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Four methods of locating the egocenter:
A comparison of their predictive

validities and reliabilities

RAPHAEL BARBEITO and HIROSHI ONO
York University, 4700 Keele Street, Downsview, Ontario M3J IP3, Canada

An attempt was made to identify the best method of locating the egocenter by comparing
the predictive validity and reliability of the four methods introduced by Fry (1950), Funaishi
(1926), Howard and Templeton (1966), and Roelofs (1959). To determine predictive validity,
egocenters located by these methods were used to predict the responses of 14 subjects on
three visual direction tasks; the correlation between the predicted and the actual responses
on each task was computed. To determine reliability, the test-retest stability and the
internal consistency were estimated for each method. All of the methods were reliable, but only
the Howard and Templeton method predicted the results on all three of the visual direction
tasks. The high reliability and predictive validity of the Howard and Templeton method
is attributed to its high precision.

An important function of the human visual system is
to provide information concerning the direction of
objects in visual space, and in discussion of visual direc­
tion the concept of the egocenter ' is often invoked
(e.g., Fry, 1950; Hering, 1879/1942; Ono, 1975).
Inherent in this concept is the notion that the subjective
directions of objects are judged from a single point,
which is often assumed to be located midway on the
interocular axis. This assumed location has been used
when discussing the possible role of the egocenter in
adaptive changes to sensory-motor conflict (Craske
& Crawshaw, 1974) and to account for adaptation in a
specific sensory-motor task (Ono & Angus, 1974). The
location has been used also to describe eye movement
patterns during changes in fixation (Hering, 1879/1942;
Ono & Nakamizo, 1977; Yarbus, 1957, 1967) and to
explain the extent of apparent movement of a stimulus
when the two eyes are alternately occluded (Ono &
Gonda, 1978).

Rather than assume a location for the egocenter,
some investigators have measured the location. Individual
differences in the measured location of the egocenter have
been related to individual differences in patterns of eye
movements (Pickwell, 1972, 1973) and to individual
differences in the extents of apparent movement and
perceived changes in visual direction during accornmo­
dative vergence (Ono, Wilkinson, Muter, & Mitson,
1972). However, though these studies show the value of
measuring the location of the egocenter, they used
different methods of measurement.
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There are four methods of locating the egocenter
(Fry, 1950; Funaishi, 1926; Howard & Templeton,
1966; Roelofs, 1959), but each yields a different mean
location (Bailey, 1958, using Fry's method; Funaishi,
1926; Mather, 1969, using Howard and Templeton's
method; Roelofs, 1959). Furthermore, there is no
correlation among the locations yielded by the Funaishi,
Roelofs, and Howard and Templeton methods (Mitson,
1972; Mitson, Ono, & Barbeito, 1976), even though the
Mitson et a!. (1976) psychometric evaluation of these
methods found that each was highly reliable in test­
retest stability and in internal consistency. Mitson
et a!. concluded that a decision as to which method
locates the "true" egocenter must be based on predic­
tive validity. If one method can be shown to yield
egocenters that predict responses on various visual
direction tasks better than do the other methods, it
could be argued that the method is the most useful
method of locating the egocenter.

The purpose of the present study is to determine the
predictive validity of each of the four methods used to
locate the egocenter. To determine predictive validity,
the egocenter yielded by a modified version of each
method was computed for each subject and used to
predict his responses on a series of visual direction, or
"criterion," tasks. The present study also reestimates
the test-retest stability and internal consistency of the
methods.

METHOD

Methods of Locating the Egocenter
A brief description of how the egocenter was located by each

method is given below; more elaborate descriptions are given in
Appendix A. For the Howard and Templeton method the
subject aligned two stimuli to "himself." For the Funaishi
method the subject pointed to the apparent direction of a
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fixated stimulus with respect to himself. For the Roelofs method
the subject fixated the intersection of two lines that were
coincident with the lines of sight and indicated a point on the
illusory line produced by the two lines. For the Fry method the
subject fixated one of two stimuli placed in the median plane
and pointed to the apparent location of the diplopic images
produded by the second stimulus. To estimate the location of
the egocenter by the Howard and Templeton, Funaishi, and
Roelofs methods, the procedure described for each was repeated
for two directions of the stimuli. For Fry's method the pro­
cedure described yielded sufficient information. The stimuli
were viewedbinoculary for each method.

