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The field dependence/independence cognitive
style does not control the spatial perception
of elevation

TODD E. HUDSON, WENXUN LI, and LEONARD MATIN
Columbia University, New York, New York

Earlier work described the presence of a significant connection between an individual’s ability to
disregard distracting aspects of a visual field in the classical rod-and-frame test (RFT), in which a
subject is required to set a rod so that it will appear vertical in the presence of a square frame that is
roll tilted from vertical, and in paper-and-pencil tests, in which the subject is required to find a hidden
figure embedded in a more complex figure (the Embedded Figures Test [EFT]; see, e.g., Witkin, Dyk,
Faterson, Goodenough, & Karp, 1962; Witkin et al., 1954; Witkin, Oltman, Raskin, & Karp, 1971). This
has led to a belief in the existence of a bipolar dimension of cognitive style that is utilized in such
disembedding tasks—namely, the extent to which an individual is dependent on or independent from
the influence of a distracting visual field. The influence of an inducing visual field on the perception of
elevation measured by the setting of a visual target to appear at eye level (the visually perceived eye
level [VPEL] discrimination) has also been found to be correlated with the RFT. We have thus explored
the possible involvement of the dependence/independence cognitive style on the VPEL discrimination.
Measurements were made on each of 18 subjects (9 of them female, 9 male) setting a small target to the
VPEL in the presence of a pitched visual field across a range of six pitches from —30° (topbackward)
to +20° (topforward) and on each of three tests generally recognized as tests of cognitive spatial abili-
ties: the EFT, the Gestalt Completion Test, and the Snowy Pictures Test (SPT). Although there were
significant pairwise correlations relating performance on the three cognitive tests (+.73, +.48, and
+.71), the correlation of each of these three with the slope of the VPEL-versus-pitch function was not
significant, as it was with the slope of the perception of visual pitch of the field (PVP)-versus-pitch
function. VPEL, PVP, and a cognitive factor separated into three essentially independent factors in a
multiple-factor analysis, with the three cognitive tests clustering at the cognitive factor, and with no sig-
nificant loading on either of the other two factors. From the above considerations and a multiple-factor
analytic treatment including additional results from this and other laboratories, we conclude that the
cognitive-processing style held to be involved in the performance on the EFT and the perception of
vertical as measured by the RFT is not general for egocentric space perception; it does not involve the

perception of elevation.

Although obviously very different in many ways, both
the classical rod-and-frame test (RFT; Witkin & Asch,
1948), in which an observer sets the orientation of a rod
to appear vertical within the frontoparallel plane of a roll-
tilted visual field, and the Embedded Figures Test (EFT;
Witkin, 1950), in which a subject attempts to find a sim-
ple outline figure within a complex visual field, require
subjects to report information regarding an aspect of a
visual field whose organization disrupts acquisition of ve-
ridical information. Consequently, the RFT and EFT have
often been referred to as perceptual disembedding tasks.
The widely-referred-to report of a significant correlation
between performance on the two tasks by Witkin and his
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colleagues (Witkin et al., 1954) led them to propose a theo-
retical treatment in which they suggested that the correla-
tion resulted from individual differences in cognitive style
that involved differences in disembedding ability; this ap-
proach has been taken by others as well (regarding the EFT,
see Bailey, Hustmyer, & Kristofferson, 1961; Karp, 1963;
Karp, Poster, & Goodman, 1963; Rhodes, Carr, & Jurji,
1968; Shade, 1984; Witkin, 1950; Witkin, Karp, & Good-
enough, 1959; regarding the RFT, see Bennett, 1956; Nay-
lor, 1965; Witkin, 1949a; Witkin & Asch, 1948; regarding
both the EFT and the RFT, see Pizzamiglio & Zoccolotti,
1981; Witkin, 1977; Witkin & Goodenough, 1977; Witkin
et al., 1954; Witkin, Oltman, Raskin, & Karp, 1971). Ini-
tially formulated as a theory that held that the individual
difference in performances on both the RFT and the EFT
resulted from differences in the extent to which individu-
als were influenced by stimulation originating in the vi-
sual field or from their own bodies, a later development
of the dependence/independence theory suggested that the
preponderance of cues used by individuals with a differen-
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tiated! cognitive style were internal, producing a perfor-
mance that was relatively independent of influence from
the visual field for disembedding tasks; individuals with a
relatively undifferentiated cognitive style were assumed to
rely to a greater extent on environmental cues derived from
the prevailing visual field in structuring their performance,
leading to relatively visual-field-dependent performance on
disembedding tasks.

Over the considerable span of time since the original re-
port of the relation between the RFT and the EFT, a sub-
stantial expansion of the number and variety of fields to
which this approach has been applied has taken place (see
Witkin, 1977), and the terminology defining it has shifted
as the work has grown in scope. Thus, the term field
dependence/independence (FDI) was originally applied
to the extent to which a subject’s perception of the vertical
was influenced by the surrounding visual field, and subjects
whose perceptions, as measured either by a setting of a rod
to appear vertical or by the setting of their own bodies to feel
vertical, manifested large shifts toward the orientation of the
tilted visual field were labeled field dependent, whereas sub-
jects whose perceptions remained close to the true vertical
were labeled field independent. Subsequently, the terms dif-
ferentiation, disembedding, cognitive style, and cognitive re-
structuring were employed in a variety of contexts and were
sometimes employed conjointly or interchangeably. This was
a result of the overriding belief in the field that the various
measures of behavior under discussion were manifestations
of a stable trait that was sometimes viewed as a unitary cog-
nitive characteristic or an aspect of personality. We have em-
ployed the term field dependence/independence in the title
because it is most recognizable and seems to encompass all
of the rest, but whenever feasible in the remainder of this
article, we will employ cognitive restructuring as most ap-
propriate to the concerns of the present experiments.

The large individual differences in the RFT provided the
opportunity for correlational studies, and the hypothesis that
these individual differences might be indicative of a more
general aspect of cognition led Witkin (1950) to develop
the EFT by employing the approach taken by Gottschaldt
to demonstrate gestalt laws of perceptual organization by
“hiding” a simple test figure within a more complex fig-
ure (Gottschaldt, 1926). The EFT originally employed by
Witkin (1950) contained some of the original Gottschaldt
figures and some that were developed by Witkin (1950); the
test itself consisted of measurements of the time to discov-
ery of the simple figure within the complex one for a set of
figures, and Witkin et al. (1954) correlated performance on
the EFT with performance on the RFT.

The theoretical approach that led to the attempt to
connect the RFT and the EFT can also be applied to the
egocentric perception of spatial dimensions other than
the perception of verticality and, most particularly, of di-
mensions for which inducing stimuli from the visual field
could be demonstrated to have large systematic effects
that are variable across individuals, as they do for the per-
ception of verticality. For such dimensions, the theoretical
approach to FDI would suggest that analogous manipula-

