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CHAPTER I
INTRODUCTION

In recent years, the amount of'research'investiga-
ting the effects of early experience on adult.behavior
has increaced greatly, The impetus for this research
has been generallv asecribed to the writingé of Freud
«(1938) and to those of Hebb (19&9). For trose experiments
in visual perception, in particular, Hebb's influence 1is
unnuestionably outstanding. The paradigm for this type
of researcr is a}manipﬁlation of experience early‘in
"the 1ife of the organism followed by a test in adulthood
for the effects of this early condition on some specified
behavior.\'King (1958) has poinﬁed out the methbdological
econsiderations of this type of research.

Many 1nvestipators have suggested that earlv ex-
perience is not only 1mportant but also more important
than similar exnerience occurring later in life, To
account for this phenomenon, various mee:i:anisms have
been pronosed ineluding: (a) primacy and perseverance
of early learning (Beach & Jaynes, 195&, Thompson i
Schaefer, 1961); (b) ease of producing cranges in the
young organism (Thompson *: Schaefer, 1961); (c¢) critical
periods of develonment (Beact, 1954; Beach & Jaynes, 1954;

Thompson *: Schaefer, 1961); and (d) intense drives in




infancy wrich greatly reinforce responses (Beach # Jaynes,
1954). 1In addition, several explanaﬁions have been of-
fered for the deleterious effects of early denrivation.
Maadi and Piske (1961) s.ggested that early restriction
precludes the occurrence of critical experiences. Riesen
(1961b) identified these critical experiences as the
concurrence of two tvpes of events necessary for the de-
velonmeﬁt of 2dult perceptual abilities: (é) sensory-
sensory, (b) sensory-motor, (c) motof-sensory, and

(d) motor-motof. It has alsn been suggested that depri -
vation keens arousal at a low level so that possibilities
for learming are reduced (Maadi *: Piske, 1’61; Trhompson,
1955).

Cne method of studying the effects of early exper-
l2nce 13 that of early deprivation. T is metiod repre-
sents an attemnt to determine what, 1if any, 8xnserience
is needed for the normal development of particular adult
behaviors. When suech deprivation éxneriments 1n§olve the
visual system, the early deprivation often consists of
rearing the oxnerimental animals in darkness, usrally with
inter~olated sessions of light stimulation. Sometimes,
chronie di ffuse-1ight stimulation 1s used. The denri-

vation period generally beging at op shortly after birth




and continues throughout the duration of the experiment,
tyrically into early adulthood.

But the deprivation metrod does not provide a pure
analysis of the effects of normal early experience per
88. Deprivation, when begun at birth, not only imposes
an unusual type of early experisnce on the organism, but
it also prevents specific types of usual early exnerience,
The effects »of Specific early experiences are confwunded,
trerefore, with the absence of certaiﬁ types of early
exverience. This being the case, exneriﬁents using the
early denrivation tectniyue have uﬁuallj had to,settle
for simnly separating benaviors into the categories of
innate or learned. 1In those investigations in wiich adult
performance is retarded ;s a function of the early visual
denrivation, it 1s usually concluded that fhe behavior in
queation 1s learned in some way t rough early wvisual ex-
perience. I no adult retardation occurs, the behavior
under study 1s usually internreted as being innate in so
far as visual sup»nort 1s involved.

For example, Hebb (1949) claimed trat pattern per-
ce~tion must be learned. He argued that "prase sequences"
-=-learned, central nervous system traces--must be built

up slowly tiroush vigual 2Xverience before pattern or shape
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diserimination ean occur in its adult form. KxXneriments
in whieh visually deprived animals are slower than_hormal
controls in learning a pattern diserimination nroblem
have been recarded as a confirmation of thls hynothesis
(e.2., Chow & Nlssen, 1955),

Suetr exnerimental findings, however, could also be
exnlained on the basis of other kinds or effects of visual
denrivation., Fop example, it is possible that tne visual
deprivation nroduceg peripheral neurological and/or
ophthalmological-changés to the recaeptor apnaratus which
visually handican the experimental animals, "While it
might be convenient for psychological theory for sensory
denrivation to produce changes limited to central neural
structures, it 1s not convenient, perhapq, for the nervous
svstem 1tselfl to make suer a distinctionn" (Weiskrantz,
1959, p. 1059). "Tais veripheral hynothesis can be refuted
1f visually de~rived animals whiceh have developed the
peripheral changes in Tuestion are able neverthneless to
learn a varticular discrimination as rapidly as normal
contronla,

A third hypothesis is fhat visual deprivation may
Preclude the normal development of ontic reflexes, reflex .
visuo-motor coﬁrdination, or visual mediation of the motor

aspect of the learned discriminatory reshonse. Tie role




ot such motoric factors can be evaluated by testing per-
centually deprived animals on perceptual tasks that vary
in terms of resnonse rejuirements.

Alt . nugh these three hypotheses are not mutualy ex-
clusive, 1t 1s nossible that any one of them could explain
fully the behavioral differences between the deprived
anlmals and tre normal controls. If either of the latter
two possibilities is responsible for the behavioral defi-
clency of deprived animals, their sensory, nercep tual
processes could well be intact and, thus, presumably
innate.

A start in evaluating these three hynotheses can be
made by oresentine data from various studies concerned
with early visual denrivation 1in animals. First, findings
concerned wit: nerinheral change and 6ntic and visuoe
motor reflexes will be discussed. T-ese findings will
Serve as a brief review of such snecific effects »f visual
denrivation and, more imnortantly, will serve as a context
within which to evaluate finally the results of studies
¢concerned more generally with the larger question of the
effect of visual deprivation on the ability to_master

tasks of visual discrimination.



Effects of Visual Doprivltion on tho Periphcrai
Vlsual Syatcl

Intraocular Abnormalities

Ophthalmoscople investigations have uncovered intra-
ocular abﬁormalities in various s»weclies as a result of
visual denrivation. The anomalies appear to be more
severe in "higher" animals, varying from partial "opacity
of the fluid media of the syes" in birds (stegel, 1953a),
to abnormal development of the pigment in the stroma of
the iris in chickens (Tucker, 1957), to paling of the optic
disc In chimpanzees (Chow & Nissen, 1955; Riesen, 1960).
Surprisingly, rats (McAllister, 1955; Nealy & Edwards,
1960) and cats (Riesen, 1960; Riesen % Aarons, 1959) are
not revorted to manifest such gross opnthalmoscopic changes
as a function of dark-rearing.

These anomalies have resulted from various types of
visual deprivation: rearing in total darkness, in dark-
ness with internolated sessions of diffuse- or patterned-
light stimulation, and with ¢ ronie, diffuse-light stimu-
lation. It dosag anpear that with chimpanzees, however,
the severity »f intraocular abnormalities was related to
the duration and the severity of the visual deorivation

(Chow & Nissen, 1955, Riesen, 1960),




Cytochemical Chanses

In several snecies, dark-rearing caused a reduction
of ribonucleic acid (RNA) 1in the perinheral visnal systen.
Such a reduction was observed in the retinal ganglion
cells of prats (Riesen, 1960) and chimpanzees (1esen,
1960) and 1n the recentsr, binolar, and retinal ganglion
coells of cats (Rasel,.1esen, & Chow, 1759; Riesen, 1960),
This 3INA diminution occurred in cats even when periods
of light stimulation were @dministered during the darke
rearing (Riesen, 1960).

In addition, the retinal cells of dark-reared cats
had a reduced nucleolar Volume and an irregular dispersion
of Nissl substance (Raser et al., 1959),

Neuronal Atronhy

Improper neural development in the visual systenm
has also beeon observed in Vvisually deprived animals,
For exampils, thimning of the inner pPlexiform layer of the
retina was produced in dark-reared cats (Rasecn et al,,
1959; Riesen, 1960; wWeiskrantz, 1958). 1Its occurrence
Was not precluded by Internolated sessions of patterned-
lighkt stimulation (Welskrantz, 1958),

Neuronal atrophy caused by visual deprivation appears
to be more drastie in "kigher" animals. Chimpanzees,

dark-reared for long time periods, sufferad atrophy of the




retinal ganglion cells, correlated atrophy »~f the optlc
nerve, and transneuronal damage in the lateral geniculate

nucleus (Crow, Riesen, % Newell, 1957).