Criterion Tasks
Three criterion tasks were devised.Each was chosen with the

assumption that the subject's responses would depend on the
location of the egocenter,

Subjective median plane (SMP) task. This task requires
judgment of the position of the straight-ahead. The subject is
instructed to indicate verbally the point, on a scale, that appears
directly in front of him. Judgments are made with the scale
placed at two distances. The subject views the stimulus binocu­
larly.

Three-point (3PT) task. This task requires judgments of the
relative directions of three stimuli. The subject is instructed to
judge the visual directions of two standard stimuli in the same
frontal parallel plane and then adjust a third, closer stimulus
so that its visual direction bisects the angle formed by the visual
directions of the two standards. The task is repeated for two
sets of directions of the standard stimuli. The subject views the
stimuli binocularly.

Accommodative vergence (AV) task. This task requires
judgment of the extent of apparent movement during accommo­
dative vergence. Two stimuli are aligned to one eye, and the
subject is instructed to change fixation from one stimulus to
another and to indicate the extent of the apparent movement of
the stimulus to which fixation is changed. This task is repeated
for left- and right-eye alignments of the stimuli. Ono et al.
(1972) have shown that the egocenters located by the Howard
and Templeton method predict the difference in the extents
of apparent movement between the left- and right-eye align­
ments of the stimuli. However, it is not known whether or not
the egocenters located by the other methods can predict the
outcome of this task.?

For all methods and tasks the subject sat at a specially
constructed table with his head supported by an adjustable
bite-board.

Each criterion task required additional apparatus and stimuli.
For the SMP task the stimulus was a meter stick from which
the subject read the point judged to be straight ahead. For each
judgment the meter stick was placed in one of 16 predetermined
positions in two frontal parallel planes. The planes were 40 and
90 em from the corneal plane.

For the 3PT task three rods of l-mm diameter were used as
the stimuli. Two sets of judgments were obtained. For each, the
two standard stimuli were positioned 20 and 40 em to one side
of the median plane, in the frontal parallel plane 75 em from the
corneal plane. The movable stimulus was positioned in the
frontal parallel plane, 25 em from the corneal plane, and was
mounted on a motorized drive unit so it could be driven to the
subject's left or right.

For the AV task two point sources were used as stimuli.
The near stimulus was placed in the median sagittal plane,
25 ern from the corneal plane. The far stimulus, which was to
be aligned with the near stimulus and one eye, was positioned
50 em from the corneal plane and was slightly above the height
of the near stimulus. Once aligned, the far stimulus was occluded
from the nonaligned eye to avoid diplopia. To indicate the
extent of apparent movement of the far stimulus, the subject
adjusted the distance between a movable and a stationary collar

surrounding a rod until the distance between the two collars
appeared to match the extent of the perceived movement. The
rod was 30 em long and .5 cm in diamter. The collars were
1.5 em in diameter and fit snugly around the rod.

Procedure
The experiment consisted of three sessions. In Sessions1 and

3 the egocenter locations were measured by the four methods.
The third session followed the first after 1 week and allowed
for an estimation of the test-retest stability of each method.
Session2 was used to collect the criterion data and took place
on the third day after the first session. Each session lasted
approximately 1.25 h, with subjects resting for 15 min after
completing two methods or tasks.

There were eight trials for each egocenter-location method
and each criterion task. For each egocenter-location method,
a trial consisted of the minimum number of judgments necessary
to estimate the location of the egocenter. The order of the
judgments within a trial was counterbalanced for the eight
trials. For each criterion task, a trial consisted of a single re­
sponse, and the order in which the subject responded to the
two stimulus arrangements for each task was counterbalanced
for the eight trials. Subjects were giventwo practice trials before
beginningeach of the methods or tasks.

The order in which the subject did the four egocenter
methods was randomly selected from the 24 possible orders.
This order was repeated in the retest session (i.e., the third
session). All subjects did the three criterion tasks in the same
order.