tions of the inducing field might produce effects that are
mediated by the same differences among individuals in
cognitive style as those that have been suggested to be sig-
nificant for the perception of verticality. The perception of
elevation is such a dimension; large systematic effects on
the setting of a visual target to appear at eye level (visually
perceived eye level [VPEL] discrimination) are generated
by changes in the pitch of a visual field (Hudson, Li, &
Matin, 2000; Li, Dallal, & Matin, 2001; Li & Matin, 1996,
1998; Matin & Fox, 1986, 1989; Matin & Li, 1992a, 1992b,
1994a, 1994b, 1995, 1999, 2000, 2001; Poquin, Ohlmann,
& Barraud, 1998; Post, Teague, Welch, & Hudson, 2003;
Post & Welch, 1996; Post, Welch, & Clark, 2000; Stoper
& Cohen, 1989, 1991); these effects are nearly linear with
visual pitch over a range between —40° and +30°. Both
setting a target to VPEL in the presence of a pitched visual
field and setting a rod to appear vertical in the presence
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Figure 1. (A) Schematic of the relationship between the pitch
(6) of a visual field and the angular difference between the nor-
mal to the pitched plane and the observer’s true eye level in a
pitched environment (pitched visual field). (B) Schematic of the
relationship between the roll ( p) of a visual field and the angular
difference between the true vertical, defined gravitationally, and
the main lines of the rolled visual field.
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of a roll-tilted visual field—the visually perceived verti-
cal (VPV) discrimination employed in the RFT—involve
significant discordances between visual and gravitational
stimulation, although in different spatial dimensions (see
Figure 1). In support of the possibility of a correlation
between the VPEL task and the EFT is the fact that both
the VPV and the VPEL discriminations are sensitive to
induction by the very same variably oriented single lines
from the very same planes (either erect and frontoparallel
or pitched from vertical), despite differences in the planes
from which the distal visual stimulation employed in the
original work on VPV and VPEL arose—frontoparallel
for VPV (Witkin & Asch, 1948) and pitched from vertical
for VPEL (Matin & Li, 1994a, 1994b, 1999). In further
support of a possible connection between VPV and VPEL
discriminations, three different laboratories have measured
significant correlations across subjects between the VPV
and VPEL discriminations of roughly the same order: Po-
quin et al. (1998), Guzy, Cohen, and Ebenholtz (2003), and
Shavit, Li, Semanek, and Matin (2004).

In combination with the previous work by Witkin and
his colleagues relative to the disembedding requirement,
these correlations in susceptibility to induction for the
two discriminations and the considerable formal similari-
ties between the VPV and the VPEL tasks encouraged us
to search for a relation between the performances on the
VPEL and EFT tasks similar to that previously reported
between the VPV and the EFT tasks. The characteristics
of the inducing stimulus described above, as well as the
methodology and the experimental results for the VPEL
discrimination, are closely analogous to those for the VPV
discrimination where VPV settings are close to veridical in
normally oriented environments but change with the roll
tilt of the visual field as a near-linear function of the mag-
nitude of the roll tilt deviation from an erect orientation
(—22° = roll = +22°% Asch & Witkin, 1948; Ebenholtz,
1977; Ebenholtz & Benzschawel, 1977; Howard, 1986;
Howard & Templeton, 1966; Li & Matin, 2005a, 2005b,
2005¢; Matin & Li, 1994b, 1995; Morant & Beller, 1965;
Wenderoth, 1982; Witkin & Asch, 1948). It is of particu-
lar significance here that in both discriminations, subjects
display large individual differences that are consistent over
long periods (Matin & Li, 1999, 2001; Witkin, 1949a). We
use the gain of the VPEL-versus-pitch function (i.e., the
slope of the function) to describe the magnitudes of the
effects for any given subject, with relatively large gains
(closer to 1) indicating subjects who would be considered
field dependent and relatively small gains (closer to 0) in-
dicating subjects who would be considered field indepen-
dent. Field-dependent observers are, by definition, strongly
influenced by the visual field: Thus, for them, the pitch of
the visual field would be expected to exert a significant
effect on the VPEL, driving the VPEL toward large de-
viations from the true eye level (TEL). Field-independent
observers, on the other hand, would be less strongly in-
fluenced by the visual field and more influenced by their
contributions from the body-referenced mechanism.2

In the present experiments, following the earlier work
of Witkin and his colleagues, we compared the results for
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VPEL with measurements on the EFT for the same subjects
and also included two other tests that have been presumed
to measure aspects of cognitive style very similar to those
measured by the EFT: the Gestalt Completion Test (GCT;
Street, 1931/1972) and the Snowy Pictures Test (SPT).
The EFT is the well-known test that employs adaptations
of the original Gottschaldt figures (Gottschaldt, 1926), in
which a target figure shown to a subject is to be discov-
ered in a more complex figure that has its own shape and
tends to mask the presence of the target. The adaptation
employed in the EFT (originated in Witkin, 1950) involves
coloring various regions of the complex figures in an at-
tempt to further obscure the location of the simple figure
within it. The EFT utilizes this technique of obscuring the
location of the simple figure in all but one of the test items
(shown in Figure 2). The GCT is adapted from a set of
figures taken from a dissertation by Street (1931/1972), in
which major segments of a well-known object are deleted
and the remainder displayed in normal relation to each
other; the subject is required to identify the object. The
SPT is similar to the GCT, but the identity of test items is
obscured through both fragmentation of line drawings and
the addition of small line segments (“snow’’) within and
around the fragmented drawings. Since the GCT and the
SPT provide different sorts of interference from within the
visual field than does the EFT, as well as differing from
each other, each of the three tasks might require some-
what different abilities for their completion. Employing
all three cognitive tasks thus provided some opportunity
to assess the generality of any conclusions that might be
derived from an analysis in terms of disembedding based
on the use of the EFT alone. From a disembedding analy-
sis of the VPEL task given above, we would expect there
to be a direct relationship between performances on the
VPEL task and on each of the three cognitive tasks. Field-
dependent subjects, as assessed by performance on each
of the cognitive tasks, would also be expected to display
field dependence, as assessed by performance on the VPEL
discrimination. That is, subjects producing large VPEL/
physical pitch slopes should have relatively large average
EFT completion times and small numbers of correct items
on both the GCT and the SPT, whereas subjects with small
VPEL/physical pitch slopes should have relatively short
average EFT times and large numbers of correct items on
the GCT and the SPT. We therefore tested all the subjects
on all four tasks (VPEL, EFT, GCT, and SPT). The magni-
tudes of the correlations between VPEL slopes and scores
on each of the three cognitive tasks measure the extent to
which the influence of the visual field on perception was
mediated by processes that were common to the VPEL
discrimination in a pitched environment and the identi-
fication of simple figures in a complex visual field. As
a fifth independent variable, a full set of measurements
were made of the same subjects’ perceptions of the pitch
of the pitchroom (PVP) in which the VPEL measurements
were made. These measurements serve as a second, sepa-
rate measure of a different dimension of egocentric space
perception and broaden the possibility of understanding
the relation between space perception and cognitive re-
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Figure 2. Examples of each of the cognitive tests. The Gestalt Completion example items are correctly
identified as (7) cart and (8) faucet. The Snowy Pictures example items are correctly identified as (15) bird

and (24) planet.

structuring. The relation between the PVP and the VPEL
results has been fully described in a previous publication
(Hudson et al., 2000). The method and results of the PVP
measurements will be summarized in the Discussion sec-
tion below, where those results will be included in several
aspects of the theoretical treatment given there.

METHOD

Subjects

Eighteen subjects (9 of them male, 9 female), responding to fliers
posted at the Columbia University campus, participated in the study.
The subjects were paid for their participation and ranged from 18 to
33 years in age.

Visually Perceived Eye Level Discrimination

Each subject set a laser pointer to appear at the elevation cor-
responding to eye level under six orientations (0°, £10°, +20°, and
—30° of pitch) of the illuminated pitchroom (Figure 3) within a
single session. The order of topforward and topbackward (+ and —,
respectively) orientations was randomized differently for each sub-
ject. The session included measurements with the erect orientation at
three points during the session: at the beginning, middle, and end of
the session. VPEL measurements were made on two successive trials
at each orientation before shifting to another orientation. The ran-
domization procedure generated a given nonzero orientation twice
during the session, and so a total of four measurements were made at
each nonzero pitch and six measurements in the erect pitchroom.

The VPEL discrimination was performed with the subject fac-
ing the far wall of the pitchroom (as in Figure 3), upon which the
point of laser light (the target) was projected. The subjects sat with
their chins supported on a chinrest mounted on a stool. They were

instructed to make the VPEL discrimination by verbally indicating
that the experimenter move a dim red target up or down until it ap-
peared to lie at eye level. The target was derived from an attenuated
0.95-mW He-Ne laser mounted behind the subject and projected
onto the pitched wall within the subject’s midsagittal plane. Eye
level was defined for each subject by the experimenter as the point
at which a line perpendicular to gravity that was projected from the
eye would intersect the far wall of the pitchroom.

