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ABSTRACT

The cornea!‘reflectidn pechnlqué, useq;bpph‘w{th‘aduﬁts and newborn
babies, was investig;ted. érey{oﬁsmfésearchers have assuméd thaf the
centre bf the pupil represents thé<1ine of sight. 1t is shown, both
experimentally and theoreticalily, thét this aésumption is misfaken,
and that optical dfvergcncc of the ecyes does not jmply an inability
by newborn babics to Fixaté binocularly., GBinocular Fixation by the
newborn was demonstrated, both to sti@u]i presented at different
distaﬁces from thé eyes, and to différenp types of stimu]i.. Although
‘instances were found in which newbofns were hot convergingj'itlis
concludéd that normal newborn babfes3havé'tﬁe ability to fixate

binocularly, and that they will demonstrate this ability when an

appropriate stimulus is pkesented,'
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CHAPTER 1

1. INTRODUCTION Until recently, attempts to evaluate the perceptual

. abilities of the newborn baby have been hampered by the absence of

readily available response measures, However, since about 1960 an
increasing number of responses has become measurable, and a growing
number of studies use neonates as subjects. An understanding of early

processes of perceptual development and cognitive growth can only be

gained by a detailed specification of the infant's visual world. The

simple questions that have been asked are, what is the nature of the
infant's visual world and what are the dimensions of stimulation that
mediate prefefences for some forms of stimulation over others? Since
there is little chance for learning to have occurred in the period
specified as newbbrn (from ,0-10 days of age, i.e., the time usually
spent-in hospjtal from birth), it may be assumed that differential
attention to stimulus objects reflects innate perceptﬁal abilities.

"A major step towards an understanding of the visual perception of
the infant was the development of a simple corneal reflection technique

for measuring visual fixations (Fantz, 1956). The research embodied

in this thgsis'arose from calibration runs with a corneal reflection

method which\can be seen as a direct extension of the method suggested

by Fantz,

Excellent reviews of research into the visual capabilities of the

- newborn and young infant can be found in Hershenson (1964, 1967),

Kagan (1970), and Bond (1972). Consequently, a comprehensive literature
review will not be presented here, In this chapter, mention will be made
of research that is directly relevant to, or has directly influenced,

the research presented later in the thesis; the concluding section

outlines the research-aims.
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2. MEASURES OF VISUAL ATTENTION AND VISUAL PATTERN PREFERENCES One way

of investigating the infant's perceptual abilities is to measure
differential durations of visual fixations among a class of stimuli
varying along some specified dimension (for exampje, wavelength, size,
amount of contour, number of elements). For discriminations to be
mani fested by the neonate a functional, albeit immature, ;isual system
is necessary. Hershenson (1967), reviewing the available electro-
physiological evidence, concluded that there is "ittle doubt that
the visual system is intact and functional at birth." (p329).
Stirnimann (1944; cited in Fantz, 1961, and Bond, 1972) held
cérds up to the eyes of infants 1-14 days 6f age and observed that they
" Y'preferred" (i.e., spent more time looking at) patterned cards over
plain colours., |In place of unaided observation the method of recording
visual fixations that has been most often used is that of Fantz (1956).
Two stimuli, A and B, are p}egented, usually some 10 to 15 inches above
the supine infant's eyes, and a smal} observation hole is located
between the stimuli, The stimuli are sufficiently well=-lit that they
‘can be seen reflected from the cornea of the eyes. To quote Fantz:
"when the eyes are directed toward an object, the %mage of that object
ove}laps the pupil as viewed through the observation hole. This
overlap of reflected image and pupil is the criterion of fixation."
(1956, plhj. The stimuli, A and B, are presented an equal number
of times to left and right (to counteract position preferences) and if
one is significantly preferred to the other this may be used to infer
some perﬁeptual structure. Thus '',,, if an infant consistently turns
"its gaze toward some forms more often than‘toward.others, it must be
able to perceive form," (Fantz, 1961, p67). Another method of
investigating preferenées using this corneal reflection technique is

sequential rather than paired presentation of the stimuli.