Effects of Visual Deprivation on Optic Reflexes
and Visuo-Motor Coordination

Spontaneous Nystagmus

Animals reared from birth in darkness or with chronic,
diffuse-ligtt stimulation often defelop a nystagmic con-
dition. This has been observed in chickens (Tucker,
1°57), in cats (Riesen & Aarons, 1959; Riesen % Mellinger,
1956), 1in ci impanzees (Chow & Nissen, 1955; Riesen, 1958),
and 1n-nostoperative, human patients who rad s ffered from
conzgenital catapacts (Senden, 1960). Even when permitted
intermittent neriods of patterned-light stimulation, dark-
reared cats (Riesen % Aarons, 1959) and Chimpanzees (Chow
& Nissen, 1955) sometimes became nystagmic. If only one
eve of a eat is visually deprived from birth, the normal
eve (when exnosed by itself) will often not be nystagmic:
but, frenuently, wlen both eyes are subse~uently exposed
to'natterned-light stimulation, nystagmis is seen in both

trhe normal and the denrived eve (R1ssen, 1961a).




Heterotropia, Inability to Fixate Objects, and Absence of
Eyeblink Response

Cats reared in total dariness sometimes diasplayed

heterotropia (Riesen & Aarons, 1959), did not blink their
oyes in response to a rapidly approaching object (Baxter,
1959), and were handicapred in fixating or visually pure
suing objects (Baxter, 1959). If the dark-rearing lasted
two months or more, the cats, even though given ratterned-
light stimilation for a month in a laboratory situation,
still failed to display an eyeblink response or adequately
fixate or visually pursue objects (Baxter, 1959; Riesen &
Mellinger, 1956),

Dark-rearead chimpanzees presented a syhdrame similar
to that reported for cats. Ralsed in total darimess or in
darkness but glven interpolated sessioha of diffuse- or
patterned-light stimulation while restrained, they developed
heterotropia and faileq to show an eyeblink response (Chow
& Nissen, 1955, Riesen, 1958), Howaver, one chimpanzee,
dark-reared but given intermittent Periods of patternede
light stimulation while free-moving, did not develop
heterotropia (Riesen, 1958), In addition, chimpanzees
reared in total darkness or in darlmess with intermittent
sessions of diffuse-light stimilation were unable to fixate
or visually pursue objects (Riesen, 1958),
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Visuo-motor Coordination

Animals reared in total darkness or with chronie,

diffuse-lighﬁ stimilation are usually handicapped in visual-
ly mediating teir motor activity (Riesen, Kurke, & Mellihger,
'1953= Senden, 196n; Siegel, 1953a; Tucker, 1957). These
effects varied from a lack of vecking nrecision 1n chickens
(Tucker, 1957) to running into barriers (R!esen et al,,

1953) and beins unable to step down from a 6 in, high
platform (Baxter, 1959) in cats,

It 13 Interesting to note that "Under monocular ex-
posure the unexnosed eye does not share the improvements
accruing to the exposed eye" (Riesen & Mellinger, 1956,

P. 519). Studies with visually denrived cats indicate
that they immrove gradually in visuo-motor coordination
after being allowed pattern vision., It also appears that
ample opportunity for motor activity is needed for tiig
acquisition of visuo-motor coordination. Cats reared in
darkness demonstrated abnormal visual placing response
after only five hours of unrestricted movement in the
presence of patterned-light stimulation (Riesen 1961¢).
But cats which were firqt dark-reared and then caged for
30 days in a lighted laboratory were unable (at the end
of the 39 days) to verfarm various tests »f visuo-motor

coordinatiop (Baxter, 19539),
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This part of the review will be limited to those
investigations of visual deprivation that have studied
pattern discrimination, movement discrimination, or the
interocular transfer of natternm discriminations, since
t -ese three tonics are most relevant to the experimental
part of the nresent work.

In each of the sections to follow, the reported re-
search will be separated into two groups: (a) Those studies
in wrich visually deprived animals were reported to per-
form as well as normal controls, and (b) Thoss studias
in w-ich visual deprivation resulted in a eclear behavioral
deficit. For each of the trree behavioral categories, an
attempt will be made to assess the relevance of the three
hypotheses suggested above as to how visual deprivation
leads to deficient nerformance on perceptual tasks,

Pattern Discecrimination

Pattern discrimination learning as rapid as that of
normal controls has been observsd in several species visu-
ally deprived from birth. Chickens, reared-with one eye
receiving normal stimulation and the other eye exposed
only to diffuse-1ight stimulation, normally learned a pat-
tern discrimination nroblem with the diffuse-light
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stimulated eye (Tucker, 1957). Rats raised in total darke-
ness were not retarded in mastering a simnle, pattern
discrimination task (Woodruff, 1955). Cats (Riesen‘& 
Mellingzer, 1956) as well as chimpanzees (Riesen, 1958),
dark-reared but allowed short daily sessions of binocular,
patterned-light stimulation, learned pattern discrimina-
tions under the condition of binocular viewing as quickly
23 did normal controls.

Conversely, studies using a variety of rearing and
training situations have reported visually denrived animals
to be retarded in the learning of pattern diseriminations.
Crhickens (Tucker, 1957), rats, on a complex diserimination
(Woodruff, 1955), ang chimpanzees (Riesen, 1958), peared
in total darkness, were slower than normals in learning
pattern diseriminations. Sueh retardation was also ob-
served following rearing with chroniec, diffuse-light stime
ulation in chickens (T:eker, 1957), birds (Siegel, 1953a),
chimpanzees (Riesen, 1953), and human congenital, cataract
patients (Pokrovsky, 1953; Senden, 1960). Flnally, cats
(Riesen ot al., 1953; Riegen & Mellinger, 1956) and chim-
panzees (Chow & Nisasnen, 1955), dark-reared but allowed
Intermittent sessions of patterned-light stimulation to

one eye and diffuse-lizht stimulation to the other eye,.
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were slow to master pattern discrimination problems with
the patterned-light eye.

There seems to be s~me reason to believe that the
peripheral ciranges (discussed previously) that have been
observed to be associated with visual deprivation are not
sufficient to aceount for this retardation in pattern
diserimination lzarning. Several snecies, in whiech tqese
changes ean bs assumed tn have occurred, performed as well
as normal eontrols. For example, cats (Riesen &

Mellinger, 1955) which, on the basis of other studies (Raseh
et al., 1959: Weiskrantz, 1958), can be presumed to rave
undergone retinal RNA depletion and thinning of thre inner
plexiform layer ~f the retina were not retarded in learning
a pattern discrimination task.

The trird ry-othesis is not, however,‘eas" to reject.
Several studies suggest that the abnormal development of
optic reflexes and visuo-motor coordination by tre visually
denrived animals may have retarded their performance in
the learnine situations., That is, some of the visually
denrived animals performed better tran other deprived
animals which were more handicaoped in tiis respect. For
example, a dark-reared chimnanzee, ‘allowved intermittent

Patterned-light stimulation w 11e freemoving, had fewer
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abnormalities of optiec reflexes tﬁan a chimsanzee permitted
such stimulation while restrained (Riesen, 1958). Tre for-
mer animal was not retarded in learning a pattern diseri-
mination »roblem, but the latter was s, This same anale
veis, although not quite so compelling, applies to visuo-
motor coordination in chigkens (Tueker, 1957).

Of courss, without a direct dermonstration of the
impnrtance »f optic reflexes and visuo-motor coordination
in such exveriments, the first hypothesis (that previous
viaual *xXperience is required to buiid the sensory canacity
for normal pattern discrimination) cannot be re jected,
Woodruff's (1955) finding that dark-reared rats performed
as well as normal ¢rmtrols on a simnls, but not on a
comnlex, pattern diserimination ecan perhaps be construed
48 a confirmation of tris Hebblan hLypothesis. on the other
tand, it Is nossgible that the dark-rearsd rdts in t is
study (Woodruff, 1755) hagq developed abnarmal ontic re-
flexes. If this were true, their ability to diserim nate
complex patterns might have been more severely impairsd
than their ability to disceriminate simpler patterns. Fop
examnle, a nystagmic condition might not interfere with
distinguishing vertical and forizqntal striations but
might make 1t difficult tn differentiate crosses and
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circles. Moreover, it is true that trigs hypothesis is
weakened by the normal verformance on a pattern dis-
crimination task by chickens with an eye exnosed only to
diffuse-light stimulation nrior to training (Tucker, 1957).