A psychophysical method of adjustment with hunting was em-
ployed for each trial. The experimenter asked the subjects to close
their eyes while the target was being moved up or down. The subjects
indicated the desired direction of movement by up or down com-

Erect exterior
room

Figure 3. Artist’s rendition of the pitchroom apparatus.
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mands, to which the experimenter responded by moving the laser ap-
proximately 5° in the direction indicated, until smaller adjustments
were required. Each time the subjects indicated that smaller adjust-
ments were required, the experimenter would move the laser approx-
imately half the distance of the previous adjustment. The procedure
terminated when the subjects reported that the target appeared to be
at eye level. For one of the two measurements, during each presenta-
tion of a given room pitch, the initial position of the target was pre-
sented above the region of uncertainty; for the other measurement,
the initial position was below the region of uncertainty.

Cognitive Tasks

The three tests of cognitive ability employed in the present experi-
ments were versions purchased from the Educational Testing Ser-
vice at Princeton and are described in Ekstrom, French, Harman, and
Derman (1976). The standard form of the EFT (Witkin et al., 1971)
was used (see Figure 2 for an example of an EFT item). No modifi-
cations to the standard EFT instructions or scoring were made. The
GCT was an adaptation from a dissertation (Street, 1931/1972). The
SPT was developed by John French (A. R. Darlington, Educational
Testing Service, personal communication, October 2002).

Embedded Figures Test. Each subject’s EFT score was the
arithmetic average of the time (in seconds) it took to find each of
12 geometric objects (simple figures) within a more complex geo-
metric object (complex figures; see Figure 3). Each of the 12 items
was presented individually. Complex and simple figures were never
visible to the subjects at the same time, although the subjects were
able to look back at the simple figure (while the complex figure was
covered) at any time they chose. While the subjects were taking an-
other look at the simple figure, the clock was stopped. If the subjects
had not found the simple figure within 3 min, they were stopped
and were asked to continue with the next item and were given the
maximum score of 180 sec for the skipped item.

Gestalt Completion Test (Ekstrom et al., 1995). The subjects
were given a set of 20 picture fragments (contained on four sheets
of paper, laid out on a desk so that no sheet was covered by another;
see Figure 3 for an example item) and were required to write the
names of the objects depicted below the pictures. Synonyms (e.g.,
chair/stool, or bunny/rabbit) were accepted. The subjects were given
2 min in which to name the objects, in any order they chose, and
were stopped at the end of the 2 min. Their score on the GCT was
the number of correctly identified items. The subjects were not re-
quired to produce a guess for items whose identities were uncertain,
although this was not discouraged.

Snowy Pictures Test (Ekstrom et al., 1995). The pictures in
the SPT were very similar to those in the GCT, except that there
were extra short unconnected lines added to the drawings, creating
noise in the form of “snow” around and over the pictures themselves
(see Figure 3 for an example item). The procedure was the same
as that for the GCT, except that there were 24 objects contained on
two sheets of paper and the subjects were given 3 min to complete
the set. The subjects were not required to produce a guess for items
whose identities were uncertain, although this was not discouraged.

RESULTS

Embedded Figures Test

The average time required for the subjects to complete
all 12 items was 392.1 sec, or an average of 32.7 sec per
item. The total completion times for the EFT ranged from
162 to 1,171 sec, with a median score of 255.5 sec. Of
the 18 subjects, 7 ran out of time at least once (by the
3-min rule) and proceeded to the next item without find-
ing the simple figure within the complex figure. Of these
subjects, only 2 had this happen more than once (1 had
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Table 1
The Visually Perceived Eye Level (VPEL), Gestalt Completion
Test (GCT), Snowy Pictures Test (SPT), and Embedded
Figures Test (EFT) Scores for Each Subject

VPEL/Pitch GCT SPT
Slope (°Visual (Items (Items EFT
Subject Angle/°Pitch) Correct) Correct) (Sec)
1. JH. .58 12 14 44.6
2.R.D. 72 14 14 14.1
3.TF 71 11 16 22.6
4.S.T. .66 11 9 13.8
5.M.R. .60 7 7 97.6
6.L.L. 78 6 5 44.7
7.1P. .63 11 16 18.1
8. M.G. 77 10 10 71.7
9.E.A. .50 13 12 17.7
10. M.S. .64 12 15 38.1
11.L.S. .80 14 17 15.3
12. K.N. 33 13 11 14.8
13.1.S. .56 15 19 20.0
14.L.P. .61 13 15 29.3
15.C.T. .76 15 13 13.5
16. B.B. 74 9 14 60.7
17.N.I .53 11 13 325
18. H.G. .86 13 13 19.3
Average male .66 11 11 383
Average female .65 13 14 27.1

Note—The VPEL score is given as the slope of the VPEL-versus-pitch
function of each individual; GCT is the number of correctly identified
parts-deleted line drawings; SPT is the number of correctly identified
fragmented line drawings with added white noise; and EFT is the average
time spent searching for a simple figure within the corresponding com-
plex figure. (VPEL was measured at each of seven pitches; the individual
VPEL values for each subject at each pitch that underlies the slopes
shown here are given in Hudson, Li, & Matin, 2000, Table 1.)

two, the other had five). The individual means for the EFT
completion times are given in Table 1.

Visually Perceived Eye Level Discrimination

VPEL settings varied approximately linearly with the
magnitude of the pitch of the visual field for each sub-
ject and the average of the subjects (all 72 values > .95).
There were individual differences in the slopes of the
least-squares fit of VPEL as a function of physical pitch
(V"), which ranged in magnitude from .33 to .86, with a
median of .65. The slope of the function relating settings
of VPEL to physical pitch is given in Table 1 for each sub-
ject. The average of all the subjects’ VPEL settings, along
with average VPEL settings for one representative subject
(J.H.), are given in Figure 4.

Gestalt Completion Test and Snowy Pictures Test
The subjects had no trouble finishing the GCT and the
SPT within the 2 or 3 min (respectively) allotted. Never-
theless, all the subjects skipped at least one item, except
Subject L.S., who gave a response for every item on the
SPT. The median number of correct responses was 12 for
the GCT and 13.5 for the SPT. All the subjects responded
correctly on at least half of the items for which they made a
response. The total number of correctly identified items for
the GCT and SPT are given for each subject in Table 1.
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of the normal to the visual field. Error bars are standard errors of the mean VPEL

settings.

Relations Among Measures

We first note that an increase in the number of correct
items in the GCT and in the SPT corresponds to greater
field independence, but an increase in the slope of the
VPEL-versus-pitch function and an increase in search time
in the EFT correspond to less field independence (greater
field dependence). This leads to a problem for dealing with
the correlations among these measures: Since it is desirable
that a positive correlation correspond to measurements that
reflect a trend for increased field independence for an indi-
vidual in both measures, if we employ the values in Table 1
we must reverse the sign of the correlation that results from
a calculation between the GCT and the VPEL-versus-pitch
function, between the GCT and the EFT, and between the
SPT and the VPEL-versus-pitch function, as well as be-
tween the SPT and the EFT; if we were to do otherwise,
a negative correlation would result when the trends of the
two measures both reflect increased field dependence for
an individual. Thus, following calculation of these four cor-
relations, the signs will be reported herein as the reverse of
the value that was actually calculated from the values in
Table 1. (Note that in order to accomplish the same end, the
sign of the correlations between the GCT and the SPT and
between the slope of the VPEL-versus-pitch function and
the EFT will not be reversed from the sign calculated with
the data in Table 1.)

