes the experimenter’s simple
structure hypothesis.

The factor loadings which were originally
thought to be nonzero are indicated by foot-
note ¢ in Tabhle 3. After factoring the corre-
lation matrix for the WRA group, this simple
structure hypothesis was revised, and several
additional factor loadings were postulated.
The final simple structure hypothesis is indi-
cated by the positions of zerces in Table 3.
Using this simple structure hypothesis the
average variance-covariance matrix was fac-
tored, yielding a normal deviate of —3.23,
which suggested that an excellent approxima-
tion to the combined data for the two groups
had been achieved. The final estimates of the
factor matrix, the uniqueness of the tests, and
the average factor variance-covariance matrix
are given in Tables 3 and 4. The factor load-
ings can be interpreted as regression weights
for the regression of each test on the 10 fac-
tors,

Five perceptual factors. Thirteen tests in-
volving five different aspects of visual percep-
tion were included in the test battery. The
factor “speed of closure” was best repre-
sented by the Concealed Words Test which
loaded on no other factors. The Gestalt Com-
pletion Test loaded appreciably on visualiza-
tion (.40) and cognitive flexibility (—.41), as
well as loading .46 on the factor it was in-
tended to represent.

The tests designed to measure visualization
all loaded greater than .89 on that factor, and
only slightly on other factors. However, there
was a large covariance (.80) between visuali-
zation and spatial orientation which indicated
that an alternative solution would have been



*PRIIIWO TR dARY SIUIOA [BWII(Y ©

Joun R. I'REDERIKSEN

iz |6 .- lez |z r ST | ¢ |ee |zTe |11 i ST | €t |61 |OT % I— |s— 19 ¥ 0— | s— |11 ueds 193397 A1031pRY “4T
0z 1¥ jr— 111 Qg | ST leg | €€ 8¢ |01 2= 120 [O1 [91 (€ |&(— |[€— |T1—| ¥ L 0 — | 11 ueds RUNT £I03IPRY “97
oL j 0¥ | 8% T— | ol * 9T 1% | T€ | 8T | L& | LP €% |8 | I¥ |6T [ ¥T (ST |€I jLT |SE | ¥E O | 0T Sunuerd depy 5z
QUi | 0oF 1 b ¥ LE It 4] (0574 v 9F LT 0t S1 ¥i 9T T gs [i35 Ly 17 <l yyed e Jusooyd) "z
001 | S N €T |81 I8y |2 T2 (68 |9% [TF T 18T |or |81 |1y |se |Te (¥ |81 |oO% A Surer) 92BN ‘€T
001 | 6€ 8¢ |/ Colt ¥ o— |01l [Z— |9 L1 |07 {91 |8 1 9 or | ¢ 9— ATeqed04 PIUEADY "Z7
v 001 SS €T {65 |91 |o1r 11z |91 |€1 |6z |1T |of |¢ v— 1oz |91 | €1 |41 |Sz BuIpodap PIOM '1g
i €T | s 1T i¢ ¥ ¥ 6 €T | %I | €T |81 |€T |ST |sy |21 |2 |s8© |¢9— Juiwee 02[qQ 07
7 | 2 |o= | ¢ o— 161 {61 {91 |2 0T | £F |05 |SE€ |2g | L1 | €1 |1T |8 o— SN 61
i 00T | 2€ [ IS |16 |62 | ST |¥¢ |62 |6z |8T [LI |6 T 1T |9¢ | 8T | 1€ |9z suapqoxd [¥qIa QL
ﬂ | [SItI SRR 4 ES It L€ SY k4 LT e A 6 < 6T (3 b4 a— | 61 dNPDWYILIE [RIIN0SIY LT
' ! 00T [ L¥ | 9¢ |12 |T€ |S€ | €% |9z lzi |[oE—|Si—|%1 |21 |£1 |0 og BuIpLIL PISIBADY "9L
| : 00T | FT | LT | ¥T [ 9¢ | ¥E [ IT L S— |s— |1— ¢ T 8— | 9¢ soBuerd udlg gy
| | _ 00T | IS %% 10§ 6T | 1T |6 L 8 os |8y | 2§ oz |1 suosurediod 3qRY “Fi
! | 00l Fs oy jog Joc o1 |2 L s fer les sz |61 SHOREIOT pIEY e
, | | 00T |28 | ¢S |¢€ o1 jzT |1 0s |18 185 |0z | zg JuiAdo) “zi
, | i 00% | 0S | 2T 1€t {%— [6— {ov |0f |%S | VT |12 su1a3red WPPIH "1
! i : 001 [ €z |of 8T |9 ¥ | TF [ 8¢ | ¥1 | St SaIndy WLPPIH *0f
! 001 {I¥ |¥€ [ST 161 |6% {9C |38 L s311080380 BUIqy, 6
| * 00T |S€ 9% |9 11 |0z |2— | ¢ souioy, g
i 00T {SS |91 |81 |2¢ |¢T H— Sjo0[qaur Surpxdinuy <y
W 001 | ¥ 6 st |9 §— toryeis iliziuy punog "9
i ! 1 001 [s153 |89 iv 61 uﬁ.ﬁz&cﬁv,)ov WBHNG ¢
| : ; 00T | 4% | €% |02 Surpjoy wdey "y
: | ! 001 | 0¥ | 6T | _PABOQ W0 ¢
| | i ' I i 001 | 97 UOTIDIWIOD Y BISOL) "¢
i | | ! ] 001 SPIOM PI[RDOUOD "]
—— [_l.llmlll —_— - — - | | — . I,I..| —_— —_— e — ] —
T | ¥ | %2 m cTolbET | oz | 6% | 80 |4t | or | sy wY | er |2y | T _ 01 M 6 ] L “ 4 S b4 ¢ z 1 1593 a1 U0