It should be added that vo3sible srecies differsnces
in the effects »f visual denrivation may be a confounding
factor in sueh attempts tn expla n varisus benavidral pro-
cesses by citing comparative data.

Movement Discrimination

Only one studv exists;in Wwhiieh visual movement dis=-
crimination was examined 23 a function of visual depriva-
tion (Riesen & Aarons, 1959). The results can be suc-
cinetly summarized. Cats, dark-reared but allowed daily
sessions of binogular, patterned-light stimulation while
freemoving, mastered tre movement discrimination problem
as ra~idly as normal controls. Conversely, cats dapk-
reared and exponsed daily, while restrained, to either difa
fuse- or pPatterned-light stimulation were unable to learn
the movement diserimination at all, |

Obviously, the Second hypothesis concerned with perie
pheral visual damage cannot be invoked to explain the dir-
ferences. - If perinkeral changes did occur (wiieh ean

probably be assumed), they should have affected equally
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the restrained and freemoving cats which received
patterned-light stimulation.. But since the performance
of the two groups of animals diffefed, this hynothesis
can be rejected.

On the other hand, an explanation in terms of dif-
ferences in visuo-motor coordination cannot be rejected.
The cats which received patterned-light stimilation while
freemoving had the opportunity to develop normal visuoe
motor coordination. The cats whieh were restrained while
getting their light exnerience, however, had no such op-
portunity. Since the training situation requlired such
coordination, this difference in Vvisuo-motor akili migzht
haves accounted for the observed behavioral differencsa,
Included in this analysis is the possibility that while
moving about during the training, the previously '"pe-
strained" eats were unable to distinsuish externally pro-
duced from Self-induced‘visual'movement. That i1s, their
motor activity produced a novement of tre vwisual image
across the retina (which they had not had a chance to
experience previous’to training), and they may have been
unable to distinguish thig induced movement from objective,
visual movement, Certainly, such a confusion would\make

1t difficult to discriminate ob jective movement of a
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visual stimulus,

The hypothesis suggested by Riesen and Aarons (1959),
that visual experience correlated with appropriate somes-
tretic and proprioceptive stimulation is a prerequisite
for discriminating visual movement, 1is jeopardized by the
foregning analysis. The more parsimonious explanation,
in terms of self-induced, visual movement, must be pre-
jected before Riesen and Aarons' hypot!esis, by 1tself,
can be accepted.

Interocular Transfer of Pattern Discrimination

There are several studies in which visually devrived
animals achieved successful Interocular transfer, Chickens
(Tueker, 1957), reared with one eye receiving normal
patterned-light and the other only diffuse=light stimu-
lation, demonstrated good transfer regardless of which
OVe was trained and vhich eve was tested. (Tucker renorted
that the chickens trained with the patterned-light eye did
not display immediate transfer. Tte data, though, secem
to argue otherwise. Their mean transfer score was 863,
and 6 of tre 10 chickens in this group surnrassed the
training eriterion of 90% eorrect choice.) Furthermore,
cats (Riesen & Mellinger, 1956) and chimpanzees (Chow &

Nissen, 1955), dark-reared but allowed alternating periods
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of monocular stimulation with patterned iight, disnlayed
irmediate interncular transfer of a pattern discrimination.

Conversely, a number of investigations with visually
deprived animals did not find immediate interocular trans-
fer. Chickens (Tucker, 1957), raised in total darkness
or with chronic, binocular stimulation with diffuse light,
and birds (Siegel, 1953b), reared with echronic, binncular
stimulation with diffuse light, failed to siow immediate
interocular transfer of a pattern discrimination. Also,
cats (Ricsen et al., 1953; Riesen & Mellinger, 1956) and
chimpanzees (Chow % Nissen, 1955), dark-reared but ner-
mitted internolated sessions of monocular, patterned-
light stimulation, when trained with the patterned«light
eye, did not immediately transfer pattern discrininations
to the deprived evye.

The second hypothesis, that peripheral neurological
and ophthalmological changes suffered by the visually
deprived animals prevented interocular transfer is une
tenable. These changes can be assumed to have been equally
distributed among animals that did and did not achieve
transfer. For example, those changes should have occurred
both In those cats given alternating monocular natterned=-

light stimulation and in those given such stimulation only to
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one eye (Riesen & Mellinger, 1956). The former achieved
successful interocular transfer, hovever, wrile the lat-
ter did not.

The third hypofhesis, that the abnormal development
of optic reflexes and visuo-motor coordination may have
prevented the interocular transfer of pattern discrimina-
tion, anpears to have merit. The studies in which suo-
cessful transfer occurred 1in deprived animals appear to
be those 1In which the eye tested for transfer was least
afflicted with optic reflex and visuo-motor coordination
anomalles. For examnle, cats (Riesen % liellinger, 1956),
dark-reared but exposed to daily neriods of monocular,
pattern vision alternated between the two eye3, had the
opportunity to build up good visuoe-motor coordination with
either eye and displayed immediate transfer. But tiose
cats (Riesen ot al., 1953; Rissen & Mellinger, 1956)
which experienced sessions of only monocular, pattsern
vision had neo opnortunity to develop visuo-motor coor-
dination with the deprived eye Subsequently used in trans-
fer tests, They showed fairly severe visuo-motopr incoor-
dination, which disrupted their test behavior with the
transfer eye, and failed to achieve interocular transfer,

This analysis also anvplies to findings with chickens
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(Tueker, 1957) and birds (Siegel, 1953b), but it seems

to be inanplicable to those with chimpanzees (Chow £
Nissen, 1955), Chimpanzees, reared in darlmess and given
Intermittent periods of monocular, patterned-lizht stimu-
lation, failed to achleve interocular transfer of a pat-
tern disérimination with the deprived e7e as the test

eye (Chow & Nissen, 1955). But since one of these chim-
Panzees had been trained earlier on a diffrerent pattern
diserimination with the deprived eye and, thus, had built
up visuo-motor coordination anpronriate to the task medi-
ated by this eve, the failure to achieve intergcular
transfer could not have resulted from inadequate visuo-
motor coordination, Abnormal optie reflexes also‘could
not have prevented successfyl interoculap translfer in these
chimnanzees. One chimpanzee, dark-reared but exposed to
daily se<sions of binocular, patterned-11zht stimulatien,
showed immediate transfer »f g pattern discrimination in
spite of the presence of a severe nystagmus and the ab-
sence of the eve-blink response in its test eye. There-
fore, either the analyais 1g incorrect, or the speciesg
differences regarding effects of dark-rqaring, which do
exist, aeccount for the variant results.

The firat hypothesis, that previous visual experlence
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1s required to assure the interocular equivalence nf a
learned pattern diserimination, has been qualified by a
number of exnériments. Hebb's (1947) éarly sugzestion
that prior binocular experisnce with visual patterns is

a prerejuisite for transfer has not recsived exnerimental
supnort (Chow & Nissen, 1955; McCleary & Longfellow, 1961;
Riesen & Mellinger, 1956; Tucker, 1957). Moreover, it
does not seem necessary for both eyes to have had monocular,
patterned-light stimulation, at least in chickens (Tucker,
1957). It would seem difficult at the present time to
make a commrehensive statement of what, if any previous
visual exnerience is required for the interocular transfer
nf a pattern discrimination.

In summary 1t is clear that Hebb's emphasis of the
importance of early experience for the normal develop-
ment of central sensory nrocesses stimulated an impressive
series of perceptual studies. Thirteen years later, how-
ever, 1t is still not certain in what specific manmner
this early visual experience contributes to adult percep-
tual ability. 1In large part, Hebb's suggestions have bsen
tested by visually depriving newborn experimeﬁtal animals
and behaviorally measuring their visual.discriminatory

abllity at maturity. Except when various tiypes of partial
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deprivation have been employed, clear behavioral deficits

have been reported with high regularity. But, along with
Hebb's original rationale for his hypothesis, two alter-
native mechanisms have received necessary consideration
as possibly accounting f»or some part of the deficiency

at perceptual tasks noted in visually deprived animals:
(a) Degenerative changes in the peripheral, visual system,
and (b) Inadequate development of optic reflexes and
visuo-motor coordination.