Whilg the amount of time spent looking at each of the stimuli
has been the commonest dependent variable in this context, derivatives
of the total fixation time have been used by some investigators, for
example, longest fixation, length of first fixafion, number of
(discrete) fixations, latency to first fixation, (Lewi;, Kagan and
Kalafat, 1966). Respoﬁses other than visual ffxat}on that have been
used as measures of attention to visual stimuli include heart rate,
gucking, suppression of movement, smiling.
Using these measures of visual attention, those aspects of
stimulation to which the infant is most responsive have been investigated.
One of the most explored dimensions has been that of "complexity'
(defined variously in terms of redundanéy, randomness, variety, or
number of elements). A number of studies has shown that subjects
prefer a given level of cowblexity.and that the preferred level increases
with age. Brennan, Ames aAd Moore (1966) found that, with position
preferences controlled for, 3-week-old infants looked mo;t at the least
complex of three checkerboard patterns (2 x 2, 8 x 8, 24 x 24);
8-week=-01d infants preferred the intermediate level, and 14-week-o0l1d
infants preferred the patterns in increasing order of complexity.
Coﬁsistenp with these findings other researchers have reported that
.the neonat; and young infant prefer low levels of complexity

(Hershengon: 1964; Greenberg ana 0'Donnell, 1972; Greenberg and

Weizmann, 1971; Fantz, 1958; Miranda, 1970). An exception to these
.studies was reported by Horowitz, Paden, Bhana, Aitchison and Self (1972).
They carried out two longitudinal and one cross~-sectional studies of
infants from 3 to 14 weeks of age; and found that ''not a single

subject in either of the longitudinal groups (10 infants in all)

displayed the Age x Complexity shift reported. by Brennan et al."



However, the large number of stimuli used in the test session (six
checkerboards and one gray square) may have influenced the results because
of the large exposure time per session: seven stimuli were presented
for 120 seconds each, a total of 14 minutes per session, an amount
of time that may have taxed the attentive powers of these young
infants,

"Complexity' is not a unitary dimension. By varying the number
of elements in a checkerboard one is also varying such features as
fhe amount of contour (defined in teéms of the total amount of border
contained in the figures), the number.of angles, and the size of the
individual elements. When these dimensions have been varied
independently of complexity the results have suggested that they may be
. more salient dimensions of stimulation than complexity per se.
Karmel (]969), using a pai(ed-comparison design, presented 2 different
arrangements (random vs redundant) of 2-dimensional grid patterns with
black and white elements of different sizes (%in, %in, lin and 2in
squares) to human infants aged between 3 and 5 months. He suggested
that an inverted-U function relating preference to the square root of
thg amount of contour appeared to be the best description of the
looking behaviour, and that-Q complexity continuum was not useful in
describing either the preferences or the shifts in preference with age,
Other evidence (reviewed by Kagan, 1970, p828) supports the contention
that contour is a more salient dimension of stimulation thap complexity.

Also using a paired-comparison design Miranda and Fantz (1971)
varied the size and number of elements (squares) independently to see
whether size (larger elements) or complexity (fewer elements) resulted
in more fixations by newborn infants. A preference for size to be
prepotent over number was -found, their most attractive stimulus being

two black 2in squares, which was also the-largesf stimulus shown

their subjects,




. Karmel, White, Cleaves and Steinsiek (1970), measured averaged
evoked potentials to the saﬁe stimuli Karmel (I969)Ahad used,
presented as light flashes. The physiological responses are described

by functions similar to those obtained behaviourally, i.e., they were
independent of redundancy of pattern, and displayed an inverted-U
relation with the amount of contour (reported in Bond, 1972, and
Kagan, 1970). Similarly, Harter and Suitt (1970), who measured
visually-evoked cortical potentials from one infant from 21 to 155 days
of age in response to checkerboard-patterned light flashes, found
.that the largest amplitude responses ''were evoked by relatively large
checks during the first month of life and progressively smaller checks
as the infant matured." (p235).

