percent of the total incubation period.
By contrast, the earliest measured
retinally mediated response (the pupil-
lary reflex) does not occur until day
15 (4).

A potential postnatal function of such
sensitivity, if it is in fact maintained
into adulthood, could be involved in
the homing ability of pigeons. We are
presently engaged in determining how
widespread this form -of photic sensi-
tivity is in birds, but have thus far
clearly demonstrated it only in the
pigeon (I1). Perhaps such a nonvisu-
ally mediated photic sensitivity aids in
the orientation to the home loft. Ex-
periments in which adult pigeons still
return to the loft area when their
visual input has been interfered with
might be partially accounted for by
this mechanism (72).
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Prism Adaptation: Control of Intermanual Transfer by

Distribution of Practice

Abstract. Correction of errors in localizing movements produced by laterally
displacing vision by means of wedge prisms has been termed “prism adaptation.”
Intermanual transfer of prism adaptation from an exposed to an unexposed hand,
with subject’s head immobilized, has been reported not to occur. However, it
was found that a standard learning variable, distribution of practice, controls the
occurrence or nonoccurrence of transfer. When practice is massed, there is no
transfer of adaptation; when it is spaced, the transfer is extensive. Spacing of
practice also influences the amount of aftereffect displayed by the exposed hand.

When wedge prisms are placed be-
fore the eyes, vision is displaced in the
direction of the apex of the prisms. As
a result, visually guided movements
deviate at first to that same side. Under
suitable conditions, the initial mislocali-
zation can be corrected; this is termed
“prism adaptation.” When the prisms
are then removed, this correction in
orientation (now inappropriate) per-
sists for a time, leading to errors in the
opposite direction. The latter has been
termed “prism aftereffect.”

It has been reported that prism
adaptation does not transfer from an
exposed arm to an unexposed arm if
the head is immobilized during the
prism-exposure period (I-5). In con-
trast, several other studies have indi-
cated that intermanual transfer can
take place in the absence of head move-
ment (6-10). An analysis of adaptation
to sensory rearrangement in terms of
a learning approach (/1) allows us to
account for this discrepancy.

In all experiments in which inter-
manual transfer has unambiguously oc-
curred, a prism-exposure condition in-
volving “terminal display” was em-
ployed; that is, the subject first pointed
at a visual target with an unseen arm
and was then allowed to view the
terminal position of his responding
finger in relation to the target. On the
other hand, in the experiments of
Hamilton (2) and of Mikaelian (4, 5),
in which intermanual transfer with head
immobilized was not observed, the
prism-exposure period involved “con-
tinuous display,” in which (i) the sub-
ject was provided with continuous view
of self-produced hand movements and
(ii) there were no targets to be pointed
at; that is, the subject had no tasks
other than to view his hand moving
back and forth within a structureless
visual field.-

A number of explanations have been
advanced for the disparity in results
between the two sets of conditions, but
none have been able to account ade-

quately for all of the data (12). How-
ever, analysis of the two experimental
designs within a learning context re-
veals that continuous display could
be considered a type of massed-practice
procedure. That is, the subject con-
tinually views his moving hand and
is therefore being continuously trained.
In contrast, the terminal-display pro-
cedure is, by definition, a spaced-prac-
tice procedure; that is, the hand is not
always in view and, thus, training is
not continuous.

If this difference in distribution of
practice were responsible for the two
conflicting sets of data, it follows that
it should be possible to obtain inter-
manual transfer with a continuous-
display procedure by introducing rest
or blackout periods between periods
of training, thereby spacing the prac-
tice. We report here confirmatory evi-
dence.

The procedure involved measure-
ment of the accuracy of pointing at
visual-target positions with unaided
vision before and after viewing self-
produced, continuous movements of a
hand through a 20-diopter prism which
displaced vision 11.3° laterally. The
hand could be seen only during the
prism-exposure period and not when
accuracy of pointing was tested. Half
of the subjects (the nontransfer groups)
were tested with the same hand that
had been viewed through the prism,
while the remaining subjects (the trans-
fer groups) were tested with the un-
exposed hand. All testing and viewing
were with the right eye (left eye oc-
cluded) and with the head stabilized
by a biteboard. The deviation from
baseline pointing values after prism
removal provided a measure of the
prism aftereffect.