The present experimental work is econcerned with the
latter hypothesis as 1t might apnly to pattern diserimi-
nation, movement diserimination, and interocular transfer
in visually denrived animals. Underlying the folloking
experimental studies is the question of whether the use
of a diseriminatory resnonse, not rejuiring comnlex visuo-
motor coordination, would'permit efficient percoptual
performance even following visual denrivation. lore
specifically, the discriminatory response employed is a
simple, ennditioned leg-flexion. This res-onse is not
only motorically simple, but it does not require visual

guidance on the part of the experimental sub ject,

Bora e oo L W
T T P I




CHAPTER II
EXPERIM=NT I
TYE IMPORTANCE OF THE RESPONSZ FOR INTEROCULAR TRANSFER
IN VISUALLY DEPRIVED CATS

There has been some apparent experimental support
for Hebb's (1949) suggestion that prior binocular exper-
lence with visual patterns 1is necessary for successful
Interocular transfer of a learned pattern discrimination.
For example, Tucker (1957), working with chickens, demon-
strated that raising experimental subjects in total dark-
ness or with binocular exnerience limited to only diffuse
1lisht prohibited the occurrence of such interocular trans-
fer. Similarly, ring doves limited to binocular diffuse=-
lisht stimulation also falled to show interscular trans-
fer (Siegel, 1953b), Dark-reared cats (Riesen et al,,
1953; Riesen & Mellinger, 1956) and dark-rearad chimpan-
zees (Chow & Nin~gan, 1955), 1in whieh one eye had been
allowed periods of normal pattern vision while the other
eye had only diffuse-light exverlence, also failed to
si:ow transfer when the pattern-deprived eye was used as
the test eye. S0 it 1s clear that various kinds of early

perceptual deprivation can indeed interfere with an adult

23
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animal's ability to demonstrate the capaclty for intere
ocular transfer,

On the other hand, there is now ample experimental
evidence that »nrior binocular experience is not itself
- essential for the development of the ability to transfer.'
In fish (MeCleary 2 Longfellow, 1961) and chickens (Tucker,
1957), in which there had been no prior chance for bino-
cular pattern vision, immediate transfer of a learned pat-
tern diserimination has been reported. Further, inter-
ocular transfer of a pattern discrimination has also been
demonstrated in cats (Riesen & Mellinger, 1956) and chime
panzees (Chow % Nissen, 1955) w0 had nreviously been
allowed only monocular pattern vision, alternated betwesn
the two eves.

Since prior binocular exnerience is not necessary
for tranafer, the question still remalns as to Wwhy the
more severe forms of perceptual deprivation (total dark-
rearing or previously limiting the test eve to experience
with diffuse light only) have consistently led to an abe-
sence of interocular trangfer along with other apparent
verceptual deficiencies. The present work attempts to
investigate this problem and is based on a suggestion

previously mads by FieCleary (1960). The suggestion wag
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that animals deprived of all experience with pattern

vision could have their alleged perceptual deficiency based
on some 1inability to visually mediate the complex tyne of
discriminatory resmonse that has customarily been employed
in the perceptual testing of such deprived animals. Ac-
cordingly, the nresent study of percep tually deprived
animals, concerned with pattein diserimination and inter-
ocular transfer, emoloys a simple, discriminatory response
-=-conditioned leg-flexione--that does not require visual

guidance,

Method

Subjects

The exnerimental group for the present study con-
sisted of five kittens fram two litters born 15 the labor-
atory at the University of Michigan, e litters (A & B)
numbered five and four kittens respectively at birtn.

Two kittens of 1litter A died of distemper during rearing,
and two kittens of litter B were used In Experiment II.
The kittens from litter A were Slamese, while those from
litter B were domestiec.

The control group consisted of four domestic cats
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which were either young or full-grown adults. They were
brought into the laboratory snortly before training be-
gan for them.

All animals were maintained on a diet of commercial
cat food. 1In addition, the animals in the experimental
group Were given evanorated milk until the onset of pree
training,

Apparatus and Stimail1

The train’ng aoparatus is sown in Flgure 1. The
animals were trained in an oilecloth hammoek which was
attached to a metal frame. The hammnck wag constructed
so that the thoracic and abdominal regions of the ecat
rested on a broad band of material. Itg legs hung down
on eitrer side of this band and were secured Wwith strips
of eotton gauze. Its tail fitted through a short slit
in the posterior extension of the hammock and could be
tied with a gauze strip if the animal thrasted 1t ex-
cesslvely. The eat!'s head protruded through an opening
in the wonod frontplece and wag fixed in place by a sliding
panel, A standing paneled acreen with a blue-black cloth
draped over it vag Pliced in front of the hammnek so that
1t occupied most of the S's visual field.

Tied above the Joint of the right, rear leg was a
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string which was attached at the other end to a plastie
rod. The plastic rod was screwed down at the other end
to a wooden base which in turn was secured to a heavy
metal base. When the animal flexed this leg, the plastic
rod struck an overhanging microswitch, completing a circuit
of four 1.5-v, dry cells in series and a 6~ to 8.y, light
bulb mounted on the metal frame. The microswitch was moun-
ted on a wood block which in turn was Ssecured by screws to
the heavy metal base,

A Cunningham incontinence clamp, attached Just above
the foot pad of the cat's right, reur leg, served as g
shock clamp, On both inner surfices of the clamp there
was a layer of foam rubber with an attached zinc electrode,
O.4 in., in diameter. Electrode Jelly, EKG Sol, was ap-
plied to the electrodes. The shock was produced by four
1l.5-v. dry cells in series and varied by an inductorium,

While in the hammock, one or both of S8'! eyes were
covered with hemi spherical contact lenseslmade of opaque
black Vinylite. The lenses adhered closely to the corneal
surface and completely covered the exposed eyeball,

Ophthaine, an ophthalmie anesthetic solution, was always

I ,
The author is indebted to Dr. Austin 11, Riesen (The
University of Chicago) who Supplied the contact lenses.
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Filg. 1. Apparatus used for restraining cat during
avoidance conditioning and interocular transfer tests.,
(See toxt for description,)



29

squirted into the eye before a contact lens was intro-
duced. A small rubber suction cup facilitated insertion
and removal of the lenses. The lenses were 0,02 in,
thick and had an inner diameter of 0,68 in,

The stimull were a cross and a circle.. They were
hree-dimensionnal wooden forms and were painted silver,
The arms of the cross were 20 in. long and 0.5 in. wide,
The eircle had an outer diameter of 2.7 in. and an inner
diameter of 2,2 in, Both forms were 0.5 in., tiick. The
two stimuli were equal in area and, therefore, also in
brightnes=, Each stimulis was mounted on the end of a
thin, black wand 26 in. lonz,
Procedure

Rearing conditions. The kittens in the e perimental

group were moved into a darkroom a few days after their
birth and before teir eyes had opened. The two litters
from wiieh thre experimental group was selected were hoiised
with their mothers in large cares measuring 3 ft, by 3ft.
by 3 ft. =REaeh cate had a shelf along its rear wall so
that amnle space wag nrovided for the animals! activity.
The kittens of litter A were weaned when nine weeks old,
while those of 1itter B were eight weeks old when weaned.,

When seven weoks old, the experimental Ss began receiving
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binocular, visual experlence for 1 hr, per day. White
cotton hoods, which admitted diffuse light, were fitted
onto their heads while they were in the darkroom. They
were then placed in a large box in a lighted laboratory
and allowed to romn. The box was specifically illuminated
from 1 ft, above by a 100-w. bulb. The control animals
lived in individual cages measuring 2 ft. by 2 ft, by
2 ft. They experienced the normal light-dark cycle of
the la“oratory,

These rearing conditions were maintained for the
duration of the exneriment,

Pretraining. The kittens of litter A were 35 weeks

of age at the beginning of pretraining, while those of
litter B were 30 weeks of age. Botr the control and the
experimental Ss began receiving their entire daily food
ration in the experimental apparatus at intervals of 22
to 2L hrs. rather than in their home cages. Moreover,
evanorated milk was deleted from the diet of the 3s in
the experimental group. These fecding conditions were
maintained unt1l the termination of the experiment,

All Ss were adapted to the aoparatus over a period
of five days. On t'e first day, trey were placed in the

hammock, and their legs were tied fast with gauze strips,
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An opajuer contact lens was inserted into one eye of the
control Ss so that their vision was monocular, Opanue
contact lenses were inserted into both eyes of the exper-
imental 38, rowever, so that vision was prevented but
feeding permitted. The shock clamp and tre string attached
to the plastic rod were gradually added during the five
days of pretraining.