The experiment was conducted under normal room illumina­
tion. The average luminance at the table top was 120 cd/m 2

•

Stimuli were 1.5 em below eye level.

Subjects
Eight women and six men with normal visual acuity, either

uncorrected or corrected with contact lenses, participated in
the experiment. All were from the York University community
and were paid for their participation. .

RESULTS

For each of the four methods, the data from each
trial provided an estimate of the egocenter's location.
The estimated location was expressed as a point in a
Cartesian plane lying horizontally through the pupils.
The x-axis lay in the corneal plane of the subject and the
y-axis in the median sagittal plane. The mean locations
yielded by each of the methods, as well as analyses of
the data, are presented in Appendix B.

Reliability
Two types of reliability were estimated for each

method: test-retest stability and internal consistency. To
estimate the test-retest stability, mean X and mean Y
coordinate values were computed from the data of the
eight trials of each session. The test-retest correlations
for each of the mean egocenter coordinates from the
two testing sessions are shown in Table 1. All are sta­
tistically significant (p < .05). To estimate internal
consistency, the trial-by-trial egocenter locations were
considered analogous to 16 items on a test, and the
consistency was estimated using Cronbach's alpha
coefficient. This statistic is "the mean of all split-half
coefficients resulting from different splittings of a test"



Table 1
Reliabilities: Test-Retest Stability (Pearson r) and Internal

Consistency (Cronbach at) of Egocenter Dimensions
Measured by Each Method

Test-Retest Internal
Stability* Consistency

Method X Y X Y

Fry .52 .85 .80 .77
Roelofs .76 .72 .90 .86
Funaishi .67 .63 .47 .82
Howard & Templeton .96 .85 .99 .87

*All correlationsare statistically greater than 0 (df= 12, p < .05).

(Cronbach, 1951). The coefficients, also shown in
Table 1, are high, with the exception of one value for
Funaishi's method. Thus, the results of the reliability
analyses indicate that all four methods yield egocenter
locations that are consistent both within and between
testing sessions. These findings replicate those of Mitson
et al. (1976), who evaluated the Funaishi, Roelofs,
and Howard and Templeton methods, and establish
that Fry's method is also a reliable method of locating
the egocenter.

Predictive Validity
The predictive validity of each method of locating

the egocenter was estimated by the correlation between
the observed and predicted responses on each criterion
task. The observed responses used in the analysis were
the average of each subject's responses on the eight
trials of each criterion task. The predicted responses
were based on each subject's mean egocenter location,
determined usingthe 16 trials of each method.

SMP task. Two sets of observed and predicted values
were compared separately for each egocenter method.
For each subject an estimate of the observed subjective
median plane was determined at two frontal parallel
planes. Also, two predicted values were determined
from two subjective median planes, each being defined
by the measured location of the egocenter and one of
the points judged as being straight ahead. The point at
which the subjective median plane, which included the
near observed point, intersected the farther frontal
parallel plane yielded a predicted far value that could
then be compared with the observed far value. A comp­
arable procedure was repeated to determine a predicted
value at the nearer frontal parallel plane. The correla­
tions for the observed and predicted values in each
frontal parallel plane are shown in Table 2. All cor­
relations are statistically significant, with the exception
of one associated with Roelofs' method. The remaining
correlations are similar and a decision as to which
method yields the best estimates of the egocenter's
location cannot be based on the data from this criterion.

3PT task. Each of the two sets of observed values
were compared to the predicted values computed using
the egocenters yielded by each method. For eachsubject,
the predicted location of the movable stimulus (based
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on the egocenter yielded by each method) was de­
termined by (1) computing the bisector of the angie
formed by the egocenter and the two standard stimuli
and (2) finding the point at which this bisector inter­
sected the plane of movement of the movable stimulus.
The correlations between the observed and predicted
values are also shown in Table 2. Only Howard and
Templeton's method yielded egocenters that success­
fully predicted this criterion, as indicated by the statis­
tically significant correlations. The correlations for the
other three methods were uniformly low and ranged
from -.18 to .25. Thus, for this criterion task, the
Howard and Templeton method is clearly superior to
the other methods oflocating the egocenter.

