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Abstract’

This thesis investigated the monocgla? detection o{ temporal
and nasal stimuli fn infants who were newborn, 1 month old and 2- months
old. %hey were shown three stimull: a blank field. a single 1ine
3°18' wide located ié the temporal visual field and the same line
located in the nasal visual field. Their eye movements‘were recorded .
wﬁth corneal photography. To assess peripheral detection, I campared
the probability that an infant moved his-eyes from the centre of the
visual field toward a line with the probabiliiy_that he moved his eyes
rirst in the same direction when the field was blank. |

Q

When the lines were located at 107 in the periphery, newborns

detected both the temporal line and the nasal line with their left eye

-

{Experiment 1, n = 32). These results showed that newborns can
demonstrate both temporal and nasal detection monocylarly. When” the
lines were located further in the periphery, newborns detected the
remporal line at 309, but they showed no evidence of detecting the
nas2l line at 20°. This was true both when I té%ted the left eye

-~

{Experiment 2, n = 33) and when ] tested the right eye {(Experiment 3,

. N
no= e

b

The results show clearly that in newborns detecticon in the

cemporal visual field is better than detection in the nasal visual
Cield, Tn eats the direct projection from retina through superior
colliculus can mediate good detection in the temperal visuwal field but

ke Y-pathway ;hrough the cortex is necessary for good detection in the

nasal visual field. Thus, in the human newborn, the Y-pathway through

(iii)



‘the cortex might be too immature to mediate good detection in the nasal
visuyal field.

There appear to be major electrophysiological chénges }n the
human's géniculo—cortical.pathway at about 2 months of aée. Moreover,
only at that age do human infant;lbegin to show smooth pursult and
symmetfical optokinetic nystagmus, behaviours which in cats depend on
- the Y-pathway through the cortex.. Those déta -suggest that in human
infants, the Y-pathway through the cortex might begin to influence
visual behaviour at about .2 months Qf age. Thus. if poor nasal field
detection in hu@an- ndcg;}ns were to reflect an immatu;e Y-pathway
through the cortex, {nfants should show an improvement in nasal field
detection at 2 months of age, but 'not before. Experiments 14 and 5
confirmed that prediction, One-month-olds, like newborns, detected the
tempqiiidifne at 30o but appeared not to detec; the nasal line at 20°
(Experiment 4, n = 30). In contrast, 2-month-olds detected both the
temporal and the nasal lines (Experimént 5; n = 323.

The data repénted in this thesis suggest that, in human
infants, good nasal field detectlion depends at least on the Y-pathway
through the cortex. That pathway appears to be too immature to mediate

good nasal field detection prior to 2 months of age.
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Several investigators have examined the visual behaviour of the
- -

human infant and on the basis of the behaviour observed, they have nade
jnferences about the maturity of the nervous system‘(e.g.. Bronson,
1974; . Salapatek, 1975; Atkinson, Note 1?. . Typically they note some
limitation in the infant's visual behaviour and find out.at what age
that limitation is no ionger present., They then attribute the change
in behaviour %o the deveiopment of some part of the visual system. In
order to do so, they have to know-what structures ﬁediate the behaviour
in question. Knowledge of the‘relevant stryuctures ccmes from studies
of anatomy, electréphysiology and neurophysiology: That knowledge is
based mainly on animal'data. While it is inappropriate to generalize
uneritically, the animal data do provide a framework for understanding
tne development of the visual pathways in human infants.

In this thesis, I will use a similar approach in the investiga-
tion of peripheral detection. Studies in animais have provided a great
deal of information about the brain structures necessary for peripheral
vision. In the cat, for example, two projections appear to mediate
peripheral detection:. one from retina to superior colliculus and one
f}om retina to lateral geniculéte to wvisual cortex to superior
collicului. Recent behavioural evidence from cats suggests thatgghe
projecéion from retina to superior colliculus mediates detection méinly
in the temporal visual field (the left visual field for the left eyel,

and that the projection ‘through the cortex is necessary for goed

detection in the nasal visual field (the right visual field for the
1
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left eye) {(Sherman, 19731:’. 1977b). That appears to be. ﬁh{ case since

cats with extensive lesions of the visual cortex show no evidence of

detection in the nasal visual field even though their detection in the

temporal visuzl field is normal. Human adults with cortical fesions
also have better detection in the temporal visual field than in the

nasal visual field ({(Koerner & Teuber, 1973); and this difference

-

between temporal and nasal detection is considerably larger than in
normal adults (Frisen & Glanshélm. 1975). . Since human newborns have an
immature visual cortex (Conel, 1939), they also might have. better
detectioﬁ in the temﬁoral than in the nasal visual field.

There have been no-studies of.tempbral and nasal detection in
human newborns. Studiés of peripheral vision have all tested infants
binocularly rather than monocularly (Harris & HacFar}ane. 1974; Lewis,
Maurer, & Kay, 1978; MacFarlane, Harris, &‘Barnes. 1976}; and under
binocular conditions a‘stimulué in the left visual field would be both
a temporal stimulug” for the ;eft eye and a nasal stimulus for the right
eve, stéker. in one study (Lewis et al., 1978) the investigators
recorded only the left eye aAd found better detection to the left than
to the right. 1In fact, there was no evidence for the detection of any
stimulus 20°-or 30° to the right. Since nonconjugate eye movements are
common in newborns (Blanton, 1917; Fonarev, 1959: Guernsey, 1929;
Wickelgren, 1969), only the right eye might have detected the lines at
20° and 30o in the right visual field and only‘the left eye might have
detected thehliﬁes at 202 and 30° in tgg left visual field. If that

were So, human newborns, like cats and human adults with cortical

lesions, would have better detection in the temporal visual field than

e 4 R A —a ki e —



in the nasal visual fleld. However, to investigate tempforal and nasal -
- yision, it would be necessary to measure detection t_npnocular;ly. rather

t&n binocularly. ~

- The purpose of the research re.ported in this tr.:esi-s_was_ to
measure monocuiar detection in young infants.‘ Specifically, the
purpose was to: ’ (a) determine if there are large.diff‘erent‘:es in
temporal and nasal detet}ﬁion at birth (Experiments 1, 2, and 3) and (p)
to see if those differences are still present in 1- and 2-month-old
infants gExperiments and 5). . Chapter 1 provides a 'generz;l

background by considering the brain structures necessary for peripheral

vision in the cat, monkey and human.
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. Chapter 1

The Role of the Superior Colliculus and Visual Cortex

]
in Peripheral Vision

Many brain structures are thougﬁt to play a role in peripheral
vision. Included in the 1list of pdssibilitieﬁ afe the syuperior
colliculus . (Goldberg & Wurtz,. 1972a,b; Schiller & Koermer, 1971:
Sprague, 19?2). visual cortex (Schiller, 1§72. 1977; Spiegel & Scala,
1937), parietal lobes (Lynch, Mountcastle, Talbot, & Yim, 1977
Robinson, Goldberg, & Stanton, 1978: ¥in & Mountcastle, 1977) and the
frontal eye fields (Bizzi, 1968; Latto & Cowey, 1971 Marrocco, 1978;
Mohler. Goldberg, & Wurtz, 18737 Robinson & Fuchs, 1969; Schiller,
1977; Spilegel & Scala, 1937). The pathways through the superlor
colliculus and visual cortex project on to the parietal 1lobes and
frontal eye fields (Chalupa, 1977: Pearson, Brodal, & Powell, 1978:
Trojanowski & Jacobson, 1976, 15770, Follow;ng dual lesions in
comparable regions of the visual cortex and supe;ior 'colliculué.
animals appear to have no peripheral vision whatsoever in the affected
portién of the visual field (Anderson & Symmes, 1969; Mohler & Wurtz,
1977: Sprague, 1966). Thus the projections to or through the suﬁerior
colliculus and/or visual cortex appear to be necessary for peripheral
vision. Studies of electrical stimulation and electrophysiology in the
superior colliculus and visual cortex of intact animals suggest how
both these structures may be involved. |

1.1 Evidence from Intact Animals

Studies in intact ‘cats and monkeys suggest that both the

4
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superior collicuius and visual corépx might be involéed in pe%ipheral
vision. The reéplts fo; both organisms are virtually iden;ical Qhere
comparable iﬁvestigations have been carried out and yﬁless otherwise
noted, all results refer to both the cat and moqkey.

1.1.1 +The supericr colliculus

Cells in the superficial layers of the _superior. ;ollicﬁlus
appear to be involved in detection, while cells in the deeper 15yers
appear‘£o‘be_close1y associated with eye movements.. Speecifically, all
cells in the superficial layers (superficial gray and optical layers)
respond to visual stimuli located at particular points ip the visual
field (Goldberg & Wurtz, 1972a; Schiller & Stryger, 19723 Stein;
Magalhaes-Castro, & Kruger, 1§76). These cells are topographically
organiied so *that adjacent points on the surfaqe of the superior
collicdlus represent adjacent po&nts in the visual ?jeld {Apter, 19L5;, "
Berman & Cynader, 1972; Feldon, Feldon, & Kruger, 1870; Hﬁméhrey, 1568;
Schiller & Stryker, 1972; Sterling & Wickelgren, 1969). Anterior cells
respond to stimuli in the nwmar periphery and posterior cells respond to
stimuli the far periphery, both for the contralateral visual field:
medial cells respond %to stimuli in the upper visual fiel&; while
lateral cells responq to stimuli in the lower visual field. 3o, for
example, in a dorsal view of the left superior colliculus, the upper
{anterior) portion would represent the near periphery of the right
visual field, while the lower (posterior) portion would represent the
far periphery of the right visual field. The right (medial) side would
represent the upper visual field and the left (lateral) side, the lower

visual field. Thus, the superficial cells appear to be well suited for



detecting the iocation of stimuli in the'visual field. In contrast,
_they appear to be poorly sulted for analyzing patterns since they
respond to stimuli independent of their shape, size or orientation
(Beman & Cynader, 1972; Cynader &' Berman, 1972; Goldberg & Hurtz._
1972a: Sterling & Wickelgren, 1969). Finally, in the monkey. about
_half the superficial cells Show an enhanced response if a stimulus in
the- receptive i‘ield1 wi}l. be the target fo; 2 saccade (Goldberg &
Wurﬁz. 1672b; Robin$on & Wurtz, 1976; Wyrtz & G;ldSerg. 1972; Wurtz &
Mohler, 1874, 19Téb). These cells may facilitate a shift in attention
uoward a peripheral stimulu s since they show this enhanced response

"

even when an eye %f:fment is intended but not made (Wurtz & Mohler,

1976b) . o

- \

-

In the intermediate layers of the superior colliculus, most

cells respond before eye movements, rather than to visual stimuli.

These eye movemen€ cells fire prior to all saccades, even those that
occur spontaneoﬁsly or in the dark (Mohler & Wurtz, 1976: Wurtz &
Goldbersg, 197é).2 Each cell has a movement field (comparable to 'a
receptive field in a'sensoﬁy unit) which represents the direction and
size of all éye movéments +hat alter the discharge freguency of the

cell. The parameters of the discharge prior to eye movements vary

The receptive field of a visual cell represents all of the
Toeations in the visual field where a small stationary stimulus can
alter the discharge frequency of that cell.

“The eye movement cells have been identified ,only in the

monkey, althcugh similar studies have not yetl been carried out in the
cat.



systematically as a function of the position of the saccade within the
mo;ement field (Sparks & Hays. 19?8).J This suégests thatf the eye
movement cells might be capable of initiating very precise eye
movements. Anterior cells discharge prior to small saccades and
posterior'cells discharge pricer to large saccades; medial cells fire
before upward eye movements and'iateral eeils'fire before downward eye
movements (Sparks, Holland, & Guthrie. 1976). Thus, there appears to
. ——

be a "movement™ map in the intermediate layers of the superior

colliculus and this map appears to be in close correspondence to the

seﬂsory map in the superficial layers. In addition, some eye movement
aells show a special high frequency discharge only when the eye
movement is d:rected toward a visual stimulus-:ip, their receptlve fields
{(Sparks, 1978). These nsaceade-related burst neurons” ma& be involved
in peripheral vision. Specifically, they may ge involved in initiating
Lhe oye movements necessary ta hring the fovea %o o visual §timu1us
(Sparks, 1978).

Zetween the visual cells in the 5uperfioial layeré and-the eye
movement cells in the intermediate layers are o special nlass qf cells
which have both visual receptive fields and movement fields (Mohler &
wurtz, 1576: Sparks, 1978). These cells seem to integrate the sensory
map from above with the movement map from below and'may'provide the
major source of output from the superior colliculus to the brainstﬂi
moter areas {Mohler & Wurtz, 1976) where the commands for a specific
eye movement are carried out (Edwards &lHenkel, 1978; Harﬁing. 1977).

In ,sunmaey, :the electrophysiologieal _data ~suggest that the

superior colliculus plays an important role in peripheral vision. The

-



visual cells, located primarily in the superficial layers, appear to be

well suited for codiné the location of a stimulus and shifting

attentionusgfit. The eye movement cells, located in the intermediate
. v o .

layers, appear well suited for initiating eye movements which will

bring the fovea to the peripheral stimulus.

1.1.2 The visual cortex

There are two pleces of evidence from intact animals which
suggest that the visuai cortex may be involved in peripheral vi;ion.
First, electrical stimulation .apﬁiied to the surface. of the viasual
cortex elicits conjugate eye movements; and the size and direétign gf
those eye movements depend on the location of the stimulation

-(Scﬁiller, 1972, 1977; Spiegel & Scala, 1937). The visual cortex then,
may play a role in programming eye”movements. Second, electrophys;o—

logical studies have shown that there is a topographic map in area 17

of the visual cortex such that adjacent points in the visual fleld 3fe

represented by adjacent points on the surface of the cortex (Daniel &

Whitteridge, 1961; Tusa, ﬁa{zcr. % Rosenquist, 19787). In both the
« - B -*

monkey and the cat, the centre of gaze is represented on the lateral
surface of area 17 and the far periphery, on the medial surface. The

lower visual field is represented in the anterior portion and the upper

visual field, in the posterior portion. This suggests that the visual

cortex may Tegister the location of visual stimuli. However, the

centre of the visual field is magnified on the cortical surfacte and
relatively small amounts of surface are devoted to perféheral stimuli
Only 50% of the visual cortex in the cat and only 101 in the monkéy are

devoted to stimuli beyond 10° in the periﬁhery {Tusa et al., 1978).



Briefly, studles of electrical stimulation

.

electrophysiology suggest that both the superior ecolliculus and [the

f 4
visuaf cortex may be involved .in peripheral vision. However, a clejrer

understanding 5&g\:§e role of each structure c¢an be obtained D

examining peripheral, detection in organisms with elither collicular or

Ky

cortical lesions.

o

1.2 Eﬁidence from-Orﬁanisms with Lesions of the Superior”Colliculus

Following bilateral destruction of _the superior colliculus,
cats, ménkeys and humans viewing stimuli monocularly show evidence of;'

detection both in the temporal visual field (the left visual field for

3
the left eye) and in the nasal visual field<kthe right visual field for.

the left eye) (Heywood & Ratcliff, 1975; Loop, Note 2: Pasik, Note 3).
The size of the monocular visual field following collicular lesions has
not been reported. However, under binocular viewing conditions.
lesioned monkeys can detect stimuli out to HOO {Butter, Weistein,
Bender, & Grosé 1978) and lesioned cats, out to 60° (Sprague & Meikle,
‘1965}. -This represents a deéficit s1nce intact cats and monkeys can
detect obje;;s out to 90° in the periphery (Sherman, 19TUb, 1977b'

Sprague & Meikle, 1965 Weliskrantz, 1972).  Moreover, in lesioned

-

animals..the latﬁncy of eye motements is longer than those in
unoperated ;ontrols {Latto, 1978; Mohler & Wurtz, 1977; Sprague, 1666;
Sprague & Melikle, 1965) qir Rhen eye movements do occur, they tend to
) undershooé the .target (Mohler & Wurtz, 1977; Sprague, 1972; but see
.AndeFSOn & Symmes, 1969): Similar oculomotor deficité appear to ‘occur

in humans with lesions in the superior colliculus (Heywood & Radcliffe,

1975). _ :
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In short, the projections through the superlor colliculus are
not necessary for detection in the temporal and nasal visual flields, at
least when the-stimuli ére'no-more than Hoo_to 60° off to the side.
However, the projections through the collipulus appear to be necessary
for facilitating normal eye movements to peripheral stimuli and for any
vision in the far periphery. | -
1.3 Evidence from Organisms with Lesions of the Visual Cortex

-

Following lesions of the visual cortex which result in total

retrograde degeﬁeration of the lateral geniculate, cats and monkeg;
vieuing'stimuli‘binocuiarly have normal visual fields: they can detect
stimuli out to 90o in theﬁgeriphery (Humphrey, 1972, 1974; Sherman,
1974b, 1977b).3 After partial lesioﬁs of the visual cortex, monkeys
will mpve'their eyes toward stimuli in tge affected portion of the
visual field (Mohler & Wurtz., 1977). The eye movements to peripheral
stimull are normal.both in late?cy and velocity (Humphrey; 1972, 1974;
Mohler & Hurtzr 1977): aithough ﬁhey tend to be slightly less accurate
than those of intact monkeys. {Mohler & Wurtz, 1977). In addition, the
;hreshold‘for dgtection is higher postoperatively than preoperatively
{Cowey, Tuwei: “owey & Weiskrantz, 1963; Mohler & Wurtz, 1977). Humans
viewing stimuli binocularly after cortical lesions also can localize
stiﬁuli' accurately in the affected portion of the visual field,
providing the stimuli are sufficlently large or sufficilently bright

‘ 3Note that in the cat, the lateral genlculate projécts directly
to areas 17, 1§ and 19 of the visual cortex, whereas Iin the monkey,
the lateral geniculate projects mainly to area 17. Consequently, in
order to obtain total retrograde degeneration of the 1lateral

geniculate, larger cortical leslons are required in the cat than in
the monkey. -
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(Perenin & Jeannerod, 1975; Poppel, 'Held,. & Frost, 1973; TorjuSseﬁ.
1976: Weiskrantz, Warrinogton, Sanders, & Marshall, 1974; Williams &
Gassel, 1962). Under binogular viewing conditions then, animals and

humans with cortical lesions seem to display only minor deficits in

Q
peripheral detection.

In contrast, extensive deficits becom; gpparent under monocular
viewing conditions. Shérman (1974b, 1977b) used a perimetry ﬁe;t to
‘measure the siéé of the monocular visual field in cats, both before and
after bilateral ablationlof the visual cortex fﬁhichlresulted in total
retrograde degeneration of the laéeral geniculate nlicleus). He found
that preoperatively, cats could deteclt a piece of food or a small
cirecle moncocularly out to 900 in the temporal visual field and out to
45° ip the - nasal visual field. Postoperatively, they could still
detecet’ the stimuli out to 90° in the temporal visual field. But they
showed no chdence for détection when the stimuli were at least 15O in
the nasal visual field. Thus, in c;ts. the visual cortex appears Lo be
necessary for detection beyond 150 in the nasal visual field, but not
cor detection in the temporal visual fleld. Note however, that Sherman
did not test stimuli between 0° and 15° in the nasal/visual field.
Moreover. had he also used larger stimuli, he might have found evidence
for some dgté&tion beyond 150 in the nasal field. Nonetheless, this
“would stilt at least imply that cats with cortical lesions have poorer
detection in the nasal than in the temporal field.

ihere‘are no comparable studies in the monkey which have tested

monocular perimetry after cortical lesions. However, human adults with

cortical lesions appear to have poorer detection in the nasal visual
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field than in the temporal visual field (Xoerner & Teub;r. 1§73;
Teuber, Battersby, & Bendér, 1960); and this différence between
.temporal and nasal detection is cénsiderably‘ larger than in normal
adults (Aulhorn & Harms, 1972: Frisen & Glansholm, 1975; Harvey &%
Poppel, 1972; Stanek, i973). Therefore, impairment to the. visual
cortex appeafs to result ‘in poorer detection in the nasal visual field
than in the temporal visual ﬁie}d. both in the cat and in the human
adult.’ - |

The' results of studies on organisms uith _cortical' lesions
suggest that the direct projection froq'retina-through suﬁérior
collieculus is insufficient to mediate good detection in the nasai
visual field. Moreover, aa iﬁtact cortex appears to be necessary for
good detection in the nasal field, but not for good detection in the
temporal field. The next section attempts to explain these results by
examining the differences between the projections [from retina to
superior colliculus and from retina to visual cortex.

1.4 Temporal-nasal Asymmetry in the Direct Projection to_the

Superior Colliculus

In the cat, monkey and human, there is a direct projection from
retina to superior colliculus and a projection from retina to lateral
geniculate to visual cortex to suberior colliculus. In all three
organisms, fibres from the nasal retina of each eye cross at the optie
chiasm and project directly to the contralateral lateral geniculate and
superior coliiculus. 1In the monkey and human, fibres from the temporal
retina of each eye remain ﬁncrossed and project directly to the

ipsilateral lateral geniculate and superior colliculus. The crossed
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fibres from the nasal retina mediate detection in the temporal visual
field and thé uncrossed fibres from the temporal retina mediate
detection in the nasal visual field (reviewed in Thompson. 1967). Fig.
1 illustrates these relationships for the left eye of the human.

Using anatomical and elgctrophysiological techniques,
investigators have attempted. to estimate the proportion o{ crossed
fidbres from the nasal retina vs. uncrossed fibres from the temporal
retina, in the direct projection to the superior colliculus. For

anatomical estimates, investigators tjpicarly remove one eye from the

'animal and note the degenerating axons which project directly to the

contralateral or ipsilateral superior colliculus (representing crossed
and uncrossed axons respectively). Anatomical studies in the cat all
ahow that there are more crossed than uncrossed axons projecting
directly to the superior colliculus {(Altman, 1962; Garey & Powell,
1068: Kaneski & Sprague, 1974; Laties & Sprague, 1966; Singleton &
Peele, 1965; Sterling, 1973). Quantitative estimates of the percentage
of fibres in the direet collicular pathway which are crossed range from
807 to 99% {Kaneski & Sprague, 1974: Laties & Sprague, 1968; Sterling,
1973, _ .