The purnose of the pretraining was to reduce the
Ss' struggling in the experimental apnaratus. In all
cases, this was relatively successful although most Ss
vere restless perindically.

Tests for reflexes. On the first day of training,

exnerimental and control S8 were tested briefly for eve-
1i4d closure in resnonse to corneal contact and for eyelid
closure in resnonse to a pencil mnaved rapldly towards

the eye. Bot: of these tests were monocular since the
animals' vision in one eye was occluded by an opanue
contact lens, At the termination of the experiment,

the experimental and control S8 wWere given binocular
tests for visual prlacing (extension of front paws onto

a surface towards which the animal is being lowered)., 1In
addition, thelr locometery benavior on a floor surface

littered with ohjects was observed,
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Training. Monocular training on the form diserim-
ination begun on the day after the last day of pretruining,
Daily sessions of 20 trials each were given at intervals
of 22 to 2, hrs. Since the training was administered in
a lighted laboratory, the experimental animals were light-
adapted with diffuse-light stimulation for 29 min. imme-
diately prior to each §ession. Extending the stimulus
wands, E presented the stimuli approximately 12 in. in
front of 8s. A 10 sec. stimulus interval was used. Per-
lodically, S8 were fed a few mouthfuls at the end of the
positive stimulus Interval, At the outset of training,
the animals were fed after every other positive stimulus
presentation: but as training orogressed, f2edings were
reduced to after every third presentation. If S8 failed
to make a lev-flexinn avoidance resnonse tn the negative
stimalus, E delivered a brief pulse of shock at the end
of the stimulus Interval, The criterion for this responge
was a leg-flexion suf icient to make tre plastic rod strice
the microswiteh and, thus, 1lluminate the ligrt bulb,
Wrenever 3 reinforcement, either poslitive or negativa, was
deliver= i, the a»nronriate stimelus was presented for an
additional see~nd or twe so that the stimulus and rein-

forcement events overlapped,
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Both order of stimulus presentation and shock leavel
were flexible., (The unstable and highly emotional be-
havior caused by si.ocking restrained cats necessitated
thils accomodation of the procedure to individual Ss.)

The shock level was ad justed so that it would elicit a
definite flexion resnonse but not cause undue pain or
distress. Tals level varied among 38 und even for the
same S over time. The sequence of stimuli was ad justed
to S's performancs. For example, 1f avoldance responses
were being emitted indiscriminately to both positive and
negative stimulus presentations, tre proportion of posi-
tive stimulus presentations was inereased. In any ses-
sion of 20 trials, therefore, the number of positive and
negative stimulus presentations was nnt necessarily squal,
The criterion of learning wus set arbitrarily at two econ-
secutive sessions of 85% correct performance or better,
For both of these criterion ‘sessions, there were 10 posi-
tive and 10 nerative stimulus presentations. during the
second of these two sessions and for all subsequent ses-
8ions, the 3timul!l were presented iIn random order, wit:i
the restriction of equal numbers of nositive and negative
stimulus presentations.

Interocular transfer tests. On t:e day following
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achievement of criterion, S8 were first given five rein-
forced trials (two positive and three negative) wit: the
training eye. The contact lens was then switched to the
other eye, and 20 unreinforced trials were given to the

transfer eye. The criterion for transfer was set at 75%
corrsct or better. The criterion for interocular transe
fer was set at a lower level than that for training ve-

cause the first two days of the transfer trials wers run

under the condition of extinctinon.

If Ss did not achieve criterion, trey were again
tested for interocular transfer on the following day;
but a differ=nt procedure was used: the animiuls were
given 29 reinforced triala wit: the training eye in a
morning session and 20 unreinforced trials with the trans-
fer eye in an afternoon session l; hrs. later. (For the
afternoon session, food was given belore, but not during,
tie trials.) This tem-oral separation of training and
transfer trials was instituted to eontrol for any irri-
tatlon caused by the ranid switchins from one eye to the
otrer of the contact lens on t'e first day of testing,
which might have prevented the demonstration of inter-

ocular trangfer.

If Ss again did not achleve criterion, t ey were
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glven a third transfer test on the following day. Once
more there were morning and afternoon sessions, but on
this day the trials 1in the afternoon with the transfer
eye, as well as those in the morning with the training
eye, were reinforced. Tris ciange in procedure wus insti-
tuted in order to create optimal conditions for transfer

at this noint,

Results

Tests for Reflexes

All experimental Ss had normal corneal reflexes.
Conversely, no experimental S displayed eyelid closure
iIn response to a pencil moved rapidly towards the eye,
This reflex was present in tie control Ss.

Visual placing by the exnerimental SS Wds not im-
mediitely evident at the ternination of the experiment.
The experimental animils displayed fear and "frogze" during
much of the time they were allowed to locomota on a floor
éurface. Nevertheles~, it was 8till possible to observe
that their behavior manifested poor visuo-motor coordina-
tion. When tley did move about, they bumped into walls

and objects. In attempting to step up onto raised surfaces,
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they often initiated their efforts premiturely by as muen
as 12 in. Generally, they sesmed t~ gulde their loco-
motion by tactile, rather, than by visual cues,

HForm Diserimination

The training data for all S8 are nresented in
Table 1. The experimental S8 required many more trialsg
than the control Ss to master the form diserimination
problem. There was no overlap in the two distributionsg
of scores. The exnerimental Ss rejuired a mean of 348
trials to achleve criterion, while the control S8 aver-
ared 180 trilals to criterion. As comnuted by the non-
parameiric, one-tailed randomization test (Stegel, 1956),
pP*.008 that this differsnce was due to chance.

Because of the flexible training procedure and the
re~ultant possibilities for experimente;mbias, conclusions
concerning rate of training are somewhat equivocal, It
should be pointed out, however, that the ratios of positive
to negative trials for the exporiment.l and control groups
(Table 2) were not aignificantly different (p=.4lilis twoe
talled randomization test; Siegel, 1956)., It is possible,
therefore, tiat the results on the learning of the form
diserimination task are nnt vitiated by an experimenter

bias,
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The experimental animals seemed to have difficulty in

fixating the stimuli on the early trials of the training.
As training progressed this difficulty in fixation ap-
peared to be overcome. Such difficulties in visual fixa-
tion have been reported before in visually deprived cats
(Baxter, 1959; Riesen & Mellinger, 1956) and, presumably,
are dependent on deficiencies in oculo-motor control and
balance. In one experimental S (A-3, discussed below)
there was sufficient oculo-motor imbalince to lead to
nystagmus that was grossly evident.

Interocular Transfer

All Ss demonstrated good interocular transfer of the
form discrimination (Table 1). Two of the experimental
38 and three of the control S8 displayed immediate trans-
fer on the first day. The range of transfer scores on
the first test day of the experimental group (50% to 95%
correct response) and that of the control group on the same
day (65% to 95% correct response) overlapped. Furthermore,
the performance of the control group and of the experimen-
tal group on the firast test day were not significantly
different (p=.095; one-tailed, randomization test; Slegel,
1956).

No animal failed to transfer the form discrimination
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interocularly, although one experimental S (A-3) required
three days of tests before achieving criterion. Since
this animal suffered from gross, spontaneous nystagnmus

in its transfer eye, there is some suggestion that the
nystagmic condition might have impeded transfer in this

animal, No systematic observations for the detection of

Table 1

Training and Interocular Transfer Data on a Pattern
Discrimination Problem

Trials to Per Cent Correct
Positive Training Meet Training Response on Inter-
Cat Stimalus Eye Criterion2 ocular Transfer Test

Experimental Group

A-1 Circle R 320 70 90
A-2 Cross R 220 95
A=3 Cross R 360 50 60 95
B-3 Circle L .80 50 35
B-li Cross L 360 95
Control Group

1 Circle R 200 65 80

2 Cross R 120 75

3 Cross L 200 95

4 Cirecle L 200 75

8Two consecutive sessions of 20 trials each at 85 per
- cent correct performance or better. The number of trials in
this columm does not include the 4O trials during whieh eri-
terion was achieved.
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nystagmus were made in the other cats, and, therefore,
no definite conclusion regarding the possible influence
of nystagmus 1in this particular animal's performance can

be made.