Subjects (96 female undergraduates)
were given one of three treatments dur-
ing the exposure period. The first treat-
ment consisted of spaced practice in
contrast to the massed practice em-
ployed in previous continuous-display
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Fig. 1. Decay of prism aftereffect for
ipsilateral and contralateral (transfer)
testing following spaced and massed prac-
tice during prism exposure. Testing was
always with the right arm. During prism
exposure either the right arm (ipsilateral
group) or left arm (contralateral group)
was viewed. Each data point is the mean
for ten trials each for 16 subjects. Magni-
tude of aftereffect was measured 1, 3, 5,
7, 9, 11, and 15 minutes after prism ex-
posure, and every fifth minute thereafter
through minute 60.

studies. View of the moving limb was
restricted to ten 30-second periods dur-
ing which the subject moved her arm
in time with a metronome (90 beats per
minute). These practice periods were
alternated with - 30-second intervals of
rest, during which the subject sat in
complete darkness without moving her
arm, Thus, the entire exposure period
lasted for 9.5 minutes, of which 5§ min-
utes (ten 30-second periods) were used
for practice. Exposure for subjects in
the second treatment was similar to
that in other experiments using con-
tinuous display (2, 4, 5, 13). The arm
was viewed constantly as it was moved
from side to side in time with the
metronome for 5 minutes. These sub-
jects received the same amount of train-
ing as did the groups with spaced prac-
tice; however, since there were no rest
intervals, the exposure period lasted
only 5 minutes. In a third treatment,
exposure was also massed, but in this
case it was for 9.5 minutes, the total
length of the practice session for the
first treatment. This group was included
to control for the possibility that differ-
ences between the first two treatments
might be due to the total amount of
time in the exposure period. Thus, there
were one spaced treatment and two
massed treatments. For each treatment,
there was one transfer group and one
nontransfer group. The prism was
oriented with the base to the right for
half of each group and to the left for
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the remaining subjects (/4). Significant
adaptation took place for all three non-
transfer (ipsilateral) groups (Table 1).
However, transfer of adaptation was
significant only for the spaced-practice
condition, in which it was 59 percent of
the ipsilateral aftereffect. For the two
massed treatments, transfer was not sig-
nificant (P > .05). Another finding of
interest was that for ipsilateral testing,
the initial aftereffect for the group with
spaced practice was significantly greater
than it was for either of the groups with
massed practice (P < .0S in both cases)
15).

The decay functions for aftereffects
during 60 minutes after prism removal
are presented in Fig. 1. For transfer
testing (Fig. 1b), the decay function for
the first 20 minutes for the spaced-
practice group was different from those
of the two massed-practice groups,
whose functions did not differ from
baseline. The effects of distribution of
practice on the ipsilateral aftereffect are
also clear (Fig. 1a); the aftereffect for
the spaced-practice group was greater
for at least the first 7 minutes after
prism removal.

Thus, we have replicated here the
previously observed lack of intermanual
transfer with continuous display (I-5),
but have shown that it is a special case
which obtains when practice is massed.
When continuous display periods were
spaced by interpolating intervals of rest
in darkness, there was significant in-
termanual transfer. Intermanual trans-
fer has now been shown to occur in
all of the types of exposure conditions
tested (16).

Cohen (17) reported that viewing only
the terminal position of a pointing
finger resulted in intermanual transfer,
but continuous view of the limb in es-
sentially the same situation did not re-
sult in transfer. This difference was at-
tributed to a disparity in the type of
visual feedback available in the expo-
sure session, the implicated factor being
whether the hand moves in and out of
the field of view (resulting in transfer)
or is continually visible (producing no
transfer). In contrast, Walsh and Freed-
man (7) demonstrated that by reducing
the spacing of trials during terminal
display (the situation in which Cohen
obtained transfer), it is possible to elimi-
nate the intermanual transfer that is
normally found. In terms of the present
experiment, Cohen’s results could be
explained on the basis of the massed
nature of his continuous-display proce-
dure (in which intermanual transfer was

Table 1. Magnitude of aftereffect during the
first minute after prism removal for trained
and untrained hands following spaced and
massed practice. Data are means for the 16
subjects in each group; I, ipsilateral; C, con-
tralateral.

Practice 1 (deg) C (deg)
Spaced 3.2% 1.9%
Massed, 5 minutes 1.9% 04
Massed, 9.5 minutes 2.1% 0.5

* P <.001, ttest. TP <L .01, ttest.

not obtained), as compared with the
more spaced nature of his terminal-
display condition (in which intermanual
transfer was obtained),

The apparent lack of intermanual
transfer of adaptation with the head
held rigid has been used by Harris (3)
to support, in part, the theory that
adaptation is the result of a change in
the “felt location” of adapted body
parts. While the present results do not
contradict Harris’ theory, they do
negate this aspect of his argument. In
addition, since it is .claimed that condi-
tioned responses and learned skills do
transfer easily between limbs, it has
been argued that adaptation to visual
rearrangement does not involve a learn-
ing process (4). The present results void
this argument.