However, in the cat all the crossed fibres do not originate ;H
the nasal retina. In fact, 33% of the cat's crossed fidbres come from
the temporal retina (Kirk, Levick, & Cleland, 1976a.b; Stone, 1G65;
Stone & F;;uda, 19747, The method of eye enucleation does not
differentiate between crosse¢ fibres which originate in the temporal

retina and crossed fibres whiech originate in the nasal retina {Laties &

Sprague, 1966). Since some of the crossed fibres from the temporal
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The projections of the left eye to the superior collfculus,
lateral geniculate, and visual cortex in the human
(adapted from Thompson, 1967). ‘
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retina project directly to tﬁé supe}idr colliculus (Bermgn & Cynader, . -~

1972; Feldon et 21., 1970; Herting & Guillery, 1976), the reported

. percentages overestimate the proportion of crossédvjfiprgg in this:

projection which originate #n. the nasal retina. Consequently

electroﬁhysiological estimates may be more accurate, at least for the

o

cat. ) -

Electrophysiblogical techniques. involve recording fﬁam'single

-

units in one superior colliculus while a stimulus is presented .in ;hé.

visual field contralateral to. that superior colliculus. So, for

.sxampié. if cells &n the left superior colliculus were being recorded,

the -stimglus is presented in the right visual {ield. Jhen the

investigators note the percentage of cells that are driven by the right

eye epresentiné crosséd axons from the nasal retina) and the

percgntage of cells driven by the left eye (representing uncrossed
— : .

-

axons from the temporal retina). Since axons projéct both direct to
the/ superior colliculus and indirectly to the superior collicylus via

the visual cortex (Altman, 1962; Hoffmann, 1973: Sprage, \1975),

recordings from the superior colliculus of the intact animal uld

reflect - the input from both Pathways. Estimates for the direct

projections alone tan be .calculated by recording in the superior -

colliculus after total ablation of the visual cortex,

The results of studies in cats with extensive lesions in the

3

visual cortex show that, in the direct projection to the superior.

colliculus, about 75% to 80% of the axons are crossed fibres from the

nasal retina (Rosenquist & Palmer, 1971; Wickelgren & Sterling, 1959).

Since the crossed fibres from the nasal retina of each eye mediate:

s
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detection in the .temporal visual fleld, the observed asymmetry sSuggests

that the direct projection to the superior colliculus favors temporal

detection. This asymmetry could explain why cats with cortical lesions
appear to detect stimuli only in the temporal visual field (see~Section
1.3).

In contr;st. electrophysiological studies have shown that the
cat has an equaliﬁﬁmber of cressed fibres from the nasal retina ’and
uncrossed f;bres from the temporal retina whiét project to the” lateral
geniculate (ikeda. Plant, & Tremain, 1977).u There 1is ‘no reasbe to
assume that these proportxons dlffer from‘these in the projection from
geniculate to v*sual cortex since all fibres projecting from retina to

cortex relay in the lateral geniculate and fTibres cross only at the

optic chiasm (reviewed in Thompson, 1867). Thus,, the pathway from

- retina %o lateral geniculate to visual cortex may contain an egual

number of crossed fibres from the nasal retina and uncrossed fibres
from the temporal retina. Tnis equal proportien coﬁldﬁexplain why cats
with ecollicular lesions can detect stimuli in both visual fields (see

Section 1.2).

In the monkey, only one electrophysiological study investigated

the proport*on of crossed axons from the nasal retina vs. uncrossed
axons from the temporal retina, which project directly to the superior
‘

colliculus. Schiller, Stryker, Cynader, & Berman (1974) reported that
: |

1

One anatomical study reported that about 65% of the axons in
the progectlon from-retina to lateral.geniculate are crossed (Laties &
Sprague, 1966). However, this estimate would include crossed fibres
originating both ia the nasdl retina and in the temporal retina
(Laties & Sprague 1966) since some crossed axons from. the temporal
retina project to the lateral geniculate (Sanderson & Sherman, 1971).
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the monkey, un}ike. the cat, has an equal number of crossed and
incrossed fibres in this projection, even after the visual cortex is
ablated. But this estimate may be inaccurate because of samﬁling ﬁias.
In fact, most of the cells that Schiller et al. recbrded had }ﬂput from
receptors within 10° of the fovea (Stryker, Note 4¥) and anatomical
results show that the proportion of crossed fibres. from the nasal
regina is greater for more peripheral points (Hubel, LeVay, & Wiesel,
1975). '

The reSglts of anatomical studies show that the monkey does
have an asymmetry in the direct projection ffom‘}etina to superior
colliculus. By staining degenerating axons after the removal of one
eye (Hendrickson, Wilson, & Toyme, 19703 Wilson & Toyme., 1970) §r by
using audioraaipgraphic tracing methods after the injection of
radiograpﬁié label intosone eye (Hubel et al., 1975; Pollack & Hickey,
1579), investigagors found that more crossed fibres from the nasal
retina than uncrossed:f;bres from the temporal retina project directly
to the colliculus. Although this gsymmetfy is not as pronounced in the
monkey a8 in the c;t fGraybiel. 1975; Hubel et al., 1975), about 73% of

the monkey's axons in this pathway are crossed (Pollack & Hickey,

1979).5 In c0n£rast, the proportion of crossed and uncrossed fibres is

equal in the projection from retina to lateral geniculate and siriate

cortex (Hubel et al., 1975). :

-~ r/

5Note that in both monkey and man, all fibres from the nasal

retina are crossed and all fibres from the temporal retina are
uncrossed (Hubel et al., 1975: Kupfer, 1963; Stone, ' Leicester, &
Sherman, 1§73). at least beyond 1/2° in the periphery (Stone et al.,
1973). Consequently, the reported proportions of crossed fibres
originate almost entirely in the nasal retina.

- e oAt e ek S At
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In .humans there are no data on the proportion of crossed vs
uncrossed fibres projecting directly to the superior colliculus or to

the visual cortex. However, the anatomy of the visual system is
remarkably similar iﬁ man and monkey (Cooper, 1945; Kupfer, 1962, 1963;
Rakic, 1976) and there is no reason to believe that any. major
differences exist between the two organisms in these projections. Meore
.crossed than uncrossed fibres in the direct projection to the superior
"ecolliculus, but not in the projection from retina‘ to cortex, could
explain why human adults appear ﬁo need the pathway frqm_retina to
visual cortex for good detection in the nasal visual faéld (see Section

1.3).

1.5 Conclusions about the Pathways which Mediate Temporal and Nasal

Detection

The superior colliculﬁs and/or visual cortex are necessary for
peripheral vision in the cat and monkey (Anderson & Symmes, 19667
Monler & Wurtz, 1977: Sprague, 1966) and probably in the human (Cowey, .
1675: Rakic, 1976). Studies in organisms with collicular or cortical
lesions show that cats, monkeys and humans still have sone peripherél
vision in the absence of either the superior colliculus or the visual
cortex (Sections 1.2 and 1.3). However, there appear to be important
difrerences in the projections to these two structures. The direct
projectioﬁ from retina to superior ¢olliculus contalns many more
crossed fibers from the nasal retina (which mediate detectfon in the
temporal visual field) than uncrossed fibres from the temporal retina

(which mediate detection in the nasal visual field). In contrast, the

geniculo—cortical projection contains about an equal number of ¢rossed

\ \
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fibres from the nasal retina and uncrossed fibres from the temporal

retina (Section 1.4). These differences could explain why ‘the qﬁréct

pathway from retina through superior collhiculus seems to. bem

insufficient for good detection in the  nasal visual field and the

geniculo—cortical pathway seems to be necessary for that detection

(Sections 1.2 and 1.3).° k2

Note however, thag evidence for the necessity Bf the genicrullo—
cortical pathway for good detection in the nasal visual field comes
from organisms with cortical lesions. Once the cortex is lesioned,
there is retrograde degeneration in the lateral g;anic'ulate nucleus.

1 ,

Perhaps the projection from retina to lateral geniculate, but not the
projection from geniculate to cortex.‘ 1s necessary fo:; gocd detection
in the nasal visual field. This is possible since the geniculate
projects to structures other than the visual cortex (Altlman. 1962 ;
Chalupa, 1977; Sprague, 1975)}. Nonetheless, at least part of the
projection from retina thro‘ugh visual cortex appears to be necessary

for good detection in the nasal visual field.

1.6 The Pathway which Mediates Peripheral Vision in the Human

Newborn

There 1is ample’ evidence that the human newborn can detect
peripheral stimuli binceularly (Brown, 1961; Dayton & Jones, 196!:4;
Harris & MacFarlane, 197“: Lewis et al., 1978; MacFarlane et al., 1976,
White, Castle-. & Held, 1964). This suggests that the direct projection
from retina through superior colliculus and/or at least part of the
geniculo-cortical projection are functional at birth (Section 1.5).

However, anatomical evidence shows that the lateral gehiculate and
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visual cortex are veéy immature in the human newborn. For example, in
" the lateral geniculate, cells.are very small in area, nuélei are larger
~than in the adu1t and Nissl bodies are poorly granulated (Dekaban,
1954; Hickey, 197T). In the visual cortex, many cells are in
'inappropriafe layers, fibres are poorly myelinated, and there 1is
little evidence of dendritic or axonal processes (Conel, 1939).

| Ele rophysiological evidence suggests that‘the genliculo-
cortical pathway may be too immature to mediate at least some
behaviours until after 1 month of age. "Hoffmann (1978) showed
checkerboards with large checks 10 f— and 3-month-old infants and
recorded the visuaiiy evoked response at several locations on the
scalp. In all infants, he identified both a short latency positive-
negative complex which could be recorded only over area 17 and a 1ong.
latency negative component which could be recorded over a wide scalp
area. In 1-month-olds, ;he amplitude of only the long- latency
comﬁonent varieiﬁgs a function of check size, whereas in older infants,
the amplitude of both components varied as the stimulus varied.

In cats, the long latency component of the visually evoked
response is mediated by the direct projection from retina through
. superior colliculus and the short latency positive-negative complex, by
the. projection from retina through lateral geniculate through visual
cortex (Rose & Lindsley, 1968). Hoffmann (1978) claimed that the
presehce of the early component in all his subjects suggests that the
geniculo-contical pathway is present at least by 1 month of age. But,

he argued that since the amplitude of the early component was not

related to fhe characteristics of the stimulus in his younger infants,
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the geniculo-cortical pathway is too immature to differentiate stimuli

-

auntil after 1 ‘month of age. Although Hoffmann's data do not warrant

such Ta general conclusion (see General Discussion); they do suggest

that. in young infants, the geniculo-cortical pathway may be too . ..

immature to differentiéte fhe characteristics of large checks.
‘ Similar1§.lthis pathway might be too immature to mediate peripheral
detection at birth. ‘ . 2\§> )

This is also suggested by the behaviouraf data. Flthough the
newborn scans é stationary stimulus, shows optokine;ic nystagmus agd

tracks a moving object, he shows limitations in each of - the'se

behaviours, ' limitations which might reflect an immature projection

through the cortex.

. (@) Scanniﬁg._ During the first month of life, infants tend to
scan only a very limited fegion of the external contour (Hainline,
19?5; Haith, Bergmaﬁ, %t "Moore, 1977: Leahy, 1976; Maurer & Salapétek;
1976: Salapatek. 1968, 1975; Salapatek & Kessen, 1966, 19737 Maurer,
Note 5J).- The; }areiy look at.the internal elements of a geomeiniq
figure or of a f%ce. even though they scan those- elements once the
border is removed {(Maurer & Salapatek, 1976; Salapatek, 1975} Maurer,
Note 5). This limited scanning probably accounts, in part, for the
apparent inability of 1-month-clds té discriminate stimuli which differ
only internally, especially since they can discriminate tﬁose stimuli
once the borders aée rempved (Fahtz. Fagan, & Miranda, 1975: Milewski,
1976; Maurer & Barrera, Note 6, Note 7). Finaliy, when shown two
stimuli simultaneously, young inf?nts rarely shift their gaze between

them (White, 1971; Ames & Silfen, Note 8). . .

¥
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¥ Indirect evidence suggests‘ haﬁ.monkeys with corfical leéiénS‘

-

also do not scan éxtensivel For example, they can detect Ulack

.currapts on a white floor; Qu§ appear” not to see them once the currants

are surrounded by a border (Humprhey, {QTH). They can discriminate
geomeéric‘shapes. but not if they are enclost in i&entical circles
{Butter, 1972). Unlike normal monkeys, their disgrimination of shapes
{s not affected by misleading internal gtimulﬁ (schilder. Pasik, &
Pasik, 1972). Moreover, they rérely shift 1keir gaze between
alternativé_stimuli (0Oscar—~Berman, Héywopd. & Gross, 1974). These data
suggest that, in monkeys, extensive scanning might depe#d oﬁ‘an intact
geniculo-cortical pathway. Human newborns may not scan extensively

because the geniculo-cortical pathway is very immature.

(b) Optokinetic Nystagmus. Typically, when the visual field

consists of moving stripes, the eye repeatedly follows one stripe for a
brief.period of time, saccades back to centre and then follows another
stripe. This phenomendn. called optokinetic nystagmus, occyrs readily
in newborns (Gorman, Cogan, &‘Gellis, 1957, 1959: Brazelton, Scholl, &
Robey, 1966). However, an interesting iimitation becomes apparent when
_young infants are tested monocularly; Atkinson (Note 1) tested a g;oup
of 1=-month-olds mbqocularly ana found that the optokine%ic nystagmus
wag asymmetrical. Although it was n&rmal apen stripes moved from thé
temporal visual field toward the nasal visual }ield. it was either
absent or very irregular when stripes merd in the opposite direction.
A similgr asymmetry occurs when optcklnetic nystagmus is tested

monocularly in cats which are missing part of the geniculo-cortical

pathway, eithe} because it has been lesioned (Wood, Spear, & Braun,

s
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1973Y or because it is very immature (Van Hof-van Duin, 1978). Thus,
in the young human infant, asymmetrical optokinetic nystagmus might
reflect an immature geniculo-cortical pathway.

(e) Tracking. The newborn can track a slowiy moving object,

but he does- so with jerky, rather than smooth eye movements. His eye

repeatedly lag behind the target, then overshoot it and then saccade
A back to it (Barten, Birns,.& Ronch, 1971; Dayton & Jones, 1964; Dayton,
Jones. Steele, & Rose, 1964; White et al., 1964), The development of
smooth ‘pursuit seems to depend on an intact visual cﬁrtex in humans
since an infant missing most of his visual cortex shows jerky trackiﬁg
when he is 4 months old {Aylward, Lazzara, & Meyer, 1378) and so do
adults with CO;tical lesions (Sharpe, Lo, & Rabinovitch, 1979). In
contrast, normal infants track smoothly when they are only 2 montﬁs old
(White, 1971; Wnite et al., 196%)., Moreover, kittens have an immature
geniculo—-cortical pathway and they also track with jerky eye movements
{Norton, 1G74). Thus, an aﬂéence of_-smooth ﬁursuit in the human
newborn again suggests that the geniculo-cortical pathway may be
immature.

In summary, the anatoﬁical data show that the Lateral
geniculate and visual cortex are immatur; at birth. Electrophysio—
logical data suggest that at least part of the projection from retina
through laterazl geniculate through visual cortex might be too immature
to differentiate some stimuli. The behavioural data suggest that at
least part of that pathway might be too immature to mediate extensive
scanning, normal optokinetic nystagmus and smooth pursuit; Similarly,

it may be too immature to mediate peripheral detection at;birth.
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In contrast, the direct p;ojection‘from retina through superior
colliculus appears to be functional at a very young age. Hheﬁ Bof fmann"
A(1978) showed chéckerboards. to young infants, he found that the
:ampliﬁude of thellate EOmponent of the visually evoked response varied
as check size varied, even in 1-month-olds (the youngest age tested).:
- Since the la£e negative component is me&iatéd by the direct projection
from -retina through superior colliculus in cats (Rose & Lindsley,
'1958), Hoffmann's_resu;ts suggest that, in humans, thé direct
dpllicular.paghway {s functional at ieast by ; month of age.

"In addition, behavioural data are often cited to‘support the
noticn that the diregt projection through the colliculus ' is funétional
;n human newb;rn;.' Héﬁkeys with lesions of the visual cortex.lcan
discriminate differences in brightness (Humphrey, 1974: Kluver, 19413,
in amount of contour ‘(Humphrey, 1974; Weiskrantz, 1963), and between
moving and stationary targets (Anderson & Symmes, 1969; Humphrey, 1974;
-weiskrantz. 1963). Human adults with cortical lesions can méke similar
discriminations even when ﬁhe stimuli are presented in the affected
portion of the visual field (Bender & Krieger, 1951; Teuber et al.,
1060: Weiskrantz, et al., 1974). Thus, the direct colliCula; pathway
might be able to mediate these discriminations both in monkeys and in
numan adults. The human newborn also can diseriminate differences in
brightness (Hersheénson, Kessen, & Munsinger, 1967}, in amouﬁt of
contour (Fantz, Fagan, & Miranda, 1975: Fantz, Ordy, & Udelf, 1i962:
Hershenson, 1064; Hershenson et al., 1967), and between moving and
stationary targets (Fantz, 1967: Haith, 1966). Since the geniculo—

cortical pathway appears to be very ;mmature at birth, several
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investigators have postulated that these discriminations are mediated
by; the direct ﬁi-ojection from retina through superior colliculus in the

human newborn (Bronson, 1974; Salapatek, 1975; Volkmann & Dobson,

1976). However, those investigators assumed that the geniculo-cortical

pathway is too impaturé at birth to mediate any visual behaviour. That

assumption iz not firml(y‘ established (see Ge.neral Discussion).

In cats and human -;dults. the direct projection from retina
through superior colficulus eppears to be insufficient to mediate good
" detection in the nasal visual field (Section 1.3). Consequently, if
human newborns were to depend on that patpway for peripheral detection,
they should have poorer detection in the nasgl visual field than in the
temporal visual field. Moreover, in cats and human adults, the
geniculo~cortical pathway appears to be necessary for good detection in
the nasal. visual field (Section 1.3). Therefore, as that pathway
develops, human infants might show a corresponding improvement in
detecting stimuli in the nasal visual field."

The purpose of the research reported in this thesis was to

investigate the monocular detection of temporal and nasal stimuli in

newborns, J1-month-olds énd 2-month-olds. Infants were shown either a

blank field or a single line 3°18' wide, located elther in the temporal'

or nasal visuél field. If infants could see the line, they should move
their eyes toward it significantly more often t.han expected by chance
(Harris & MacFarlane, 1974; Lewis et al., -1978; MacFarlane et al.,
1976). If young infants were to detect the temporal, but not the nasal
line, this might mean that some part of the geniculo—cortical ‘pathway

is too immature to mediate peripheral detection. Ch'apter 2 presents
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the experiments which test temporal and nasal detection in newborns.
If they are found to have better temporal than nasal vision, I will
. - -

consider alternative explanations which might account for the

phencmenon.



Chapter.2

Detection in the Eemparal and Nasal Visual Fields

by. the Newborn Infant

Exﬁeriment 1

When young infants lock binocularly,. they often have blases to

3

look .to the left or to_the right- (Cohen, 1972; Haaf & Diehl, 1976;

Adams, Note 9). Despite these biéses, newborns looking binocularly

-

move their -eyes toward stimuli that they detect in the periphery

(Brown, 1961; Dayton & Jones, .1964; Haith, ig press: Harris &

MacFarlane, 1974; Lewis et al., 1978; MacFarlane et al., 1976) .

When young infants look monocularly, they also appear to -have

biases. For example, when checkerboards are placed at 15o or 30° in

>

the periphery, they often fixate the most peripherél part of the -

stimulus on the temporal sidél(the left side when infants look with the
left eye) (Maurer, 1974). .Horeo;er. although they spend a great deal
éf‘time scaﬁning stimuli placed 10° to 30° i; the temporal visual field
{the rleft visual field for the -ieft eye}, they rarely scan those
§timuli when they';re placeéiat the same locations in the nasal viéual
fiéld V(the‘ right visual field for tbé' left eye) (Haﬁrer, 19753
Mendelson & Héith, 1976: Slater & Findlay, 1672). The temporal biases
ih these behaviours could iﬁdicate that newborns looking monoculérly
have difficulty moving their eyes toward any stimuius they detect in

the periphery, particularly any stimulus in the haSal visual fielw.

Conﬁequently. the first experiment was designed to find out if, under

.
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monocular viewing conditions, the .direction of the first eye movement

- were still a feasiblé measure of mewborns' peripheral'détection.

Newborns v1eued single lines monocularly with the-left eye. The
lineg ‘were 3 ©18' wide and were located at 10° in the left (tegboral) or
right (na§al)_visual field. The infants' eye movements’ were recorded-
Qith' corneal - photography (Haith, 1969; Maurer, '1975)7 To assess
peripheral detection. I canpared the probabllity that an 1nfant moved
his eyes from the centre. of the visual field toward a line with the
probability that he moved h;sreyes first in the same direction when the
field uas‘ﬁlank; -The blank field was_included}fdr comparison because
infants seem to have reSpon;e biase§ under monocular conditions
(Mavrer, 19f&: Mendelson & Hagth, 1976; Slaéer & Findlay, 1972). The
mplank field should be an appwopriate control for response biases since
moStg investigato}s assume that. any biases are independent qf the
3timulus (Green & Swets, 1966). - I assumed that infants could see a-
line if they moved their eyes toward it'signi?icanply more often t;an
they moved their eyes in the same direction on the blank field (Lewis
et al., 1978).
I the direction of eve movements were a feasible méasure of
peripheral detection monocularly, newborns should detect at least the
line in the temporal field. Under binocular conditions the left eye

apﬁears to- detect even narrower lines at 10° 4n the left visual field

(Lewis et al., 1978); and cats with cortical lesions can detect small

stimuli monocularly out'to 90° in the temporal field (Sherman, 1974b,

1977b) .



There is no ‘way of predicting whether newborns-will also detect

the line at 10° in the nasal field. In a previous study which tested

newborns binocularly, the left eye moved toward lines &nly 1° wide at

10° in the right visual field (Lewis et al., 1978). But this could

have occurred either because the left eye'detected the. line or because

the right eye moved toward it and the left eye followed the right eye.

If newborns were to detect the line at 10° in the temporal visual field

and at 10° in the nasal visual field, this resulﬁ.yould not speak to

the issue of cortical maturity. Studies of cats uith ecortical lesions

showed that these cats could not detect small stimuli at 15° in the

nasal visual field but they‘ did not test less peripheral stlmuli

(Sherman, 1974b, 1977b). Moreover, human.adults with cortical lesions

cén detect some stimuli at 10° in the nasal Qisual field (Koerner &

Teuber, 1973). However, the detection of both lines would show that

“the method is feasible for denonstratlns monocular detection at 10 in

bothSthe temporal and nasal fields. If it were, the method might also |

be feasible for measuring the -detection of .stimuli further off to the

sidel
Tf newborns were to detect the line at 10°
visual field, tut show no evidence of detecting it at 100 in the nasal

visual field, +<his might demonstrate very poor detection in the nasal
N ’. ]
visual  field of the left eye. This result might suggest that the

geniculo-cortical pathway is too immature to mediate peripheral

detection at birth.

