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METHODS & DESIGNS

A simple technique for lateralizing visual input
that allows prolonged viewing

JAY J. MYERS and R. W. SPERRY
Division of Biology, California Institute of Technology, Pasadena, California 91125

A simplified technique is described for obtaining lateralization of visual input with prolonged
viewing. This technique is based on the presence of constant normal lateral limits for horizontal
rotation of the eyes with reference to the head. With head movement prevented by use of a
standard bite bar, and the eves rotated to the left and held at their lateral limit, the temporal
half of the visual field of the left eye may be used for lateralized input to the right hemisphere or
vice versa for input to the left hemisphere. Any form of visual stimuli or visually monitored task
can be used if confined within one of the extreme temporal hemifields. In comparison to pre-
vious methods, this technique is technically simple, inexpensive, without significant risk or dis-
comfort to the subject, readily applicable to normal and various brain-lesioned subjects, and
permits prolonged in-depth viewing. An alternative version of this technique uses a stabilized
spectacle frame fitted with adjustable central occluders set to allow vision through only one or

both of the extreme temporal hemifields.

Techniques to selectively lateralize visual input to the
separate cerebral hemispheres in human subjects must
circumvent the natural tendency of eve movements to
transfer the intended half-field stimuli across the vertical
meridian into the unintended half-field and hemisphere.
This has been achieved most commonly in the past by
tachistoscopic methods that limit exposure of visual
stimuli in the left or right hemifield to 150 msec or less.
This restricts tachistoscopic testing to the use of rela-
tively simple visual stimuli and thus excludes the use of
many forms of tests for intelligence. memory, percep-
tion, emotion. and other cognitive functions that require
more prolonged examination. The need for a better
technique that allows prolonged viewing of more com-
plex visual displays (e.g., sentences instead of single
words, complex scenes and objects instead of simple
line drawings, etc.) and lateralized viewing of manual
performance has long been recognized, particularly for
studies with commissurotomy subjects.

Early studies obtained prolonged lateralized exposure
of visual stimuli by monitoring eye position with electro-
oculograph (EOG) recording while stimuli were presented
in the left or right hemifield (Butler & Norrsell, 1968;
Trevarthen & Sperry. 1973). The stimulus could be
removed or trial excluded whenever adverse eye move-
ments were detected. Inherent inaccuracy due to artifact
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and drift in the EOG potential has restricted this tech-
nique primarily to studies involving peripheral vision.

Special contact lenses which limit vision to a single
hemifield or a portion thereof have also been employed
to prolong visual lateralization (Dimond. Bures.
Farrington, & Brouwers. 1975; Zaidel. 1975). The
sophisticated lens system developed by Zaidel is a varia-
tion of the stabilized image technique in which a half-
field occluder. mounted on a collimator on a specially
constructed scleral contact lens, is set in the focal plane
of a small viewing lens and moves in unity with the eye.
This has proved to be an important advance over previ-
ous techniques for many kinds of tests but is subject to a
number of constraints that severely limit its application.

Another approach to prolonging lateralized visual
input involves the use of a double-Purkinje image eye
tracker in conjunction with a mechanical occluder or
split-screen video display (Zaidel & Frazer. 1977).
Presently in the process of development. this technique.
if successful, should relieve some of the limitations of
the contact lens approach in that there are no attach-
ments to the eye and only a bite bar is fitted to each
subject. However, the eye tracker appliance also is
expensive and requires exacting technical adjustments
that will presumably limit its use to relatively few
laboratories.

In this paper we describe a comparatively simple,
new technique for obtaining lateralized visual input
with prolonged exposure of visual material. Successful
in pilot tests and recent studies with commissurotomy
patients, the new method offers a number of significant
advantages over prior methods and opens new testing
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possibilities not available with previous techniques. In
contrast to previous techniques. the new procedure is
inexpensive, involves no significant risk or discomfort
for the patient, imposes no stringent limits on the
duration or frequency of testing, is widely applicable
to normal or brain-damaged subjects, requires no
advanced engineering or technological expertise either
for its construction or its operation. and permits pro-
longed in-depth viewing under relatively natural con-
ditions.