AV task. The method of comparing observed and
predicted values for this task was the same as that used
by Ono et al. (1972). One set of observed values was
compared to the predicted values computed using the
egocenters yielded by each method. The observed
value for each subject was the signed difference between
his estimation of the extent of apparent movement for
each of the two stimulus arrangements. The predicted
value for each subject was the signed difference be­
tween two predicted extents. One extent is the dis­
tance between the actual position of one of the far
stimuli and the point at which the far plane is inter­
sected by the line that passes through the egocenter
and the near stimulus; the other extent is the distance
between the actual location of the other far stimulus
and this intersection. The correlations between the
observed and predicted values are also shown in Table 2.
Only the Howard and Templeton method yielded
egocenters that predicted the outcome of this criterion.
The remaining correlations were not statistically greater
than 0 and ranged from .18 to .38. This criterion task
is similar to Roelofs' method, yet the egocenters lo­
cated by Roelofs' method could not predict the values
observed."

The results of the predictive validity analyses indi­
cated that the Howard and Templeton method is clearly
superior to the other methods in predicting two of the

Table 2
Predictive Validity: Correlation Between Predicted and

Observed Values on Each Criterion

SMP
3PT

Near Far
Method Plane Plane Left Right AV

Fry .47* .55* -.18 .25 .38
Roelofs .39 .61* .04 -.01 .33
Funaishi .53* .80* .04 -.11 .18
Howard & Templeton .68* .76* .52* .50* .66*

Note-In general, the variability of the values on the X dimen­
sion of the egocenter measured by each method contributed
most to the variability of the predicted values in the SMP and
A V criteria. The variability of the values on both the X and Y
dimensions made approximately equal contributions to the
variability in the 3PT criterion. "df = 12, p < .05.
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criteria. The fact that the Howard and Templeton
method was the only method to yield egocenters that
predicted the subjects' responses in all three criterion
tasks strongly suggests that it is the best method of
estimating the location of the egocenter.

DISCUSSION

The results of the present study are relevant to
Fry's (1950) assertion that methods requiring judg­
ments based on location of the self do not measure the
egocenter, but rather measure an arbitrary point that
the subject chooses to use as the self. Fry labels such
methods "direct" and argues that "indirect" methods,
which do not require the subject to select a reference
point, should be used to locate the egocenter. In Fry's
terminology, the Funaishi and Howard and Templeton
methods are direct methods, and the Fry and Roelofs
methods are indirect. The criterion tasks can also be
thought of in this way. The SMP and 3PT are direct
since they require use of the self as a reference point;
the AV is indirect since it does not require reference to
the self. Thus, in determining the best method of locat­
ing the egocenter, use of the SMP and 3PT tasks as
criteria should favor the Funaishi and the Howard and
Templeton methods; use of the AV task as a criterion
should favor the Fry and the Roelofs methods. The
difference implied by the distinction, however, is not
evident in the predictive validity data. The Howard and
Templeton method was the only one to predict all of
the criteria. Thus, it appears that the point a subject
uses as the self for the direct methods is related to the
point from which visual directions are judged.

If the point subjects use as the self while doing the
direct methods is equivalent to the location of the
egocenter, an explanation for the relatively poor show­
ing of the Funaishi method is necessary, because it too
requires use of the self as a reference point. Further­
more, the fact that the Fry and Roelofs methods are
indirect does not explain their inability to predict the
criteria. The difference between the Howard and
Templeton method and the other three methods is in
the potential sources of error introduced by the modes
of response required of the subject: Visual judgments
are required for the Howard and Templeton method,
and pointing responses based on visual judgments are
required for the other three methods. The failure of
three methods to predict the criteria may be the result
of error associated with pointing, since the use of
pointing responses is associated with high variability in
the measured location of the egocenter. Estimates of
a subject's egocenter yielded by the methods that use
pointing are, without exception, more variable than
estimates yielded by the Howard and Templeton method;
the predictive validity may be reflecting differences in
precision among the methods of locating the egocenter.
According to this view, the inability of the Funaishi,
Fry, and Roelofs methods to predict all of the criteria is

the result of the relative imprecision of these methods
rather than a lack of validity inherent in each method.