10

= LVNOOVI(] TVJIIONTY,J T NI SHILIN]} TAVI] OL SV OS JqETIVOSHY SHOIIIVIY NOISTUAJISI(] INOWL) THIL S0 TOVIHAY CEIEOITAN

¢ ATV



RECoGNITION 0F AMBIGUOUS STIMULI 11
B
B TABLE 3
AMaxivom Takeninoop EsTiMates oF FACIor TLOADINGS AND UNIQUENESSES
1 2 3 4 5 6 7 8 9 10
1 Flexi- Spatial Cogni- |Semantic
fiv Speed of | Visual- ae bility patia tive | sponta- | yorpa) | Spatial | Memory| Unique-
Cognitive teat closure | ization a&g‘\fg 1001’ oré‘f:‘&a gfﬁt‘; rflfe?(l:_s ability |scanning| span ness
closure rigidity | bility
1. Concealed words | 0.652 . 0. 0. 0, 0, 0. Q. 0, 0, 0.58
2, Gestalt com- 0.462 0.40 0, 0. 0, ~0.41 0. 0. 0, 0. 0.60
pletion
3, Form board 0. 0.89a 0. 0. —0.08 0, 0. 0. Q. 0. 0.31
4. Paper folding [¢X 0,93s 0. O. —0.20 0.09 0. 0. 0. 0. 0.35
5. Surface develop- 0. 0.90s 0. 0. —0.094 0, 0. 0. 0. 0. 0.31
ment
6. Sound inter- 0. 0, 0.71a 0. 0. 0. 0. 0, 0. 0, 0,50
pretation
7. In{)elrprcting ink-| 0. 0. 0.652 0. 0. 0. 0, 0. 0. 0. 0.57
ots
8. Topics Q. 0. 0.673 Q. 0, 0.1+ 0, 0.17 Q. 0, Q.51
9, Thing categories | 0. 0. 0.672 0.13 Q, 0.27 0.36 0,01 Q. Q. 0.57
10, Hidden figures 0. 0. 0. 0.662 0, 0, 0, 0. 0.04 0, 0.52
11, Hidden patterns | 0. 0, 0. 0.708 0, 0. 0. 0. 0. 0. 0.51
i2. Copying 0. 0. 0. 0.73a 0, 0, 0, Q. 0.09 0. 0.36
13, Card rotations 0, 0. 0. 0.09a 0,428 0. 0, 0. 0.35 0, 0.46
14, Cube compari- 0, [¢H 0. a. 0.80# Q. 0. 0. 0. 0. 0.36
8s01S
15, Sign changes 0. 0, 0. [¢H 0. 0732} 0. 0. 0. 0. Q.47
16. Reversed reading( 0. 0. 0. Q. 0. 0.63= 0. G.49a 0, 0. 0.32
17. Resourcefu!l 0. 0. 0. 0. 0. 0.69% | 0. 0. 0. 0. 0.52
arithmetic
18, Verbal problemns 0. Q. 0. 0. 0. 03731 0. 0.60 0. —0.00« 0.48
19, Utilities 0. Q. 1.04a 0. 0, 0.04» 0.72a 0. Q. 0. 0.28
20, Object naming 0. 0, (0.50% 0. /R 0,072 | 0.43a Q. 0. 0. 0.81
21, Word decoding a, 0. g, 0. 0. 0.22a 0. 0.76» 0. Q. 0.35
22, Advanced 0. 0. 0. 0. 0. 0. 0. 0.52 0. 0. 0.73
vocabulary
23, Maze tracing 0. Q. 0. a. 0, 0. 0. 0. 0.71» 0. 0.49
24. Choosinga path 0, 047 0, 0. —0.00 0. 0. 0. 0,272 0. 0.55
25, Map planning 0. 0. 0, 0. Q. 0. 0. 0, 0.71a 0.32 0.45
26. Auditory number{ 0, 0. 0. 0. 0. 0. 0. 0. 0. 0.01= 0.18
span
27. Auditory letter a. 0, a, a. Q. 0. Q. Q. Q. Q.752 0.43
span

