from the eye. A slope value was calcu-
lated for each subject at each test age.
Median slope values and their ranges
were then calculated from the group
data for each month starting at birth
and ending at 4 months of age. The
group performance for each month is
shown in Fig. 1.

Perfect adjustment to changing tar-
get distance would be represented by
a slope of 0.00, whereas the complete
absence of accommodative change
would be indicated by a value of
-+ 1.00. Prior to 1 month of age, the
infant’'s accommodative response did
not adjust to changes in target distances.
The system appeared to be locked
at one focal distance whose median
value for the group was 19 cm. This
is indicated by a slope value for the
group of -+ 1.00. Occasionally, infants
of this age did not remain alert long
enough to allow complete calibration of
their responses. In these few instances,
the magnitude of error was estimated
(see Fig. 1). Flexibility of response be-
gan at about the middle of the 2nd
month and performance comparable to
that of the normal adult was attained
by the 4th month, as shown by a me-
dian slope value of 0.03.

For infants less than 1 month of
age it might be assumed that the ac-
commodative system is incapable of
any change whatever. We therefore
tested 11 sleeping infants, opening
their lids in order to take readings. In
every case, the lenticular system was
relaxed and measured on the average
5 diopters less than when the infant
was awake and alert.

During the 2nd month of infancy.
the accommodative system began to
respond adaptively to change in target
distance. By 3 months of age, the
median magnitude of hyperopia for
targets at 20 cm was 0.75 diopter, a
degree of accuracy comparable to the
emmetropic (normal) adult. By the
time the infants began to look at their
own hands and make swiping motions
at nearby objects (6) their eyes were
able to focus sharply on such targets.

Knowledge of the developmental
state of the accommodative system is
a prerequisite for measuring the limits
of visual discrimination in infants, be-
cause resolution is limited by the
sharpness of the retinal image. Al-
though accurate accommodation is a
first step in achieving clear vision,
there is not a simple relation between
the capacity to focus an image on
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the retina and the ability to see clearly
(visual acuity). Even when the image
is optically focused on the retina,
visual acuity in the infant is unlikely
to be equivalent to that of the adult
until the visual receptor mechanisms
and neural pathways are sufficiently
mature. The results of this study pro-
vide a basis for the design of studies
of the vision of human infants.
HaroLD HAYNES
College of Optometry, Pacific
University, Forest Grove, Oregon
BurTON L. WHITE
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Adaptation to Prismatically
Rotated Visual Fields

Abstract. The aftereffects of viewing
a tilted field of lines differ from the
effects of viewing a tilted field of ob-
jects. The difference is attributed to the
fact that unlike isolated lines, objects
have specifiable normal orientations.

Viewing a field of tilted lines results
in a change in the apparent orientation
of a field of vertical lines subsequently
viewed. Gibson (I) showed that the
magnitude and direction of this after-
effect is contingent upon the angle of
tilt of the inspection lines. When the

lines are tilted less than 45° from true
vertical, the position of apparent verti-
cal shifts in the direction of tilt of the
lines. When the lines are tilted more
than 45°, the position of apparent verti-
cal shifts counter to the direction of
tilt of the lines. Gibson attributes this
change in direction to a change in the
axis toward which the tilted lines adapt.
When the lines are tilted less than 45°
from vertical, adaptation is toward the
vertical axis; when more than 45° from
vertical, adaptation is toward the hori-
zontal axis. The general rule is that
tilted lines adapt toward the axis to
which they are closest (2).

If the inspection field is composed
of tilted objects rather than lines, a
different condition prevails. Unlike iso-
Jated lines, objects may have “normal”
orientations toward one or the other
axis (trees and walls are “normally”
vertical; streets and floors “normally”
horizontal). For our purposes, we con-
sider visual stimuli to be “objects” by
virtue of these specifiable orientations
or past histories of experienced posi-
tions.

This distinction gains significance in
the light of a second group of experi-
ments in which the visual world is re-
versed, displaced, or tilted by means of
prisms worn over the eye (3). After
such prisms are worn, the initially dis-
placed or tilted scene appears more
normal. If, for example, tilting prisms
are worn, the position of apparent verti-
cal shifts in the direction of tilt of the
prism. These studies, then, are similar
to those of Gibson’s in that for small
angles of tilt (the only angles tested),
similar directional aftereffects are ob-
tained. They differ from Gibson’s in
the following ways. In the prism
studies, aftereffects are much larger and
require, according to some (4), active
movement of the subject in order to be
established. As noted above, they also
differ in the kind of visual field used.