In addition to the variable error, each of the three
methods may be affected by a constant error of point­
ing. The data from several studies conducted in our
laboratory (Barbeito, 1976; Mitson, 1972; Mitson
et al., 1976) have shown that the degree and direction
of error in pointing varies among subjects. Such errors
could have affected the data presented here in two
ways. First, the variability due to individual differences
in constant error could have masked the variability
due to individual differences in the egocenter, thereby
reducing the ability of these methods to predict the
criteria. Second, the individual differences in constant
error could have contributed to the reliability estimates
of these methods; the relatively high reliability estimates
obtained may be attributable to individual differences in
constant error rather than to individual differences in
the true location of the egocenter. Furthermore, the
egocenters measured by these methods are differentially
affected by constant error in pointing. For example,
other things being equal, a given magnitude of constant
error would cause the egocenter located by the Roelofs
method to be more to the right than one located by the
Funaishi method. Hence, the low correlations among
the methods reported by Mitson et al. (1976) and ob­
served in the present study could be explained.

Thus, while the results of this study clearly indicate
that the Howard and Templeton method is the best
method of locating the egocenter, they also suggest
that its advantage over the other methods is one of
greater precision (and possibly accuracy) rather than
superior theoretical foundation.
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NOTES

1. The concept of the egocenter has been variously referred
to as the cyclopean eye, the center of visual direction, the
binoculus, and the projection center.

2. A fourth criterion task was also used. The task required
the subject to point to the apparent location of a stimulus
viewed in a reduced cue situation. Based on the reports of
Foley and Held (1972) and Foley (1975), it was expected that
the direction of the stimulus would be currectly perceived
even though its distance was misperceived. However, while some
subjects demonstrated extents of misperceived distance comp­
arable to those reported, the majority of subjects did not, and, as
such, the observed extents of misperceived distance were in­
sufficient to produce well-differentiated predicted locations of
the stimulus based on the egocenter. This task will not be
discussed further.

3. At a reviewer's suggestion, the results from the two align­
ment conditions were analyzed separately; none of the correla­
tions were significant. The lack of significant correlation is
attributable to measurement error in the reports of apparent
movement; the error may have inflated the variance of the
reports. When the difference between the two alignment condi­
tions is used, the effect of the measurement error in the criterion
scores is reduced because the scores are based on twice as many
observations.

APPENDIX A

The Methods of Locating the Egocenter
The Howard and Templeton method. This method requires

the subject to fixate the front of a long rod in a horizontal plane

EGOCENTER 35

at eye level. The subject is asked to rotate the rod until he
judges it to be pointing directly at himself. The axis of the rod
is then projected back toward the subject and is assumed to pass
through the egocenter.

The Mitson et al. (1976) version of this method was used in
the present study. For this version the rod is replaced by two
stimuli at different distances from the subject. The stimuli may
be thought of as replacing the front and back ends of the rod.
The near stimulus could be moved left and right in the subject's
frontal parallel plane. Thus, the stimulus configuration is Con­
ceptually identical to rotating the rod. Physiological diplopia
is avoided by arranging that only one stimulus is visible at any
given time. The subject controls which of the two stimuli is
visible by means of a switch. Diplopia can not occur, provided
the subject is correctly fixated on the single visible stimulus.
The task for the subject is to switch fairly rapidly back and forth
between the near and far stimuli and to move the near stimulus
until the imaginary axis joining the two stimuli is judged to be
pointing directly at himself. The procedure is repeated for
different directions, and the intersection point of the projected
axes is taken to be the egocenter located by the Howard and
Templeton method.

For the present study, two stimulus directions were used.
The stimuli were the metal-rod inserts of solenoids. The rods
were I em long and I mm in diameter, Two were positioned
75 em from the corneal plane, 30 em on either side of the
median sagittal plane. A third was placed 25 em from the
corneal plane and was mounted on a motorized drive unit so
that it could be driven to the subject's left or right. A switch
was wired so that the subject could activate either the movable
solenoid or one of the stationary solenoids. In this manner, only
one stimulus was visible at any time. Switching time between
the far and near solenoids was usually less that 1 sec.