Detection of only the nasal line would be prery surprising for

[
three reasons. First, it is unlikely that visiongin the nasal field is

in the temporal

[ L

- —ala
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_bétteé ;hén vision in-the temporal field of the left eye. Binocularly,
iﬁ:}iefhaeye appears.to detect stimuli out to 30° in.the left vfsual

field but only out to 10° in the right visual field (Lewis et al.,

£

"1978). Moreover,:'ip both normal (Fraﬁen & Glansholm, 19?5); and
lesioned (Xoerner & Téﬁper.:5§73) human ad;lps;:detection,in the nasgl
field is.poorer'théh detection in the temporal field. Second, this
outcome would imply that only the uncrossed temporal fibres {which

mediate detection in the nasal visual field) are sufficiently mature to

mediate peripheral detecticn at birth. This is uniikely since there is

no evidence -in .animéls that the. uncrossed fibres from the temporal

retina deve%op before the crossed {ibres from the nasal retina (Diamond
& Hall, 1969; LeVay, Stryker, & Shatz.‘TgTS: Rakic, 1976). Finally,
there is no reason to aséume that response biases prevent the newborn
from demonstratfng detection in the tehporal visual field, but not in
the nasal visual field.'

The diﬁggtion of neither line would suggest either that
newborns have EQ peripheral fision or that the measuring technique was

invalid. Since newborns hav previously demonstrated peripheral-vision

binocularly (see for- example, L is'@! al., 1978), the most reasonable

conclusion would be that monOCularly,fnewborns' biases are Loo strong '

‘ ™~
to demonstrate any peripheral detection. If that were so, a new method

would have. to be devised to test newborns' peripheral detection
monocularly, since all previous investigators have used the direction

of eye movemenitis to determ@ newborns' ability to detect peripheral

stimuli binocularly.

b
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Method

Subjects

The subjects were 32 healthy full-term newborns (at least 38

. weeks gestation and ‘at least 2500 gms at birth) born in Hamilton,

ontario (X age = 3.4 days, range 1 to 7-days).” An additional 81 babies
were tested but not included because they provided insufficient data
(see section on data reduction). By -

‘étimuli - T \\

" The stimuli were a plain bléck mesh screen (91.8 cm or 7006'_
wide x 61.0 cm or 61°34" high) and two similar black screens, ;acﬁ with
one vertical white line (1.9 c¢m or 3018' wide x 15.0 cm or 280271 long)
attached to it, eithér to the left or right of centre. The left line
was attached with the right edge 10° out horizontally to the left of
centre (temporal visual field for the left eye) and the right line was
attached with the left edge 10° to the right of centre (nasal visual
field for the left eye). The luminance of the lines was 9.25 éd/m2 and
that of the blank field was .52 cd/m2 (Spectra Brightness Spot Meter,
Model UB, Photo Research Corporation, Hollyubod. Californial. The
contrast of the lines relative to the background was 89%.

Apparatus -

The apparatus is shown in Fig. 2. The baby sat in an infant
seat ineclined at 45° and faced a display panel inclined parallel to
him. The stimuli appeared directly in front of this display panel_and
were illuminated by a 15-watt lamp located slightly behind and above
the infant. In the middle of the display panel was a 159511 x 371!

vertical strip of red neon lights which was turned on between trials.



Fig. 2. The apparartus.
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Direptly behind the display panel were a 16 mm movie camera and
eight reference lamps, ail éimed at the infant's left eye. The
reference lamps were Bausch and Lomb Nicholas microscope illuminators,
each fitted with a Corwing Filter type 7-69 and a Kodak Wratten filter
type 87C to cut out hot wavelengths and most of the visible spectrum.
Most of the light transmitted was between 860 and 960 nm, so infrared
film could detect it even though it was nearly invisible {(at least to
an adult). The camera was loaded with Kodak High Speed Infrared Film,
and photographed the eye four times each second with an exposure time
of .1 sec.e‘ Timers controlled the lengths of tfials and intertrial
intervals.

Procedure

&n experimenter placed a sterile patch over the baby's right
eye, set him in the infant seat, and secured his head in place with
famm cubes. The seat was adjusted so the baby's left eye Qas in the
field of the camera qnd133 cm from the stimuli. Cne experimenter sat
to the lefy of the babyiand usually held a pacifier Iin his mouth to
restrict head movement. A second experimenter, on the baby's right,
managed the controls and Slid the screens into place. For 7 sec before
each trial, the room was dark except for the column of red lights,
which was designed to attract the infant's gaze to the centre of the
visual field. When the trial began, the red lights went out and the
lamp behind the infant caﬁe on, illuminating the stimulus. Each trial

Four frames per sec is sufficlent to record all fixations.

Should the eye be photographed during a saccade, an exposure time of
.1 sec leaves it identifiably blurred (Maurer, 1975).
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lasted 5 séc. A seguence»éonsisted of six trials: - two trials with a
" blank field, two trials with the left line and two trials with the
right line, all presented in a random order. The samé sequence was
repeated wntil the‘baby was no longer aleft.

Data Reduction

The data consisted %}'films of each iﬂfant's iéft eye with thg
reflections of the reference lamps superimposed on it. The location &f
those reflections relative ;o-the centre of the pupll changed
systematically as the infant changed his fixatiﬁn (see Maurer, 1§75 for
a detailed explanationl). For each trial, two of four scorers
independently decided wﬁgther the infant began by leooking centrally,
and if he did, whether the direction of his first éye movement was to
the left or to the right. I.was always one of the two scorerﬁ.

Before the scoring began, 1 established thé criteria for
looking centrally. Central fixations included all fixations which ;ere
no more than 4° norizontally from the exact centre of the visual field
(since that was the limit of precision of the measuring technique) and
. no more than 150 vertically from the exact centre of the visual field
(since the lines extended nearly that far above and below centre) (see
fig. 3). Fixations outside this central region were either left {te
the left of the central region), right {(to the right of the central
region), up (above the central region) or down (below the central
region).

To score the data, first I filmed the left eye of an adult in
the apparatushas she fixated specific points in the visual field. This

film showed the relation between the lamps' reflections and the centre



Fig.
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3.

Criteria for looking centrally. Central fixations included
all fixations within the hatched region. Fixations outside

that region were either left, right, up or down.
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of the pupil for each fixation point. However, this relation may vary
slightly between individuals ah_d between infants and adults (Maurer,
1975: Slater & Findlay, 1972, 1975b). The variation ‘is .lcaused by
individual differences in the relation of the Yine of sight to the
centre of the pupil, although that rélatio-n is constant in any one
individual. Therefore, the scorers establis:ﬁed"'a separate eriterion .
for central fixation for each baby. They assumed that .a‘t“:t.he beginning
of a trial, the baby usually would ber'l‘ixating the red ligh.ta.r,:or
within 16' of the horizontal centre of the field. They noted the
location of the lamps' reflections on the baby's eye at tiue beginnipg
of each trial. Subsequently, they calculated thé most frequent
horizontal deviation of the reflections from the. centre of the pupil.
This deviation was the horizontal.criterion for fixating the centre of
the field for that baby so long as the deviation fell within an
expected range (equivalent to 2 2° to 8° temporal displacement of the
centre of the pupil from the line of sight). The scorers used this
individual horizontal criterion to decide if an infant began each trial
by looking contrally.' Any fixations that were no more than U4°
horizontally from the infant's criterion for centre were scored as
centred providing they were also within the vertical criterion for
centre (see Fig. 3). Fixations to the left of this region were scored
as left aﬁd fixations %o the right of this r:egion were scored as right.

The scorers decided where an infant was fixating vertically by
comparing his film to the film of the adult. Vertically, they required

the infants to fixate within 150 of the exact centre of the visual

field, They used both this vertical criterion and the horizontal



criterion to decide if the infant began each trial by looking

/

centrally. F; tions above this region were scored as up and fixations
below this4;gz:n were scored as down. The vertical criterion was alse
-used to decide if the first eye Qovements'away from centre éere up or
down, rather than left or.right.

The scorers were always unaware of the stimulus shown on a
particular trial. The scorers agreed -with 'each other 85% of the time
on whether the infant began the trial by fixating centrally. On trials
which they agreed began centrally, the?'agreed 83% of the time on the
direction ofathe first eye mévément. Ah;time-fhey disagréeg, they

' rescored the trial together and attempted to reach an agreement

Many o}&the data were excluded from the analy31s. A trial was

used only if the infant began the trial by fixating centrally and then |

made a scorable eye movement either to the left or to the right. An
infant was included‘only if he provided data on at least two trials for
each of the three stimuli (the left line, the right line and the blank
field). In the present study, for example, 682 of the data were
excluded from the final sample of 32 babies. All of the data were
excluded from an additional 8% bables. |
Results

When the field was blank, 49% of the infantsg' first eye move-
ments away from centre were toward the left visual fleld. For each
subject, %the probability that the first eye movement was toward thé
left visual field was compared for trials with the left line, trials

with the right line and trials with the blank field. To compare these

three probabilities, I used a Friedman Analysis of Variance (Siegel,
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19565.7 The results showed a significant difference beﬁueen stimuli

(X2 = 17.06, df = 2, p < .001). Then, I compared the difference

between.these probabilities, first comparing the left line to the blank

field and then compariqg the right line to the blank field. For each

comparison, I used a two-tailed Wilcoxon test of matched pairs (Siegel,
1956).\w_ith & adjusted according to Ryan's (1960) 1:>r-oc:e<:lure.8 The
Wilcoxon tests show.;ed that infants detected bo;‘;h the left line, T(24) =
62, p < .02, &' = .033, and the right line, T(24) = 48.5, p < .01, At
- .033. | |

- Fig. & shows.the difference between the probability that 2 baby
moved his eyes first away from centre toward a line and the probability
that he moved his eyes first in the same direction when the field was
blank. When the line was at 10° in the leét visual field, many scores
were positive - i.e., in many cases, the probabi;ity that a baby moved
his eyes first toward a line was greater than the probability that he

moved his eyes first in the same direction when the field was blank.

"The Friedman test is a.nonparametric within-subject analysis
of variance. I used a nonparametric statistic because probabilities
are not normally distributed.

8'I‘he Wilcoxoen test is a nonparametric within-subject test for

comparing two stimuli. Since the study included three stimuli, there
were three possible comparisons (the left line vs. the blank field,

the right line vs. the “blank field and the left line vs. the right

line). - Ryan®s (1960) procedure adjusts & for each of these three

comparisons so the overall level of significance does not exceed .05,

ol represents the adjusted & level for each comparison. When there

are three possible comparisons, the two stimuli with the highest and

lowest total ranks on the Friedman test are compared with &£' set at

.0167. That comparison must be significant before other comparisons

can be made. If it is, A ' is set at .033 for the remazining two

comparisons. Only two of the three possible comparisons are reported

in the text (the left line vs. the blank field and the right line vs.-
the blank field). ' .
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The difference between the probability that a newbomrn
moved his left eye toward a line and the probabilirty
that he moved his left eye in the same direction when
the f%eld was blank. The data are for liges located

at 10 in the left visual field and at 10" in the right
visual field (Experiment 1).
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Very few scores were negative. By negative scores, I mean that the

probability'that a<baby moved his® eyes first toward a ‘line was less
than the probability that he moved his eyes first in the same direction

when the field was blank. S.milarly. when the line was at 10° in the

right vi;ual‘field; there still were many more positive than negative

scores.

Discussion

. The results showed-that a newborn looking‘oniy with his left
eye can detect a line 3°18' wide when it 1is located at 10° in the
temporal (left) or nasal (right) visual field. Thus, although newborns

-

have biases when they scan stimuli monccularly (Maurer, 19743 Mendelson

‘ & ﬁaith. 1976; Sélapatgk, 1968; Slater & Findlay.' 1972), they can

oyercéme-those hiases .sufficlently well %o demonstrate both temporal

-

and nasal vision.
Detection of the temporal line might have been mediated by the

. - . i . \
direct projection from retina through superior colliculus since that

n L}
-

projection appears. to bg functional at b;rth while the
geﬁlculo—cortical pathway appears to be too immature to mediate a
variety of other visual beha¥1ours (Section 1.6). Moreover, cats and
human adults with cortical lesdons have good_detection in the temporal
visual'field {Section 1.3), tection which might be mediated by the
diéect colliéﬁiar pathwa§ (Sherman, 1974b, 1977b).

Currently, there is no way of determining which pathways
meﬁié%ed the detection.of the nasal line.. Studies in animals with

cortical lesions have not tested detection at 10° in the nasal visual

‘field. Even the cat has some uncrosséd fibres from the temporal retina



14

;?.up_erior colliculus (Kaneski & Sprague, 1978; Latie:
Sterling, 19733; and on the basi.s of this project'ion. the cat might be
able to detect s:cimuli‘a£ 10° in ti'xe nasal visual field (Sherman, Note
10). |Moreover, compared to the cat, tﬁe' monkey has more uncrossed
fibres from the temporal re_tina uhich_' project direc_tly to -the
colii;:ulus (Graybiel.- 1975: Hubel et al., 1975)." Thus, perhgps in the |
human newborn, the direct projection to the superior colliculus has a
sufficient number of uncrossed fibr-e:s from the temporal rgt.ina to
mediate the detection of some stimuli at least out to 10° in the nasal
visual field. | Or{. perhaps the geniculoi‘cortical lpathway is
-sui‘ficiently mature at birth to mediate this behavio-ur.

Human adults with lesions ip the visual cortex still can detect
some stimuli at 10° in the nasal viswal field (Koerner & Teuber, 1973),
However, their threshﬁd for detection in the nasal visual field is
higher than their threshold for detection in the temporal visual field
and this difference 13 considerably larg;:r than in normal adults
{reviewed in Section 1.3). Alﬁhough the infants in the present study
detected the line in both the tempora;l and nasal visual fields, the
présence or absence of detection fo;- a line 3°18' wide 13 a gross
measure of peripheral vision. Consequently, one way to find out if
nasal vision is poorer than .temporal‘ vision would be to determine
newberns' threshrold for detection at 10° in the tem'poral and nasal
visual fields. If the threshold for detection were higher in the nasal

field than . in the temporal field at birth, older infants could be

. tested to find out if they have a similar asymmetry. If the
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differences between younger and older infants Gere to resemble those

. .

between Jlesioned and, normal adults, this might suggest that the

géﬂiculo-cortical pathway'{s too immature to medipte peripheral”

detection at birth. An 2lternative way of examining temporal-nasal
diffqrénces in detection is described in Experiment 2.

Experiment 2

In cats, the detection of stimuli at least 55° ih tﬁe nasal
visual field appears to depend on the geniculo-cortical pathway
(Sherman, 1974b, {gﬂ?b). Electrophysiological and behavioural evidence
suggests that the geniculo-cortical pathway migpt be too immature to
control at least some behaviours in the human newdborn (reviewed in

Section 1.6). At birth, that pathway might also be too immature Lo

mediate peripheral detection beyond 150., Thus, the purpese of.

Experiment 2 was %o finq out if newborns can detect séimuli monocularly
which are beyond 15° in the periphery. Based on the results of
Experiment 1, I assumed that the direction of the first eye movement
awéy from centre might be a valid measure of both temporal and nasal
vision. Despite the possibility of blases to look to one side, the
infants in Expériment 1 initiated eye movements toward temporal and
nasal lines at 10° more than they initiated eye movements in the same
direction when the field was blank. In that study. infants were
required only to initiate eye movements in the appropriate direction;
the size of those eye movements was not measured. Thus, if the lines
were further in the periphery, iéfants might still initiate eye

movements toward them more than they initiate eye movements in the same

direction when the field is blank - providing they can see the lines.



Newborns viewed single lines monocularly with the left eye.

‘The lines were 39181 wide and were located at 30° in the left

(temporal) visual field and at 20° in“the right (nasal) visual field.
Txcept for the location of the lines, this study was identical to
Experiment 1, I expected that infants'uould detect the line in phe
temporaf visual field since newborns viewing stimuli bincecularly ean
detect a line only 1° wide when it is 30° off to the side (Lewis et
al., 1978). If newborns have good nasal vision at birth, they should
also detect the line at 20° in the nasal visual field, since in normal
human adults, detection at 20° in the nasal visual field is better ﬁhan
detection at 30° in the temporal visual field'~(Frisen & Glanzholm,
19753} .

Method
Subjects
The subjects were a new group of 33 healthy full-term newborns
{at least 38 weeks gestaéion and at least 2500 gms at bdirth) born in
Hamilton,‘sqfario (X age = 3.8 days, range 1 to 7 days). {n additional
N

75 babies were tested but not included because they provided

-

{
insufficient data. oL e

Stimuli

The stimuli were identical to éhose described in Experiment 1
except for the location of the lines. The lefé line was attached to
the screen with the right edge 300 out horizontally to the left of
centre (temporal visual field for the left eye) and the right line was
attached with the left_edge 20° out horizontally to the right of centre

(nasal visual field for the left eye).
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Apparatus, Procedure, and Data Reduction

The apparatus, procedure and scoriﬁg were identical to
Experiment 1. The scorers agreed with ®ach other 87% of fhe time.on
whéther.the infant began the trial by fixating centrally. On trials

. . -

which the scorers agreed began centrally, they agreed 77% of the time
on the di}ection of the first eye movement,
| Results
The analyses were identical to those described in Exﬁefiment 1.
When the field was blank, 48% of the infants' first eye movements awa&
from centre were toward the left visual field. A Friedman Anzlysis of
Variance showed that the probability that the first eye movement was
toward the left vi;;al field differed for “the left line, the fight
line and the blank‘f‘ieldl(xa = 22.01, df = 2, p < .001). I compared
the differences between these probabilities for the left line vs. the
blank field and for the right line vs. the blank field using Wilcoxon
tests of matched pairs with o adjusted according to Ryan's (1960}
procedure. Wilcoxon tests showed that the babies detected the left
line, T(29) = &5, p < .007, A ' = .0167, but that the babies showed no
evidence of detecting the right line, Tf30) = 230.5, p > .90, A =
.033.

Fig. 5 shows, for eazch baby, the difference between the
probability that he moved his eyes first away from centre toward a line
a;d the probability that he moved his eyes first away from centre in
the same direction when the field was blank. When the line was at 30°

in the left visual field, most scores were positive, i.e., the

probability that a bsby moved his eyes first toward a line was greater



48

Fig. 5. The difference between the probability that a newborn
moved his left eye toward a line and the probabilirty
that he moved his left eye in the same direction when
the fjeld was blank. The data are for lines located
at 30° in the left visual field-and at 20° in the
right visual field (Experiment ).
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than the probability that he moved-his eyes first in thé same direction
when the field was blank. In contrast; when the line was at;;o° in the
right visual field, tﬁere were about an equal number of positive and
negative scores. |
Discussion

When newborns viewed stimulil monoculgrly éith the left eye,
they detected a line 318 wide at 30° in the temporal (left) visual-
field. But they showed no evidence of detecting the same line when it
was at 20° in the nasal (right) visual field. These results suggest
that with the left eye, newborns have better detection in the temporal
visual field than in the nasal visual field; Fhis might mean that at
birth, the projection from retina through visual cortex is too immature
to mediate any peripheral detection at 20°.

However, it is possible that the projection through the cortex
is sufficiently mature to mediate detection in. the left visual fileld,
but not‘in the right visual field. Tnehumans, stimull in the left
visual field stimulate cells in the right visual cortex and stimuli in

-

the right visual field stimulate cells in the left visual cortex

(reviewed in Thompson, 19673. If the projections from the retina to”

the right hemisphere were to develop earlier than the projections to
the left hemisphere, at birth, only the superior colliculus and right
hemisphere of tbe visual cortex might be mature enough to medlate
peripheral detection (see Fig. 6). Under these circumstances, the left
eye would have poor detection in the nasal (right) visual field. A
stimulus in the right visual field would activate receptors in the

temporal retina of the left eye which would projeet mainly to an
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The projections which might mediate peripheral detection if
the pathways from the retina to the right cortex were to
develop earlier than those to the left cortex. Solid lines
represent the projections of the left eye and broken lines
represent the projections of the right eye. Heavy lines
represent the pathways which might mediate detection. Light
lines represent pathways which would not, either because
they would be too sparse or too immature.

,

~—



(84mewiuy)
X@UI00 [BNSIA 187

{aanew)
X309 |ensia 1ybiy

sn|nojjj0o

sN|N3|jj09
touedns 1467

Jouedns ybiy

eygnojuab

aie|noueb |
& |e1018| YO

jesaie| 1ybiy —»\

wselyd apdo

euneJ jejodwe] supeJ |siodwe)

aAe 1ybBly ——» -——— 9AD 1§07

A ple} (BNSIA 30|

pley jensia 3By
7 ey} u| sNNWING

ay» uy sninwng




FERTTETY w— T

53
immature left wvisual cortex. -But -the left eye would have good
detection in the temporal (left) visuai field because the crossed axons
from the nasal retina of the left eye would project both to the right
superior collibulgs and to a mature right visgal cortex.

If only the projections te the coll?culi and to thé right
hemisphere of the visual cortex were sufficiently mature to mediate:
peripheral detection, the right eye should have good detection in both
visual fields. Detection in the temporal (right) visual field could be
mediated by crossed axons from the nasal retina of the right eye which
project directly to the left superior_colliculus and detection in the
nasal (left) visual field could be mediated by the uncrossed axons from
the temporal retina of the right eye which project mainly to a mature
right visual cortex (see Sherman, 1977b., for a similar explanation in
cats with unilateral lesions of the visual cortex). ;

To control for this possibility, Experiment 3 tested the right
eye of a new group of newborns using the same procedure described in
Experiment 2. If, with their right eye, newborns again were to appear
tb detect only the line at 30o in the temporal visual field, this would
suggest that newborns have poorer detection in the nasal, than in the
temporal visual field, both for the left’eye and for the right eye.
This outcome might imply that the projections through both the left and
right hemispheres of the visual cortex are toc immature to mediate

peripheral detection.

.
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Experiment 3

i ' Method K (

Subjects | i ' ‘ ~

The sub;ects were a new group of 30 newborns (X age = 3.7 days,

range 1 to 7 days) similar tq-tho;e described in Experiment 2. An.

additional 38 babies were tested but not included because they provided
insufficient data. '

Stimuli

The stimull were identiczl teo those d;scribed in Experiment 2
except for the location of the lines. The right 1iffe was attached to
the screen with the left edge 30° out horizontally tofthe right of
:centre (temporal visual field for the right eye) and the left line was
attached with the right edge 20° out.horizontally to the left of centre

(nasal visual field for the right eye).

Apparatus, Procedure, and Dats Reduction

The apparatus and procedure were identlical to Experiment 2
except a sterile pat;h was placed over’ the baby's left eye and the
baby's right eye was filmed. The scoring was identical to Experiment 2
except that I filmed the right eye of an adult in the apparatus for
calibration. The scorers agreed with each other 92% of the time on
whether the infant began the trial by fixating centrally. On trials
which they agreed began centrally, they agreed 88% of the time on the
direction of the first eye movement.