& Loadings which were hypothesized prior to the factor analysis.

to combine these two factors into a single,
spatial factor. The failure to clearly differen-
tiate between visualization and spatial orien-
tation in this analysis was undoubtedly due
to the fact that only two tests of spatial ori-
entation were included in the test battery.
The spatial scanning factor has been in-
terpreted as a spatial speed factor (French
et al,, 1963). Since the Card Rotations Test
was more highly speeded than the Cube Com-
parisons Test, its loading of .35 on the speed
factor was not unreasonable. Spatial scanning
seemed to correlate with the other factors in
proportion to the degree to which the tests of
the other factors were speeded. Thus it co-
varied most highly with flexibility of closure,
visualization, and spatial orientation, and
only slightly with verbal ability, semantic
spontaneous flexibility, and memory span.
The Hidden Figures, Hidden Patterns, and
Copying tests together determined a factor
which was labeled “flexibility of closure” af-
ter French et al. (1963) and which has been

termed “field dependence-independence” by
Witkin (1964). Since these tests loaded only
on flexibility of closure, their covariance with
other tests in the battery were almost entirely
accounted for by the interfactor covariances.
In Table 4 we see that flexibility of closure
was highly related to the other four percep-
tual factors.

Flexibitity factors., The factor analysis was
designed to investigate the relations among
groups of tests which purport to measure sev-
eral different kinds of flexibility in thinking.
One such group included two tests which re-
quired subjects to perform overlearned opera-
tions, such as reading and computing, in an
unusual manner (Scheier, 1954; Scheier &
Ferguson, 1952). Another test in this group
required them to reject routine methods of
solving problems in arithmetic for more effi-
cient methods (Wand, 1958). In a fourth
test, subjects had to ignore the contextual
meanings of words (Wand, 1958). These four
tests together determined the factor named
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TABLE 4
Maxwus Lakeriaoon ESTIMATE oF THE FFACTOR VARIANCE-COVARIANCE M ATRIX®
Factor 1 2 3 4 5 6 7 8 9 10

1. Speed of closurc 100
2. Visualization 41 100
3. Tdeational fluency —14 19 100
4. Flexibility of closure 59 7t 6 100
5. Spatial orientation 37 80 7 60 100
6. Cognitive flexibility- —54 25 —8 66 54 100

rigidity
7. Semantic spontancous 5 2 —358 8 17 —4 100

flexibility
8. Verbal ability 36 21 —0 16 15 6 47 100
9. Spatial scanning 27 56 35 71 48 34 —06 9 100
10. Memory span 25 5 —16 21 13 52 12 18 | —11 100

& Decimal points have been omitted.

“cognitive flexibility-rigidity,” as in the pre-
vious factor analysis of data obtained by
Wand.

In another pair of tests, subjects received
high scores only if, in listing utilities or
names of objects, their categories of response
constantly changed, This pair of tests deter-
mined a factor termed “semantic spontaneous
flexibility” (Frick, et al., 1959; French et al.,
1963). Neither of these tests loaded on cogni-
tive flexibility-rigidity.