When the convention in the previous paragraph was
employed, all of the cognitive tests were significantly
correlated positively with one another (see Figure SA):
The correlation between EFT completion times and the
number correct for the GCT was r(16) = +.73 (p < .01).
The correlation between the EFT and the number correct
on the SPT was r(16) = +.48 (p < .05). The correlation
between the numbers correct on the GCT and the SPT
was 7(16) = +.71 (p < .01). There were no significant
correlations between VPEL slopes and the three cogni-
tive tests: EFT completion times, r(16) = +.09; GCT
scores, 7(16) = +.13; or SPT scores, #(16) = +.02 (see
Figure 5B).

DISCUSSION

Lack of Commonality Between the VPEL and
the EFT Tasks

Although both the perception of eye level and the fa-
cility with which subjects identify embedded figures are
dependent on the context provided by the prevailing visual
field, the magnitude of the effect of the visual field on per-
ception in the VPEL task is not related to the magnitude
of the disturbing effect of the visual field on perception
in the EFT (Figure 5B: the » = +.09 is not significant).3
This has implications for the concept of psychological dif-
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Figure 5. (A) Scatterplots of individual subjects’ scores on the three cognitive
tests: Gestalt Completion Test (GCT), Snowy Pictures Test (SPT), and Embed-
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nificant (p < .01); the three correlations in panel B are nonsignificant (p > .1).

In all plots, the line through the points is a least-squares best fit.

*The signs

of the asterisked values are reversed from the values calculated from the raw
values in Table 1; see the text for a detailed rationale.

ferentiation, from which the concepts of field dependence
and field independence have been derived. Psychologi-
cal differentiation, measured by either EFT or RFT per-
formance, has been supposed to provide an index of the
extent to which internal or external referents determine
behavior. For example, a subject with a relatively undiffer-
entiated cognitive style is expected to be relatively more
influenced by external than by internal sources of informa-
tion in completing a task—regardless of whether the task
requires differentiating between internally and externally
derived information about the direction of gravity (VPV
discrimination), perceiving the egocentric direction cor-

responding to eye level (VPEL discrimination) in the face
of visual inducing stimuli that might lead to nonveridi-
cal perceptions, or differentiating between the dominant
figural groupings of a complex geometric figure and the
internally held representation of a simple geometric fig-
ure (EFT). Thus, psychological differentiation has been
considered to be a factor that mediates performance on
cognitive tasks and on spatial tasks in which internal and
external information would provide conflicting guides and
would lead to different performances on a given task.
This assumption, that there is a processing style that de-
termines how an individual solves such perceptual prob-
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lems, provides the basis for the conclusion that certain
general personality characteristics are developed through
chronic activation of a restricted set of field-dependent
or field-independent perceptual-processing strategies.
Personality characteristics relating to the application of
internal/external referents in social situations as diverse as
the use of interpersonal space (Witkin, 1977), reactions to
the road/driver environment likely to produce an automo-
bile accident (Mihal & Barrett, 1976), and the weighting
of others’ opinions in conflict situations (Witkin, 1977;
Witkin & Goodenough, 1977) were therefore assumed to
derive from these perceptual characteristics. Our results,
however, are inconsistent with the generality of such a
factor of cognitive restructuring in the processing of the
egocentric perception of space.

Thus, the independence between EFT and VPEL
in our results cannot be accounted for by a system em-
ploying a perceptual processing mechanism as por-
trayed in Figure 6A but requires at least two mecha-
nisms (as, e.g., in Figure 6B). Whereas the weights, a
and S, in Figure 6A contain only one degree of freedom
(a + B = 1), those in Figure 6B contain two degrees of
freedom (a; + B, = 1; @, + B, = 1). If the two degrees of
freedom in Figure 6B—a, and a, (or 8, and j3,)—are not
correlated across individuals, performances on the EFT
and VPEL tasks would also be predicted to be uncorrelated,
in agreement with the results of the present experiments.

Multiple-Factor Treatment
In order to provide a more general basis for dealing with
the relations among all of the different experimental mea-

sures, a factor analysis of the correlations was carried out.
For this purpose, in addition to the four experimental vari-
ables described in the Method section (VPEL, GCT, EFT,
and SPT), a fifth variable that had been measured in these
subjects was also included: This fifth variable provided a
second egocentric spatial dimension, the perceived ori-
entation of the inducing field; we refer to it as perceived
visual pitch (PVP; see Hudson et al., 2000). PVP mea-
surements of the orientation at which the pitchroom was
perceived to be pitched for each of the six physical pitches
were made employing a psychophysical matching proce-
dure: In brief, for the PVP measurement, the subject in-
structed the experimenter to set the orientation of a small
rectangular surface to match the perceived orientation of
the pitchroom; the small matching surface was viewed
against an erect wall located behind the seated subject; the
pitchroom and matching surface were viewed successively
on each trial. The relation between the slopes of the PVP-
versus-pitch and VPEL-versus-pitch functions measured
in the pitchroom over the —30°to +20° range of pitches
was described in a previous article in which further proce-
dural details for the PVP task are presented (Hudson et al.,
2000). Despite the fact that VPEL depended on the pitch
of the pitchroom, that the mean VPEL grew with physical
pitch with a slope of .65 (Figure 4), that PVP rose nearly
linearly with physical pitch with a slope of .95, and that
the means of the VPEL and PVP settings at each pitch for
each subject were strongly correlated [r(118) = .89, p <
.001], the correlation between the slopes of the VPEL-
versus-pitch and PVP-versus-pitch functions across sub-
jects did not differ significantly from zero [r(18) = —.10,

External
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A E GE + Bl EFT
atp=1 VPEL
Internal I
Cue
External aE+pl VPEL
Cue - a+B=1 [
B
Internal I
Cue a,E+ B, EFT
.
a,+ ﬁz =1

Figure 6. (A) Relationship of connections between sensory input and per-
ceptual output, as suggested by previous models. It is assumed that a + g = 1.
(B) Relationship of connections between sensory input and perceptual output
suggested by the present results. The gains of the sensory input from internal
and external cues to the visually perceived eye level (VPEL) discrimination (a,
and f, weights) are independent of those for the same cues to the Embedded
Figures Test (EFT; a; and S, weights). It is assumed that a, + ; = 1 and that

a,+p,=1.



p > .1], and the correlations across individual subjects
between the means of the VPEL and PVP settings for each
magnitude of physical pitch were all nonsignificant (for
all values, p > .1). Thus, although the VPEL and PVP set-
tings appear to be determined by mechanisms that have a
great deal in common for each individual, that relation is
different for different individuals.
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Table 3A
Factor Pattern Matrix
Factor [ Factor I1 Factor 11
VPEL .000 1.000 —.003
EFT 1.000 .017 —.134
PVP .007 —.005 998
GCT 962 .062 122
SPT .995 —.071 .040

The correlations among the five experimental variables
(VPEL, PVP, EFT, GCT, and SPT) are summarized in
Table 2. The set of 10 correlations was factor analyzed
by means of a principal-components extraction, followed
by an oblique rotation to an oblimin criterion (SPSS, Ver-
sion 10, 2000). The pattern matrix in Table 3A contains
the oblique factor loadings of the five experimental vari-
ables on the three factors; the communalities involving
the three orthogonal common factors resulting from the
principal-components extraction are displayed in the di-
agonal cells of Table 2. The relation between the three
oblique factors and the five experimental variables are dis-
played as endpoints of the unit vectors on the surface of a
sphere in Figure 7 (the other ends of the vectors converge
at the center of the sphere) with the angular great circle
distances between points obtained from the correlation
between the two endpoints: the direction cosines in the
normalized orthogonal factor matrix (variable—variable
separation), the factor structure matrix (variable—factor
separation), and the primary factor intercorrelation matrix
(factor—factor separation). The intersections between the
lighter solid lines represent the locations of the orthogonal
factors resulting from an original orthotran rotation.