There seems, therefore, to be some agreement that a potent
stimulus for the newborn baby is a square, or arrangement of squares,
.each element subtending app;oximately 10° visual angle (the stimulus
most preferred by the youngest Ss of Brennan et al.was a 2 x 2
checkerboard, each element being'3 inches square, presented 18 inches
from the Ss' eyes; an identical stimulus arrangement was preferred by
Hershenson's Ss. In Miranda's (1970) study the optimal stimulus
was a single square of 2 inches side, and in his 1971 study was two
'square; of 2 inches side, in both cases presented at a distance of
12 inches). The-similarity of the behaviourél and physiological
findings has suggested to Karmel, and Bond (reported in Bond, p236)
that the preferences are related to neuronal activity of contour-
encoding cells iﬁ the visual system, and that some optimal receptive
field size characteristic detefmines behavioural preference at a

particular age,

<




3. VISUAL ACUITY, VISUAL PURSUIT and ACCOMMODATION A useful technique

for testing the visual acuity of infants is to record following
(pursuit) movements of the eyes to targets of various sizes. Under
some stimulus conditions the optokinetic responses (optokinetic
nystagmus, or OKN) are involuntary, and the angular size of the
smallest target that elicits the response is used as a measure of
visual acuity.] The objective measures of visual acuity provided
by OKN correlate well with the Snellen equivalent (Reinecke and Cogan,
]958).2 Using this technique, Gormén, Cogan and Gellis (1957),
obtained 93 positive responses from their sample of 100 newborns to
a biack and white striped pattern, each interval of which subtended
an.angle of 33.5 minutes of arc, which corresponds to a Snellen
notation of 20/670. Dayton, Jones, Aiu, Rawson, Steele and Rose
(1964), reported the OKN response in.9 of 18 newborn subjects to
targets with a Snellen equivalent of 20/150. Kiff and Lepard (1966),
reported that a visual acuity of 20/820,(as recorded by the OKN
response, is obtained by the majority of premature infants, after

reaching a weight of 4lb,

Footnote] The optokinetic nystagmus response is a reflex which
is elicited when a subject views a moving target such as detectable

black and white stripes.

Footnote2 Snellen letters have been used clinically for over a
century for specifying visual acuity., The letters are so constructed
that the thickness of the line segments (i.e., of the critical
details) of each letter is one-fifth the width or height of the
whole letter. A subject is said to have 20/20 vision if the total
size of the smallest letter he can recognise at 20 feet subtends at
the eye a visual angle of 5 min of arc, and therefore that of the
critical detail, 1 min of arc (Lit, 1968 p29).

a2



The neonate's ability to éccommodate to stimuli at different
distances has not been fully investigated, Haynes, White and Held
(1965) , reporfed that the newborn infant's accommodation system is
""locked on' at a particular distance (median 19cm), and that,

consequengly, images of targets nearer or farther away are

"proportionately blurred. Hershenson (1967), criticized this finding

on the grounds that the target may have been an inadequate stimulus

fér accommodation at’the different distances embloyed, i.e., that it
may not have been resolved by the young infant at the farfher distances,
These criticisms still apply; thus, the data suggest that stimuli at a
near distance can be accommodated to, but are inconclusive regarding
focusing on stimuli at farther distances. In this context, White,
Castle and Held (1964, p354) note that '"visual stimuli closer than

7 inches are rarely fixated' by the infant younger than 13 months,

i

a finding they attribute to,the infant's inability to focus on very

near objects, since a ''test object at 5 inches produces a badly blurred

this thesis support this suggestion.
Fantz, Ordy and Udelf (1962), reasoned that the OKN data on
visual acuity in infants did not necessarily reflect the same visual

acuity levels available for pattern perception. Those structures

"which are important in the mediation of pattern perception, for

image on the retina." Results from an experiment reported later in
|

example, the central retina and the cortex, are not necessary for
the reflexive OKN responses in the adult, and therefore possibly

not also in the infant, Using the infant's known preference for
patterned vs. plain stimulation tHey présénted infants with stimulus
pairs consisting of striped vs, uniform gray members; Infants under
1 month of age were able to reSo]ve lines Qf'% inch at 10 inches, a

Snellen equivalent of 20/800, which is in reasonable agreement with



the OKN data. They also found the same level of acuity when the
stimulus patterns were presented at 5, 10 and 20 inches from the eye.
Thus, the newborn baby seems equipped with sufficient resolving
power to be responsive to stimulation within at least some range of
distance.