Tests representing two ‘“‘control” factors
were included in the battery of tests; these

TABLE 3

A COMPARISON OF THE REGRESSION B WEIGHTS
AS A FUNCTION OF THE RANGE OF
AMBIGUITY WITHIN EACH MODALITY

Auditory Visual
recognition recognition
Cognitive factor
WRA | NRA | WRA | NRA
group group Eroup group
1. Speed of closure | — .69 61| — 35 —1.54
2. Visualization — J2|— 44| —1.85 1.04
3. TIdeational - .37 .28 85| — .11
fluency
4. Flexibility of 2.52 1.24 2,67 — 81
closure
5. Spatial 75 75 94| —1.66
orientation
6. Cognitive flexi- | —1.23 | —1.35] — .68 2.34
hility-rigidity
7. Semantic — .59 — .06 451 — 41
spontaneous
flexibility
8. Verbal ability 351 —147 | — .38 1.23
9. Spatial scanning | —2.07 | — 34| —1.90 12
10. Memory span — .00 32 281 — 35
Multiple corre- 36 6 51 77
lation

factors were ideational fluency and verbal
ability. In Table 3, it can be seen that the
tests of semantic spontaneous flexibility loaded
highly on ideational fluency and that two of
the tests of cognitive flexibility loaded on the
verbal factor. In addition, the experimental
test “Word Decoding” loaded to a higher
degree on the verbal factor (.76) than it did
on the cognitive flexibility factor (.22). With
the single exception of the Word Decoding
Test, the factor loadings of the flexibility
tests confirmed our hypothesis concerning the
relations among the various measures of “flex-
ibility.”

Observing the inter-factor covariances it
can be seen that two of the flexibility factors
(flexibility of closure and cognitive flexibil-
ity-rigidity) were highly related, having a
covariance of .66. The covariances of these
two factors with the third flexibility factor
(semantic spontaneous flexihility) were only
.08 and -—.04, respectively. Furthermore,
flexibility of closure and cognitive flexibility-
rigidity were essentially uncorrelated with
either ideational fluency or verbal ability;
these covariances were all .16 or less. On the
other hand, semantic spontaneous flexibility
covaried with both verbal ability (.47) and
ideational fluency (—.58), the later covari-
ance probably resulting from the method of
scoring which tended to penalize students who
wrote many tresponses belonging to a single
category.

Two tests of auditory memory span were
included, in order to see if memory was an
important factor in successful performance on
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the auditory recognition test. Memory span
was strongly related to only one of the other
factors, that being cognitive flexibility-rigid-
ity, with which it had a covariance of .52.

Predicting Recognition from the Cognitive
Factors

In order to compute the regression equa-
tions for predicting auditory and visual rec-
ognition from the cognitive factors for the
two groups of subjects, it was necessary to
obtain separate estimates of the factor vari-
ances and covariances for the two groups.
These were obtainable from the covariances
between the recognition tests (the criterion
variables) and the factor tests, provided the
assumption was tenable that the recognition
tests were uncorrelated with uniqueness in
any of the factor tests. Using the procedure
described in a previous report (TFrederiksen,
1966) least-squares estimates of the criterion-
factor covariances were obtained, using all of
the cognitive tests in the estimation equation.
Upon checking the assumption about the lack
of correlation between criterion and unique-
ness, it was discovered that uniqueness in sev-
eral of the tests correlated with the recogni-
tion tests. These tests were eliminated in the
computation of a second set of approxima-
tions to the criterion-factor covariances, and
it was this second set of covatriances that was
used in computing the regression weights
which are given in Table §.

Both recognition tests were more amenable
to prediction under the conditions of reduced
range of ambiguity than under conditions of
full range of ambiguity. For the WRA group,
the obtained multiple correlations were .36
for auditory and .51 for visual recognition;
of the two, only the multiple R for predicting
visual recognition was significant at the .03
level. On the other hand, the multiple Rs
for the NRA group were both significant at
better than the .001 level; they were .76 for
auditory and .77 for visual recognition. The
hypothesis that the standard errors of esti-
mate for the two treatment groups were equal
(Gulliksen & Wilks, 1950) was rejected at
better than the .01 level of significance. It is
clear, then, that one effect of reducing the
range of ambiguity was to render the recog-
nition tests more predictable from the factor

scores. The regression B weights are given in
Table 5; these are the weights which take
into account the common scale used to ex-
press recognition points in the two groups. A
negative weight for an ability factor means
that subjects with high ability tend to recog-
nize earlier than those with low ability.