’ Results

The analyses were identical to those described in Experiment 1.

When the field was blank, 59% of the infants' first eye movements away
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from centre were toward the left visual field. A Friedman Analysis of
Variance showed that the probability that the first eye move?ent was
toward the left visual field differed for the right line, the left line

and the blank field x2 = 15.65, df = 2, p < .001). I compared the -
differénqes between these probabilities for the rigﬁt line ﬁ?s. the
blank field and the left line vs. the blank field, using Wilcoxon test

of matched pairs. Hiicoxon tests showed';hat babies detected ihe rigﬁt
.line. TEE?) = 37, p < .007, &' = .0167, but they appeared'not to
detect the left line, T(27) = 179, p > .80, &' = .033.

Fig. 7 shows, for each baby, the differencg between the
probability that he moved his eyes first toward a line and the
probability that he moved his eyes first in the saﬁe direction when the
field was blank. When the ling was at 30° in the right visual field,
most scores were positive. But when the line was at 20° {n the left
visual field, _about an egual number of scores were positive and
negative. |

Discussion '

Newborns detected a line 3018' wide at 30O in the temporal /
(right) visual field but they apbeared not to detect'the same line vhégJ
i+ was at 20° in the nasal (left) visual field. Thus, both with their
left eye alone (Experimenﬁ 2) and with their right eye alone ({the
present study) newborns appeared_tq detect the temporal line but not
the masal line. These results cannot be explained by postulating that
one hémispheré of the visual cortex develops before the other. For if

it did, one eye should have good detection in both visual fields

{Sherman, 1577b). Rather, it is more likely that at least scme of the
" b



Fig.

7.

The difference between the probability that a newborn
moved his right eye toward a line and the probability
that he moved his right eve in the same direction
when the field was blank. The data are for lines
located at 30° in the right visual field and at 20°
in the left visual field (Experiment 3).
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projections through both the left and right visual cortices are toa
immature to mediate peripheral detection at birth.

Detection in the mnasal visual field

r— .
Studies on lesioned cats and human adults have shown that the
direct projection through the superior colliculus is insufficient to

mediate good detection in the nasal visual field (Section 1.3).

- Moreover, at least part of the geniculofcortiéal pathway appears to be

, .
necessary for that detection (Section 1.3). Since the newborns in

Experiments 2 and 3 appeared to show poor detection in the-nasal visual
field, this might mean that the uncrossed fibres from the temporal
retina_ghréugh the visual cortex (which mediate nasal field detectiég)
are tog immature to mediate detection at 20° in the nasal visual field.
However, there are explanations other éh?:.imgaturity of part of th%f.

geniculo—-cqortical pathway which migﬁtt account for this phenomenon.

These are listed below.

1. Differences in the ease of evye movements towa®d the temporal
. W

and nasal visual fields

fﬁe results of most monocular studies suggest that, because of '
temporal response bdiases, 1t méy be difficult fo} a newborn fb scan
stimuli in the nasal visual field (Haith, in press; Maurer, 1974;
Mendelson & Haith, 1976; Slater & Findlay, 1972). Those biases might
als& pfevent him from moving his eyes first away from centré toward a
stimulus in the nasal field, éven though he can see_it;- If that were
so, newborns might appear to ha&e better detection in the temporal than
in the nasal visual field._ However', the newberns in Expérimehts 1, 2

and 3 moved their eyes %bth temporally and nasally when the field was
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blank. Horeovér, in Experiment 1, eye movements toward the nasal field
occurred more oftgn ;hen a line ugsrthere than whem it was not. Thus,
at least for s;imuli at 10°. neuborns'fg;m to be able to overcome ahy
response blases sufficiently‘well to demopstréte nasal field delection.

Although the stimuli were further off to the side in
Experiment; 2 and 3‘thaﬁ in Experiment 1, the requirements were the
same in all three studies. All eye movements away from centre which
were to the left o} to the right were included in the analyses,
regardless of their size fprovidiné the infant had a sufficient number
of usable trials). Moreover, under binocular condit;ons. newborns are
capane.?f moving the left eye at least ?Oo. both to‘the left and to
the right (Lewis et al., 19?8, ﬁnpublish;d observat;ons).
Consequently, it seems reasonable to assume that if newborns could see
stimuli at 20° 4n the nasal visual field under monocular conditions,
they might at least start to move their eyes toward those stimuli.
Thus, even 1if there were differencesfin the -ease of eye movements
toward the temporal and nasal visual fieids. it is unli%gly that those
differences could account for detection in the nasal visual field at

10° (Experiment 1), but not at 20° (Experiments\2 and 3).

2. Differences in receptor density on the nasal and temporal

hemiretinae

It is possible that poor detection in the nasal visual field
could be due to a lower dens%ty pf rSES and cones in the temporal
retina (which receives input from the nasal "visual field) than in the
rasal retina. In.the hunan_édult, there are fewer receptors per unit

-

area in the temporal retina than in the nasal retina (Osterberg, 1935).
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Yet, despite these differences in receptor deasity, acuity in the
normal human adult is only.slightly poc:rer in the .nasal visual field
than in the temporal visual field (Aulhorn & Harms, 1972; Frisen %
Glansholm, 1975: Harvey & Poppel, 1972; Stanek, 1973). In contrast,
there appear to be large temﬁoral—nasa}. differences in detection at
birth. Binccularly, the left eye éf the newborn detects a line only

33' wide at 20° in the left visual field (Lewis et 2al., 1978) even

though monocularly, he shows no evidence for the detection of a line
3°18" wide at 20° in the nasal visual field (Experiments 2 and 3). It

is unlikely that such gross g__erences in detection could be accounted

for by differences in receptor density, especially since Mann (1964)
does not note any striking differences between the two hemiretinae at

birth,

)

3. Optical factors in temporal and nasal vision

Since the eye acts as a refracting medium, optical factors
cause peripheral stimuli to appear blurred (Davson, 1963; Duke-Elder &
Abrams, 1970) and peripheral blur increases with‘inc_reasing distance
from the optic axis (Davson, 1963; Duke—Eider & Abrams, 1970).
However, the line of sight is displaced about 5° tem'por.al from the .
optic axis in the retina of adults (Alpern, 1962}. Consequently, 2
stimulﬁs at 20° in the nasall visual field would be further from the

optic axis than a stimulus at 0° in the temporal visual field, causing

the nasal stimulus to be slightly more blurred than the tempo;"al

stimulus. This effect might be exa

because his line of sight may be displaced about 8° temporal from the

optic axis {Slater & Findlay, 1ﬁ72, 1975b) .



Thus, temﬁoral—nasal differences in detec;;on could occur both
as a result of optical factors and as a result of differential receptor
density onA_the two hemiretinae. In édults. eac@ ;f these factors
contfibutes to poorer detection in the naégl visual field than in the N
iemporal visual field. Their effects might be exaggerated slightly in
the newborn. Yet, even with these two effects combined, adults'
detection at 20° in the nasal visual field is still better than their
detection at 30° in the temporal visual. field (Frisen & Glansholm;
1975). For infants, opticél factors and differential receptor density
might reduce the detection of a target in the nasal visual field
relative to a target in the temporal visuai field. But these factors
sﬁould cause gradual, rather than sudden, transitions in Dbehaviour.
ThHus, Lt is unlikely that optical factors and differential receptor
density could account for an absence of detection at 20° in the nasal
visual field of a stimulus that was above threshold at 30° in the
temporal visual field (Experiments 2 and 3).

Therefore it seems uniikely that differences fn the ease of eye
movements, differences in receptor density, or optical factors could
account adeguately for ﬁoor detection at 20° in the nasal field. Note
that scme cortical areas other than the geniculo—cortical pathway g}so
might be necessary for nasal field detection (see for example Elberger,
1979). If that were so, newborns might have poor nasal field detection
even if the geniculo-cortical pathway were mature. However, anatomical,
electrophysiological and cother behavioural data suggest that the

" geniculo-cortical pathway is very immature at biffh {reviewed in

Section 1.6). Whether or not other cortical areas are also immature,

T ———
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it seems likely that at least part of the geniculo-cortical pathway is
too immature to medjiate detection at 20° in the nasal field.

Detection in the tempbral visual field

At birth, detection in the temporal visual field is most likely )
to be mediated by the direct projection from retina through superior
eolliculus (set; the’ Discuésion of Experiment 1). The projection
through the visual cortex 2130 might mediate that detection. ?erhaps
the crossed fibres from the“ nasal retina are sui‘ficiently mature to
mediéte temporal field detection, while the uncrossed fibres from the
tempo_rfal retina are too immature to mediate nasal field detection. It.
is possible that the crossed projections are functional earlier than
the uncrossed projections in the human since the crossed pro;‘jections

are phylogenetically older (Diamond & Hall, 1969). However, anatomical

‘data in both the cat (LeVay et al., 1978) and monkey (Rakiec, 1976) show

that the crossed and uncrossed axons develop simultanecusly and reach
the visual cortex well before birth. Initially, they overlap within
the cortex and later begin to segregate into separate alternating
columns. Thus, the crossed and uncrossed axons do not appear to
develop at different rates, at least in the cat and monkey. The marked
similarities in the anatomical developmeni; of the visual system for
monkey and man (Rakie, 1976) suggest that the same may be true for the
human infant. '

In conclusion, some part of the pathway from retina through
visual cortex appears to be too immature to mediate peripheral
detection. It is possible that the pathway from the nasal retina

through the visual cortex 1s sufficiently mature to mediate temporal
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field detection. IEI is also possible that the pathway f{rom the .
temporal retina through the visualicortex'is sufficiently matuyre to
mediate some nasal field detection. . Nonetheless, at least part'of the
pathway from the temporal retina through th; visual cortex appears to

be too immature to mediate the detection of a line 3018‘ wide at 20° in

the nasal visual field. - -

- Implications of Poor Detection in the Nasal Visual Field_at Birth

VIn addition to suggesting that the geniculo-cortical pathway
may be too immature to mediate some periphergl detection at b;r;h, poor
detection in the nasal field has other implications for und;rstanding
and studying vision in newborns.

1. The region of binoccular overlap

The region of binocular overlap refers to the portion of the
visual f%s}d which is represented on the retinae of both eye:: In
human aduits, the nasal v15uai field of each eye extends out to 60°
(Moses, 1970) and consequently, the central 120° of the visual field is
represented on the retinae of both eyes. Thus, in human adults, the
binocular region of overlap includes the central 120° of thé visual
field. In phylogenetically older species, the binocular region is
considerably smaller than in the human adult (Moses, 1+970). The
results of the experiments reported iﬁ this chapter suggest that the
binocular region alse might be considerably smaller in the human
newsorn than in the human adult. It appears to include at 1q§it the
central 20°, but less thgg the central 40° of the visual fleld (since

newborns detect stimuli at- 10° in the nasal field but appear not %o

detect stimuli at 200 in the nasal field).
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2. Conjugate eye movements

Since the entire visual field is at least 60° when newborns
3

view stimuli binocularly, i.e., they can detect stimuli at least out to
30° in the ieft and right visual fields (Harris & MacFarlane, 19743
MacFarlane et al., 1976), a considerable amount of Iinformation might
have access only to one eye. Beyond the binocular region, the left eye
would see stimuli only on the left, and the right eye would see stimull
only on the right. _Thﬁs. it is not surprising that the newborn often
has_problems with binocular coordination (Blanton, 19173 Fonaregf 1959;
Guer™Sey, 1929; Maurer, 19743 Wickeigren, 1969). In fac;. when
newborns view stimuli monocuiarly, the left eye moves reliably toward
lines at 300 in the left visual field. but' not toward lines at 20°-in
the right visual field (Experiment 2). In céntrasi, the right eye
moves reliably toward stimuli at 30o in the right visual field, but not
poward stimuli at 20° 1in the left visual fleld (Experiment 3). Thus,
when stimuli are at least 20° off ‘to the _side under binocular
conditions, the two eyes might move indépendently. Howexer, each eye
moves reliably toward lines at 10% in the left and righit viswal filelds
(Experiment 1). Therefore, conjugate eye movements might occur malnly
when the eyes are moving toward stimuli which are less than 20° in the
periphery - i.e. toward stimuli which are in the binocular region.
Estimates of the percentage of eye movements which are
conjugate at birth range from 205.to Q4% (Fonarev, 1959; Guernsey,
1629; Slater & Finqlay, 1675a: Wickelgren, 1969). Although scme of the
variance is due to individuél differences, some of it might alsco be due

to the location of the stimuli in the visual fleld. However, none of
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the studies has investigated this possibility systematically. One way
to do so, would be to present stimuli at various locations in the
P
visual field and record both eyes to find out how often the two eyes
- \\../.4
move . together toward each stimulus. If eye movements toward stimuli
were conjugate mainly when the stimuli fall in the binocular region,
the two eyes should move together frequently when the stimull are 10°
off to the side, but infrequently when the stimuli are 20° off to the

side.

3.. Stereoscopic depth perception

Stereobsis occurs when two slightly different images on each
retina are fused to form the perception of a single three dimensional
object. However, if the images on each retina are too disparate,
either one is suppressed or a double image is perceived (Moses, 1970).
E;en when each eye of the newborn fixates the same point in the visual
field (for evidence this does not always occur, see Aslin, 1977; Ling,
1§H2: Maurer, 1974; Slater & Findlay, 1975a), stereopsis could odeur
oéiy within the region of binccular overlap (since only in this region
does each eye receive similar input). Consequently, if stereopsis ere

present at birth, it might occur over 2 mnuch narrower part of the

visual field than in adults.

-
fegut” }

Unfortunately, very little is known about ste%eopsis in the
human newborn,- mainly because there are no reliable response measures
suitable for young infants (reviewed in Salapatek & Banks, in press).
Measuring stereopsis in the periphery would be even more difficult
since infants would be required to fixate centrally while a stimulus

was present in the periphery (see Harris & MacFarlane, 1974, for
- - ‘
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evidence that neubornsﬁ move their eyes reliably toward detectable

peripheral stimuli even when a stimulus is present centrally).

b, Temporal blas in monocular scanning

When newborns scan stimuli monocularly they tend to look longer
at the temporal side of a figure than at ﬁhe nasal side and they tend
to'ignore stimuli in the nasal visual fleld (Haith, in press; Maurer,
1974; Mendelson &‘ Haith, 1976: Salapatek, 1968; Slater & Findlay,
1972), Although some of this effect might be due to measurement error
(Maurer, 1974; Slater & Findlay, 1975b), some of it is not (Maurer,
1974). One reason for this bias might be that newborns have very
little vision in the nasal field. Consequently, temporal field input

might pull the eye in a temporal direction.

5. Implications for studving newborn's;ggréeption

(a) Tests for hemispheric doeminance

When adultg are presented witﬁ identical_stimuli in the left

and right visual fields, the direction and latency of the first_eye
movement away from centre appears to depend on the nature of the
stimulus (Kinsbourne, 1974). For unfamiliar stimuli, subjects tend to
look first and/or faster toward stimuli in the right visual field. For
familiar stimuli, subjects tend to look first and/or faster toward
stimuli in the left visual field. Kinsbourﬁg (1974) argued that the
left hemisphere (which responds to stimudil in the right visual field)
is specialized for initial feature analysis and when an unfamiliar
object is presented to both hemispheres, the left hemisphere is
activated more than the right. This imbalance causes subject to loék

‘ -
first (and/or faster) toward the right visual field. Similarly, the
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right hemisphere 1is spee?glized for the simple detection of familiar
objects, sg when those are presented, the right hem;;ﬁhere-is activaéed
more than the left, causing subjects to look to the left.

'Recently. inve;t@gators have attempted to find behavioural
evidence for hemispherié specialization .in young infants (Barrera,
_Dalrymple. & Hiieison, Note 11} and anatomical evidence for corti&sl
dominance, even in newborns (Witelson & Pallie, 1973). However, thére
would be a difficulty in using Kinsbourne's (1974) behavioural
techniques to test for hemispheric sﬁecialization in newborns.
Specifically, the experiments reported in this cha#ter suggest that the
geniculo-cortical pa;ﬁuay is too immature to mediate detection at 20o
in the nasal visual field. Even if crosded fibres in this pathway were
sufficiently mature to mediate detection in the temporal visual field,
the left hemisphére would have input mainly from the right eye and the
right hemisphere, mai?ly from the left eye. Consequently, any observed
differences in reacti;§>time or in the direction of eye movements might
-reflect eye‘doﬁinance rather than cerebral specialization. Moreover,
the entire geniculo—cortical pathway might be too immature to mediate
peripheral detection at birth. If this were so, peripheral stimuli
might have no representation in the visual cortex, Under these
circumstances, any observed differences in behaviour certainly would

not reflect hemispheriec specialization.

(b) Tests for visual preference

A common method of determining whether newborns can
discriminate between stimuli involves presenting those stimull in pairs

and recording how long infants look at each member of the pair. When
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infants spend more time looking at one imu tHan the othér. this
provides evidence for diserimination ie.g.. Fantz, 1965; Fantz o.zt al.,
-1975). However, since the left eye sees mainly stimuli on the left,
and the right eye, E:ainly st.:imuli on the right, the wrong inferences
could be drawn by obferving only ‘one eye. Moreover, even if both eyes
were observed, it is ’uncléar whether newborns process the disparate
information from both eyes or whether they suppress t.'he information
from one eye. Thus, investigator§ might be wise to present single
stimuli which fall vfithin the binocular region (within the central 20°
of the visual field). In addition, it would be interesting to find out

if the conclusions would differ for monocular and binocular viewing.

.. - {e) Tests for peripheral acuity -

It is well known that peripheral acuity in adults decreases as
stimuli are placed f‘urtﬁer of‘f toward the side. This is true both when
<adults are tested binocularly (reviewed in Alpern, 1962; Aulhorn &
Harms, 1972) and when they are tested monocularly (e.g. Frisen &
Glansholm, 1975). I‘;’: contrast, \very little is known about newborns'
peripheral detection.

Recently, Lew&s et al. (1978) measured pe:jipheral_ detec?:ién
binocularly -in newborns by presenting single lines at various locations
in the visual field. To assess peripheral detection, they determined
the narrowest line that would eliclit eye movements toward it
significantly more often than chance. However, they. were recording
only from the left eye and found no evide_ance for the detection of any
stimulus 20° or 30° to the right. This 1s not surprising since the

results of Experiments 2 and 3 showed that monocularly, each eye has
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poor detection at 20° in the "nasal visual field. Thus, in the study of
Lewis et al., the right eye probably detected the stimuli at 20°and 30°
in the right visual field (Experiment 3). Despite this, eye movements
toward peripheral stimuli still would be a sultable measure of
peripheral detection binocularly if‘poth eyes were recorded. Moreover,
the results of the experiments in_this chapter suggest that thresholds

-

for moneocular detection could'be tested peripherally using a method

similar to that described by Lewis et al. . \\a?_-Hﬁ:— i
In adults, peripheral detectiéﬁ is better for single lines than )

for striped stiqpli (Low, 1951). It would be interésting to determine
if the same Lere true in newborns. To measure peripheral acuity fo%
stripes, it might seem logiecal to show infants a striped stim&ius and a
plain stimulus, one in the left visual field and the other in the right
visual field. If infanps could detect the stripes, théy should move
their eyes'toward them Significantly more often thép toward the plain
stimulus (Fantz et al., 1975); and the narrowest stripes that elicited
eye movements toward them would be a measure of acuity. Several
investigatoré have_used a similar method Fo measure acuity in newborns
{(Fantz et al., 1975: Miranda, 1970; Doris, Felzen, & Poresky, Note 12),
although those investigators measured how long Iinfants looked at each
stimulus rather than the direction of the infants; first eye movements
away from centre,

. However, there is._a problem in using eye movements as a measu}e
of newborns' peripheral acuity for str%Pés. If they were to view the

stimuli binocularly, it would be difficult to interpret the results

(see the discussion of tests for visual preferences). If they were to
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view .the stimu}i monocularly, the,results of Experiments 2 and 3

suggest that they might not even see the stimulus in the nasal visual
field if it were more than 10° off to tﬂe side. Thus, if infants were
to move their e}es toward the'ﬁtriped stimulus, it would not
necessarily be becsuse they detected the stripes. Rather, it might be
because that was the only stimulus they could see. Consequently, the
Airection of eye ﬁovements appears to be an inabpropriate measure of
newborns' peripheral acuity for stripes, particuiérly their @6nocu1§r

acuity. Unlike the tests for visual preferences, presenting the.

. stimuli in pairs is necessary since newborns move their eyes toward a

single peripheral stimulus whether it if/,patté}ned (Harris &
MacFarlane, 1974%) or plain (Lewis et al.T\ 1978). Thus.v scme other
measure, such as the visually evoked response, might\Pe_more suitable,
) i

In conclusion, the first three experiments<show that although
newborns can detect a line 3918 wide at 10° in the nasal visual field,
they show no evidence of detecting the same stinmulus at 20° in the
nasal visual {ield. This sudden transition in behaviour suggesés that
socme part of the geniculo—cortica} pathway may be too immature Lo
mediate peri;heral detection at birth, If det;ction in the nasal
visual field were to depend on the geniculo-cortical pathuay, then as
£hat pathway develops, infahts'might show‘a corresponding improvement
in nasal field detection. The followiégAchapter considers evidence for
the development of the geniculo—corticai pathway and presents the daté

¢
on peripheral detection in older infants {(Experiments 4 and 5).

L]



- Chapter 3

Detection in the Temporél and Nasal Visual Fields by

1= and 2-month-old Infants

P

There appears te be‘considerqble development in the geniculo-

[

" cortical pathway during the first few months of life. In the visual

cortex, -dendrites and axons Increase “in length, size and number of
branches: the cellular organization comes to more closely resemble that
of an adult: and fibres become myelinated, especlally those in the

projection from lateral geniculate to visual cortex (Conel, 1939, 1541,
19473, PA&siological studies measuring visually evoked responses
suégest that important changes'in the geniculo—-cortical pathway take
place between 1 and 2 months of age. Hoffmann (1978) foundjtha&ﬁ:iizf;
1-month-olds view checkerboards with large checks, the amplitude of the
early component of the visually evoked response (which supposedly
- o
reflects activity in the geniculo-cortical pathway) is unrelated to
chetk size. This suggests that the genicule—-cortical pathway might be
tOO.immature to differentiate at least_some stimuli during the first
month of life (see Section 1.6). 1In contrast, when Z—monﬂhéglds view
i

the same checkerboards, the amplitude of the eariy component varies as
check size is varied (Karmel, Hofﬂnanh; & Fegy, 1974).