The mode of pursuit shown'by the infant when visualfy following
a moving_object may depend on the nature of the stimulus., In the
OKN response typically elicited in the adult, after fixatiﬁg the
object the eyes follow the movement of the object smoothly to the
periphery of the field of fixation, and then jerk quickly back to
take up fixation on the next object. When the moving stimulus shown
the neonate has been a series of black and white stripes the presence
of both forms of eye moyemeht is usually reported. Thus, McGinnis
(1930), after analyzing the ‘newborn's following responses to a
striped stimulus, conc]uded'that ""the ability to make these two
types of ocular movements (i.e., smooth pursuit, and saccades)
is present from birth' (p379). Similar comments are made by
Doris and Cooper (1966, p33), Brazelton, Scholl and Robey (1966,
p287), and Gorman, Cogan and Gellis, who noted that in the usual
posftive response there is ''a slow,.smooth.following movement
(corresponding approximately to the motion of the striped paper) to
the limit.of excursion, and a swift (righting) séccadic movement; the °
eye going back to a more central position, The above cycle recurred
rhythmically" (1957, pp1090-1091). Smooth pursuit movements do not
appear to be made,.however, to the movement of a disc}ete stimulus,
Dayton and Jones (1964) analyzed the oculomotor reflex (defined as that
reflex ""responsible for the placement and maintenance of the image of
an object on the fovea' pl152), to a series of black dots drawn over
a plexiglass canopy. vOn]y one dot was present in the visual field at

‘a time. The eyes' line of sight of newborns and young infants fell




behind in tracking the target and following responses consisted of a
series of refixations, apparently made to correct for slippage of the
image from the fovea as the object moved across the visual field, The
amplitude of the refixations fell off with age.

The temporal lag, the eyes moving a fraction of'a second after
the target has passed the line of vision, has also been noted by
Barten, Birns and Ronch (1971, p316). Similarly, White, Castle and
Held (1964), whose stimulus was a red circle merd slowly across the
visual field, state that, up to 13 months of age, ''pursuit consists of
a series of jerky fixations of the red circle which brings its image
to the foveal area'" (p353). After 11 months of age a new form of
visual pursuit may appear during which ''tracking is continuous over
wide sectors (up to 90°) ofithe stimulus path' (p354). These remarks
seem to suggest that there are two modes of pursuit, smooth vs. jerky,
which are separately elicitéd depending upon both the type of stimulus
and the age of the infant, An alternative, and perhaps more likely
hypothesis, is that the two forms of pursuit fall along a continuum,
and that the " jerky pufsuit” is a consequence of the‘neonate's
inability to maintain a constant fixation on'a discrete stimulus, a
resﬁ]f of pobr visuai.acuity which ""would allow for greater slippage
before detection could occur'' (Hershenson, 1967, p329). The greater
the number of cues available to kéep the image of the moving target
aligned on the fovea, the more likely is a smooth form §f pursuit to
be made. Unfortunately, the available literature on visual pursuit

does‘ﬁot allow an-adequate test of the alternatives.
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L. DETERMINANTS OF INFANT VISUAL>ATTENTION The purpose of most

psychological studies into the perceptual capacities of the neonate is
to determine, for theoretical and descriptive purposes, the infant's
maximum perceptual capabilfties. To do this{ the neonate must
obviously be in the optimal attentive state for the Hemonstration

of such capabilities; reports o% perceptual limitations ig infants
from studies in which the babies have not Been fully awake, or have
been fussing, throughout the experimental.session can be misleading.

The present section reviews the more.important variables affecting
infants' attention, including both organismic and stimulus variables,
(a) State VThe state of the subject is-his momentary position along

~some arousal, or activity continuum (or éontinua). Most investigators

have relied upon behaviour rating scales to assess the state of the

neonate, The exact criteri? utilized varies from author to author

: (Ashton, 1973, pp7-8, in hi; review of the state variable in neonatal

research, gives a number of the different classifications of state).