On the basis of the previous study (Fred-
eriksen, 1965), it was hypothesized that visu-
alization would be positively related to visual
recognition in the WRA group, but not in the
NRA group, and that speed of closure would
be more negatively related to visual recogni-
tion in the NRA group than it would in the
WRA group. An inspection of the regression
weights revealed the following: (&) High
visualization ability was associated with early
visual recognition in the WRA group and
with late recognition in the NRA group; (b)
high spatial scanning ability was associated
with early visual and auditory recognition in
the WRA group; (¢) high speed of closure
was related to early visual recognition in the
NRA group, while it was unrelated to audi-
tory recognition in either group.

The previous finding of a positive relation-
ship between visualization and late visual
recognition in the WRA group was not repli-
cated. Instead, the factor “spatial orienta-
tion” (originally included in the analysis in
order to ensure that the visualization factor
would not be confounded with this ability)
was related to visual recognition in the same
manner as was visualization in the previous
study; it was associated with late recogni-
tion of visual items when a wide range of
ambiguity was covered. Since spatial orienta-
tion and visualization were more highly cor-
related in the present study than in the pre-
vious one, it is possible that the previous
findings may have been due in part to a con-
founding of these two abilities.

In addition to the above hypotheses, the
author wanted to find out whether cognitive-
flexibility-rigidity would be negatively related
to auditory and visual recognition in the WRA
group, and whether memory span would be
negatively related to auditory recognition in
both groups. It was found that (d) high cog-
nitive flexibility was indeed associated with
early recognition of auditory stimuli in the
WRA group, and in the NRA group as well.
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It was, however, related to late recognition
of visual stimuli when the range of ambiguity
was narrow; (e) memory span was unrelated
to either auditory or visual recognition.

Although no hypotheses were made regard-
ing the role of flexibility of closure in per-
ceptual recognition, inspection of Table 5
reveals that this factor was associated with
late recognition of auditory items in both
groups and with late visual recognition in the
WRA group. On the other hand, another type
of flexibility—*“that of semantic spontaneous
flexihility”’—was unrelated to recognition per-
formance in either modality.

Verbal ability was included in the analysis
primarily to serve as a control variable, for
the purpose of purifying the measurement of
cognitive flexibility-rigidity. However, it also
predicted recognition performance in the NRA
group, where it predicted both auditory and
visual recognition.

Discussion
Interference in Perceptual Recognition

The adverse effect of an initial exposure to
an ambiguous stimulus upon perceptual recog-
nition has been demonstrated in two modali-
ties. This effect was especially striking when
auditory stimuli were employed. While the
average percentage of words which were
eventually recognized by subjects in the NRA
group was 82%, subjects in the WRA group
were able finally to recognize an average of
only $53% of the words. In contrast, the com-
parable percentages for wvisual recognition
were 88% and 849, respectively, for the
NRA and WRA groups. A possible explana-
tion for the greater amount of interference in
auditory, as compared to visual, recognition
lies in the dissimilarity between the methods
used to create ambiguity in the two cases.

In the visual recognition task, ambiguity
was produced by blurring the pictures, so as
to produce a loss of visual detail. In at-
tempting to recognize such pictures, subjects
feel hard pressed to come forth with specific
interpretations, and instead develop hypoth-
eses which are both tentative and vague.
Their initial impressions may take the form
of assumptions about the composition of each
picture; they seldom involve explicit hypoth-

eses about the identity of the stimulus. For
example, in viewing “ashtrays piled up,” a
subject might have the impression that the
blurred white objects are opaque, when in
reality they are transparent. The subject who
sees them as opaque might later on venture
specific  hypotheses, such as “crackers,”
“newspapers,” or “magazines,” thus failing
to take into account the transparency of the
objects pictured. Such an initial impression
or “constraint set” (Davison, 1964) is de-
pendent upon particular characteristics of a
given picture, as well as upon the stage of
focus at which the picture is first presented.
There are consequently large differences
among the pictures in their distributions of
recognition points,