Behavioural data also imply that there are important changes in
the éeniculo—corticalépathwaj at abou? 2 months of age. Only when the

&
infant is at -least 2 months old does he scan extensively {(Salapatek,

1975) and only then does he look frequently at the internal elements of
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a figure (Maurer & Salapatek, 1976; Salapatek, 1975). This exﬁensive
scanning probably acco&nf.#. in part, for the ability of 2-month-olds to
discriminate, for the-fifst time, stimuli which differ only in the
shape or arrangement of. their intermal élements (Fantz et -al., 19'7.5;
Maurer & Barrera, Note :6). Moreover, only at that age, does tracking
become smooth (White, 1971; White et al., 1963), and only then does
symmetrical op;okinetic; nystagmus begin to occur monocularly (i.e., it
begins to occur reliably both for. stripes moving temporally_ to nasally
'5;& for stripes moving nasally to tempi'.;rally) (Atkinson:' Note 1),
Extensive scanning, the disbrimination of stimuli which differ only_
internally "in shape or‘ arrangeﬁ:ent. smooth pursuit and symmetrical
optokinetic nystagmus probably depend on the geniculo-cortical pathway,
(reviewed in Section 1.5). Thus, in the human Infant, the
geniculo-cortical pathway might bde Vcapable- of influencing those
behaviours at 2 months of age, but not before.
The human newborn appears not to detect stimuldl ‘at 20° in the
& ﬁasal visual field ({(Experiments 2 and 3). ~ In cats, this behaviour
‘depends on the geniculo-cortical pathway (Sherman, 1974d, 19.77b).‘ Ir
‘.:.he\;same-uere true in the l'_nnan' hinfax’:t-. he m'ight. show a marked
N improvement in nasal f‘i;:ld detection’ at 2 months oi-‘ age, but not at 1
uionth qof age. The following two stu&ies tested peripheral detection 1r‘i
the left eyes: of 1-month-olds and-2—mon.t.h—olds. In each expgrilr;en't:.'.
‘the nethod was identical to that described in Experime.nt 2, except for

b - the age of the subjects. Experiment 4 presents the data for 1-néfth- _

olds.



~ Experiment &

Method

Subjects

The subjects were 30 healthy full-term l-month-olds (at least
38 weeks gestation and at least 2500 gms at birth) residing in or near
Hamilton, Onmtario x age = 35.% days, range 28 to %1 days).  An

additional 76 bables were tes%eg but not included because they provided

1

4 _insufficient data. Babies who had'participated in Experiments 1, 2 or

s

3 were not tested.

°

-

BREA Stimuli, Apparétus. Procedure and Data Reduction

The stimuli, apparatus, procedure and ;coring were identical to
Experiment.Z. The scorers agreed with each other 95% of the time on
> whether the infant began the trial by fixating centrally. On trials
which the scorers agreed began cé;Erally. they agreed 91% of the time
on the direction of the first eye movement.
Results
The analyses were identical to those described in Experimeét 1.
A Friedman Analysis of Variance showed that the probability that the
first eye movement was toward the left -visual fileld differed for the
left line, the right line and the blank field (X2 = 10.52, df = 2, p <
.01). I compared the differences betueen‘these probabilities for the
Jeft line vs. the blank field and for the right line Vvs. the blank
field using Wilcoxon tests of matched pairs with A adjusted according
to Ryan's -(1960) procedure, Wilcoxon tests ;houed that the babies

detected the left line, T(23) = 49, p < .01, &' = .033, but that the
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babies showed no evidence of detecting the right line, T(21) = 82.5, p

Temes 25 ol = .033.

Fig. 8 shows, for each baby, the difference between _the

probability that he moved his eyes first away from centre toward a line

.and the probability that he moved his-eyes first away from centre in'

the same direction when the field was blank. When the line was at 30°
in the left visuval field, most scores were positive, i.e. the
probability that a baby moved his eyes first toward a line was greater
than the probability that he moved his eyes first in the same dir-e<_:tion

when the field was blank. In contrast, when the line was at 20° in the

" right visual field, there -were about an equal number of positive and

negative scores.
Discussion
When 1-month-¢lds viewed stim::li monocularly with the left eye,
they detected a line 3018' wide at 30° in the temporal visual fiel&.
But they showed no evidence of detecting the same line when it was at
20° in the nasal visual field. Thus, 7-month-o0lds seem to have poorer
detection in the nasal 'than in the temporal viswal field of the left
eye. These results are s-imi]:ar to those reported for the left eye of
newborns (Experiment 2) and for the r;lght eye of newborns (Experiment
3). : | .
(Jyﬂng the first month of 1jfe there appear to be. no obvious

changes in the visually evoked response, or in the infant's ability to

scan extensively,. to track smoothly or to show.‘symmetrical optokinetie

nystagmus. Those rgsult.s suggest that the geniculo-cortical pathway

still might‘/ﬁe too immature to influence q:any‘ visual behaviours at 1



Fig.. 8.

The difference between the probability that a l-month-
old moved his left eye toward a line and the probability
that he moved his left eye in the same direction when
the field wasyblank. The data are for lines located

at 30° in the left visual field and at 20" in the right
visual field (Experiment 4). - - '
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month of age. The results of Experimeﬁt 4 suggest that there are no
marked improvements in nasal field detection during the first month of
life. Consequentl-y. they strengthen the conclusion that, in the human
infént. good detection in the nasal field depends on some part of the
pathway through the visual cortex,.

In add}tion. the results have pther implications similar to
those discussed 'fér- newborns (see the Discussion of Experiment 3).
They suggest tﬂat there is little, if any, change in Ehe binocular
région of overlap during the first month of life; that conjugate eye
movements might occur mainly within 2 limited region of the visual
field: and that stereoscopic depth perception might be poor,
particularly beyond the region of binocular overlap. Horeofer. since
i-month-olds appear to have poor detection in the nasal field,
precaution is necessary in studying their vision (see the Discussion of
Experiment 3 for a detailed explanation). Tests for hemispheric
specialization and tests for visual preferences that use palred stimull
might result in misleading data; and the direction of eye movements
toward peripheral stimuli would not' be a feasible _measure of their
peripheral acuity for striped stimuli.

. Experiment 5

-

Studies of %isually evoked responséa and visual behaviour
suggest that the geniculo-cortical. pathway 1is sufficlently mat re to
beégﬁ to influence several btehaviours at abogt 2 months of age 5 If the
ﬁoor nasal field detection observed in newborns (Experiments 2 and 3)
and in 1fmoath-blds (Experiment 4) were to.refypctf;n immature

geniculo—cortical pathway, then 2-month-olds should have good detection’

. -



in both visual fields. Moreover, their detection in the nasal visual
field should be considerably better than in newborns or in
1-month—§lds. ' Expefiment 5 tested this possibility by examining

peripheral detection in the left eyes of 2-month-0lds. The method was

—.___,J'/-‘-\\

the same as that described‘in Experiment 2.
" Method
2 Subjects
The subjects were 32 2-month-olds® (X age = 64,5 days, range.
— . 56 to 70 days) similar to those described in Experiment &. An
additional 43 babies were tested but not included because they provided
insufficient data.‘ Babies who had‘ participated in any_ previous
experiment were not tested..

g
Stimuli, Apparatus, Procedure and Data Reduction

The stimuli, apparatus, procedure and scoring were identical to
Experiment 2. The scorers agre?d with each other 89% of the time on
whether the infant began the .trial by fixatipg centrally. On trials
which the scorers agreed began centrally, they agreed 83% of the time
on the direction of the first eye movement.

Results :

The analyses were ideﬁ%ical to those desceribed in Experiment 1.
A Friédman Analysis of Variance showed that the probability that the
first ;ye movement was toward- the left visual@Qfield diffefed for the
left line, the'right line and the blank.%ield (X2 = 22126. df = 2, p«
.001); Wilcoxon tests showed that babies detected both the left line,
.T(Zu) = 64, p =‘.OT,¢k' = .033, and the right line, T(29) = 74.5, p <

.01, &' = ,033,
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Fig. ¢ ‘shous; fér each _b;by. the difference between the
probability that he moved his eyes first toward a line and the
probability that he moved his eyes first in the same direction when the
field was blank. When the line was at 30° in the left visual field or
at 20° in the right viéual field, most scores were positive — i.e. the
probability that a baby méved his eyes first toward each line was
greater than the probability thét he moved his eyes first in.the same
direction when the:field was blank.

Discussion

When 2-month-dlds viewéd stimuli monocularly with the left eye,
they detected a line 3°18' wide at 30° in the temporal (left) visual
field. This behaviour is’sﬁmilar to that cbserved for the left eye of

*newborns (Experiment 2) and 1-month-olds (Experiment 4). However,

2-month-olds also detected the line when it was at 20° 1in she nasal

{(right) visual field. Neither newborns (Experiment 2) nor 1-month-olds

-

(Experiment 4) showed evidence for this detection. Consequ5q§i§; there .

appeats to be a marked improvement in nasal field detection\Jor the
left eye between 1 and 2 months of age.

Anatomical and electrophysiolegical changes 1in the
geniculo-cortical pathway (Conel, 1941," 1947: Hoffmann, 1978; Karmel et
.al., 1§74) mighf underly the marked improvement in nasal fileld
detection at about 2 months of age. However, there are explanations
other than geniculo-cortical development which might account'for this

improvement.



Fig. 9.

80 .

The difference between the probability that a 2-month-
0ld moved his lefr eye toward a line and the probability
that he moved his .left eye in the same direction when

the field was blank. The data are for lines located at

30° in the left visual field and at 20° in the right
visual field (Experiment 5).
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1. An improvement in the ease of eye movements toward the nasal

visual field

Duriqg_the fir;t-month of life, infants seeﬁ to A;Ve temporal
biases when they scan periphe;al stimuli monocularly (Haith, in press;
Maurer, 1974: Mendelson & Haith, 1976; Slater & Findlay, 1972). If
those blases were no longe; present in 2-month-olds, infants migﬁt
appear to detect tﬁe nasal line for the first time at éhat age.
However, there is eyidence that temporal blases ére_‘not. mitigated
during the first two montés of life (Maurer, 1974). Moreover, even
heubo}ns can overcome any response blases sufficiently well monocularly
to demonstrate detéctioﬁ at 10° in the nasal visual field (Experimentr
1Y: and it is unlikely that response .biases prevented them f{rom
demonstrating detection at 2¢° in the nasal field (see the Discussion
of Experiment 3). Thus, .it is unligely that an improvement in the ease
of eye movements toward the nasal visual fileld could account‘for the
observed improvemené in nasgl rield detection between 1 and 2 months of

age. -

2. Changes in the anatomy and optics.of the eye

There are many anatomical and optleal chang;s in the eye wﬁich‘
might cause an improvement iIn peripheral vision between birth and
adulthoed. - Som of these changes probably occur during the second
month of life. First, there are changes ié the shabe of the eyeball
{Mann, ?963;~Sor£b;. Benjamin, Sheridan, Stone, & Leary, 1961), cornea
and lens (Brown, 1961; Mann, 1964; Parks, 1966). But, since these
changes appear to be symmetrical éroqu the bptic axis, it is unlikely

-

that they underlie the observed improvement in nasal fieid detection.



Second; the line of sight p?oﬁébly shifys nasaliy on the retina and
approaches tge adult location of 5° temporal to the optic axis (Alpern,
(19625 Mann, 1964; Maurer, 1978). If tgis were so, a target at 20° in
the nasal visual field would be optically less blurred for the %qmonthf
old than for. the newborn (see the Discuﬁsion_of Experiment 3 for a
detailed explanation). .Houever. it is unlikelf that this would be
sufficient to account for the obser#eé improvement in nasal field
detection, especially since optics are relatively unimportant in
determining Lhe adult's ability to detect peripheral stimuli (Clarke &
" Belcher, T962; F?isen & Glansholm, 1975). Finally, since %®he
peripheral rétina is practically mature‘at birth {(Mann, 1964},
differential changes_in receptor density in the two hemiretinae are
also an unlikely explanatioﬁ.

In summary, electropﬁysiological and beﬁéviéural data suggest
that - there are important changes in the functioning of the
geniculo—cortical pathway bgtween 1 and 2 déaths of age. There appears
to be a corrégponding improvement in nasal field detection during that
time. Since factors such as changes in the control of eye movements
and anatemical chariges in‘tpe eye appear to be insufficient to account
“for %the results,. it seems likely- that‘ maturation of the
geniculo-cortical pathway underlies the ob;erved improvement in nasal
field detection. It also seems likely that poor nasal field detection
a£ sirth reflects at least in paft. an immature projection through the
visual.cortex. However, it is possible that some part of the visual
'system, other than the éeniculo—éortical pathway, is'also necessary for

‘ good detection tn the nasal field. Certainly, many other parts of the
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cortex are maturing anatomicélly between 1 and 2 months of age (éonel.

1§R1, 1987).

Other Implications of Improved Nasal Field Detection Between 1" and 2

Months of Age ' -

1. The region of binocular overlap

-

Two-month-olds can detect stimuli at least out to 20° in the

‘nasal visual field of the left eye. If the same were true for the

right eye, at least the central 40° of the visual field would be
represented on the retinae of both eyes. Thus, the binocular region
would be at least 40° in the 2-month-old. Since newborns (Expe;iments .
2 and 3) and l-month-olds (Experiment’ 4) appear not to detect stimuli
at 20° 4n the nasal visual field, the binocular region appear:} to

expand be%ond 40° only at about 2 monthss of age.

2. Conjugate eye movements

Newborns'- eye movements are frequently nonconjugate (Blarton,
1917; Fonarev, .1959: Guernsey, 1929; Méurer. 1974: Wickelgren, 1969).
Perhaps at birth, conjugate eye r‘nov‘ements occur mainly in the binbcular_' .
region, although this possibility has not been tested adequately (see
the Discussion of Experiment 3). The frequency of coordinated eye
movements increases with age (Brown, 1961; Fonarev, 1959; Guernsey, -
162G), but even 2-month-olds still show some eye movementis which are
nonconjugate (Fonarev, 1959). Since the binocuiar region alsc appears
to expand between 1 and 2 months of age, 1t would be interesting to

determine®if there were any relaLiicnship developmentally between

-conjug_'até eye movements and the location of stimuli in® the visual

field. Perhaps during tﬁe f&-rst few months of 1life, conjugate"eye



movements occur mainly toward stimuli which are in the binocular
region. Obviously. this is not the case in normal adults, because they
appear to show conjugate eye movements 100% of the~time, even when they.

rnove their eyes toward stimuli beyond the binecular region.

3. Implications for studving pecCeption in the 2-month-o0ld infant

At 2 months of age, eye 'movements are frequently conjugate
(Fonqrev. 1959), the binocular region seems to include at least the
central ﬂda. of thé vi;ﬁéi field and tﬁe\ geniculo—cortical pathway
appears to be §uf£icient1y maturé- to mediate peripheral detection
(Experiment 5J. Consequéntly. most 6f the problems outlined in
studying the perception of newborns’ (see the Discussion of Experiment
3) and of T-month-olds {see the Diacussion of Experiment %), no longer
seem to apply to the study of 2-month-olds. For_2—month—olds. the
direction of eye movements wpuid be an éﬁpropriate test for hemispheric
domin;nce. It also would be appropriate to present:pafred stimuli in'
test; for V;Sual preferencés or for peripheral acuity. However, it is
unknown ;gether 2~month-olds can detect stlmuli beyond 20° in the nasal

visual field. Thus. for paired presentations. investigators would be

wise to present stimuli which are no more than 20° off to tgk“ﬁlde.

.,



Chapter &

° General Discussion

The éirst three experiments reported in this thésis were
designed to find out if human newborns, like cats and hﬁ?an adults with
'ucortiéal lesions, have poorer ‘detection in the nasal than in the
temporal visuwal field. The reéults of Experiment 1 shouéﬁ that
newborns viewing stimuli monccularly-move their eyes reliably toward
Fipgle lines 3°18' wide located at 10° in the.temporal or nasal visupl

-

field. Thus, even under monocular conditions, newborns can overcome
any response biases sufficienti&lwell to demonstrate both temporal and
nasal vision. When the stimuli were placed further in the périphery.
newborns still move& their eyes reliably toward single'lihes 3018‘ wide
located at 30o in the temporal visual field. But they showed no
evidence of detecting the ‘same line at 20° 4n the nasal visual fleld
(Experiments 2 and 3). Thesé results suggest that hﬁnan newborns have
poorer detection in the nasal than in the temporal visual field.

It is unlikely that the results were due to differences in the
ease of temporal and n§;31 cye movements, It is also unlikely that
they were due to differences in.the density of receptors on the two
hemiretinae or to optical factors (see the Discusslion of Experiment 37,
Rather, the similarities in peripheral detection among lesioned cats,
lesioned human adults, and normal human newborns suggest that In human
newborns at leasf part‘of the geniculo-cortical pathway 1s immature.
Ho}eover, atlﬁéast,part of the projection tﬁrough both hemispheres of

86
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the visual cortex might be very {;;:}g::\thce newborns seem to have

poor nasal field detection both for the left eye and for the right eye.

(Experiments 2 and 3). .
u -y
Other data also sudgest that at least some part of the
geniculo=cortical pathway is very immature at birth. Anatomically, the

lateral geniculate, the visual cortex and the projections between them

are poorly devgloped in the human newborn (Conel, [ 1939: Dekaban, 195%;

Hickey, 1977). Studies of visually evoked respondes suggest that the

—

geniculo—cortical pathway might be tod\ggsaturei o influence at least

some visual! behaviours, even in 1-month-o6lds (Hoffmann, 1978).
F) )

Moreover, in many respects, the behaviour of the yowng infant resembles
that of cats, monkeys and humans with lesions of the vistel-cortex

{reviewed in Sectlon 1.6)]. .7
. ) "\‘
There appears to be considerable development in the geniculo-

cortical pathway between 1 and 2 months of age. During that time, the
Ve
Wisual cortex continues to develop anatomically (Conel, 1941, 1947).

N -

_ElgctrOphysiological data suggest that the geniculo-cortical pathway
ia{luences some visual behaviours for the first time at about 2 months
of age (Hoffmann. 1978; K;nmel et al., 1973). Behavioural data lead to

a ;imilar conclusion. Not until 2-;onth; of age do human infants show

that they cag discriminate shapes .or arrangements enclosed in 1deptical
fram;s. Nor until that age do they scan extensively, track smoothly
and display symmetrical optokinetic nystagmus when tested monocularly.

Evidence from 1e$ioned and immature organisms suggests that these

behaviours depend on the geniculo-cortical pathway {reviewed in Section

1.6 and Chapter 3). Thus, in human infants. that pathway might be

i
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sufficiently mature to influence at least some vi‘.v.ual, behaviours at 2
months of age, but‘not before.

The human newborn appe;rs not - to segect stimuli_at 20° in the
nasal visval field (Experiments 2 and 3). If that apparent limitation
_also‘uere to reflect an immature-projec;ion'throuéh the visual cortex,
infants might show a marked improvement in nasal field detection for
the first éime at about 2 months of age. Efpéniments K and 5 confirmed
that«?rediction-_ One-month-olds, like newborns, detected a line 3018'
wide at 30°.in the temporal visual field but appeared not.to detect the
same 1line at 20° fn the nasal visual field (Experiment &),
Two-month-olds, unlike newborns and ﬁ1-month—olds. &etecped both the
temporal and nasal lines (Experiment 5. These results suggest that
thereeis an improvement in nasal field detection between 1 and 2 menths
>f age, but not between birth and ° mdntﬁ of.age.

Tr is unlikely that the observed Limprovement 1in nasal field.
detection was due to an improvement in the ease of eye movemenis toward
+ne nasal field. Nor is it likely that it was due to the anatomical
development of the'eye or to changes in the optics of the e}e (reviewed
in Chapter 3). Rather, it is more likely that the observed improvement
was due, at least in part, to maturation of the geniculo-cortical
pathway. Poor nasal fleld detection perhaps can be adcded to the list
of limitations uhichAreflect an immature geniculo-cortical pathway at
birth.

Several authors have postulated that, prior to 2 months of age,

the geniculo-cortical pathway is toc immature to influence any visual
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behaviour (Bronson, - 1978; Karmel & Maisel, 1975; Salapatek,

Volkmann & ﬁoﬁson, 1976). They argue that during that time, visuil
behaviour is mediated en;irely by o;her parts of the visu?; s&stem an
in particular, by the direct brojecéion from the retina to the éupezipr
colliculus. Until recently, there ués no evidence which contradicted
that view.

However, new behavioural evidehce—reqpires a reconsideration of
the traditional view that the entire geniculo-cortical pathway is
nonfunctional during the first 2 months. It is now known that h;nan_
infants less than 2 .months old differ from monkeys and cats with
sortical lesions in two important respects. Human infants can easily
discriminate orientation and shape (proyiding the stimuli are not
enclosed in identical frames) but lesioned animals have greatl
difficulty .in making similar dihcriminations. ' Specifically, human
newborns can discriminate horizontal from vertical stripes (Slater &
Sykes, 1977) and straight bérs from curved bars which are equated in
intensity, area and amount of contour (Fantz & Hiranéa..1975).
Moreover, tﬁey can make these discrimination in only one or two trials.

At least by 1 month of age, infants can learn easily to discriminate a
N ,

]

irele from a trfangle (Milewski, 1976) and obligue stripes oriented to

0

he left from oblique stripes oriented to the right (Martello, 1978

ct

Mayurer & Martello, in press}.

Ir contrast, meonkeys and cats ui?p cortid%l lesions (which
" result in virtually complete retrograde degeneration of tﬁe lateral
geniculate) discriminate orientation and shapé with great difficulty.