The loadings in Table 3A provide a basis for a clear
separation of the three factors (see Table 3B): The three
cognitive tests (EFT, GCT, and SPT) are highly loaded on
the first factor, Factor I, along with negligible loadings of
VPEL and PVP. The high loading of VPEL stands alone
on Factor II, with the loadings of the other four variables
near zero, and the high loading of PVP stands alone on
Factor 111, with loadings of the other four variables nonsig-
nificant. The cluster of three cognitive tests is thus clearly
separated from both VPEL and PVP; in addition, VPEL
and PVP are clearly separated from each other. These re-
sults of the factor analysis are, of course, consistent with
the view that can be gained from inspecting the original

Table 2
Correlation Matrix

VPEL EFT PVP GCT SPT
VPEL 1.000
EFT .090 .980
PVP —.100 .070 999
GCT 130" 730* 290 1.000
SPT .020" 480" 170 710 982

Note—The off-diagonal cells contain the correlations among the five
experimental variables. The diagonal cells contain the communalities
from the principal-components extraction. VPEL, visually perceived eye
level; EFT, Embedded Figures Test; PVP, perceived visual pitch; GCT,
Gestalt Completion Test; SPT, Snowy Pictures Test. *The signs of the
asterisked values are reversed from the values calculated from the raw
values in Table 1; see text for detailed rationale.

Note—The values in the table are the oblique factor loadings of the five
experimental variables. VPEL, visually perceived eye level; EFT, Em-
bedded Figures Test; PVP, perceived visual pitch; GCT, Gestalt Comple-
tion Test; SPT, Snowy Pictures Test.

Table 3B
Primary Intercorrelations
Factor [ Factor 11 Factor II1
Factor [ 1.000
Factor I1 .092 1.000
Factor I1I 195 —.092 1.000

Note—The values are correlations among the three oblique factors.

table of correlations in which the threefold separation is
clear: The original correlations between VPEL and each
of the three cognitive tests are not far from zero; the cor-
relations between PVP and the three cognitive tests are
small at best; the correlations between VPEL and PVP are
not far from zero; the correlations among the three cogni-
tive tests are substantial.

However, although at least three factors are required to
account for the correlations among the five variables, as is
shown by the analysis above, three are not sufficient. The
need for additional dimension(s) arises wholly from the re-
sults with the single group of subjects in the present experi-
ments: Figure 8 displays the angular distances between the
five test variables that would separate them on a spherical
surface such as that shown in Figure 7 if the great circle
distances between them (®) were calculated from the mea-
sured correlation between the two variables as cos @;; = r;.4
Two of these distances (VPEL/SPT and PVP/SPT) are rep-
resented by dashed lines (see Figure 8), and the distance
calculated from the correlations between the two variables
for each of these two distances is shown in Table 4 as the
“empirical distance.” However, the distance from VPEL
to SPT on the spherical surface is also constrained by
the remainder of the set of great circle distances between
VPEL, EFT, GCT, and EFT. Similarly the distance from
PVP to SPT on the spherical surface is also constrained by
the remainder of the set of great circle distances between
PVP, EFT, GCT, and EFT. The distances determined by
these latter constraints are listed in Table 4 as the “inferred
distance.” The difference between the empirical distances
resulting from the correlation between the two correlated
variables themselves (VPEL/SPT and PVP/SPT) and the
inferred distance in each case is substantial—equal to 38°
and 36°, respectively. These differences are too large to
be the result of unreliability in the psychophysical measure-
ments in VPEL or PVP: The variability in the measurement
of those variables is small: thus, for a given subject with
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GCT
7,82,72) L
(7,82, ).'

(78,96, 0)

Figure 7. Three factors with origin at the center of the unit
sphere and endpoints shown on the surface, along with the end-
points for the five experimental variables (all are normalized unit
vectors). Unfilled circles are the oblique primary factors: I, II,
and III, respectively. Filled circles are the experimental variables.
The three numbers in parentheses next to each experimental vari-
able are great circle distances (in degrees) from the variable to
the three primary factors in the order I, II, III; single numbers
along dashed lines representing arcs on the sphere are great circle
distances between the oblique primary factors at the endpoints of
the arc as angular values on the sphere. VPEL, visually perceived
eye level; EFT, Embedded Figures Test; GCT, Gestalt Completion
Test; SPT, Snowy Pictures Test; PVP, perceived visual pitch.

a given pitchroom orientation, the variability among four
successive measurements at a given pitch is less than 1°
for VPEL and less than 3° for PVP; the best-fitting slope
for each subject involves six different orientations and is
extremely stable for a given individual. In addition, the high
correlations among the three cognitive tasks (.71, .48, and
.73), along with their separation from VPEL and PVP, tes-
tify to their dependence on a common set of abilities that
share little, if anything, with those involved in VPEL and
PVP discrimination. Thus, the large differences between the
empirical and the inferred distances in Table 4 tell us that
three dimensions are not sufficient to adequately describe
performance on these tasks. They indicate the presence of
other factors that are central to performance on some of
the experimental variables but that cannot be teased out as
common factors with only five experimental variables.3
The present results can be combined with the classical re-
sults in which performances on EFT and the VPV discrimi-
nation have been reported to be significantly correlated
(Witkin et al., 1954).6 In addition, significant correlations
between VPEL and VPV have been reported from three
different laboratories: Poquin et al. (1998), Guzy et al.
(2003), and Shavit et al. (2004). These results are dis-
played in Figure 8 as add-ons to the results of the factor
analysis of the correlations in Table 2 from the present
study. Whatever the common aspect to EFT and VPV, the
nonsignificant correlation between VPEL and EFT im-
plies that it must be different from the aspect shared by

VPEL and VPV.” Nevertheless, the VPEL/VPV correla-
tions do share processing, as will be discussed below.
Certainly, the conjunction of the previous sets of results
with the present set is not expected from a theory stating
that disembedding tasks (including spatial tasks such as
the VPEL, VPV, and PVP discriminations) are the result of
a unitary mechanism. Clearly, not all spatial tasks involve
a common processing mechanism. Whatever the basis for
the link between the VPV and the EFT, it is not general for
all spatial tasks.® Thus, it is of considerable interest that
the factorial description in Figure 8 is able to incorporate
the threefold orthogonality between VPEL, PVP, and EFT
in the present report and remain consistent with the previ-
ously reported positive relation between EFT and VPV.

Relations Between the VPEL and
VPV Discriminations

The present results provide no support for a link be-
tween the internal processing leading to the VPEL dis-
crimination and to the embedded figures performance or
the two other tests of cognitive abilities that were highly
correlated with the EFT. Nor was there any support for a
link between the internal processing leading to the PVP
discrimination, our second spatial dimension, and any of
the three cognitive tests. However, as was noted above,
significant correlations between VPEL and VPV have
been reported from three different laboratories: Poquin
et al. (1998), Guzy et al. (2003), and Shavit et al. (2004).°
Although these correlations again bring to mind consid-
eration of the possibility of a contribution by cognitive
restructuring, particularly in view of the previous support
for such a basis for the VPV/EFT correlation, the present
failure of VPEL and the signature measure of disembed-
ding (EFT) to manifest any relation suggests that we look
elsewhere for the basis for the VPV/VPEL correlations.
The experiments from our laboratory (Shavit et al., 2004)
suggest the combination of two sources of influence.