METHOD

The present technique is based upon the normal presence of
constant lateral limits for horizontal rotation of the eves with
reference to the head. If head movement is prevented. and the
eves are rotated to the left and held at their lateral limit. the
temporal half of the visual ficld of the left eye can be used for
lateralizing input to the right hemisphere or vice versa for the
left hemisphere. At these lateral limits of rotation when the head
i< stabilized. there is no means by which further eye movement
can transfer stimuii in the extreme temporal testing fields across
the midline into the unintended hali-fleld. The concept was
presented eariler mow briel abstzact report (Sperry & MMyers.
1981

The technigue can he resdly adg; normal and brain-
damaged populations und can be couped with reaction time
responses Lo obtain larerality mecsures in the presence o! the

commissures. Anv form of visugl stimulus or test may be used.
provided it is confined to one of the extreme temporal testing
fields. Input lateralized to the separate hemispheres in this
manner utilizes directly comparable pathways involving the nasal
hemireting und crossed optic pathway o cach hemisphere. Since
different eves are used 1o lateralize input to the different hemi-
spheres. differences hetween the eves. such as differences in
seuity. may need 1o be taken inte wocount in making lefi-right
comparisons. Jor subjects requiring visual correction. z set of
corrective lenses mayv be laterally positoned to cover the 1e8TiNg
tields.

N limit is impossd on the duration of lateralized viewing
other than the natural developmeni of ocular faugue from
holding the eves in the extreme sideward position. If fatigue
aeecurs. it is readily relieved by simply relaxing the e and
directing the gaze torvward or 1o the opposite side, Inmost cu
the eves need nor ve held at the lateral | s tor an exiended
penod. A series of short viewsn d their initia
tion fett te the discretion o thz subject experience o
single viewing duration of up 10

daic, u sximately 10-
15 soc appears to be well wolerated.

Head Fixation

A comfortable means for firmly holding the head of the
subject in a fixed position is required during testing. A birte
bar is quite adequate for this purpose. If interfercnce with the
clarity of oral responsc becomes a problem, the subject may be
allowed to release the bar for response after removal of the stim-
uli. Other means of head fixation may be preferable in studies
emphasizing oral performance concurrent with lateralized view-
ing. When freedom of head movement is important. it may be
possible to substitute occluders affixed in spectacle fashion to a
stabilized head frame and set to block vision in all but the
extreme temporal testing fields.

The bite bar is made from 1/16-in. stainless steel cut into a
1/2-in.-wide U-shaped plate to fit the pattern of the bite. Per-
forations in the steel plate help to hold in place dental impres-
sion compound, which is heated and applied around both arms
of the bar and then quickly resoftened in hot water for making
the dental impression. Removable bridgework should be taken

out ‘prior to fitting and before subsequent testing sessions.
Numerous bars can be prepared in advance. ready to be reheated
and fitted as needed. The bite bar plate is rigidly bolied to a
solid supporting upright bar and firmly fixed 1o a table at a
height comfortable for the subject when seated in testing posi-
tion. The bite bar is mounted with a slight forward tilt of 4-
5 deg to match the natural tilt of the jaw when the head is held
level.

Determination of Testing Fields

The inner boundaries (i.e., the vertical midlines of the visual
field at the limits of rotation) of the left and right testing hemi-
fields (see Figure 1) are determined in advance for each subject
for use in all subsequent testing. The lateral limits of fixation for
most subjects are reported to be in the range of 45-50 deg from
the forward midline (Duke-Elder & Wybar, 1973). Because of
individual variation. we determine these limits for each subject
by reference to the blind spot of each eve as described below. In
the event of a superimposed visual field scotoma, as occurred
with one of our subjects, these same measuzements can be taken
using the abnormal, rather than the normal, blind spot as the
reference. In tests in which acuity is not critical and peripheral
viewing is acceptable, the two testing fields can be safely demar-
cated with their inner boundaries at least 50 deg lateral from the
forward midline. eliminating the need for more precise measure-
ments, For expedience in making measurements and locating the
testing field boundaries. u large perimetric semicircle is marked
on the tuble 10p. centered beiow the middle of the bite bar. with
s radius corresponding o the desired viewing distance and with
angular displacements from the forward midiine marked in the
region of the testing fields.

The positions of the vertical midlines of the visuzl fields at
the iimits of lateral roiation are determined with the subject
seated comrortably at the table and the bite bar in place. One
eve is occluded while the subject fixates & small huirline cross
presented at eve level, centered directly ahead ona white tangent
screen at the desired viewing distance. The angular displacement
from the vertical midline to the nasal edge of the blind spot.
usually about 13 deg. is determined by moving a small black
targer of 1-deg diameter slowly back and forth across the screen
along the horizontal meridian. noting on the screen where the
subject enther verbally or manually indicates its disappearance
from view.