Table 2

Ratios of Positive to Negative Trials on a Patterm
Discrimination Problem

uxperimental Group Control Group
Cat Ratio Cat Ratio
A=l 75 1l +«70
A—Z . 82 2 082
A'3 . 95 3 092
B3 (" L .83

B-ly - 1.05




CHAPTER III
EXPERIMENT II
THE IMPORTANCE OF T“E RISPONSE FOR DISCRIVMINATION OF
VISUAL MOVEMENT IN VISUALLY DEPRIVED CATS

It has been suggested that previous, normal some-
sthetic and motor exverience correlated with visual ex-
perience is needed to learn s problem of visual movement
discrimination (Riesen & Aarons, 1959). 1In faet, darke
reared cats exmosed Intermittently to binocular, diffuse-
Oor patterned-light stimulation while restrained (and,
tihwus, denied normal somesthetic and motor experience while
in the light) failed t» learn such a discrimination pro-
blem; but dark-reared cats given periods of binocular,
patterned«light stimulation wWwhile fresmoving quickly
learned this same discrimination task (Riesen & Aarons,
1959). _The cats were required to perform a visually gui-
ded and motorically complex tyHre of discriminatory response,

The present study is based on a suggestion concerning
the immortance of the discriminatory response previously
made by MeCleary (1960). It 18 possible that the be-
havioral deficienecy noted above resulted from an inability

to visually mediate the complex discriminatory response

4o
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rather than from an inabllity to diseriminate visual
movement. Moreover, because ths discriminatory response
employed by Riesen and Aarons (1959) required locomotion
by the cats, both externally produced and self-induced
visual movement were present in the experimental situ-
ation. Since only the animals which were restrained during
their visual experience had no opportunity to perceive
self-induced visual movement, their inability to learn the
discrimination problem may have been due also to an in-
ability to distinguish externally produced and self-
induced visual movement,

Accordingly, the present study of perceptually de-
prived animals, concerned with visual movement diserimine
atlion and interoncular transfer, uses a simple, diserimin-
atory response--conditisned leg-flexion--which rejuires

neither visual guidance nor locomotion by the sub jects,

Method

Sub jects

The experimental group for the present study consis-
ted of four kittens from two litters born in the labor-

atory at the University of Mictigan. Both litters (B and

. S I R
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C) numbered four kittens at birth. Two kittens of litter
B were used in Experiment I, and twn kittens of litter C
were not used. All of the exnerimental animals were
domestic cats,

The control group consisted of four domestic cuts
which were either young or full-grown adults, They were
brought into the laboratory shortly before their training
beran,

All animals were maintained on a diet of commercial
cat food. 1In addition, the animals of the experimental
froup were given evinorated milk until the onset of pre-
training,

Apparatus and Stimuli

zxcept for one chinge, the training avparatus was
l1dentical to that used in Experiment I (see Figure 1).
The animals were suspended in the hammoeck, and the same
devices wsre used for delivery of siock ang measurement
of lez flexion. Opajue blaclk Vinylite contact lenses
Wwere again used to occlude vision. The crange in the
anrnaratus was the addition to the frontpiece of a shelf
to which were attached movable side panels (see Figure 2
for a similar device). T-e lower jaw of the ecat rested

on t e shelf., The aide panels could be moved into contact
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Fig. 2. Box used to restrain experimental animals
during their daily periods of visual experience,
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with the sides of the cat's head. In this way, head
movements were restricted, although not completely elim-
inated.

One stimulus, the cross of Experiment I, was used.
Procedure

Rearing eonditions. The kittens In the experimental

groun vere treated in a similar fashion to the experimental
S8 of Experiment I. They were moved with their mothers
Into a darkroom a few days after their birth and before
their eyes had ovened. all kittens were weaned when eight
weeks old. When seven weeks old, the experimental Ss
began receiving binocular, visual experience for 1 hr.

per day. PFltted with black cotton r.oods over their heads,
they were brought into a lighted lavoratory from the darke
room. They were t:en placed individually in rectangular
boxes (Figure 2) and their hoods wers removed. REach box
had a hinged top and a frontpiece through which the kite
ten's head protruded. A sliding panel prevented their
retracting tielr heads. Placed in front of the box was a
s*elf with attached side panels which limited head move-
ments. In this way, the exnerimental S8 were expdsed to
daily ses<ions of bitocular, patterned-light stimilation

while restrained. The contrnl animals lived in individual
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cages measuring 2 ft. by 2 ft. by 2 ft. They experienced
tre normal light-dark cyele of the laboratory.

These rearing conditions were maintained for the
duration of the experiment.

Pretraining. The kittens of litter B were 30 weeks

of' age at the beginning of pretraining, while those of
litter C were 29 weoks of age. With one exception, pre-
training proceeded exactly as 1n Experiment I. Tnut is,
the S8 were restriined and fed in the hummock, and, over
a perind of five days, experienced the addition of the.
shock clamp and the strins attached to the plastiec rod,
The procedural change was that the exnerimental, as well
as the esntrol, S8 had vision in only one eye occluded by
a contact lens.

Training. Monocular training on the movement dis-
erimination provlem began on the day after the last day
of pretraining. Training was identical to that of Ex-
periment I except for two differences. First, the ex-
perimental Ss were light-adapted while in t:e restraining
box with patterned-11i:ht stimulation immediately prior to
each session, Secnondly, althoug:. the stimulus, a cross,
w23 again extended by E to approximately 12 in, in front

of 88 and for a 10 sec. Interval, it was presented in one
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of two ways: either stationary or rotating counterclockwise
at a speed of 0.5 eps. For half of the Ss the rotating
stimulus was the positive stimulus, while the stationary
stimulus was the positive stimulus for the remaining Ss.
The criterion of learning, 857% correct performance or bet-
ter, was the same as that used in Experiment I,

Interocular transfer test. On the day following

aciievement of criterion, S8 were first ziven 20 reinforced
trials with the training eye in a morning session. 1In

an afternoon session lj hrs. later, they were given 20
unreinforced trials with the transfer eye. During both

of these seszions, the stimuli “2r3 presented in ruandom
order, with the re=trictinn of elual numbers of positive
and negative stimulus presentations. The criterion for
transfer was set at 75% correct performance or better,

Tests for reflexes. Immediately following the test

for interocular transfer, all Ss were tested binocularly
for the visual placing resnonse. In addition, their loco-
motory be:avior on a floor surface littered witn ob jects

was observed.
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Results

Movement Discrimination

The training data for all S8 dre presented in Table
3. The experimental S8 actually required fewer trials to
achieve criterion than did the control Ss. The experi-
mentil Ss had a mean of 75 trials to criterion, while the
control Ss had a mean of 150 trials. This difference was
not significant (ps.229), however, as computed by the two-
talled, randomization test (Siegel, 1956).

Again, e-nolusions on rates of learning are some-
what ejuivocal because of the flexible training procedure
and the resultunt n0931ibllity of experimenter bias. It
1s important to note, trough, that the rutios of positive
to negative trials for the experimental and control groups
(Table i) 414 not differ significantly (pe.600; two=-tailed,
randomization test: Siegel, 1956). It may be, therefore,
that the rates of training.on the movement diserimination
problem are not confounded by an experimenter bias,

Interocular Transfer

All Ss demonstrated immediate interocular transfer
(Table 3). Although the experimental Ss were slightly

superior also on t¥e transfer test, the differcnce wns
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Table 3

Tralning and Interocular Transfer Data on & Movement
Discrimination Problem

Trials to Per Cent Correct
Positive Training Meet Training Response on Inter-
Cat  Stimulus Eye Criterion®  ocular Transfer Test

Experimental Group

B=l Stationary R 80 100
B=2 lioving L 20 95
C=l Moving L 160 90
C-2 stationary R 60 90

Control Group

1 Stationary R 160 95
2  Moving L 20 95
3  Moving L 360 85
4 Stationary R 4o 85

4Two consecutive sessions of 20 trials each at 85 per
cent correct verformance or better. The number of trials
in this enlumn does not include the L0 trials during whieh
criterion wis aghleved,

not significant (p=.371; two-tailed, randomization teat;
Siegel, 1956).