1. Shavit et al.’s (2004) VPV/VPEL correlations for 20
subjects were obtained with one-line and two-line induc-
ers in the frontoparallel plane: two 70°-long, variably roll-
tilted lines 25° eccentric on the left and right of the median
plane.!9 The values of the correlations were similar to those
measured with the square frames by Poquin et al. (1998)
and Guzy et al. (2003). Thus, the +.45 correlation noted
in note 9 was between the slope of the VPV-versus-roll-
tilt function measured with parallel two-line inducers and
the slope of the VPEL-versus-roll-tilt function measured
with bilaterally symmetrically oriented two-line inducers;
this was the appropriate correlation because the two lines
of the bilaterally symmetrically oriented two-line inducer
are retinally identical to the two significant lines in the
pitched frame that influence VPEL systematically. In ad-
dition, the VPV/VPEL correlation by the variably oriented
right and left lines measured separately were » = +.63
and » = —.37, respectively (the negative correlation for
the influences by the left line is a consequence of the bi-
lateral symmetry of the influence on VPEL, coupled with
the identity of influence on VPV).11
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Figure 8. Flattened spherical surface showing angular dis-
tances between variables. Numbers next to lines connecting
variables indicate the great circle distances, ®, between those
variables on a sphere, as calculated from the correlation ma-
trix (the correlation between the two variables at the ends of the
connecting line equals the cosine of ®). Dashed lines indicate re-
lationships that cannot be consistently represented on the sur-
face of the sphere, given the pattern of interrelationships with
other variables. The inconsistency of the data with a spherical
representation is due entirely to the data collected in the pres-
ent experiment, and not to data included in this figure that were
obtained in other laboratories. *The angular distance shown
between the Embedded Figures Test (EFT) and visually perceived
vertical (VPV) is calculated from the average of the correlation
values for males and females for the erect case in Witkin’s re-
sults (see note 8). **The angular distance shown between vi-
sually perceived eye level (VPEL) and VPV is calculated from
the average of five values: Poquin, Ohlmann, and Barraud (1998;
r = +.67); Guzy, Cohen, and Ebenholtz (2003; r = +.37; r =
+.29); Shavit, Li, Semanek, and Matin (2004; r = +.63 for the
right one-line stimulus; » = +.45 for the parallel two-line stimu-
lus). Including these correlations with the 10 correlations from
the present study places no additional constraints on the three-
dimensional fit obtained from the 10 correlations in Table 2.

Earlier work (Matin & Li 1994b, 1995) had shown that
a unidimensional description does not suffice for repre-
senting the influences of line orientation on both VPV and
VPEL even when the identical distal stimulus lines are
employed for both the VPV and the corresponding VPEL
measurements; two linearly independent orientation-
sensitive perceptual-processing dimensions are required
to explain the visual component of the results generated
with one-line and two-line inducing stimuli. In Shavit
et al.’s (2004) experiments, each of the orientations of the
roll-tilted inducer line was employed for both VPV and
VPEL measurements. Thus, the correlated measurements
for both discriminations were made with the inducing
line at the identical retinal orientations. In addition, fMRI
measurements (Matin, Li, Hudson, & Hirsch, 2001) had
shown that the processing of the two discriminations is
controlled in two different regions of the cerebral cortex;
left area 19 (GOM) is involved in the processing of the
two-line stimulus whose orientation systematically influ-
ences VPV but not VPEL, whereas right area 40 (LPi) and
left area 7 (PCu) are involved in the processing of the two-
line stimulus whose orientation systematically influences
VPEL but not VPV.
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The combination of results described here suggests the
following two-stage model as a basis for the two discrimi-
nations. (1) Both discriminations are processed by the same
orientation-sensitive neural units in the input stage of area
V1, primary visual cortex, and accounts for the common
variance in the VPV/VPEL correlation. (2) The subsequent
stages of processing are carried out separately by differ-
ent higher order processes in different cortical regions.
Such a model for the processing of VPV and VPEL—
common lower level processing and separate higher level
processing in the cerebral cortex—accounts well for the
original requirement of two higher order mechanisms to
account for the basic results with one-line and two-line
stimuli with VPV and VPEL discriminations (Matin & Li,
1992a, 1992b, 1994a, 1994b), as well as for the more re-
cent correlations between the two discriminations for the
experiments with one-line and two-line inducers and for
the experiments with the frame, without invoking a still
higher common level of processing that involves cognitive
restructuring (Shavit et al., 2004).

2. However, there is a second possible basis for the cor-
relations between VPV and VPEL measures: The relation
between VPEL and the orientation of the one-line or two-
line inducers is nearly linear, as is the relation between
VPV and the orientation of the one-line or two-line induc-
ers (Li & Matin, 2005a, 2005¢; Matin & Li, 1992a, 1992b,
1994a, 1994b). These near-linear relations have been well
fitted by straight lines with slopes that are invariably
less than the slope of 1.00 corresponding to the slope for
which there is a 1:1 relation between the discrimination
measure—VPEL or VPV—and line orientation. The slope
of the best-fit straight line has been interpreted as a mea-
sure of sensitivity to the visual induction stimulus since
the original discovery of the influence of visual pitch on
VPEL in the fully illuminated and well-structured pitch-
room (Matin & Fox, 1986, 1989). Correlations between
the y-intercept and dark values have invariably been con-
siderable, and both have been interpreted as measures of
the influence of the body-referenced mechanism alone,
although the dark value is measured in complete darkness
and the y-intercept is measured in the presence of a visual
inducing stimulus (Li et al., 2001; Matin & Fox, 1989;
Matin & Li, 1994a). Recent work (Shavit et al., 2004) has
also measured large correlations between the dark values
for VPV and VPEL, between the y-intercepts for VPV and
VPEL, and between the dark value and y-intercept in each

Table 4
Discrepant Spherical Distances

Empirical Distance  Inferred Distance  Difference
VPEL/SPT 89° 127° 38°
PVP/SPT 80° 116° 36°

Note—Both distances for each pair of experimental variables assume the
three-dimensional spherical representation shown in Figure 7. The “em-
pirical distances” are values calculated directly as the arccosines of the
correlations between the two experimental measures. The “inferred dis-
tances” are values calculated from the constraints imposed by the experi-
mental measures other than the two endpoints. VPEL, visually perceived
eye level; SPT, Snowy Pictures Test; PVP, perceived visual pitch.
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case. These suggest that although VPV and VPEL are set-
tings in entirely different dimensions of visual space, there
is considerable commonality in the operation of the body-
referenced mechanism in both. This commonality could
contribute to the correlations measured between VPV and
VPEL under induction by the one-line and two-line stimu-
lus (see also Ohlmann & Marendaz, 1991).

Thus, whereas the first explanation represents an attempt
to explain the VPV/VPEL correlations wholly in terms of
the visual inducing stimulus, the second explanation re-
lies wholly on the body-referenced mechanism. Undoubt-
edly the truth lies in their combination, and it is reasonable
to believe that the model in Figure 6B, which makes use
of both for VPEL, will apply to VPV also, although the
weights will differ for the two discriminations.

Further Considerations Regarding Field
Dependence/Independence

In the original descriptions of a commonality in the
processing of the VPV discrimination and EFT perfor-
mance (Witkin, 1950; Witkin et al., 1954), three separate
experiments were reported. The male/female difference
in those experiments—significant VPV/EFT correla-
tions for males and low, nonsignificant correlations for
females—has often been commented on, although it has
not always been replicated (see note 6). We note two mat-
ters related to these differences that point to problems
with the viewpoint that treats them as reflecting a differ-
ence in field dependence. (1) Employing the magnitude
of the influence of a roll-tilted visual field as the measure
of field dependence, Witkin’s original results clearly in-
dicate that females are more field dependent. However,
although not necessary, more field-dependent individuals
would be expected to exhibit larger correlations between
RFT and EFT and not smaller ones—certainly not insig-
nificant ones, as in Witkin’s original reports. (2) Two sets
of experiments report that the gender difference on the
EFT vanishes with practice (Chance & Goldstein, 1971;
Goldstein & Chance, 1965; see note 6). Such a result is
certainly not what one would expect from a stable person-
ality trait, as FDI has been considered to be. It also seems
likely that today, women may have had their “practice” in
the real world, and the gender difference might be even
further diminished or gone.