The subject is then directed to rotate the exposed eve laterally
1o its extreme limit while keeping the gaze level, and ihe screen

is relocated to the approximate center of gaze. The location o7
the nasal edge of the blind spot with the eves laterally rotated
10 their extreme Umit is determined us before. by having tl

subject indicaie the diseppearance Jnd reappearance ot
rareet as 1 moves across the sereen alony the harizontal meridian.
This is repeated until the subject is unable to cause the targer

oo
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Figure 1. Schematic drawing of testing fields for lateralized
visual input as set by lateral limits of eye rotation.
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different techniques for lateralizing visual input. Results
with the present technique replicate the early data
obtained tachistoscopically (Gazzaniga & Sperry. 1967;
Sperry & Gazzaniga, 1967; Sperry, Gazzaniga, & Bogen.
1969) in showing, for example, that the right hemi-
sphere understands, at a moderately high level. words
spoken aloud by the examiner and comprehends the
meaning of printed object names exposed in the left
visual field, as demonstrated by selective manual retrieval
or by selection of the corresponding object or picture in
a muitiple-choice array. Comprehension of object
names presented in the left visual hemifield is aiso
apparent in the ability of these subjects to answer
ves/no questions regarding characteristics of the object.
such as its use, appearance. composition. likely context.
and so forth. or to select the correct answer when
alternatives are listed orally.

The present technigque also replicates resuits obtained
with the contact lens method (Zaidel. 1973, 1976,
1978) to the extent that these results have been restec
For example. the subjects can often correctly seiect
from a multiple-choice array of pictures presented in
the left testing field the item that matches a printed
or spoken name or that fits an oral description. vocal
cues. and so forth. The right hemisphere fails. however,
to derive the sound of a word or picture name pre-
sented in the left testing field. nor can it analvze the
word or name into component letters, as shown by the
inability to make matches based on the sounds of words
(rhyming. homonyms) or to select for component letters
(e.g.. which picture name starts with the letter “b”?7).
The right hemisphere is also seen with the present
technique to be unable to decipher long, nonredundant
sequences of spoken words. as when items of the Token
test are performed in the left testing field.

Although tests with the scleral contact lens have
brought results that in general confirm or extend. rather
than revise, the earlier findings obtained by tachisto-
scopic methods, the two methods have yielded contra-
dictory results in regard to the right hemisphere capacity
for processing verbs as opposed to nouns. Zaidel (1976)
reported equivalent oral comprehension by the right
hemisphere for nouns vs. verbs and action names matched
for frequency, whereas the early tachistoscopic find-
ings indicated a selective deficiency in verb processing

by the right hemisphere. When we readministered the
same set of verbs used in the test by Zaidel to L. B. and
N. G. with the “lateral limits” technique. but used the
infinitive form of the verbs rather than participles, the
results showed a marked decline in the performance of
the right hemisphere. These preliminary results thus
favor the conclusion that the right hemisphere is rela-
tively deficient in the processing of verbs as opposed to
nouns.

REFERENCES

ButLER, S. R., & NorrseLL, U. Vocalization possibly initiated
by the minor hemisphere. Nature, 1968, 220, 793-794.

Disoxp, S. J. Bures, J. . Farrington, L. J., & BrouwERs.
E. Y. M. The use of contact lenses for the ateralization of visual
input in man. Acta Psychologica, 1975, 39, 341-345.

DUKE-ELDER, S., & Wysar, K. Ocular motility and strabismus.
In 3. Duke-Elder (Ed.), System of opthalmology (Vol. 8).
St. Louis: C. V. Mosby, 1973,

Gazzanica, M. S., & Sperry, R. W. Language after section of
:he cerebral commissures. Brain, 1967, 90, 131-148.

SperrY, R. W., & GazzaNica, M. S. Language following surgi-
cal disconnection of the hemispheres. In F. L. Darley (Ed.),
Brain mechanisms underiying speech and language. New York:
Grune & Stratton, 1967.

Srerry, R. W., Gazzanica, M. S., & Bogen, J. E. Inter-
hemispheric reiationships: The neocortical commissures; syn-
dromes of hemisphere disconnection. In P. J. Vinken & G. W.
Bruyn (Eds.), Handbook of clinical neurology. Amsterdam:
Nor:h-Holland, 1969.

Seperry, R. W., & Mygrs, J. J. A simplified technique for
lateralizing visual input. Caltech Biology Annual Report, 1981,
151-152. (Abstract)

TrevarTHEN, C., & Sperry, R. W. Perceptual unity of the
ambient visual field in human commissurotomy patients. Brain,
1973, 96, 547-570.

Zaiper, E. A technique for presenting lateralized visual input
with prolonged exposure. Vision Research, 1975, 15, 283-289.

ZAa1DEL, E. Auditory vocabulary of the right hemisphere follow-
ing brain bisection or hemidecortication. Cortex, 1976, 12,
191-211.

ZaipeEL, E. Lexical organization in the right hemisphere. In
P. Buser & A. Rougeul-Buser (Eds.), Cerebral correlates of con-
scious experience. Amsterdam: Elsevier, 1978.

ZAIDEL, E., & Frazegr, R. E. A universal half-field occluder for
laterality research. Caltech Biology Annual Report, 1977,
137-138. (Abstract)

(Accepted for publication February 10, 1982.)