For example, lesioned monkeys appear not to discriminate horizontal
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from vertical 'stripes; eyeh afteé“52qo _ﬁrainiﬁé tfﬁais- fwéi;kranﬁz}
1963). Although ﬁ@rméihﬁonkeis caﬁ 1earn.to di;cfigieate.alc;fglg from
a triangle in 200 trials.rlesioned'ﬁo%ﬁéys_néed atfléaﬁﬁcéGSCftrialtho-
relearn that discriﬁiﬁation and sometimés they abpear no?-ﬁo ?eiearn Et,
even aftdr 5700 trials (Schilder, ?asik..& Pasik;71972);' Lehicnéd:cats
seem to have similar difficulties (Bauman & S'—pear,_.19."f-7:r Chow, 1968;
Cornwell, Warren & Nonneman, 1976; Loop & Shérman. }977b: ‘Spear &
Braun, 1é59: Wood, -Spear & EréunJ 19T8). _"For‘e-xam‘ﬁleE thej shou_;o
evidence. of relearning a horizontal-vertical ‘discr;minaiion in -sik
tihes‘the trials taken to learn tha£ discriminaiioh prior to surgery
(Lﬁop % Sherman, *1977b); and they make about times more errors when
relearning a circle-triangle discrimination than do sham-operated
controls (Cornwell et al., 1976), Moreover, humans with I;Sions of the
genicule-cortical pathway appear to have difficulty discriminatiig
orientation and shape when the stimuli are p}acgd in the affected
portion of the visual fielh. Ho§t patients show no evidence whatsoever
for the discrimination of stimuli whic& are equated in intensity, area
and amount of contour (Perenin & Jeannerod, 1975, 19?8):‘andlthe others
show eviéence of discrimination only if the stimuli are Qery large
(Weiskranté. et al., 197%). |

friefly, in the absence of the geniculo-cortical pathway,
monkeys, cats and human adults appear to learn orlentation and shape
discriminatiagns only with great difficulty. The ease with which

newborns learn similar prodlems suggests that at least some part of the

zeniculo-cortical pathway is fumctional at birth.
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(1978) concluded that the gen*eulo—cortical pathuay was too imature to

,influence visual behaviour in 1—month—olds because the amplitude of the

-

'early component of the visually evoked response (which supposedly

reflects genieulo-cortical activity) was unrelated to the size of -

o"xeck. Honever uhen Sokol and Jones (1979) measured the latency of

the evoked response rhther than its amplitude. they found that the.

latency of’ the early complex varied systematically with check size in

l%-ueek—olds (the youngest age tested) | Hhen Harter Deaton. and Ocdom

(107:) tested small checks in addition to large ones, they found that

the . amplitude of the early component reflected the size of small
checks. even in a 6—day-old - infant {(but see Sokol X Jones, 1979).
Thoref‘ore, uhen appropriate stimulti are. tested, changeé in both the
nmplitude and the latency of the viSually evoked repsonse suggest that
the geniculo-cortical pathway i3 su!‘fieiently mature to differentiate
at least some stimuli during the first month of life. The anatomical
data are consistent with that possibilﬁity. Although the visual cortex
{s anatomically very immature in full-term newborns, many synapses are

present well belore that time (Purpura, Note 13).

This points out an interesting problem in the interpretation of
the experiments reported in this thesis. ' If the entire
geniculo—colrtical pathway were too immature to influence visual

nwehaviour during the ¢irst month of life, it seemed reasonable to

conelude that poor nasal field detection at birth results at least in

kpart from 2n immature geniculo-cortical pathway. But the behavioural

data suggest that e geniculo—cortical pathway is sufficiently mature
3

Electrophysiological data support that contention. Hof‘f‘mann-

N



to mediate the discrimination of orientation and shape. - Moreover, the
plégtrOphysio;ogical data suggest that that pathway 13 sufficiéntly
mature to differentiate at least some stimuli. The particular part of
the gen*culo—cortical pathway which is sufficien*ly mature to mediate
those behaviours also might be. capable of mediat*ns good nasal field

rdetection. If that were so poor nasal field detection” at dirth might
result from the immaturity, not of the geniculo-cortical pathway, but
iratﬁer of some other part of the visualuﬁfstem;

Receht physiclegical and anatom;cal evidence suggests that the
projection from retina Fo lateral geﬁicuIate io.vjsual‘cortexrcon:ains.
separate pathways, gbme]uhich are'tnvolgéd in*ﬁé%ipheral Aetéction and
o:herﬁ which are involved in the discriminaéron of orientation and
shépé. Since mosﬁ of .the relevant data have been collected {rom the
cat, T will begin by reviewing the evidence that the 'cat has three
separate but parallel pathways in that projection: an X-pathway, a
V-pathway and a W-pathway. T will then attempt to show that monkeys
ané humans appear to have similar pathways with similar projections,
© Next, I will consider the function of each pathway and I will attempt
;o show 'that: at least in cats, the Y-pathway through the corﬁek
éppears to .be necessary for good detecticn in the nasal field. fhe X-
and/or wfﬁathways appear to be sufficient for the discriminaticn of
shape and orientation and insufficlent for good nasal. ield detection.
Finally., I will attempt to show that in cats, the X-pathway is
functional at, or sho?tly after birth, but the Y-pathway through the

cortex does not appear to be functional until several months later. I

will argue that the behaviour of the human newborn resembles that of a

)
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114 missgng a functional Y-pathway through the cortex and that peor
_nasal field ‘detection by the human newborn might reflect specifically
an’ immature Y-pathway through the cértex.

L1 Para{lel Pathways to the Visual Cortex in the Cat

.11 _ Elecg\oahy_iiological‘e\fildence for separate classes of cells in

R

- the cat's retina

For; many years, physioiogists have attempted tp_ cl_as;if_y the
g.anglion cel}s of the retina into distihct categories, Traditionallf.r
t'r.zese‘ célls were classified as either CN-cells (those grith excitatory
.receptive field centres) or as OFF-cells ‘(_those with inhibitory
receptive field centres) (Kuffler, 1953). But in 1966 Enroth-Cugell .
and Robson introduced a new classification which ﬁas independent of t;he_
traditional ON-OFF distinction. They recorded the responses of single =
ganglion cells in the cat's‘ retina to statiénary st_ripes placed at
various ‘positions in the rec'eptivg field and to moﬁir}g stripes which -~
drifted mcross the receptive fleld., Two type; of'.cells; which they |
arbitrarily called X-cells and Y-cells, could l?e distingu.ished on the
bas.is of t':heir summation properties. X-cells showed linear smatiﬁn.
They responded to broad stationary stripes only if the stripes were
placed at certain positionsdrwithin;their recept.ivg fields; and they
fired at a constant mean rate to moving stripes, regardless .ot‘ the
width of the str_i‘;;e. Y-cells, on the other hand, showed nonlinear
summation. They responded to broad stationary stripes placed at any
position within their receptive f‘i'elds: and they-changed their mean
rate c;i‘ discharge as the width of moving str_ipes changed. Recently

several authors have verified these distinctions (Cleland, Dubin, &
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Levick, 1971: Hickey, Winters, & Pollack, 1973; Ikeda & Wright, 1972b;
L 3 ) -

Linsermeier & Jakiela, 1919[,' . < T '

ganglipn cells in the cat have been classified into‘snparate groups on

the basis of two other defining criteria. First. one Eroup of cells,

Aside from. their differences in sunmatinn properties, retinail

“suatained cells," fires continucusly during the presentation of a -

stimulus, while the other group, "“transient cells,” fires only when a

stimulus is turned on or off (Cleland et 51.. 1971). Second, one group

hés slouiy conducting axons while the other .group has fast conducting
\':' .

axons (Bishop, Clare,l&'Landlau;_19&9: Bishbp. Jeremy, & Lénce. 1653

Fukada, 1971; Hoffmann, 1973).

Fortunately. for the most part, the separate eriteria based nn_

Smeation'properties. firing patterns and conduciinn velogcities mérge
into two distinct clasned. One clnna shows 1inea<\3353jtion..suStainnd
firing and slow conduction along 1ts axons .in the optic nerve; the
other class sbous. nonlinear sunmation, transient firing and fast
conduction (Chino, Shansky, & Hamaski, 1978; - Cleland et al., 1974 :
Hickey et al., 1973; Ikeda & Wright, 1972b). Thus, there appear to be
at least two distinct classes of cells in the cat's retina. Since the

terminology varies from author to authorn, I uillradopt Enroth-Cugell

and Robson's (1966) 1abels and refer to these classes as X-cells and

Y-nells. respecti}eiy.

Investigators have discovered many more characteristics which
‘tend to differentiate X- and Y-cells in the cat's retina. Compared to
X—cells, Y-cells tend %o respond'uith shorter latencies (Cleland et

al., 1971: Cleland & Levick, 1974b: LHoffmann, 1973; Lee & -Willshaw,
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1979; ?ilson; Rdue, & Stone, 1976), apd' to have largér receptive field

centres (Cleland, Harding, & 'fqlunay-xeesey. 1979; Cleland, Levick, &

Sanderson, 1973; Enroth-Cuge'll & Robson, 1966: Fukada, ‘1971: Ikeda &

Wright, 1972¢; Stone..& Fukuda, -1978), 'and weaker and' more extended

-

inhibitory surrounds (Cleland et al., 1973: Hickey et al., 1973; Ikeda
& Wright, 1972b; Lee & Willshaw, 1979). They tend to respond better

than ﬁ-cells to fast moving or flickering stimuli (Cleland et al.,

1971, 1973; Frishman & Schweitzer-Tong, 1978; Fukada & Saito, 1971;

Hamasaki ‘& Cohen,’ 1977; Lee & "#Willshaw, '1979). to‘b.roa-d stripe-.'.l
(Enroth-Cugell % Robson, 1966}, to- large stimuli (fkgda &lHright.
1972a; Lee & Willshaw, 1979), to diffuse light (Fukada, 1971; Hickey et
al-.. 1973), to defééu:;ed images (Ikeda & wr?gk, 1972a) and to large
moving stimuli outside their receptive fields (Cleland et al., 197t,
'wﬁ;??: Derringtor, Lennie, & Wright, "1979:- Tkeda & wWright, 1972d).
Finally, compared to X-cells_, Y-cells are relatively m'merous in the
periphery and rela‘tively scarce in the area centralis _(-Cleland &"
Levick, 1§Tua; Cleland et ~21., 1973: Enroth-Cugell & Robson, 1966:
Fukada, 1677; Ikeda & Wright, i972a).

.In contrast, X—-cells tend o respond with longer latencies than
Y-cells (C;.e_land et al., 1971 Eleland & Levick, 1974b; Hoffmann, 1973:
lee & Willshaw, 1979; Wilson et al..’1976): to have smaller receptive‘
field centres (Cleland ét. al., 1973, 1979; Enfoth-Cugell & Robson, .
19663 Fukada, 1971; Ikeda & Wright, 1972¢; Stone & Fukuda, .1974), and
stronger and narrower inhibitory surrounds (Cleland et al., 1973:

Hickey et al., 19'93: Tkeda & Wright, 1972b; Lee & Willshaw, 1979).

Thus, they tend to respond better than Y-cells to narrgw stripes
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‘(Cleland et al., 1979; Enroth—gugell & Robson, 1966) aqd to small

stimuli' (Ikeda & Wright, 1972a; Lee '& Willshaw, 1979). Finally,
ccmpared‘ to Y-éelli. X—cells are relativelw numerous in the area

centralis .and relativley “scarce.in the periphe {Cleland & Levick,

1974a: Cleland et al., 1973; Enroth—cﬁgell & Ré son, 1966; Fukada,

Y

1971; -Fukuda & Stone, 1974; Ikeda & Hright 1972a).

Recently. 1nvestigators have identified a third class of cells

_in the cat's retina, usually called W-cells {Cleland & Levick, 197%a,

b: Levick & Cleland. 19714'; Stone &- Fukuda, 1974; Stone & Hoffmann,

- .1972). These cells appear to comprise a distipet class because their

 axons conduct at the slowe#t-raté in ﬁhe optiec tract. Unlike otheﬁ

cells, W-cells tend to respond with very long latencies and they-tend

to have very small receptive field centres with large surrounds

(Cleland & Levick, 1974a; Stone & Fukuda, 1975).‘ However, some fire in

a2’ sustained fashion, while others fire transiently {(Cleland & Levick,

1974a: Lee & Willshaw, 1979; Stone & Fukuda, 1974). Some, llke X- and
Y-cells, have a circular receptive field centre which is surrounded by
an lnﬁibitory zone, while others do not. - Among thoéq élich do not,
some responq best to uniform fields, scme'to edges, some to colour and
scme %o a specific direction of movement (Cleland & Levick, 1674b).
Thus, W-cells comprise a heterogeneous population of cells.

k1.2 Anatomical confirmation of separate classes of cells in the

cat's retina
Anatomical studies have verified the existence of three
separate morphological types in the cat's retina: alpha cells, bela

cells and gamma cells. Alpha cells have thick axons, large cells

N
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bodies, wide dendritic fields, and are found mainly in the peripheral

retina. Beta cells have medium-sized axons, small cell bodies, small

dendritic fields, and are found mainly in the area centralis, Gamma

" cells have very thin axons, very small cell bodigs and wide dendritie

fields (Boycott & Wassle, 1974; Cleland, Levick, & Wassle, 1975;: Fukuda
&-Stone. 1974; Wassle, Levick, & Cleland, 1975). Stud—ies combining
anatomical and pﬁysiological techniques have show; that alpha,.beta and
garma .cells cokrespond to the physiolﬁgically defined ¥-, X- and
W-cells, respectively (Cleland et al., 19753 Fukﬁd; & Stone, 1974,
1975).

5.1.3 Projections through the visual cortex

Each class of cell in the cat's retina appears to pro}ect along
a separate pathway to the' visual cortex vig the lateral geniculate
nucleus (see Fig. 10). Specifically, Y-cells in the retina send fast
conducting .axons through the optic‘ tract (Cleland et al., 1971;
Hof fmann et al,, 1972) which relay on Y-cells in the lateral geniculate
{(Byllier &% Nerton, 1979a,b; Cleland, Levick,‘Horstyn. & Wagner, 19?6:
Cleland, Hofstyn. Wagner, & Levick, 1975: Stone & Dreher, 1673; Wilson
et al., 1976). These, in turn, project along fast conducting axons
directly to areas 17‘and 18 of the visual cortex (Dreher, Leventhal, &
Hale, 1§79; Hollander & Vanegas, 1977: leVay & Ferster, 1677: Stone &
Dreher, 1973). Within area 17, they project mainly to the upper part
of layer IV, although some collaterals also project to layer VI
‘Ferster & LeVay, 1978; Gilbert & Wiesel, 1979; Leventhal, 197?:

Mitzderf, & Singer, 1978).
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ig. 10. Schematic diagram of the major X-, Y-, and W-pathways
in the cat's visual system.

\e



>//

BT 4

Visual Cortex .
Area 19 I Area 18 |

Lateral
Geniculate

N

Area 17 N
A

“Superior
Colliculus

-—— X-—Pathway
——— Y—Pathway
---- W—Pathway

.
PRIy - e




A ' 7100
: \5} There is«é%idence uhich suggests that at. least part of this
Y-pathway projects through area 17T- to the superior colliculus. Cells

,.—-

\_Jﬁ,\ in the upper part of layer IV (which receive: input from Y—cells in the

¥
u

i JJ,. geniculate) appear to send fast conducting axons to .3 special class of
.Y-like cells in layer v of the v£sual cortex (Gilbert 1977. Gilbert .
Wiesel, 1979. LeVay .2 Gilbert 1976 Mitzdorf X Singer. 1978; Singer,-
Tretter, & Cynader. 1975). These, in turn, appear to project to tﬁe
superior colliculus (Gilbert 1977: Gilbgr; é Hiese;. 19?9£'Kawamura k.
Konno, 1979: Leventhal & Hirsch, 1578) élpﬁg a fast conducting pathway
(Hofﬂmann. 19733 Schoppmann & Hoffmann.' {§79). 'Within the superioer
colliculus, this pathway terminates mainly in the superficial layers
(McTlwain, 1977: McIlwain & Fields, 1971; Sprague, 1975 Updyke, 1977).
In contrast, X—cells in the retina send slowly conducting axons

through the optic.tract (Cleland et al. 1971- Hof fmiann et al., 1972).

These relay on X-cells 1n the lateral geniculate (Bullier & Norton,
1679a,b; Cleland et al.. 1975, 1976; Stone & Dreher, 1973; Wilson et
al,, 1976) which are spaﬁially distinct from the Y-cells 1ocatéd there
(Mitzdorf & Singer, 1977). The geniculate X-cells send slowly
conducting axons tq area 17 (Dreher et al., 1979; Ho;lander & Vanegas,
1977: LeVay & Ferster, 197T: ;tone-& Dreher, 1973). Here, they project
Tainly to the lower part of "laver IV and also send ;ome collateralslto
layer VI (Ferster & LeVay, 1978: Gilbert & Wiesel, 1979; Leventhal,
1%79; Mitzdorf & Singer, .1978). . |
Finally, W-cells pfojeét along a.third pathway from retina to .
visual_co:tex. .They send very sloﬁly conducting axons througg the

optic traect, relay on W-cells in the lateral geniculate, and progect

-
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along very slowly conducting axons to the visual cortex (Cleland et
al., 1975, 1976: Wilson et al., 19}55, They project ;ainly to areas 17
and 19 (Dreher et al., 1979) and within Srea 17 éhey proje;t mainly to
layers I and III (Ferster & LeVay, 1978; Leventhal, 1979).-*Ne1ther W-
ner X-ceils appear to project through the coréex to the superior
colliculus (Hoffmann, 1973)% * h
Both the Y- and W-axons bifurcate in the optic tract, sending
one branch to the visual cortex ;ia the lateral. geniculate and.the
other direetly to .the superior coliiculus (see Fig. 18) (Fukuda &
Stone, 1974; Hayashi,.Sumitomo, & Iwama, 196;: Hoffmann, 1973: McIlwain
& Lufkin, 1967; Schoppmann & Hé?&mann. '1979). Hithin‘ the superior
colliéulus. the i— and W-axons terminate mainly in the superficial
layers (MeIlwain & Fields, 19715 Mcllwain & Lufkin, 1976) where they
overlap with the projeétion from cortex to superior colliculus
(Hoffmann, 1973; McIlwain & Fields, 1971).
In sumary, physiological and anatomical evidence has .shown
"that the cat's retina is composed of three distinct classes of ganglion
cells: X-, Y- and Ww-cells. Each of .these appears to project along
separate but parallel pathways from retina, to lateral geniculate, to
area 17 of the visual cortex. Areas 18 and 19 also receive direct
.input from the geniculate: area 18, mainiy from Y-cells; and Area 19,
mainly from W-cells. In addition, at least part of the Y-pathway
through the cortex appears to project down to the superior colliculus,
where it overlaps with the direct projection tc the colliculus from‘Y-

and W-cells in the retina.
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4.2  Evidence for Similar Pathways through the Cortex in the Monkey. -

X-, ¥- and H;cé;l; hévg-a;so:been'identified in the‘retina-of'4"
the monkey; ¥-ce11; show qpqlinear,summatién to-stationary and moving .
stripes, %tend to fiée transiently . to stationafy stimuli, respond well.
© to fast 'mogemgqt.' have ;hortér latencies than .x—cglls. and send
informétion along the fastest‘ conducting axons in the optie tract
{De Monasterio, 1978a,b; De Monasterio & Goﬁras. 1975; De HonaStefio;'
‘Gouras, & Tolhurst, 1976; 'Goﬁras. 1969; Scoby- & Horqwifz. 1976).
Moreover compafed to X—cells, Y-cells tend to be relatively coﬁmon in
the periphery and relatively scarce in the fovea (De Monasterio, 1978b:
Couras, 1969). All of these characteristics resemble those of Y-cells
in the cat's retina.

X-cells in the monkey's retiné show linear summation to
stationary and moving stripes, tend to fire in a2 sustalned fashion %o
.stationary stimuli, hove longer latencies than Y-cells, and send
information aleng .slowly conducting axons. In a2ddition compared to
Y;cells. they tend %to be relatively more numerous in( tge fovea and
relatively scarce in ‘the periphery (De Monasterici 1978a,b;
De Monasteric & Gouras, 1975; De Monasterio et al., 1976; Gouras,
1969). All of these characteristlcs resemble those of X-éells in. the
cat's retina.

Like W-cells in the cat's retina, W-cells in the monkey's
~etina appear to comprise a heterogeneous population. They appear to
comprise a distinct class because they have an atypical receptive field
organization; i.e., unlike X- and.Y-cells. they do not have a circular

receptive field centre which is surrounded by an inhibitory zone
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(De Honaitéric, 1978c). However, one subgroup_islinhibitgd by motion.
Another subgroup re;pbndsr only to coloured stimuli, ;hou: linear
summation, and responds in a sustained mannersuith latencies that are
shorter than those of X-cells bu£~longer thap thosg'of Y—celis. A
third sﬁbgroup prefers edges..gpous nonlineaszuﬁnétion. and responds
transientlyrwith the. longest latencies in the optic tract (De
Monasterio, 1978¢; Schiller & Malpeli, 1977). S

Studies of X- and Y-cells in the monkey's lateral geniculate
reveal m;ré properties which are characteristic ofAXL and Y=-cells in
the‘éat.r The Y-cells have larger receptive fiel8 centres (Sherman,
Wilson: Kaas,.& Webb, 1976), and they respond well to broad stripes but
rend to respond poorly to narrow stribes (Dreher{\iuakada, & Roderfck;
19763 Sherman et al., 1976): | In eontrast, the X-cells have smaller
receptive field centres and they responq poorly to broad stripes but
well to narrow stripes. Unfortunately, these properties have not been
tested in the monkey's retina, but they are virtually the same as those
reported for X- and Y-cells in the cat's retina and lateral geniculate
{Cleland et al., 3971; Derrington & éuchs, 1979; Maffel & Fiorenti,
1973: Sherman, 1979). Thus, the monkey appears to have X- and Y-cells
which are remarkably similar to those in the cat.

The projections of X- and Y-cells in -the monkey alsc appear Lo
be similar to those in the cat except that, in the monkey, Y-cells from
the geﬁiéhlate appear tg\project directly only to area 17, rather‘than
to both areas 17 and 18 (Yukie, Umitsu, Kido, Nithara, & Iwai, 1979).

Specifically, the Y-cells in the monkey's retina send fast conducting

axons through the optie tract which relay on Y-cells in the lateral
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geniculate (De Monasterio, 1978b; Schillerw.&_ Malpeli, ‘TQTT;“7397BﬁV

Sherman et al., 1976). These, in turn, send fast conducting axons to

area 17 of the visual cortex (Doty, Wilson, Bartlett, & Pecci-Saavedra, -

+

“1973: Mitzdorf & Singer, 1979; Schiller & Malpeli, 1978; Shermen et

al., 1976).- Y-cells appear to be spatially distinct from other classes

. . .
r

" of celks both in the geniculate (Dreher et al., 1976; Schiller &
Malpeli, 1978; Sherman et al., 1976:.but-3ee Buht. Hendrickson, Lund, .

Lund, & Fuchs, 1975) and in the visual cortex {(Hendrickson, Wilson, &

Ogren, 1678; Hubel & Wiesel, 1972; LeVay, Hubel, & Wiesel, 1975; Lund,

1973: Lund & Boothe, 1975; Mitzdorf & Singer, 197®. From the visual

. cortex the Y-pathway then projects down to the superior colliculus

(Sehiller, Mzlpeli, & Schein, 1879) where it terminates in the
superficia}\&ayefs (Hubel et 21., 1975: Xuypers & Lawrence, 1967; Lund,
19?2;;§Eh§ller ot al., 1974: Wilson & Toyne, 1970).