The Funaishi method. This method requires the subject to
fixate a point in the median plane and to judge the direction of
nonfixated target stimuli placed to the right and left of the
fixation point and in the same frontal parallel plane. The direc­
tion of the targets is indicated by having the subject point in
their apparen t direction. These pointing responses are Con­
strained to two different distances from the subject and, while
pointing, the hand is not visible to the subject. Lines are pro­
jected back through the response locations and are assumed
to pass through the subject's egocenter.

The Mitson et al. (1976) version of this method was used in
the present study. With the Funaishi method, only information
about the apparent (not the objective) locations of the targets
is ever used by the subject; where the subject is fixated is ir­
relevant. Consequently, for this version of Funaishi's method,
the subject fixates the target rather than a point in the median
plane. Each subject makes pointing responses to indicate the
direction of the target with respect to himself. A line is projected
backward through the two response locations toward the subject.
This procedure is repeated for different directions of the target
stimuli and the intersection of the projected lines is taken to be
the egocenter located by the Funaishi method. Conceptually,
there should be no difference between this procedure and that
originally used by Funaishi (1926).

For the present study two stimulus directions were used. The
stimuli were rods, I mm in diameter, inserted into the table
top of the main apparatus. The fixation points were positioned
75 em from the corneal plane, 30 em on either side of the
median sagittal plane. In the underside of the table top two
grooves were cut and a calibrated rod with a handle was inserted
into each groove. The rods moved freely to the subject's left or
right, 25 and 50 em from the corneal plane. The handles of these
rods, which were used to specify the judgments of perceived
direction, were 1.5 em below the table top.

The Roelofs method. This method requires that the subject
look with one eye at the front of a tube that is objectively
aligned with the fovea of that eye. The other eye is occluded.
According to Hering's (1879/1942) principles of visual direction,
the tube will not appear to point to the eye, but rather it will
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APPENDIX B

Method Mean SD Mean SD

Receivedfor publication August 24.1978;
revision accepted December 28. 1978.)

Table 3
Means and Standard Deviations (in Centimeters) of the X and

Y Coordinate Values Yielded by Each of the Methods

YX

Analysis of Data
For each subject the mean of the 16 trial-by-trial egocenters

was taken to be the location of the egocenter estimated by each
method. The locations were expressed in X and Y coordinate
values, and separate analyses of variance were performed to
determine whether these methods yielded different egocenters.
The F values were F(3,39) =1.28, p > .05, and F(3,39) =31.32,
P < .01, for the X and Y coordinates, respectively. Orthogonal
comparisons indicated that the significant between-group dif­
ference was attributable to the fact that the egocenters located
by Fry's method differed from the other three. The overall
mean and standard deviation of the locations yielded by each
method is shown in Table 3.

The overall mean location yielded by a given method in one
experiment may not be meaningfully compared to that yielded
in another experiment. The extent to which they are comparable
depends on the extent to which measurement error associated
with the method affected the mean in each study. The difficulty
of comparison across experiments is exemplified by the location
determined by Roelofs' method. Mitson et al. (1976) reported
that this method located the egocenter 17.23 em behind the
corneal plane; the present study reported it .99 em in front of
the plane. In the present study attempts to control fixation
were made; however, such attempts were not made by Mitson
et al. Since the egocenters located by this method are affected
by errors in fixation (Barbeito, 1976), the discrepancy in the
mean location reported by these two studies is likely the result
of failure to control fixation error in the Mitson et al. study.

As in the case of Roelofs' method, Fry's method is susceptible
to errors in fixation. Barbeito (1976) has shown that the in­
accuracies and imprecisions in fixation result in invalid estimates
of the egocenter's location. So Fry's method was modified in the
following manner. To improve fixation, a line is positioned in
the subject's median sagittal plane which extends from the
fixation point toward the subject. When the subject fixates the
farther stimulus, the line is perceived as two lines forming a
V shape, with the vertex of the V at the fixation point. This
"V" percept occurs when the subject is correctly fixated. Thus,
with this addition to the stimulus display, the subject has infor­
mation concerning the state of his fixation.