Tests for Reflexes

While visual rlacing was 1mmediatély presant in the
control S8, this was not the case with the experimental
S8. When nut on a flpor surface, t-ey did not nmove about

Very mich. vhat locomotion thay dia attemnt, nowever,
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demonstrated visuo-motor incoordination. They frequently

collided with walls and objects.

Table 4

Ratios of Positive to Necative Trials on a Yovement
Discrimination Problem

Experimental Group Control Group
Cat Ratlo Cat Ratio
Bel « 97 1 «92
Be2 « 30 2 <95
C"]. 10 13 3 1009
C-2 L] 96 ’.I. L] 86




CHAPTER IV
DISCUSSION AND SUMMARY

The data of Experiments I and II on optic reflexes
and visuo-motor coordination demonstrate that the darve
reared kittens were handicaipped as a result of the wisual
deprivation. They did not blink thelr eyes in resnonse
to a ranidly approacting pencil. They did not manifest
the visual placing resmonse and had difrficulty in visually
medlating their locomotion. These observations are in
accord with those genéfally reported for darl:-reared cats
(Baxter, 1959, Riesen, 1961b; Riesen & Aarons, 1959;
Rlesen et al., 1953; Riegen & Mellinger, 1956),

not demendent on such c¢oordination, when atudying sensory
capacities in the durk-reared eat, Either an autonomic
résnonse or a motor response not visuilly guided should
be employed.

Tie results on the form discrimination problem of
Experiment I show that the experimental S8 required more

trials than the control S8 to be trained to criterion,

50
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These results are consonant with those with visually=
deprived chickens (Tucker, 1957), ring doves (siegel,
1953a), rats (Woodruff, 1955), cats (Riesen et al., 1953;
Rlesen & Mellinger, 1956), chimpanzees (Chow & Nissen,
1955; Riesen, 1958), and humans (Pokrovsky, 1953; Senden,
1960). Unlike the dark-reared eats in previous studies
of pattern discrimination (Riesen et al., 1953; Riesen &
Mellinger, 1956), the experimental Ss in the present study
experienced no pattern vision--and thus had no opportunity
for patterm diserimination learning--previous to their
training,

Before the results can be understood, several oxX-
Planations must be disposed of ag inadequate. First,
the visuo-motor incoordination of the exnerimental S8
cannot account for the difference in the rates of training
between them and the control Ss. Contrary to other studles
with dark-reared cats (Rlesen et al., 1953; Rissen &
Mellinger, 1956), 4 simple, nonvisually-mediated response,
Wwhich was felt to be independent of visuo-motor coordina-
tion, was used. The Poor visuo-motor coordination ob-
served probably did not interfers, therefore, with the
rerformance of the discriminatory response by the exe

perimental Ss,



52

Secondly, this difference probably did not result
from the various peripheral neurological chuinpges (Rasch
et al., 1959; Riesen, 1960; Welskrantz, 1958) observed
In dark-reared cats., This statement 1is supported by the
rapld mastery of a pattern discrimination nroblem by
cats (Riesen & Mellinger, 1956), dark-reared and allowed
daily sessions of binocular, patterned-light stimulution,
which probably suffered similar damage, oOFf course, the
experimental S8 In this study received daily sessionsg of
diffuse- rather than patterned-light stimulation. Thig
difference is probably not eruclal, though, since Weiskrantsz
(1958) reported ns difference in the thinning of the inner
plexiform layer of the retina betiesn eJes expnsed to sege
sions of diffuss- or putterned-light stimulation,

A third possible exnlanation cannot be ruled out on
the basis of present evidence. The exnerimentil S8 might
have been "andicinped by various visual anomalies usually
produced by darke-re-ring, Thege Include heterotropia angd
absence of fixation (Ricsen & Aarons, 1959) and s~ontane-~us
nystagmus (Riesen & Aarons, 1959: Riesen & Msllinger,
1956). Since the stirmuli were presentsd and maintnined
in the S8' central field of vision in tnis expariment,

botn heterotropia and absence of fixation ¢ n probadly
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be discounted as critical factors. It 1s possible, howe
ever, that the animals were handicapped by spontaneous
nystagmus. Uhfortunately, systema:tie observitions on
1ts occurrence were not made, although it was quite apparent
in one exmerimental animal,

Anqther Plausible explanation for the retardation in
learning of the exnerimental S8 is tiat the pérception
of forms "as distinctive wholes 1s not immediately ~iven
but slowly acquired through lesrning" (Hebb, 1949, p. 35).
This 13 a central, rather than a peripheral, exnlanation,
Thus, the experimental Ss, deprived of pattern vision prior
to their training, had teo undergo a relatively slow learning
process In order to diseriminate the two stimuli. They
were then fxaced with the nproclem of learning the reine
forcement contingencies associatad with these stimulus
events, Presumably, the control S8 weres avle to learn
the exparimental discrimin=tion more rapidly than thz dapke
reared cats because they were already sopiilsticated in
the ways of discriminating pattern-,

Since an explanation of central learning procesms
has been invoked, 1t is ao-repriate to deal with the
effect that the datil- sessions of difiuse-lizht stimulae

tion had on the visual cortices of the experimental Ss,
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Could these sessions have provided the occassion for
visual learning? Clearly, this unarticulated stimulation
could not have supported pattern dlscrimination learning.
In addition, it 1s interesting to note that diffuse-light
stimulation evokes clear responses in cats from retinal
ganglion and lateral geniculate cells but little or no
response at the cortical level (Hubel, 1959; Hubel &
Wiesel, 1959),

The ma jor finding of Experiment I is that the ex-
perimental, as well as the control, S8 achieved good inter-
ocular transfer of the form discrimination problem., This
finding disagrees with that of Riesen et al. (1953) in
which cats deprived of previous binocular patterned vision
were unable to transfer Interocularly a pattern discrimi-
nation. This empirical disagreement can be éx»lained,
probably, by the be'avioral method used in that(experi-
ment. Riesen et al, (1953) used a modified Yerﬁes-Watson
diserimination apparatus, which requires a discriminatory
response greatly dependent on visuo-motor coordination.

If the experimental Ss did, in fact, have interocular
equivalence for tre sensory discrimination but not for

the sensory-motor mechanisms requisite to its demonstra-
tion, Interocular transfer would not have been evident,

The following desértption of the initial behavior in the
modified Yerkes-Watson box guided by the deprived, transfer
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eye of darkereared cats which had received intermittently
monocular, patterned-1ipnht stimulation makes tiig hypothe-
sis seem nlausible: "W en running in the anparatus, they
bumped inte the walls of the box, ran intn the parﬁition
separating the stimulu- doors, and had difficulty finding
food on the feeding platform" (Riesen & Mellinger, 1956,
p. 518).

If this hynothesis (thst sensory discriminations but
not sensory-motor coordinations are transferred) is accep-
ted, 1t explains why cats, darkereured but exnnsed to daily
periods of monocular, pattern vision alternated between
the two eyes, did achleve successful interocular transfep
of a pattern discrimination (Rlesen & Mellinger, 1956).
They had had oprortunities to develon good visuq-motor
coordination with both ©yes sep:rstely. It also provides
the explanation for tre presant study. Namely, the ex-
Perimental 38, required to perform . discriminatory re-
Sponse which wis simple and not visually guided, were not
prevented from displaying their interocular equivalence
for the sensory diserimination. 1Indeed, lieCleary (1960)
demonstrated that successful Interocular trinsfer in fish
w28 not evident 1f the discriminatory response w2s motore

ically too complex.
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A brief examination of neurcanatomical and neuro-
physiological studies may indicate a mechinism for this
transfer, >The lateral geniculate body, the first ma jor
structure in the ontic tract, probably does not play a
significant role. Crossed and uncrossed fibers of retinal
orizin enter different cellular laminae (Barris, 1935),
while the relative paucity of interlaminar connections in
this structure (0'Leary, 19l10) would suggest its inibility
to function as the site of Interocular transfer of a form
discrimination.