X-cells in the monkey's retina groject along slowly conducting
axons to X-cells in the-y lateral geniculate (De Monasterio, 1678b;
Schiller & Malpeli, 1977, 1978; Sherman et al., 1676). .These then send
slowly conducting axons to area 17 {Doty et al., 1973: Mitzdorf &
Singer, 1979: Schiller & MaIBeli: 1678; Sherman ‘et al., 1976). There
appears to be no X-pathway from the cortex to the superior colliculus
(Schiller et al., 1979).

As in the cat then, X- and Y-cells in the monkey appear to
project along parallel pathways from retina to lateral geniculate to

visual cortex. It is uncertain whether the W—cells in the monkey's

retina also project to the visual cortex, although some evidence

suggests that they might project aleng a separaté pathway from the
b



'(De ‘MonasSserio, 1978c. Yukie et al.. 1979).

S Y- and w—cells also appear to project along parallel pathuays

directl from the retina to the superior colliculus (De Honasterio.

1978b,¢; M_arrocco. 1978: Schiller & Malpeli, 1977). __,}Jj.thin.., the
- superior colliculus, the Y- and H—éxons_ :‘par‘ti-ally overlap with the
p.r'ojection from the visual cortex (Lund, 1972; Schiller et al,, 1974;

Wilson & Toyne, 1970).

4.3 -Evidence for Siné;?athwajs i‘n the Human.
'ﬁae retinae -of both the cat and the monkey appear to. contain at

. - .
least thrge distinet classes of cells: X-, Y- and W-cells, The
electrophysiclogical properii‘es of these cells and their projections

(

within the visu_al system are ‘remark.ably similiar in the two species.
The Important question is whether 's,imila " ecells with similar
nprojections exist in the human visual system. Electrophysioclogical,
anatomical and psychophysical data strongly saggest that the human has
X- and Y-cells much like those in the and monkey. Although W-cells

. have not been ldentified as yet in humans, it 1s likely tha_t\\hey exist

since the human's visual system resembles that of the monkey in so many

&

other respects (Cowey, 1979:; Rakie, 1976).

k.31 Electrophysiological evidence for X- and Y-cells in the human

The ;x‘electroph;rsiological studies whleh i1dentified X- and
Y-cells in animels'uere based mainly on recordings from single cells in
the visual system. There 1is only one similar study' in humans.
h’eistein: Hobscn, and Baker (1971) recorded from two ganglidn cells in

the human's peripheral retina. They presented chromatic stimuli and,
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“for each unit, plotted the rate of ‘discharge as a funetion’ of the

wavelength of the ;timﬁlué. The. resulting spectf&l sengitiyi;x

function was remarkably similar to that of Y-cells 1in th? monkey's

“retina (Gouras, 1968):'both-the'hvman‘sland the monkey's curves showed

a peak sensitivity at about 555 nm. However, these data are too sparse
to, justify the con¢1usionAthat'the*hdman retina. does, in_féét; contain

-~

Y-cells..

-

Hoét ol the electrophysiological evidence for.x~ and Y-cells in
humans comes from studies which measured occipital potentials with
surface electrodes placed on the scalp. Theae poﬁentials réflgct
pd%tsynaptic activity induced in the visual cortex by a visual
stimulus. Two types of occipitai potentials have been measured:
steady-state and transient. Steady-state occipital potentials are

obtained by presenting repetitive stimuli at a rate sufficient to cause

_overlap of .the individual evoked responses. The responses are then

averaged and the ampiitude and phase of the resulting wave form
constitutes the steady-state occipital potential. In contrast, a.
transient occipital potential is the response to a physiologically
distinet stimulus because the interval between stimulus presentations
is sufficiently long to prevent'overlap of the individual -responses.
Response- averaging is still necessary, however, in ordgr to separate
the waveform from background activity.
Campbell and Maffei (1970) measured steady-state oceipital

potentials induced by striped stimuli.varying in conyrast and spatial
?roquency.g They derived a regression line by plotting the amplitude

of the evoked potential as a function of contrast at each spatial
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~ frequency. A straight regression line fit the data when the spatial

N

frequency of the inducing ‘stimulus was more than 3 cycles/degree.
However, for lower spatial frequencies two straight fipes were needed..

This suggests the existence of two independent  components of the

‘occipital potential at low spatial frequencies, but only one’ component

at higher spatial frequencies.

Jones and Keck {(1978) reached a similar conclusion but‘becausé

- they measured transient instead of steady-state qccipital potentials,

. -

they were able to identify the separate -components in the waveform

itself. At high spatial frequencies (at least 3 cycles/degree), the

amplitude and latency of the one component observed varied with the

‘contrast and the spatial frequency. At lower spatial frequencies, an

additional short latency component was alsoc present, The authors

L 4

suggested that the short latency component may provide electrophysio-
logical evidence for the existence of Y-cells in human vision, and that
the other component may prov;de evidence for X-cells.

Recently, Kaufman, Brenner, and Williamson (1978} provided
evidence whieh further supports this.notion. They varied both, the
spatial frequency and the temporal frequency1p of striped stimuli and

9Spatial frequency is a measure which reflects the width of

stripe. The unit of measurement is the number of cyecles per degree of

visual angle {cycles/degree) where a cycle consists of one white
stripe and one black.stripe. Narrow stripes have many cycles/degree

and a high spatial freqguency. Conversely, broad stripes have few
cycles/degree and a low spatial frequency.
10 '

Temporal frequency is a measure of the rate of movement or
flicker. The most common unit of measurement is the hertz (Hz) which
indicates the amount of movement or flicker per second. Fast moving
or flickering stimuli have many Hz and a high temporal f{requency.
Slowly moving (or flickering) stimuli have few Hz and a low temporal
frequency. Stationary stimuli are at one extreme end of this
dimension and can be ®xpressed as zero temporal frequency or zero Hz.
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noted the -effects on the steady-state’ occiﬁital potentials. : -By
.examining the phase of the response relative to the stimulus. ‘they;
-c0u1d ‘deduce the latency of the evoked potential. The results ;houed
that-%gfgncy increaagd monotonicélly as‘,ﬁpatiar'frequency increased
-above {\qcycle/degree- At ‘lower spatial frequencles, 1latency was.

independent of stripe width. But this Uas true only for low temporal
frequ;ncies. For temporal frequencies greater than 30 Hz, the latency
was aluays_independent of 3patial frequency.— Theae results suggest the
 presence of two -distinct components in the occipital potential: one
component which varies with pattern and another ccmponent uhich does
not. The authors concluded that the component which varies with
pattern may be related to the activity of X-cells since it dominates at
a high spatial frequencies and at low temporéi frequéncies. The other
component may be related to the activity-of Y-cells since it dominates
‘it lew spatial frequencies and at higt temporal frequencles.

In short, the glectrqphysiological studies demonstrate the
existence of two distinect mechénisms in human vision. ] One of these
mechanisms, like/X-cells, responds with a longer latency, and is more
prevalent bothy at high spatial frequencies and at low temporal
frequencieé. The other ﬁechanism. like Y-cells, responds with a
shorter latency, and is more prevalent both at leow spatial frequencies
and .at high temporal f(requencies. These data suggest that the human

has Y- and Y-cells much like those in the cat and monkey.

4.3.2 Anatomical evidence for X- and Y-cells in the human

-~

There are two pieces of anatomical evidence which suggest that

the human lateral geniculate nucleus may contain cells which resemble



X- and Y-cells in animal.é._ Fir.st-.v.i‘n “the humen. cells inAth.e two most. ‘
ventral layers (magnocellular layers) of the geniculate are re}.atively
1arge wh:.le cells in the four dorsal layers (par-vocellular layers) are
relatively small (prer 1945: Dekaben. 195“"‘ Hickey. 1977). In the

monkey, the vent::al layers also contain mainly larger cells while the
dorsal layers contain mainly .smaller cells (Bunt et al., 1975; Coo;:er,

T545). Electrophysiological tests in monkeys’ suggest that the larger

cells in- the ventral layers are Y—cells and t.hat the smaller cells in
the dorsal layer“s ‘are. X—cells (De Monasterio, 1978b: Dreher et al.,

a

1975; Marrocco, 1976; Schiller & -Halpe_li: 1978; Sh-eman et al., ‘I?_?S).
Thus, the larger cells in the ventral layers of the human's lateral
géniculate' may also be chells and the ‘smalle:;' cells in. the dorsal
layers, X-cells.

Second, 1in the cat's g;eniculate Y-cells (larger celis) are
retarded in development relative to X—cells {smaller cells) (Daniels,
Pettigrew, & Norman, 1978: LeVVay % Ferster, 1977; Norman, Pettigrew, &
Dar';iels. 1977)5 The  larger cells in the human’'s lateral genicﬁlate
also develop at a much slower rate than the-smaller cells (Hickey,
1977). This similarity in the relative rates of development suggests
again that the larger c;ells in the human's lateral geniculate might be
V_cells, while the smaller cells might be X-cells.

-

“.3.3 Psychophvsical evidence for X- and Y-cells in the human

Numerous psychophysical studies have shown that the human
visual system has separate channels, one for the detection of movement

and one for the detection of pattern. Keesey (1972) was one of the-
. f

first investigators to suggest this possibility. She showed subjects a

-
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Tlickering vertical line and had-madjust the contr'-ést_ of that line

.

-until they could just detect either the fl{éker (flicker threshold) or

—
-

the edges (pattern threshold). She found that when the contras: was

\iery low, subjects séu orly the flicker; and only at _hisher contrast
1e§el$ d-id"'the edges of the line become apparent. Si.nce the results
were similar for A'no_nnal and stabilized images. the sepa}'ate flicker and
pattern thresholds uert.a r;ot an af-tiifact of eye movements, Rather, they

P

-appeared %o reflect distinct mechanisms in human vision.’

. Dther investigators have confirmed the existence of separate

flicker and pattern thresholds both for single lines (XKing-Smith &

Kulikowski, 1675) and for striped stimuli (Hilz, Rentschler, & Brettel,

1977 !(.ulikowski & ,Tolhurst, 19873; Levi & Harwerth, 1977; Tolhurst,
18730, For strip stimuli, the threshold "for flicker detection and
the ;breshold for patkern detection vary independently as a function of
spatial frequency. At spatial frequencies belcow 2 to 3 cycles/degree
(broad stripes) the threshold for flicker detection Is lower than the
threshold for pattern detection, uhere_as at higher spatial frequefcies
‘narrower stripes) the i{nverse is true. Above 30 cycles/degree, only a
threshold for pattern detection can be obtained since movement i.s not
perceived even when the contrast is very high (Kulikowski & Tolhurst,
1973, ’

The %hreshold for flicker detection and the threshold for
pat-tern detection also vary independent)_.y as a function of temporal
frequency. At low temporal frequencies, including stationary stimuli,
the threshold for pattern detection is lower than the threshold for

.
movement detection, while at higher temporal frequencies (at Teast 3

L8]
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Hz) the threshold for movement detection is lower than the threshoid

-

cor pettern detection (King-Smith & Kullkowski, 1975; Kulikowski &
Toihurst;' 16737 Tolhurst, 1973). Thesé¥results confirm and e
: Kées&y's (1972) !‘in&ings. They suggest the existence of two sepz;rate
mechaniszs in human detection which Kulikowski agd Tolhur;t.'(1973)_"
labelléd “forzhénalyzgrs“ and “movement—analyzers.". Form-analyzers
respgnd~;we11 to narrow stripes and statiomary stimuli while
movement-analyzers, réspond well to broad stripes and fast :;ates of
movement or fiiéker. In the cat and monkey, X-cells prefer narrow
stripes and stationary stimull, whereas f—deils p?efer broad stripes
anq fast rates of movement or flicker (Cleland et al., 1971, 1573:
Dreber et al., 1976: Enroth—Cugell & Robson, 1966; Fukada & Saito,
1973; Sherman et al., 1676). This sugsests that fbrﬁ—analyz rs in the
human may be analagous to X-~cells in the cat and monkey. ;Similarly,

movement—analyzers in the human may be analagous to Y—cells{VQ, cat’

and monkey.

'Subsequent wopX has shown that form-analyzers and movement-

anal}zer's interact dif‘f‘qrently with dift.‘erentf types'ovf' movement
(Kulikowski & Tolhurst, 1973; Stromeyer, Madsen, Klein, & Zeevi, 19787
Tolhurst, 1973), with)the duration of the test stimulus (Legge, 1978),
and with the duration, contrast, and location of masking stimuli.
(Xing-Smith & Kulikowski, 1975: Tolhurst, 19?5 Wilson, 1978). Thus,
form—ana"yzers appear to exhibit linear symmation (King—-Smith &
Kulikowaki. 1975) and to fire in a sustained fashion to cont {hroed

stimulation (Legge, 1978; Tolhurst, 1975). They also appear to have

small receptive field centres with strong and narrow inhibltory

[y
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surrounds (King—Smith & Kulikouski 197’5: wilson, 1978). X-cells in

the cat and monkey *have all -of these characteristics. 'Hoveu)_ent—

analyzers, on the other hand. appear to exhibit non-linear summation

{King-Smith & Kulikowski. 1975) and to fire transiently to continued

stimulation (Legge. 1978; Tolhurst 19753. They appear to have large

receptive field centres uith weak and extended inhibitory surrounds
(King-Smith & Kulikowski, 1975; Wilson, 1978). All of these
charaéteristics resemble those og Y-cells in the cat and moﬁkey. These
dété strengthen the conclusion that form-analyzers .and
movement—aqglyzers are the psychobhysic?l e&uivalent of X- and Y-ceils,
respectively. 1

Recently.ﬁikg-Smith and his ;ssociétes (King-Smith, Rosten..&
Bhargava, 1979) res;rted a clinical case in which the patient's vision
appéared to be me&iated only by the Y-channel. This patient displayed
normal thresholds for the detection of flickering stimuli and normal
contrast senéitivity for broad stripes. However, his acuity was
greatly reduced, as was-his contrast sensitivffy for =narrow strip;s.
In addition, he showed little or no colour discrimination and was mo;;
‘sensitive to wavelengths near 555 nm (normally indivdiuals are equally
séﬁsipive to wavelengths of 440, 520 and 6§00 nm). Finally, afterimages
lasied.only.briefly instead of the usual 20 seconds, suggesting that
they.wefé mediated by transient, rather than by sustained mechanisms.

In monkeys, —cells fire tran51ently (De Monasterio, 1978b) and
they appear to predominate in the detectlon of flicker and of broad

stripes (Dreher et al., 1976). Moreover, they are most sensitive to

wavelengths near 555 nm (De Monasterio & Gouras. 1975; Gouras, 1968).

-
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X—cells, on the ot'h'er__h'a’nd. fire in a sustained fashion (De Monast_erio-,-ﬁ _

1978b), and -they_ appear to predominate in -the detection of small

stimuli, na@ipes_ and cotour (De Monasteric & Gouras, f,197.;5: -

-
=

Dreher et /Al.. 1976: Schiller & Malpeli, 1977). In additlon, each

i
-

X—cell{ shows a peag: sensitivity to one of three '.ﬁav.elengths: -3up, "520

or 600 nm (De Monasterio & Gouras, 19753’_ Gouras, 1968). Thus, t}é "

-

vision in the patient of King-Smith et al. Tesembles the vision that

. e -

might be present in-a monkey with normal Y-pathways but a ppnfun’ct}onal
X-pathway. This again suggests that the hum3n has a ‘separate

- Lo T -
Y-mechanism much like that in the monkey.

L]

The psychophysical evidence then, supports the assertion that -

X- and Y-cells exist in the human visual system. Howegﬂgr .-__.Some ecaution

is required in drawing this conciusion.éince it depends an the validity. -

of corre¥ating psychophysical data in hunans,w'ith- electrophysiological

‘dat_a in animals. This correlation assumes that (a) comparable

psychophysi.cal_ studies across specieg woulsl yield- similar resultss A (b}

. the underlying physiology of.“sin_g;le cells*is similar across spe'cies:'.

and (e¢) within a s_'pecies. thé psychophysical re.;.z,.ﬂ.ts accurately reflect
the underlyinsrphysiology of sing‘Zle cells. - |

Th;ére is some evidence to support- each of these assumptions.

first, the results are remarkably similar for comparable psychophy‘s;cal

s}:udies relévant to the identification of X; an Y-chhann‘elso in the cét. .

-_fnkey ana himan. When pattern thresholc‘ls ue'r- ].Jlot"ted a-s- a fgncﬁion

-of spétial and temporal frdquencdy both in‘the_ cat (Blake & Camisa,

1§77) and in the human (¥Glikowski & Tolhurst, 1973; Tolhurst, 1973),

the shape of the resulﬁing curves was virtually identical in beoth-
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cat, monkey

- which have been tested. -

3

species. The same was true when pattern .thresholds were plot@s a
function of stimulus duration in the monkey (Harwerth, Boltz, &_§ni1th.
1979) and in the human (Legge, 1978). This suggests a similarity in

-

and human psychophysics, at least for the relationships

Second, there is some evidence which suggests that single-cell

recordings yield similar results in the human and in the monkey. When

Weistein et al. (1971) recorded from ganglion cells in the human's

peripher_-al retina, the res-ulting spectral sensitivity function was

remarkably similar to that of Y-cells in the monkey's retina (Gouras.

19687): both the human's and the monkey's curves showed a peak

—

sensitiyvity at about 550 nm.-

Finally, there appears to be a close correspondence between

psychophysics and single-cell recordings within a species. For the

cat, pa‘tt'ern thresholds plotted as a functicn of spatial and temporal
frequency yield the same results whether, the curves are derived from
nsychaphysical methods (Blake & Camisa, 1977) or from =single-cell

recordings (Enroth-Cugell & Robson, 1966), The same seems to be true

in the hwman as 'v'.tell. The spectral sensitivity function derived

psychophysically by King-Smith et al. {(1979) is very similar to the

s;pe'ctral sensitivity* function derived from single-cell recordings by
\ieins;ein et al. (1971). Therefore, although the evidence 13 sparse,
it lends supporﬁ to the interpretations of psychophysical data in terms
ot-‘;“e-lect;rdphysiological findings.

4.3.4% Probable projections of X- and Y-cells in humans

. The electrophysiological, anatomical and psychophysical
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evidence strongly suggests that the human has two-distinct classes of

cells which' are remarkably similar to X- and Y-cells in the cat and
) monkgy. There is, unfortunately, no gvidence on the projectioms of
these cells within the human visual system. However, It Seems
reasonable to hypothesize that their projections might™ be similar to
those of X- and Y-cells in the cat and monkey. If that were 3o, the
human would have separate X- and Y-pathways from retina to lateral

- geniculate to visual cortex. . -

- -

4.4 The Function of the Péthways through the Cortex

y.4.1 Evidence ftrom the electrophysiological properties of cells in

the cat's retina

-

The electrophysiolegical properﬁies of cells in the cat's
retina (reviewed in Section 4.1.1) suggest that X- and Y-cells may be
specialized to perform different. functions. Compared to X-cells,
Y-cells have larger réceptive field centres, and relatively weak and
extended inhibitery surrounds. Consequently,'they respond better than
X-cells to large stimuli and low spatial frequencies. Moreover, they
tend to respond better than X-cells to motionm, diffuse light, defocused
images, and to large, moving stimulil outside their receptive fields.
X—cel{s. on the other hand, tend to respond better than Y-cells to
small stimuli and high spatial frequencies. Finally Y-cells are
~elatively more numerous in the peripheral retina, while X-cells are
reiatively more numerous in the area centralis. Because of these
characteristics, several authors have postulated that Y-cells in the
cat's retina are primarily involved in peripheral vision, in the

analysis of low spatial frequencies and/or in the analysis of movement,
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while X-cells are involved in the detailed analysis of pattern (Cleland

v

et al., 1971; Ikeda & Wright,” 1972b,c, 1974; Sherman, 1979; Stone &
Fukuda, 1974). Because X- an& Y-cells appear to ;hare so many
characteristies in cats, monkeys and humans, the function of X- and
Y-cells 15 also likely to be similar in all three organisms.

) The fuﬂction of H;cells is unknown. Since they comprise a
heterogeneoué group (see Séction §.1.1), they are probably involved in
a wide variety of visual functions (Stone & Fukuda, 1974), perhaps even
in both peripheral detection (Hoffmann & Sherman, 1974, 1975) and

pattern analysis.

4.472 Evidence from visually deprived cats

Cats which have been visually deprived during a criticél period

provide an excellent model for determining the function of the
Y-pathway through the corfex. . This is because only that pathway
appearé to be seriocusly affected following binocular deprivation.
.
Specifically, in all layers of the lateral geniculate, large cells
(Y-cells) shrink considerably more than smaller cells (X-cells) .(LeVay
& Ferster, 1977: Sherman et al., 1972; but see Hickey, Spear, & Kratz,
1977). and changes in the size of genicudlte W-cells are minimal or
nonexistent (Hickey, 1978). In addition, the frequency of recordable
Y-cells relative to YX-cells in the lateral geniculate drops from 55% in
normal cats to 29% in binocularly deprived cats (Sherman et al., 1972).
Tﬁese data suggest ihat in the lateral geniculate there iz 2 selective
loss of Y-cells following binocular deprivation.

In the visual cortex of binocularly deprived cats, only half

the cells respond normally to visual stimulation; the other half



respond either weakly or not at all (Sherman, 1972; Watkins, wilson, &
Sheman.- 1978). mos;e celf]_._;_ which respond poorly probably would
normally have received input from genicul'ate.‘(-cel'ls {Sherman, 1972);
The response properties of cells ipn the cat's superior
colliculus following binocular deprivatidn resemble .those followiné_
ablation of the visual cor:tex: very fe‘u of the cells are directionally
selective and most of th;: input i.?; from the contraiaf.eral eye ‘P(Dec..
Sarna, Tarnecki, % Zernicki, 1976; Flandrin & Jeannerod, 1977; Hoffmann
& Sherman, 1975; Sherman, 1972; Sterling &&ickelgren‘, 1970). 'fhese
p;-operties are very different from those of collicular cells in the
normal cat, most of which are directionally seleétive and receive input
fron both eyes {Berman & Cynader, 1972; Rose.nquist & Palmer, .1971;
- Wickelgren & Sterling, 1969). The input to the superiorAcolliculus
from the cortex normally comes from Y-cells (Hoffmann, 1973). Thus,
binocularly deprived cats appear to be missing functional input from
Y—cells in the geniculate to visual-cor'-tex to superior éolliculué.
Hoffmann & .Sherman (1975) provided additional evidence that the
Y_pathway through the cortex is functionally missing in binocularly
-
deprived cats., They recorded from cells in the superior collliculus of
both normal and deprived animals while they electrically stimulated the
opfic chiasm and the optic tract. & comparison of the conduction
velocities in the two groups of animals revealed that the superior
colliculus of deprived animals had no input whatsoever from the
Y-pathway through the corltex. In contrast, the direct input to the

superior colliculus was essentially normal. Moreover, Sherman and

Stone (1973) reported that all cells in the retina of binocularly



. déprived cats are normal, both in terms of their morbhologyA'and

electrophysyiological responses.