The fixation stimulus was a l-mrn-diam rod inserted in the
table top, 75 ern from the corneal plane. The second stimulus
was a 1.0 x .6 ern diam cylinder placed 25 em from the corneal
plane. The single line in the median sagittal plane extended from
the fixation point to the edge of the table top, 8.9 em from the
corneal plane. The apparent location of each diplopic image was
indicated by inserting a push pin into a specially constructed
board mounted on the underside of the table. The distance
between the pointing surface of the board and the table top was
3 ern,

Fry .28 1.44 -15.07 7.95
Roelofs .27 1.18 .99 2.36
Funaishi -.29 .90 - 2.69 4.10
Howard & Templeton .28 .97 - 1.16 1.16

Note-Positive X and Y values indicate a location in front of the
corneal plane and to the right of the median sagittal plane.

appear to be along a radial line joining the subject's egocenter
and the front of the tube. The apparent direction of the tube
is defined as the projection from the front of the tube to a point
on the subject's face toward which the tube appears to point.
This projection is assumed to pass through the egocenter.

A potential problem arising with this method is that of
phoria, which is the angular deviation of the occluded eye
from the proper convergence angle. Ono, Wilkinson, Muter,
and Mitson (1972) showed that under monocular viewing con­
ditions the direction of points may be mislocalized as a result
of phoria and that this problem could be minimized by moving
the occluder so that the eye is only partially occluded (i.e., the
fixated point is viewed binocularly).

For this reason, Mitson et al. (1976) modified Roelofs'
method. For this version of Roelofs' method, the tube is re­
placed by two point stimuli located at different distances. The
two stimuli are aligned with the fovea of the nonoccluded eye.
The other eye is partly occluded in such a way that it can see
the near but not the far stimulus. The subject fixates the near
stimulus; it is assumed that this stimulus is correctly localized.
According to Hering's principles of visual direction, the apparent
position of the far point stimulus is on a radial line joining the
subject's egocenter and the point of fixation (in this case, the
near stimulus). The subject indicates the apparent location of
the far stimulus. Pointing is constrained to a frontal parallel
plane and, while pointing, the hand is not visible to the subject.
A line is projected from this apparent location through the
actual location of the near stimulus toward the subject. This
line is assumed to pass through the egocenter. This procedure is
conceptually identical to Roelofs' method. The procedure is
repeated for different directions of the stimuli, and the inter­
section point is taken to be the egocenter located by Roelofs'
method.

There is an additional problem with Roelofs' method that the
Mitson et al. version does not circumvent. The results ofBarbeito
(1976) showed that imprecisions in fixation exist and that
these imprecisions result in invalid estimates of the egocenter's
location. Thus, additional modification of this method was
necessary. The modification was designed to remove the im­
precisions in fixation.

For further modification of Roelofs' method, the subject
fixates a point at the intersection of two lines coincident with
his lines of sight. In this viewing situation a third, illusory line
is perceived. According to one of Hering's principles of visual
direction, this line points to the egocenter. The subject is to
indicate a point on the illusory line. While indicating the loca­
tion of the point, the hand is not visible to the subject. This
point and the fixation point estimate a line passing through the
egocenter. This procedure is repeated for different directions
and the intersection of the two lines is taken to be the egocenter
located by Roelofs' method. The advantage of the revised
method is that the subject has information about the precision
of his fixation via the percept of the line stimuli. If incorrectly
fixated, the subject perceives four lines instead of the three
perceived when correctly fixated.

For the present study two stimulus directions were used. The
fixation stimuli were the same as those used for the Funaishi
method. Also, from each fixation point, a line extended in the
direction of each of the foveas to the edge of the table top,
8.9 em from the corneal plane. The subject indicated a point
on the illusory line using the rod handle under the table top,
25 cm from the corneal plane.

The Fry method. This method requires the subject to fixate
the farther of two stimuli positioned in his median sagittal
plane and to indicate the apparent location of each diplopic
image produced by the nonfixated stimulus. While indicating the
locations of the diplopic images, the hand used is not visible to
the subject. To locate the egocenter by thismethod, Fry (1950)
relied on two of Hering's principles of visual direction that
specify the relationship among the location of the egocenter,
the perceived direction of the fixation stimulus, and the per­
ceived direction of each diplopic image.