In the auditory recognition task, on the
other hand, a subject who listens to eny highly
masked stimulus can discern specific words
which are embedded in the masking back-
ground. These words are clearest when the
masking sounds are at their loudest, and they
provide a defensible solution to the recogni-
tion problem at that point. The subject has
no reason to believe his hypothesis erroneous
until he discovers that the loudness of the
sounds which he has incorporated into that
hypothesis is diminishing. However, since the
changes in masking loudness occurring on
each trial are small (1 decibel), this loudness
discrimination is difficult to make, and it is
only with careful attention to loudness
changes over a series of trials that it becomes
possible to identify those sounds whose loud-
ness is actually decreasing. The problem is
further complicated for the subject who has
formed a hypothesis about the organization
of the perceptual field: his capacity to judge
changes in loudness has been biased in that
those elements of the auditory stimulus which
have become salient to him seem to have
constant loudness, when in fact their loudness
is diminishing. Since this biasing of a sub-
ject’s judgment can in principle occur with
any of the items, the greater uniformity among
the distributions of recognition points for the
auditory items, as compared with those for
the visual ones, was to be expected.

There is additional evidence, in the form of
a significant correlation (» = .53) between an
item parameter (the number of discrete pre-
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recognition hypotheses in the Blake-Vander-
plas study) and the amount of interference
associated with an item, which suggests that
there are characteristics of the stimulus words
themselves which can determine the amount
of delay in recognition. This correlation indi-
cates that approximately a fourth of the item
variance can be attributed to the subjects’
confusing the stimulus words for one or more
of the alternatives listed by Blake and Van-
derplas (1950). Since many of these alterna-
tives are similar in sound to the stimulus
words, it can be concluded that phonetic con-
fusions (e.g., “fear” for “theory”) account
for some instances of delay in recognition.

Since delay in recognition results from pre-
vious exposure to stimulus ambiguity—and
presumably from interference of hypotheses
formed during such an exposure—it was ex-
pected that auditory and visual recognition
performance would correlate more highly when
a wide range of ambiguity, rather than a nar-
row one, was employed, Although the correla-
tions differed in the expected direction, both
correlations were small and their difference
was insignificant, The lowness of these cor-
relations can he partially explained by the ex-
istence of factors (such as visualization and
spatial orientation) which relate to recogni-
tion in one modality, but not in the other.
However, it is also possible that, of the two
recognition tasks, one involves the subject’s
ahility to reject erroneous hypotheses to a
greater degree than does the other. Some ad-
ditional findings (in the form of regression
weights relating cognitive flexibility-rigidity
to perceptual recognition) would seem to in-
dicate that this is indeed the case.

If the factor “cognitive flexibility-rigidity”
is regarded as indicative of the extent to
which subjects are able to reject their er-
roneous hypotheses, then this factor should
be negatively related to scores on the recog-
nition tests. In the present study, high cogni-
tive flexibility was found to be associated
with early recognition of auditory and, to a
lesser extent, of visual stimuli, when the range
of ambiguity was wide. Thus, in cases where
an opportunity is given for an erroneous ini-
tial perception of the ambiguous stimulus,
flexibility is implicated as a factor in audi-
tory (and perhaps also visual) recognition.

With the lessened range of ambiguity, high
cognitive flexibility was once more associated
with early auditory recognition. This indicates
that a subject who misinterprets the stimu-
lus under these conditions still has the prob-
lem of rejecting his initial hypothesis in fa-
vor of a more veridical interpretation. This
conclusion is further supported by the simi-
larity between the distributions of recogni-
tion points for the WRA and NRA groups
over the trials which follow the starting trial
used with the NRA group. (As an example of
this similarity, one can compare the distribu-
tions in Figures 1 and 2 over the last eight
trials.) The sole effect of eliminating the
early, highly ambiguous trials seems to have
been to alter the probability of immediately
recognizing the stimulus,

In the case of visual recognition, the situa-
tion appears to be different. The distribu-
tions of item recognition points for the WRA
and NRA groups, when compared over all
trials subsequent to the initial one used with
the NRA group, are highly dissimilar. (TFor
instance, in Figures 3 and 4 the distributions
for Trials 8 through 15 are skewed in differ-
ent directions.) Moreover, since high cogni-
tive flexibility was associated with lafe visual
recognition when the range of ambiguity was
narrow, it would appear that in the case of
visual recognition, the subject in the NRA
group should maintain his initial interpreta-
tion of the blurred stimulus.