In’summar}. binocularly deprived cat; appear- to show a
selective loss in the function of the Y-pathway through the cortex.
The rgtina. the ¥X- and W-pathways to the cortex, and the direct
projections to the superior colliculus all show little or no loss.

The effects of monocular deprivation in cats are even more

severe thén +those of binocular deprivation. This is probably because

the deprived eye is at a competitive disadvantage relative to the

normal eye.11 Yet, only the Y-pathway through the cortex seems to be

seriously affected by monocular deprivation. In the deprived layers of
the lateral geniculate, large cells (Y-cells) shrink more than smaller
cells {(X-cells) CQFckey et al., 1977; Hoffmann & Hollander, 1978; LeVay

%t Ferster, 1977; Sherman et al., 1972); apd this shrinkage 13 more

pronounced after monocular deprivation than after binocular deprivation
(Hickey et al., 1977). |Honetheless, monocular deprivation has little
or no effect on the size of geniculate W-cells (Hickey, 1978). Second,
cells projecting from lateral geniculate to area 18 of thé visual
cortex (Y-cells) shrink " much more than cells projecting to

11This competitive disadvantage for the deprived eye occurs
only in regions where input from the two eyes ove%laps {the binocular
segment). In the monoecular segment (representing the far periphery of
the temporal visual”field), there 1is input from only one eye and
consequently thesg/is no competitive imbalance. Correspondingly, the
effects of monoetlar deprivation are far more severe in the binocular
segment than in the monocular segment of the lateral geniculate
(Hickey et al., 1977: Sherman et al., 1972), the visual cortex (Wilson
& Sherman, 1977), and the superior colliculus (Heitlander & Hof fmann,
1978; Hoffmann & Sherman, 1974). The anatomical and physiclogical
consequences reported for monocular deprivation will ineclude only the
binocular segment since the visual behaviour of deprived cats which 1
will describe below invoived stimuli located within that segment.
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area 17 (X- and Y-cells) (Garey & .Blakemore, 1977). In fact, the

projection from geniculate to area 18 virtually disappears foilowing

> momocular deprivation (Lin & Sherman, 1978). Thus, anatomical evidence

suggests that _Y—cells in the 1lateral ggniculéte are affected
con;iderably more than W- or.X-cells: and. the consequences of monocular
deprivation are.more severe than the consequences of binocular
deprivation.
| ElectrOphysiological studies-lead fo the same conclusions.
Following monocular aeprivation. 9n1y710$ to 203 of ﬁhe cells in the
deprived layers of .the lateral geniculate are Y-cells (Hoffmann &
Hollander, 1978; Sherman et al., 1972). .This is considerably less than
the percentage of Y-cells In normal or -binocularlyt deprived cats
(Sherman et al., 1672). 1In contrast, X-cells in the.same layers show
only minor 1os$es. They respond normally to broaq stripes and to
< .
movement or flicker (Letmkuhle, Kratz, Mangel, & Sherman, 1978)._ Only
their response to narrow stripes is affected (Lehﬁkuhle et al., 1978;
Maffei & Fiorentini, 1976). .
In the visual cortex, very few cells are visually driven by the
deprived eye, probably because of the competitive disadvantage of the
deprived eye relative to the normal eye (Shatz & Stryker, 1978
Sherman, 1972; Tsumoto & Suda, 1978 Wilson & Sherman, 19?7{.
Consequently, it is not surprising that the Y-pathway through the
cortex %to the superior colliculus is missing from the deprived eye
(He ffmann & Sherman, 1974) and that there are no normal cells
représe5£ihg'the nasal visual field of the deprived éye.in the superior

colliculus (Heitlander & Hoffmann, 1978). However, the X—, Y- and W-
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‘cells in the retina‘are normal (Hangel.-Krat#. Lehmkuhle, & Shermap,
1979; Sherman & Stone, 1973), as is the patﬁuay uhich.p?ojects directl&
to the superior colliculus (Hoffmann & Sherman, 1974). Thus, following
monocular deprivation. the Y-pathway from the deprived eye through the
cortex 1is functionally missing, while the other pathways remaiﬂ
virtgally unchanged. ‘

One way to determine the fumction of tﬁe Y-pathway through the
cortex wgﬁld be to examine the behaviour of visually deprived cats. If
they were to show limitations in a particular béhaviour; this would
suggest that the Y-pathway through the cortex is necessary, and the
‘remaining pathways are insufficient, to mediate the normal occurrence
of that behaviour. In contrast, if a particular behaviour were normal
inl visually depriv;d cats, this would suggest that the Y-pathway
througﬁ the cortex 1is not necessary for that.behaviour and that the
other-pathways are sufficient to mediate it; Thus, if good detection
in the nasal visual field were to depend on the Y-pathway tﬁrough the

/"

cortexi visually deprived cats should show deficits in this detection.
Simiigriy. {f smooth pursuit and symmetrical optokinetic nystagmus were
to depend on that pathway, visuvally deprived cats also should show
deficits in those behaviours. Finally, if the discrimination of shape
and- orientation could be mediated, by some other pathway(s), visually
deprived cats should be able to discriminate shape and orientation.
Behavioural tests in visually deprived cats bear out these
predictions. Following binocular deprivation, cats show no evidence

for detection beyond 15° in the nasal visual field, while detection in

the temporal visuval field is normaIHQpL_QQNQDP (Sherman, 1972, 1977a).
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Following mono;ular deprivation. cats also appear npé.to ;etect‘stimuli
beyond 1S° in the nasal visual éield of the-deﬁrived eye (Heiﬁlander &
Hoffmann, 1978: Sherman..‘lg"?ua: Van Hof-van Duin, 1977).12 Moreover,
visually deprived cats track moving objeéts-with Jerky eye movements
(Van_Hof-van Duin, 1976) and show asymmetfical'bptoﬁinetic nystagmus

{Van Hof-van Duin, 1976, 1978);

Briefly, studies on visually deprived cats suggest that the Y-

pathway through the cortex is necessary for good detection in the nasal

-

visual field, for smooth pursuit "and  for symmetrical optokinetic
nystagmus, Although .scme of the remaining pathways also might be
necessary to mediate those behaviours, they appear to be insufficient

to do so. " In particular, the X-pathway through the cortex might be

insufficient to mediate nasal field detectlon because it appears to be
specialized to analyze pattern and not to detect peripheral stimulil
(Section 4.4.1). The direct projection to the superior colliculus
might be insufficient \{or good nasal field detection Dbecause that
projection appears to contain.relatively few uncrossed f{ibres from the

temporal retina (which mediate detection in the nasal visual field)

(see Section 1.4).

Monocularly deprived cats show poor detection even in the
temporal visual field of the deprived eye. This may be because the
direct input to the superior colliculus from the deprived eye 1is
suppressed by the Y-pathway from the normal eye through the cortex to
the superior colliculus (Berman & Sterling, 1976; Heitlander &
Hoffmann, 1978; Hoffmann & Sherman, 1974: Sterling & Wickelgren,
1970). Once the.visual cortex is lesioned, full detection is restored
in the temporal visual field and as expected, there. is still no
evidence for detection in the nasal visual field of the deprived eye
{Sherman, 1574n).
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However, visually deprived catslstill can detect stimull in the
temporal visﬁal field. Tﬁis suggests that the Y-pathway thrqﬁgh the
c;rtex is not necessary for that behaviour.  Nor does the X- or
%—pathway through the cortex appear to be necessary since binoculéfly
deprived cats show good detection in the temporal visual field even

after‘the visual cortex is ablated (Sherman, 1977a). Thus, in visually
| deprived cats, tegp&ral field detection appears to depend on some other
pathway, likely on the direct. projection from retina through superioer
colliculus {Sherman, 197%3). Certainly, the direct collicular pathway
ha$ a large number of c¢rdssed fibres from the ﬁasal retina, fibres
which could mediate detection in the temporal visual field (see Section
1.4, Mareover, visually deprived cats can discriminate changes in
brightness, amount of contour and movement (Ganz & Fiteh, 1968; Ganz,
Hirsch; & Tieman, 1972; Loop & Sherman, 1977a). Thus the Y-pathway
through the .cortex also appeérs not to be necessary for those
behaviours. |

Visually deprived cats also can discriminate orientation and
shape. For example, they can discriminate horizontal from vertical
stripes, oblique stripes orienf;d to left from oblique stripes oriented
to right, and a circle from a triangle equated in mean luminance (Loop
&t Sherman, 1977a; Van Hof-van Duin, 1976; Zernicki, 1979). This
suggests. that the Y-pathway through the cortex is not necessary for
these discriminations. Moreover, the X and/or W-pathways through the

cortex appear to be sufficient for the diserimination of orientation

and shape since binocularly deprived cats no longer can make those

~
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discriminations following leslons of the visual cortex (Loop & Sherman,

1977a; but see Zernicki, 3979). - \ '

In summary, visually deprived céts appear to be' missing ?
functional Y-pathway through the cortex, uhile~'th§ other pathways
appear to be virtually normal. Without the Y—ﬁathuay through the
cortex, cats apéear to haye poor.qgtection in the nasal visual field.
Moreover, they appear not to be "able to track-sﬁoothlf or to. show
" optokinetic nystagmus when stripes move from the nasal £o the temporal
visual field. in contrast.- cats missing the Y-pathuay‘ through the
cortex have good detection in the temporal'visual field and they can
diseriminate brightness, cgntour, movement, orientation and shape.

There a;e_no ;tudies ;n the monkey or human which have tested
she necessity of the Y-pathway ;hrough ghe cortex for nasal field
detection, smooth pursuit or symmetrical optokinetic nystagmus.
However, some pathway through the cortex may be-necgssary for these
wehaviours since humans with cortical lesions have poor nasal vision
{(Section 1.3) and track with jerky eye moveﬁents (Section 1.8). The
Y-pathway throuéh the cortex 1is the most likely candidate for two
reasons., Fir#t, the X-pathway seems to be involved mainly in the
detsiled analysis of pattern (Tolhurst, 1973). Second, Dbecause the .
Y-pathwgy iﬁ humans sHares so many characteristics with that pathway in

the cat, it may perform similar functions EB both organisms.

4.5 Differences in Maturation of the Visual Pathways

"In cats, the direct projection _to the superior colliculus
appears to develop before the Y-pathway through the cortex. During the

first month of life, cells in the superior colliculus of the kitten
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respond better to stationary than to moving stimuli, show little bf no
dire?tional selectivity, and recei;e input mainiy from the. conpfa—r'
1aterai eye (Norton, 1974; Stein, Llabos, & Kruger, 1973). These
properties are identicgf to those 6b3ervéd iﬁ the superior collicﬁlﬁ#
of decoréicéte cats (Befman % Cynader, .1972: Flandrin & Jeannerod,
1977; Rasenquist & Paimer, 1971; WicKelgren & Sterling, 1969) ané of
visually deprived cats {Dec'et al., 1976; gland;in & Jeannerod, 1977;
Hof fmann & Sheraan, 1974, 1975; Sterling & Wickelgren, 1970). In
decorticate and visually deprived cats the direct projeétion to the
supergér colligulus'{s virtually n>ymal, but the Y-pathway through.the

cortex is nonfunctional (Hoffmann & Shkerman, 1974, 1975). The

similarity in the response properties of colligular cells in immature,
y +

ol .

decorticate and deprived cats suggests that, in young kittens, the
direct projection to the superior colliculus is functional, while the
Y-pathway through the co;tex is not.

During the second month of life, cells in the cat's superior
colliculus acquire'a;ult properties. Specifically, they respond better
to moving than to stationary stimuli.‘most are directionally selective

s . :
and most receive binocular input (Norton, 1974; Stein et al., 1973).
These changes probably are due to the development of the Y-pathway
through the cortex (Flandrin & Jeannerod, 1977: Norton, 1974; Stein &
Edwards, 1979; Stein et al.; 1973;: reviewed in Daniels & Pettigrew,
1976). Thus, in kittens,l the direct ‘projection to the superior
colliculus appears to be functional at birth whereazs the Y-pathway

through the cortex does not appear to be functional until several

months later.
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.Studiéa af céils in the latéral ééniaulate of the cat suggest
;Ehat the x-pathuay develops earlier "than the Y—pata;ay through the
cortex. At least some X—cells in the lateral geniculate display mature}f.
receptive field properties between’ 14 and 21 days of age while the
J-cells ’ocated there develop aature reeeptive field properties later
than 3% days of age and later thanAall‘the x—cells (Daniels et al.,
1978; Norman et al., 1S77). Very 1;tt1é is ‘knowa about the qaturation.
of the W-pathway through the cortex aithdugh there is some evidence

" that W-cells in the cat's lateral geniculate mature a%t least as early

i v

as“XJgalis {Daniels et al., 1578).
- The ‘.e‘.‘ectrophysiological properties of‘ cells J'I.n the visual
cortex of yo‘ung kittens resemble those in biéocularl_y deprivad cats
{reviewed in Daniels and Pettigrew, 1975). In \binocu_larly depr‘ived
cats, the X; and W-pathways throhgh the cortex appear Lo be virtuaily
normal while the Y—pathway tﬁfough the cortax seems to be nonfunctional -
‘Section 4.4,23, This suggests that the . X- and W-pathways aight ba-
functional “at, or shortly after, birth but the Y-aathway through tha
cortex might not be. Sinece, at about 5 weeks of age, cells in éhgj
kitten's ;isual cortex resemble ahoée in normal adult cats (revieaed in
Daniela & Petpigrew.‘ 19763, this again sﬁggests that ‘the Y-pathway
through the cortex begins to function during the second month of life.
There is scme evidence which implies that a similar seqaance of
ldevelopment might occur in the ﬁunaﬁ infant. Evoked responses suggest
that the direct collicular pathway is functional during the first month
(Hoffmann,, i978) and that the geniculo—-cortical patﬁway is functional

in scme Fespects but not in others (Harter et aly, 1977; Hoffmann,
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:19f85.36koi.& Jﬁées, 1979: rév;ewed in ‘Section 1.6): Specifically,
duriné ﬁhe firsflmonth the'amplitude of the éari; éoﬁponent offthe
'evoked res;on3e (which supposedly refleets geniculo—cortlcal activity)
varies thh the size of small elements, elements to which the X-pathuay-
*would-bé mosﬁ senSitivé:‘but it does not va}y with the size of large
e‘ements elements to uhich the Y-pathway would be most . sensitlve
,(Ha"ter et al.. 19?7. but see Sokol & Jones j979). Moreover, the
cells in the ’ateral gen*culate which near their adult size first are
i the parvocellular layers (H*ckey, 19777, layérs which in the nonkey
contain ma*nly X-cells (Dreher et al., 1576;: Sherman et al., 1976; but
 see a}so Bunt et alc, 1975). The cells which attain their adult size
later are in the ;agnogpllular layers, layers which in the monkey
contain mainly,Y—cellsr(Bunt et él.; 1975; Dreher et -al., 19?6: Sherman
‘et al., 1976).

If the iisual pathways in the human,K infant were to show the
same seq;ence of develoﬁnént as those in the kitten, the behaviour of-
’puman newborns shoq1d resemble that of immature and visually deprived

‘cats. both 6f which appear to be missing 3 functional Y-pathway through
the cortgx. That appears to be the case. Prior tq 2 months of age,
_ human infants appear to have hoor detection in the nasal visual field
{Experiments 2, 3‘a6d‘u). They also.tréck a mo;ing object with jerky'
eve movements (Barton et al., 19?1; Dayton & Jénes. 1964; Dazyton et
al., 196%; White et al., 1953) and show asymmetrical optokinetic
nystagmus when tested monocularly {Atkinson; Note 1), However, even

newborns have good detection in the temporal visual field (Experiments

1, 2 and 3). In addition, even newborns can easily'discriminate moving
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.However kittens, like young human infants, have jerky'tra
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from stationary stimuli (Fantz, "1967; /Haith 1966)”~ohanges~in L

intensity (Hershenson, 1964), in amount of contour (revieued in FantZE.

et al,, 1475}, in-orientation {Slater & Sykes, 1977) and in,shape'

{Fpntz & Miranda, 1975). -Al1l1 of these behaviours resemble those in

] visua‘ly deprived cats (Sectlon by, 2)”‘Hn{prtunately. the abillty of

yoing kittens to detect peripheral stfmull a&d to discriminate shape or

orientation has\\not been tested. durlng the finst month of life.

ing (Norton.
1974) and show asymmetrical optokinetic- nystagmus
monocularly (Van Hof-van Duin, 1978).

i i\\ For the first time at about 2 months of age, human infants show

a marked improvement in " nasal field detection (Experiment 5), track

”smooth (White, 1971' white et al., 1964) and btegin to show

symetrical’ optokinetlc nystagmus when tested monocularly (Atkinson
Note 1). - These behaviours resemble those of cats which have 2

functional Y-pathway. through the cortex (Norton, 1974; Sherman, 1972,

1977b; "an Ho’-»an Duin, 1678). Thus, perhaps in the human infant, the

i

Y-pathway .through the cortex begins to inflwence visual behaviour- at

.about 2 months of age. =

8.6 Summary and Conclusions .
v g

Human newborns have good detection in the temporal visual field
. . 4
(Experiments 1, 2 and 3). In cats ’and human adults, the direct

-

‘srojection from retina through .supericr ‘colliéulus appears~to be

sufficient " for good temporal fielh detection and the genicﬁlo-cortical

'pathway appears not to be necessary for that behaviour (Section 1. 3).

¥

Since the direct collicular projection appears to be functional in

en tested_
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human newborns while the geniculo—cortical pathway seems to be too
immature to inﬁluence a varlety of visual behaviours (Section 1.6),

temporal field.‘ detection might be mediated by the direct collicular

pathway at birth. .

- Humar'z newborns appear to have poor detection in “the nasal

visual field (Experiments 2 and 3). The geniculo—cortical pathway

-

appears to be neceséary for good nasal field detection in human adults

and Eats_ (Section 1.3). This may be because the_direc@: projection from

retina to superidr colliculus seems to contain many more crossed fibres

_,"‘. E from the nasal retina (which mediate detection in the temporal visual

field) than uncrossed fibres from the temporal retina {which mediate
detection in the nasal visual §ield). In contrast, the ;::rojection from
retina to lateral geniculate to vlisual cortex cortains: about an equal
nurmber of crossed fibres f‘rom-the nasal retina and uncrossed fibres’
.f‘rom the temporal /retina (Section 1.8}, Thus, poor nasal field
detection a¥ bir_‘;‘.h mikht reflect an immature geniculo-cortical pathway.

'_However, the e.nti..re projection through the visual cortex might

not .be inv.-olved irf" peripheral detection. Evidence from visually
dépriv;d" cats, sﬁggests that the Y-pathway through thg cortex 1is
nec_:ess;ary‘for good nasal i_‘ield detection, whereas the X~ and W-pathways
tﬁrough thg lcortéx 'appear to be insufficient for that behaviour
(éec;ion 15.18.2).; Bo?;h fnonkeys and humanS appear to have pathways
] . similar to those.‘ in the cat, with- similar functions (Sections 4.2 and

4.3).  Thus, poor nasal field detection in the human newborn might

reflect sibecii‘ically an immature Y-pathway through the visual cortex.

-
‘v
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Convérging evidence aupports that hypoth;sis. First,
' electrophysiological and anatomical dpta in cats suggest tﬁat' the
direct collicular pathway and-tﬁe X- and W-pathways are functional at
birth, whereas the Y-pathway through the cortex appears to be
nonfunctional (Section 4.5). Anatomical and.electrophysiological data
suggest that the same might be true in human newborns (Section 4.5).
Second, in cats, smooth pursuit and symmetfical optokinetic nystagmus‘
appear to depend on‘the Y-patﬁ&éy through the cortex (Section 4.3.2),
Those behaviours are abgent both in young kittens and in human newborns
(Section 1.6). Third, although the human newborn shows "a variety of
visual begaviours (e.g., he ¢an discriminate intensity, .contour,
movement, shape and orientation), evidence from lesioned and visuall&
.deprived qnimals suggests that none of these behaviours depends on the
v_pathway through the cortex (Sections 1.6 and 4.4.2), Fourth,
electrophysiological data from human infants suggest that important
changes occur in the geniculkhcortical pathway at about é months of age
(Chapter 3). At that age, human infants begin to show smootﬁ\gursuit
and symmetrical optokinetic nystagmus (Chapter 3). Morébver, o%ly at
that age do they appear to show an improvement in nasal field detection
(Experiments 4 and g). Together, these data suggest that poor nasal
field detection reflects an immature Y-pathway through the cortex and

that in humans, that pa;any begins to influence visual behaviour at

about 2 months of age.
It is interesting to note that in cats missing'&he Y-pathway
through the cortex, the discrimination of orlentation and shape appears

to depend on the X- and/or W-pathways through the cortex (Section
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u.#.z). Since human newborns can easily make those discriﬂinations.
the X-pathway (and “the W-pathway through the cortex, if it exists.in
humans) might be functional at birth. o

Some investigators {(Bronson, 1974;: Harter et al., 1977: Karmel
& Maisel, 1975; Salapatek, 1975: Volkmann & Dobson. 1978) have examined
the anatomical, physiological, and/or behavioural evidence and have
copcluded that the visual cortex probably plays no role in .visual

behaviour at birth. Others (Fantz et al., 1975; Haith, in press:

Purpura, Note 13) have examined similar evidence and have concluded

«

3

that all aspects of the visual cortex are functional at birth, at least

to some degree. This is not surprising since the evidence 1is
conéiicting when one takes an "all or none" approach to cortical
involvement.

In contrast: the "X-Y" theory can account for all the data in a
logical way. By assuming a sequence of development for the various
pathways, the geniculo—cortical projection can be immature in some
respects apd mature in others., Specifically, the evidence presented in
the first three chapters of this thesis suggests that, prior to 2
months of age, part of the geniculo—cortical projection (the Y-pathway)
is too immature to ﬁediate smooth pursult, symmetrical Optokineﬁic
nystagmus and good nasal fleld detection. Yet, other parts (the X-
and/or W-pathways) seem to be sufficiently mature to mediate the
discerimination of shape and orientation. Becéuse each pathway is
relatively specialized..this theory can be a valuable %tool for

predieting visual. behaviour in situations which have not been tested

{see Maurer & Lewis, in press). Thus, poor nasal field detection at
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birth is not only of empirical interest, but also of theoretical
interest in that it provides support for an "™ -Y" theory of perceptual’

development in the human infant.
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