Witkin appears to have begun a reformulation of his
conception of psychological differentiation during the
preparation of his last book, published posthumously
(Witkin & Goodenough, 1981). In that book, he describes
several major revisions of his theory through the years. Of
special interest in the present context is this statement:

It now seems possible that what we earlier designated an
articulated-global field approach consists of two separate
though related functions: reliance on vestibular or visual-
field referents and cognitive restructuring. In this concep-
tion we revert to our very earliest view of performance on
tests of perception of the upright, and put in question our
subsequently held view that at the essence of performance
in both tests of perception of the upright and tests such as
the EFT is competence in disembedding. (p. 47)

These statements are roughly consistent with the view
represented in Figure 6B, in that “reliance on vestibu-
lar or visual-field referents” maps onto our use of body-
referenced mechanism or visual stimulation as internal or
external cues, respectively. However, they leave open the
question of the basis for their earlier results relating cogni-
tive restructuring and the relative reliance on vestibular or
visual field referents. It was the attempt to explain those
empirical results that led to the concept of disembedding
and the assumption of a characteristic processing style for
the solution of a range of perceptual and cognitive prob-
lems involving disembedding.

Ten years later, Wapner and Demick wrote a summary
chapter entitled “Some Open Research Problems on Field
Dependence—Independence: Theory and Methodology”
in the book Field Dependence—Independence, which they
edited (Wapner & Demick, 1991). The book was the pub-
lication of a symposium held in honor of Herman Witkin,
who had died in 1979; the conference was also opened
by Wapner, who had collaborated with Witkin in some
research related to FDI. In this last chapter, Wapner and
Demick state that

during the conference on which this volume is based, a
number of questions surfaced regarding the theoretical
conceptualization underlying performance on the RFT and
the EFT. . .. The oft heard question was “What is the na-
ture of the field dependence—independence construct? Is
it one construct or two?” Visual versus postural conflict is
presumably reflected in RFT performance; restructuring
ability is presumably reflected in EFT performance. Are
these two separate components of FDI, that is, should they
be treated as distinct processes with common variance. . . .
Thus, one important unresolved question is: What general
research strategies can be used to attack the general prob-
lem of the nature of the processes underlying the two main
test situations? (pp. 403—404)

Wapner and Demick’s (1991) summary was published
37 years after the original publication of the correlations
between RFT and EFT (see note 6) that have been the fun-
damental base to the subsequent mountain of work on the
dependence-independence story during the intervening
years. The last sentence reraises the very same question
that Witkin’s original work in 1954 raised. It continues to
be of interest.

At this time, the view that FDI is responsible for the
early findings of a relation between the RFT and the EFT
appears to retain its position as the dominant one, despite
these comments by Witkin and Goodenough (1981) and
Wapner and Demick (1991).

Our own belief is that the individual subject’s stability
across tasks centered on the perception of the vertical in
the RFT measurements that Witkin and Asch (1948) origi-
nally discovered, a stability that held at one level for a given
individual but at different levels for different individuals,
is of extreme importance. This description of stability in
egocentric space perception was being described for the
first time in the 1948 reports; such stability also holds
for VPEL and, further, holds over many years. However,
rather than pointing to control by a trait involving cogni-
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tive restructuring or a cognitive style based on the bipolar
trait of FDI, it now appears that it points to the hardwired
and relatively immutable mechanism based on the relative
weighting of influences from the visual field and from the
body-referenced mechanism, a weighting that varies over
a large range from individual to individual. Indeed, cog-
nitive restructuring seems particularly unlikely for both
VPV and VPEL: The effects of visual induction in both
the VPV and the VPEL discriminations are immediate and
do not involve cognitive searches such as those involved
in the three cognitive tests examined in the present ex-
periments, and detailed knowledge of the influence of the
effects of spatial induction—even repeated exposure and
repeated back-and-forth viewing of the peculiar aspects of
the inducing scene from within and outside the illusion-
inducing visual environment, with attempts at analysis by
the subject—has no significant influence on an individu-
al’s VPV or VPEL perceptual response.
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NOTES

1. In the present context, the extent of differentiation refers to the ex-
tent to which one psychologically distinguishes, or differentiates, events
perceived to originate within the organism (internal events) and those
perceived to originate from the environment (external events).

2. We have employed the term body-referenced mechanism to include
nonvisual or extraretinal inputs, including eye position and head position
information, and those resulting from gravity’s action on the body and
from somesthetic stimulation, and we believe that this usage is consis-
tent with the internal/external usage that Witkin employed as a basis for
separating field-dependent from field-independent individuals.

3.The RFT/EFT correlations in the Witkin et al. (1954) work involved
average values of the deviations of VPV from true vertical measured
at two roll tilts of the inducing field (+28°) to provide a measure of
the influence of the visual field (see also note 6), whereas the present
correlations involving VPEL employed the first derivative (the slope)
of the psychophysical settings with respect to the physical variable
(pitch). It is possible that the different measures play some role in the
different outcomes. The reasons for our choice of the slope measure are
the following. (1) A measure based on six stimulus values is inherently
more reliable than a measure based on only one. (2) The slope of the
VPEL-versus-pitch function is a measure of sensitivity to variation in
the inducing stimulus (i.e., the first derivative of the function), as are the
slopes of nearly all psychometric functions. (3) Over the range of pitches
employed, the slope is nearly linear, making a linear best fit the simplest
means of evaluating the function. (4) The slope is a bias-free measure in
which the magnitude of displacement of the center value from true verti-
cal plays no greater role than the magnitude of any of the other settings
(the constant error is taken out of the picture). Thus, biases in settings of
VPEL due to different criteria employed by individual subjects are es-
sentially eliminated; such bias is essentially captured by the y-intercept
of'the linear best fit, a parameter that is independent of the slope. (5) The
bias of the y-intercept of the linear fit is highly correlated (across sub-
jects) with the value of the VPEL setting in total darkness in the absence
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of the inducing stimulus and, thus, is likely to reflect individual differ-
ences in criterion; the criterion itself is heavily influenced by extraretinal
influences, largely arising from the body-referenced mechanism (see
note 2). Since the interest here is in the susceptibility to visual induction,
the slope of the function (i.e., the gain) provides a more appropriate, as
well as a more reliable, measure.

4. Whereas each of the distances shown on Figure 8 between the
experimental variables is equal to the cosine of the linear product—
moment correlation between the two items at the endpoints of the line,
the distance between a pair of experimental variables in Figure 7 is de-
termined by the three-orthogonal-common-factor communalities (diago-
nal in Table 2) and the fact that placement of the experimental variable
was set by the distances between the experimental variable and the three
obliquely related factors.

5. Although it has become common to allow the extraction of common
factors only with eigenvalues above 1 (as is true for the three factors
here), with only five experimental variables, at most only two linearly
independent common factors can be determined from the correlation
matrix (Thurstone, 1944; 1947, p. 294). Our justification for extracting
as many as three factors here was based on three matters. One of them
was the apparent need for more than three common factors, as indicated
in the text above. The second was the fact that the first two principal
components account for only 69.5% of the total variance in the correla-
tion table; adding the third principal component increases total variance
explained to a more respectable 86.5%. The third reason is that given
the near-orthogonality between VPEL and PVP, the near-orthogonality
between VPEL and each of the three cognitive tests, and the small correla-
tions between PVP and the cognitive tests, extracting only two factors
would lead to a result in which at least two of the experimental variables
that are themselves not significantly correlated are required to have
substantial loadings on the same factor; furthermore, one of these two
factors needs to be bipolar. This only muddies the picture. It is worth
noting that although it is possible to place a vector at a point on a great
circle between two of the tests that are uncorrelated (e.g., on the circle
that separates VPEL from SPT by 89° in the representation in Figure 8),
whether such a location would reasonably be considered as a location
for a meaningful factor would depend on the correlation structure in a
larger battery of tests. But as was noted above, it would be a peculiar sort
of factor, since VPEL and EFT are statistically independent from each
other. Certainly it would not be a unitary factor in the usual sense of
that term, and although some locations for the vector on the great circle
would allow the “factor” to contain a negative loading on one of the tests
and a positive loading on the other, and although bipolar factors have
been employed to stretch across angular distances greater than 90° in
both first- and second-order multiple-factor analyses (Matin & Adkins,
1954; Thurstone, 1947), having the possibility of a common factor that
contains reliably uncorrelated tests (the present case) is not reasonable.