In summary, several types of evidence
might be said to indicate that the auditory
recognition task brings into play a subject’s
ability to reject inappropriate hypotheses to
a greater extent than does the visual task. It
was found that the interference effect was
more pronounced in the case of auditory rec-
ognition than it was in the case of visual rec-
ognition, In addition, the distributions of rec-
ognition points for the auditory items showed
greater similarity to each other than did those
for the visnal items. Finally, the auditory
test was more highly related to cognitive flexi-
bility-rigidity than was the visual test. On
the basis of these findings, it is concluded
that the auditory recognition test is prefera~
ble to the visual test as an instrument for
studying the effects of hypothesis formation
on the later revision of hypotheses. Further-
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more, it is suggested that the use of a visual
masking technique might increase the useful-
ness of the visual test for this purpose.

Role of Flexibility of Closure

Recognition performance in the two mo-
dalities was related to another type of flexi-
bility—“flexibility of closure,” which can be
identified with Witkin’s “Field Dependence-
Independence.” While this ability was mea-
sured in the present study by the Hidden
TFigures and Hidden Patterns Tests, Witkin
(1964) reports a high correspondence be-
tween these tests and his rod-and-frame test.
A requirement common to all of these tasks
is the separation of some item (rod or geo-
metric figure) from the context in which it is
presented. Subjects who are high in the “abil-
ity to perceive objects apart from . . . con-
text [Witkin, 1964, p. 176]” are termed
“field-independent,” while those who instead
produce “global” interpretations of objects
together with their contexts are termed “field-
dependent.” Since performance on an audi-
tory embedded-figures test is known to be
highly related to performance on visual em-
bedded-figures tests (White, 1954), it can be
inferred that flexibility of closure as here
measured also represents the ability to disem-
bed auditory material.

Flexibility of closure was found to be re-
lated to late auditory recognition in both
groups of subjects, presumably because a high
ability to perceive embedded auditory figures
enables the subject to hear words contained
in the masking noise that, in turn, interfere
with subsequent recognition of the masked
word. Flexibility of closure was also found to
be associated with poor recognition perform-
ance on the visual recognition test in the
WRA group. This finding perhaps arises from
the fact that a “global” interpretation of a
highly blurred field is more appropriate than
an analytical one, since during the early
stages of blur, the only cues relevant to a
correct identification are the gross character-
istics of the field. (T'or example, the overall
color “green” might lead the subject to sus-
pect that the picture was taken out of doors.)
At this point of focus, all attempts on the
part of the subject to examine a field ana-

lytically are likely to lead to incorrect and
needlessly specific hypotheses about the or-
ganization of the field. However, when the
field is relatively articulated at the point
where it first is viewed by a subject, a global
interpretation is no longer needed or advan-
tageous. Thus, flexibility of closure is some-
what negatively related to visual recognition
performance in the NRA group. It is possible
to speculate that, if a masking technique had
been used to render the pictures ambiguous,
visual recognition performance would have
been positively related to flexibility of clo-
sure in both groups of subjects.

An alternative interpretation of the ob-
served relationship between flexibility of clo-
sure and recognition utilizes the French et
al. (1963) conception of flexibility of closure
as an ability to retain spatial configurations
in memory in spite of the occurrence of per-
ceptual distractions. The present result sug-
gests that a susceptibility to perceptual dis-
tractions is advantageous in the recognition
situation, since such distractions can lead to
the more ready modification of one’s cur-
rently held hypothesis.

We have seen that, while flexibility of clo-
sure and cognitive flexibility-rigidity are
highly correlated, they nevertheless serve dif-
ferent functions in perceptual recognition.
The ability to overcome an embedding con-
text supplied by the stimulus is clearly dis-
tinct from the capacity to overcome an as-
sumption or “set” which the subject himself
has formed with regard to the stimulus. More-
over, whenever one of these types of flexi-
bility was associated with early recognition,
the other was invariably found to accompany
late recognition. Tt would therefore appear
that the postulation of a broader dimension
of cognitive functioning underlying both kinds
of flexibility (Witkin, 1964, p. 180) could be
misleading. Prior to making such a theoreti-
cal transition from restricted modes of cogni-
tive functioning to more general ones, it is
important to investigate the roles which each
of the abilities are seen to play in other cog-
nitive activities, When, as in the present case,
separate abilities are found to serve individual
functions, we can no longer account for their
intercorrelation hy postalating a single, more
comprehensive dimension.
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