In view of these considerations we
attempted to determine systematically,
with but one method of presenting a
tilted field (optically rather than di-
rectly), the role of the following: (i)
type of inspection field (lines or objects);
(ii) degree of inspection tilt (15° or 75°
clockwise from vertical); (iii) activity
during inspection (walking or sitting).
For our object field we chose the cor-
ridors and classrooms of a school build-
ing. To generate the line field, we
mounted luminescent strips of card-
board vertically in an otherwise dark
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room. Eight university students were
tested in each of eight experimental
conditions. The order of presentation
of the conditions was randomized
among the subjects.

We hypothesized that the shifts in
the positions of apparent vertical ob-
tained would be congruent with the fol-
lowing assumptions (5). With tilted
lines, adaptation would take place to-
ward verticality in the 15° condition;
toward horizontality in the 75° condi-
tion. With tilted objects, adaptation
would always take place so as to right
the field—that is, no difference in direc-
tion would be obtained between the 15°
and 75° conditions.

A large circular protractor with de-
gree markings lighted from behind was
suspended in an otherwise dark room.
Subjects wearing prisms were given
the task of determining the marking
line on the protractor which appeared
vertical just prior and subsequent to
each inspection condition. Inspection
periods were 15 minutes long. Monocu-
lar vision was used throughout. Two
2.5-cm right-angle prisms were mounted
over the right eye. The left eye was
occluded.

The results, presented in Fig. 1 (6),
are in accord with our hypotheses.
Each point represents the mean change
in the position in space considered
vertical after exposure, from that con-
sidered vertical before exposure. When
lines were presented, inspection of the
15° and 75° tilts yielded aftereffects in
opposite directions (7, 2, 7). When
objects were presented, inspection of
the 15° and 75° tilts yielded after-
effects in the same direction. Analysis
of variance indicates that walking while
viewing significantly enhanced the after-
effects when object fields were viewed,
but not when line fields were viewed.

We conclude that with object fields,
the field gradually rights itself. The
greater the tilt, the greater the after-
effect. But with line fields, lines tilted
off the horizontal appear to become
more nearly horizontal and lines tilted
off the vertical appear to become more
nearly vertical. Critical to this argu-
ment are the results obtained after
exposure to fields tilted 45°.

According to Gibson, aftereffects
should not be obtained after exposure
to a visual field tilted 45°, since the tilt
of such a field is equidistant from the
vertical and horizontal norms. In gen-
eral, we agree concerning line fields
but disagree concerning object fields.
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Fig. 1. Mean displacements of apparent
vertical after exposure of subjects to
clockwise tilts of the exposure field.

At 45°, with a line field there should
be little or no aftereffect; with an
object field, there should be a large
aftereffect in the direction of the im-
posed tilt. To test these predictions, we
repeated the experiment using 45° tilts.
Because variability had been somewhat
high in the 75° condition in experiment
1, this condition was retested. There
were thus six conditions in experiment
2. A new group of eight university stu-
dents were tested according to the same
general procedures used in experiment
1. There was one difference in the
apparatus. Partially masked Lumiline
bulbs rather than luminescent strips
were used to generate the line field.

The results, shown in Fig. 1, are
again in accord with our hypotheses.
There were no significant aftereffects
when 45° lines were presented. The
aftereffect of viewing objects at 45°
angles were significantly different from
zero and were in the predicted direc-
tion. '

In their monograph on “Figural
After-Effects,” Kohler and Wallach
tried to reinterpret Gibson’s adaptation
studies within satiation theory (8). One
of Gibson’s findings—that as the angle
between the inspection line and a verti-
cal test line increases, the direction of
the aftereffect reverses—could not be
so interpreted. According to satiation
theory, as the angle increases, the after-
effect should first increase and then
slowly decrease (the “distance paradox”)
but not reverse direction. K&hler and
Wallach noted, however, that in order

to obtain this reversed direction effect,
Gibson had used a reduction-like situ-
ation in which the inspection and test
lines were the only contours visible.
They hypothesized, therefore, that the
effect might belong to the category of
what they termed “normalization ef-
fects.” By this term they referred to the
change in the apparent orientation of
rich visual fields which have been tilted
or turned by mirrors or prisms (9). Our
results indicate that for small angles of
tilt the direction (if not magnitude) of
aftereffects subsequent to the inspec-
tion of tilted lines is indeed similar
to that subsequent to the inspection of
a visually rich field. The results indicate
further, however, that the similarity
breaks down when greater angles are
used, since the effects after viewing
line fields reverse direction, while the
effects after viewing object fields do
not. Our findings then are not con-
gruent with the Kohler-Wallach anal-
ysis.

Thus, we tentatively maintain that the
difference between line and object fields,
which determines such divergent effects,
is that objects have meaning—a his-
tory of preferred positions—which is
lacking in lines.

RicArRDO B. MORANT
HenNry. K. BELLER
Department of Psychology,
Brandeis University,
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