6. Witkin et al. (1954) reported correlations between performances
on the RFT and EFT measures for 46 male subjects at each of three
body/frame orientation combinations: » = +.47 for the body roll tilted
28° left or right with the frame roll tilted 28° to the same side as the
body; r = +.43 with the same frame tilts but with the body tilted 28°
to the opposite side of the body; and » = +.76 with the body erect and
the frame at =28°. For 45 female subjects, the three correlations were:
+.03, +.22, and +.26. All three of the correlations for the male subjects
were significant at the .01 level; none of the correlations for the female
subjects was significant.

As was described in the Results section above, in the present case
there were no significant correlations between VPEL and EFT. However,
although the seven degrees of freedom is too small to allow us to draw
broad conclusions, there were no significant correlations between EFT
scores and V” values analyzed separately for female and male subjects:
Females’ V" and EFT scores had a correlation of #(7) = —.09 (p > .1),
and the results for males also possessed a correlation of #(7) = —.09
(p > .1). This is in contrast to the relation between EFT and GCT, for
example, which showed high and significant correlations when male and
female subjects were analyzed separately (r = +.67, p < .05, and r =
+.89, p < .01, respectively). (In a further search for significance, we
found no correlation between ¥ and EFT scores when field-dependent
subjects were separated from field-independent subjects [1(7) = —.14,
p>.1,and n(7) = .02, p > .1, respectively], using a median split of
EFT scores.)
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Of broader contextual interest, we note that there has been a relatively
large literature in which an attempt has been made to establish a link
between gender and performance on spatial tasks. In fact, such a link
is often assumed; for example, Shaffer (2000) states that “boys outper-
form girls on tests of visual/spatial abilities,” and in Sherman (1967) we
find the assertion that “key measures of analytical cognitive approach
are substantially related to space perception, and therefore are sex bi-
ased.” However, although such differences are sometimes reported, their
stability is questionable: Although in some previous results females’
completion times on the EFT were longer than those of male subjects
(e.g., Annett, 1992; Freedman & Rovegno, 1981; Geiringer & Hyde,
1976; Goldstein & Chance, 1965; Linn & Peterson, 1985; Sherman,
1967; Witkin, 1949b; Witkin et al., 1954), there are others in which a
gender difference has failed to occur (Brosnan, 1998; Chance & Gold-
stein, 1971; Crandall & Sinkeldam, 1964; Goldstein & Chance, 1965;
Hall, Gregory, Billinger, & Fisher, 1988; Harley, Kalish, & Silverman,
1974; O’Donnell, Paulsen, & McGann, 1978; Petrusic, Varro, & Jamie-
son, 1978; Weiner, 1955; Williams, LaPointe, & Riski, 1974). Some ex-
amples specific to the EFT are the following: Crandall and Sinkeldam
(1964) found no significant difference between girls and boys in a study
of children’s socially and perceptually dependent behaviors, including
EFT performance; Hall et al. (1988) found age, but not gender, differ-
ences in the EFT; and Harley et al. (1974) found gender differences in
the RFT, but not in the EFT. Of particular significance, Goldstein and
Chance (1965) and Chance and Goldstein (1971) found that initially
present gender differences in EFT performance disappeared if subjects
were allowed some familiarity with the task, and they suggested that
previously found gender differences on the EFT might have been due to
the learning history of the experimental subjects.

7. The discordances for VPV and VPEL do differ in several ways.
(1) The visual stimulation by the inducing stimulus that is discordant
with the gravitational stimulation deviates along a different physical di-
mension: visual pitch for VPEL and frontal plane orientation for the
setting of a rod to VPV. (2) The discrimination that is subject to induc-
tion itself lies along a different perceptual dimension in the two cases:
elevation for the VPEL setting and frontal plane orientation for the VPV
setting. (3) For VPV, the dimensions of variation for the inducing stimu-
lus and the test stimulus are identical, whereas for the VPEL setting they
are different.

8. Several other measures related to egocentric space perception were
shown not to correlate with EFT in the earliest reports by Witkin et al.
(1954).

9. The three sets of correlations between VPV and VPEL were as
follows. In Poquin et al. (1998), » = +.67, in an experiment in which
VPEL was measured by the subject’s setting of the elevation of a very
short horizontal bar in the presence of a large, variably pitched square
inducing frame (five pitches in the range of =15°) in otherwise total
darkness, VPV was measured by setting a long rod to appear vertical in
the median plane when the same frame was variably roll tilted (five roll
tilts in the range of =15°); the +.67 correlation was between the slopes
of the VPEL-versus-pitch and VPV-versus-roll-tilt functions for the 14
subjects. In two separate experiments, employing a large square frame
(first experiment, binocular, 49 subjects; second experiment, monocular,
57 subjects), Guzy et al. (2003) reported that the correlations between
VPV and VPEL were r = +.38 and r = +.29, respectively; their proce-
dure differed from Poquin et al.’s in that, for three pitch orientations of
the frame (=22° and 0°), they employed the same long line (horizontally
oriented) to measure VPEL as that employed for measuring VPV (three
roll tilt orientations, £22° and 0°). The correlation between VPV and
VPEL (monocular viewing) in Shavit et al.’s (2004) report was +.45;
see notes 10 and 11.

10. Some background will be useful here. Previous work (Matin & Li,
1992a, 1994c¢) had described spatial induction of large changes in both
VPV and VPEL that resulted from stimulation from the same eccentri-
cally located individual lines in otherwise total darkness (one-line stim-
uli) or from pairs of these single, bilaterally symmetrically located lines
(two-line stimuli). However, the rules of combination of one-line stimuli
into two-line stimuli differ for VPV and VPEL: Two lines located bilater-
ally symmetrically with the same orientation have identical influences on
VPV but opposite influences on VPEL, and consequently, simultaneous
presentation of two such lines produces a length-dependent increase in
the effect on VPV over that of the single line but results in no influence
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on VPEL; two lines located bilaterally symmetrically with equal and
opposite orientations have opposite influences on VPV but identical in-
fluences on VPEL; consequently, simultaneous presentation of two such
lines results in no influence on VPV but produces a length-dependent
increase in the influence on VPEL. Furthermore, it is not necessary that
the individual inducing lines arise from pitched planes for VPEL to be
influenced or that they arise from the frontoparallel plane for VPV to be
influenced, as was done in the work by Poquin et al. (1998) and Guzy
et al. (2003) with the square frames. For any line in a pitched plane, there
is a corresponding unique line in a frontoparallel plane that stimulates the
same retinal orientation, and for the monocularly viewing subject, such
corresponding lines from the two planes generate indistinguishable influ-
ences on VPEL, as well as indistinguishable influences on VPV; it was thus
possible to measure the influences of the very same set of variably oriented
individual lines from the frontoparallel plane on both VPEL and VPV as

one-line stimuli and also present bilaterally symmetrically located pairs of
these same one-line stimuli simultaneously as variably oriented two-line
stimuli (see also Li & Matin, 2005a, 2005b, for comparisons between the
influences of the full four-sided square frame and the one-line and two-line
stimuli, as well as several other configurations). A significant bottom line
here is that the entire square frame adds very little to the induction on VPV
beyond that generated by the one-line and two-line stimuli.

11. Measurements were made on an additional 10 subjects subsequent
to the 2004 report; the two-line VPV/VPEL slope-versus-slope correla-
tion for all 30 subjects was +.57; for the right and left one-line condi-
tions, the values were +.57 and — .44, respectively.

(Manuscript received July 22, 2004;
revision accepted for publication May 26, 2005.)
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