This experiment also provides posi-
tive evidence for a learning interpreta-
tion of prism adaptation in two ways:
(i) Spaced practice was found to be
more effective than massed practice in
producing adaptation of the ipsilateral
(exposed) hand, a relation found to ap-
ply in most learning situations. (ii)
Spaced practice was also more effective
in producing intermanual transfer of
adaptation. Spatz (I8) showed that after
training on the pursuit-rotor task, inter-
limb transfer occurred when there was
a delay between ipsilateral training and
contralateral testing, but not when test-
ing followed training immediately.
Thus, massing of practice would seem
to affect intermanual transfer similarly
in prism adaptation as it does in the
pursuit-rotor task, a classic motor-learn-
ing situation.
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Histamine: Effect on Self-Stimulation

Abstract, When injected discretely into the lateral hypothalamus of rats,
histamine inhibited electrical self-stimulation at the injection site without affecting
self-stimulation in the contralateral lateral hypothalamus. This effect was blocked
by prior treatment with antihistaminics. Histidine, the amino acid precursor of
histamine, produced a similar effect after a delay of 6 to 10 minutes.

In the course of screening substances
whose intracranial administration might
affect electrical self-stimulation or stim-
ulus-bound eating, we have found his-
tamine to be capable of influencing
both behavioral modalities. The pres-
ence of histamine in the mammalian
central nervous system has been known
for some time (1), although its role in
behavioral homeostasis is currently ob-
scure. The regional distribution of his-
tamine in the brain is virtually identical
to that of noradrenalin and serotonin
(2), and its subcellular localization is
predominantly synaptosomal (3). The
brain also contains abundant quantities
of the enzymes that govern histamine
metabolism: histidine decarboxylase,
histimine N-methyltransferase, diamine
oxidase, and monoamine oxidase (4).
At least one of these enzymes, the
N-methyltransferase, is predominantly
synaptosomal (3).

We examined the effects of small
intracranial doses of histamine on self-
stimulation in rats and found it to be
a potent inhibitor of this phenomenon.
Intracranial cannula electrodes were im-
planted in 20 250-g male Sprague-
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Dawley rats with the use of a Kopf
stereotaxic apparatus. Nembutal was the
anesthetic. Cannula electrodes, made
from No. 23 hypodermic electrodes
insulated except for the tip of the can-
nula insert, were placed in the left peri-
fornical region of the lateral hypothala-
mus. With the tooth bar set 3.1 mm
above the ear bar, the electrodes were
implanted 0.0 mm posterior to bregma,
1.3 mm lateral to the midline, and 8.5
mm below the skull. A bipolar elec-
trode of comparable diameter was
placed in the contralateral perifornical
area. After the experiment half of the
animals were perfused with formalin
and prepared for histological examina-
tion. Sections 50 pm thick were cut
and stained with cresyl violet. Place-
ments were verified to be in the peri-
fornical area.

The cannula electrode permitted in-
jection of compounds into the site of
electrical self-stimulation. The contra-
lateral electrode was used as a control.
Cannula electrodes in the septum were
3.0 mm anterior to bregma, 0.0 mm
lateral to the midline, and 6.0 mm
perpendicular to the skull. Electrodes

in the lateral ventricle were 1.0 mm
posterior to bregma, 2.0 mm lateral to
the midline, and 5.1 mm perpendicular
to the skull.

Thresholds for self-stimulation were
obtained by determining that amount
of current which would maintain lever-
pressing for 30 seconds. Whenever an
animal failed to reach this criterion the
current was raised 10 percent. When
the animal met the criterion the current
was lowered 10 percent.

Chemicals were obtained from com-
mercial sources and were of the highest
quality available. All substances were
dissolved in physiologic buffer and in-
jected with Hamilton syringes in vol-
umes no greater than 1 ul. Repeat
injections were made only after thresh-
olds had returned to the level before
treatment. Control injections were ap-
propriate volumes of physiologic buffer
alone, with osmolarity appropriately
adjusted for drug concentration with
NaCl.

Over the range of 1 to 8 nmole,
histamine injected into the perifornical
area caused an immediate dose-related
elevation of self-stimulation thresholds,
which returned over the next 20 min-
utes to within 10 percent of the level
before treatment (Fig. 1). No change
in threshold was obtained with buffer
alone. All changes were independent of
the order of administered dosages.
Thresholds to self-stimulation on the
contralateral perifornical electrode were
unchanged by the ipsilateral injec-
tion.

Prior treatment with cannula injec-
tions of 1 ul of an antihistaminic
(either diphenhydramine, 40 nmole; or
chlorpheniramine, 36.5 nmole) com-
pletely prevented the effect of 8 nmole
of histamine injected 5 minutes later.
At these dosages the antihistaminics
alone did not alter thresholds. At
higher dosages, chlorpheniramine (60
to 200 nmole) consistently lowered
thresholds * whereas diphenhydramine
(45 to 180 nmole) consistently ele-
vated thresholds, both in a dose-related
fashion,

Injection of 100 nmole of histidine,
the amino acid precursor of histamine,
elevated the threshold to self-stimula-
tion but only after an initial delay of
6 to 10 minutes (Fig. 2). Prior treat-
ment with either antihistaminic pre-
vented this effect. The histamine metab-
olite imidazoleacetic acid (30 nmole)
failed to alter self-stimulation thresh-
olds, whereas the metabolites methyl-
imidazoleacetic acid (30 nmole) and
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