Sectioning of the optic chiasma does not obviate the
interocular transfer of a nattern discrimin-ation in cats
(Myers, 195%a; Myers, 1955b), This is to be expected,
however, since single cell recordings in the visual cor-
tex indicate minimal overlap of projection from the two
retinae (Jung, 1961). Moreover, this finding with the
ootlc chiasma (Myers, 1955a; Myers, 1955b) again demonstra-
ted that the latersal geniculate body cannot be the locus
of interocular transfer. This 1s because the chiasma
sectlion eliminates bilateral retinal projection to the
lateral geniculite bodles. Conversely, transection of
both the chiasma and the corpus callosum does prevent the

occurence of such transfer in cats (Myers, 1955b; Myers,

A T ST IR
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1956; Sperry, Stamm, & Miner, 1956), 1In fact, 1t anpears
to be the posterior 20% of the corpus callosum which is
crucial for the interocular transfer of a pattern diserimi-
nation in cats (Myers, 1955b). Finally, Bianki (1959)
found that transection of only the corpus ecallosum in
rabbits prevented ths interocular transfer of a learned
response to the onset of light,

A furthsr question concerning the mechunism of inter
ocular transfer is whether the transfer occurs at the time
of original monocular training or at the time of testing
for trunsfer. A study by Myers (1957) sugzests that the
latter alternative may be correct. He trained optic
chlasma-sectioned cats monocul.irly on a pattern discrimi-
nation task, sectioned their ¢orpus callosums, uand then
tezted for interocular transfer. PFrom the poor trinsfler
test scores, he concluded:

This outcome is similar to that in which there
wis, instead of corpus callosum section, ablation
of critical cortex from the 'experienced' hLemi-
sphere following troining...Furtrermore the

loss of ability to perform the...diserimina-

tion with the untrained eye following cornus
callosum sectlion indicates that the 'experienced!?
hemisphere normazlly actively contributes to core
rect performance with the 'naive! hemisphere
through corpus callosum interaction (p. 92).

It appears that Interocular transfer occurs, at least
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partially, during testing with the transfer eye.

In summary, the presence of interocular transfer
in the experimental group of Experiment I adds further
confirmation to previous reports which have shown prior
binocular experience to be inessential for transfer. But,
more importantly, this present finding suggests strongly
that lack of transfer in many previous deprivation studies
did not represent a perceptual deficit but, rather, re-
sulted from response difficulties with complex discrimi-
natory tasks.

The ma jor finding of Experiment II concerns the
perception of movement by darkereired cats. Allowed inter-
mittent expo-ures to binocular patterned-liglt stimil:tion
while restrained, these cats learned to discriminate
visual movement as Tulekly as the controls. However, the
important finding 1s that the experimental S8 were capable
of mastering a movement discrimination problem at all.

Riesen and Aarons (1959) found that dark-reared
cits exvosed daily to binocular, Patterned-ligzht stimue
lation, while restrained, were unable to learn a visual
movement diserimination. They attributed this inabllity
to perceive visual movement to a lack of somesthetic and

motor experience correlated with vision. an explanation
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other than inability to discriminate visual movement

Per 8e 1s possible. The experimental Ss which had never
perceived visual movement while moving themselves mi~ t
have been unable to discriminate between objective and

sub jective, or externally produced and self-induced, visuvual
movement. But since the modified Yerkes-Watson discrimi-
nation anparatus was used, they were required ta make such
a discrimination. Later Riesen (1961b) himself suggeated
this alternative explanation: "It can be concluded that
during locomotion toward the choice=-point and to the
surface onto which the stimuli were projected, these anie
mils were unabls to distinguish selfeinitiated from ex-
ternally produced movement across the visual fiald"

(P W),

The present experiment represents 4 confirmation of
the above analysis, In fact, cats, dark-rs:red but ziven
daily periods of ratterned-light stimul.tion while re-
strained, c¢an learn to discriminate objective, wvisual
movement, if trey are also restrained during training.
The restraint during experimental triining eliminates the
confounding of sslf-induced and externally produced movs-
ment., As discussed above, it also permits the animal to

display abilities otharm'l1se maskad by visuo-motor
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incoordination.

3everal neurophysiological studies permit interes-
ting speculatinns conéerning the above analysis. (Ceslls
in the c¢at's vieual cortex are extremely sensitive to
the movement and the dir-ction of the movement of a visual
stimulus (*ubel, 1959; “ubel & Wiesel, 1959). Suca core
tical responses are found in the restrained animal (Hubel
& Wliesel, 1959). of course, ‘ubel and Wiesel's cats,
unlike the exnerimental S8 of the present study, had a
history of perc2ivineg visual movement while moving them-
selves. It might be reasonable to assume, however, that
the perception of visual movement depends at least pare-
tlally, unon the activity of these cells and that this
activity 1s not denendent upon the previous occurence of
unrestrained visual experience.

n tie other hand, Grusser and Grusser-Cornehls
(Jung, 1951) and Grvsser, Grusser-Corneils, and Saur
(Junz, 1961) found veztibulovisual interaction for nearly
all of the neurons which they sampled in the visual cortex.
It is posqibie that vestibular modulation of activity in
the visual cortex provides a basis for the perception of
self-induced, viaual movement and for its dis;rimination

from externally produced, visual movement. If it is
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furtter assumed that this is a learned mechanism, the
fallure of Riesen and Aarons' (1959) experimental Ss,
which had not had opnortunities to perceive self-induced,
visual movemeﬁt. to master a movement diserimination
problem can be explained by their sirply not having ac-
quired this learned mechanisnm,

The final finding of Experiment II concerned the
interocular transfer of a visual movement discrimina-
tion task. The experimental S8 achleved immediate trans-
fer. This result wasg fully expected, since the experi-
mental S8 were exnosed periodically to binocular,
patterned-light stimulation during rearing, a circumstance
already demonstruited tn be sufificient for the development
of normal interocular tran:fer (Rlesen & Aarons, 1959),
Summagx

The present study consisted of two experiments de-
signed to examine wisual rerceptual abilities in the
Visually deprived cut under test eonditions that mini -
mized the motor demands of the discriminatory respon-e.

In Experiment I cats were trained monocularly on a
form discrimination problem and then tested for inter-
ocular transfer. The experimental S8 were reared in

darkness from birt' . When seven weeks of age, .the
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experimental S8 began receiving a daily, 1 hr. session
of binocular diffuse-1light stimulation, which was muin-
tained until the termination of the experiment. When 30
or 35 wecks of age, the experimental Ss began traininge-
avoldance conditioninz with a leg-flexion resnonse--on
the discrimination nroblem, Following mastery of the
pattern discrimination task, the S8 were tested for inter-
ocular transfer., On the first day of training and on the
day following transfer tests, various tests of optic re-
flexes and visuo-motor coordination were conducted.

The dar%-resared cats showed no eyeblink response
and displayed poor visuo-motor coordination. The five
experiment~l Ss rejuired more trials (2_.008) than the
four control 38 to master the form discrimination problem
but performed as well (p2.095) on interocular transfor,
Ths difference in rates of training on the form discrim-
Ination was thoight to have resulted either from anomalies
of optic reflexes in the experimental S8 or from the slow
progression of their initial, perceptual learning. It
Was proposed thet the use of a simple, discriminﬂtory
response which was not visually guided hud allowed the
occurrence of the interoeular transfer in the dark-reared

cats which otherwise might have been musked by their
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visuo-motor incoonrdination., It was suggested that the
corpus callosum probably plays a crueial role in this
transfer, |

In Experiment II cats were trained monocularly on a
visual, movement diserimination problem and then tested
for interocular transfer. The experimental S8 were reared
in darknesz from birth., When seven wecks of are, the exe
perimental S8 began receiving daily, wiile restrained,

1 Fr., binocular exposures to patterned-light stimula=-
tion, which was maintained untiil tre termination of the
experiment. when 29 or 30 weeks of age, the experimental
38 bezan traininge-avnidance conditioning with a leg-
flexion response--on the discrimination task. Following
mastery of the discrimination problem, the Ss were teated
for interocular transfer. Finally, the Ss were teated
for visuo-motor cnordination.

It was found that the four experirental S8 mastered
the visual, movement discrimination at least as rapidly
(p=.229) as the four control 38. There was no difference
(p=.371) between the experimental and control groups on
interocular transfer, which was immediate for all Ss.

It was concluded that cats which had never locomoted during

their visual experience and displayed visuo-motor
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incoordination can learn a problem of visual, movement
discrimination, if they are restrained during condi-
tloning., This exnerimental situation eliminates the con-
founding of self-induced and externally nroduced (ob jec-
tive) visual movement. Fﬁnally, a8 possible neurophysi-
ological mechanism for this finding was sugzested cone

cerning cells in the visual cortex responsive to visuul

, movement,
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