- A commonly used scale is that of Wolff (1959, 1965), who describes

six states of arousal: regdlar sleep, irregular sleep, drowsiness,

alert inactivity, alert activity, and crying., The state of alert
ina;tivity‘is of most interest; the infant in this state is '"fully

' awake but.quiet rather than excited; his respirations are regular

at a katevof 50-60 per minute; his eyes are wide open, shiny, and
capable of conjugate eye movements, and he makes visual and auditory

| pursuit movements to appropriate objects. The limbs, trunk and face

are relaxed... and the baby is not struggling, fussy or crying."
(Wolff, 1965, p8i6). Additionally, periods of alertness rarely

"occurred durfng the first months unless the infant had recently

..featen, a conclusion supported by Giacoman's (1971) finding that

- visual attending was ‘greater in;satiated‘Ss than hungry Ss. Visual

attention is almost eXclusivelyfcohfined to the state of alert-
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inactivity, Even when the infant is classified as being in
anbther state, visual attentive behaviour is normally accompanied
by a reduction of ongoing motor activity, and is characteristic of
a state of vigilance (Stechler and Latz, 1966, p524).

| Some other organismic factors that may affect the capacity of
the newborn to attend to visual stimuli are (a) complicatfons of
pregnancy and delivery, (b) medication given to the mothers before
delivery, and (c) parity., A discussion of these facfors is to be
found in Bell (1963).

(b) Orientation One other factor that may qualitatively affect
the neonate's ability to demonstrate his maximum perceptual capacities
is whether he is upright or not. Bower (1971), presented experimental
evidence suggesting that the supine (i.e., horizontal)'baSy is not
fully awake, regardless of whether the eyes are open. The full
form of an adaptive évoidanée response to approaching objects only
joccurred'when the subjects (infants from 6 to 20 days of age) were
upright; infants 6n their'back, more than 40 of them, did not even
blink. However, when the infants were héld upright or semi-upright,
the defensive response (they pulled their heads back and put their
hands between their fgce and the approaching object), was
'"accompanied by distress and crying so in;ense that the experiment

had to be terminated." (l97f, p32). The apparatus used by the
present author, and described in detail later in this thesis, enables
eye fixation position to be recorded in the newborn while the S is
held in an.upright position.

8
1.

(c) Stimulus factors Stimulus factors (other than variations in

patterning), that affect the duration of attention, and may resuit
in differences in attention to patterns, are the size of the

stimulus and the distance at which it is presented. McKenzie and
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Day (1972) presented evidence to show that the duration of visual
fixation of solid objects varies as a function of object distance.
In their second experiment the stimuli were cubes presented at
distances from 30cm to 90cm. With the real size and the angular
size of the object held constant, infants in two age.ranges, from

6 to 12 weeks, and from 13 to 2d‘weeks, spent much more time looking
at the object at the nearest distance, with a linear decline in
fixation time as the object disfance increased, ‘The reason for
these findings is unclear; since no iﬁteraction of age and distance
was observed, a lack of accommodative ability on the part of the

younger Ss will not account for the results. Whether the duration

- of fixation on 2-dimensional objects similarly varies as a function

of distance is not known. That the infant under 13 months will

seldom fixate objects closer, than 7 inches has been noted previously.
The size of the stimulds object may also affect the infant's

attentive processes, Tronick (1972) presented infants from 2 to

10 weeks, who were seated in an infant seat, with a fixation object

which was a brightly coloured rectangular object at an approximate

distance of 16 inches., When the infant was deemed to be looking at

the'fixation object a similar objeét was presented peripherally,

The criterion of a '"'look'" was a definite shift in gaze to the

peripheral object and a brief fixation of it. The largest angular

separation of the two objects that elicited a look was operationally

-defined as the infant's effective visual field, The size of the

infant's visual field determined in this way was, in the'2;week-old
infant, quite small, 15° to either side of the line of regard, Of
course, the absence of a fixation response to objects greater than
15° in the 2-week-old infant does not necessarily mean that the

object is not visuajly'avéilablé; alternative explanations of the

' . v N
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results in terms of the muscular effort required to respond, for
example, are possible. However, the findings do have implications
for two areas of research: (i) form perception and (ii) the nature

of the attentive process, both of which are discussed below.

(i) Implications for form perception Where fairly.precise specification
of the area of a stimuius fixated by the newborn is availgble the
results suggest that visual scanning is limited to a small portion
of the stimulus (Salapatek and Kessen, 1966). A]so, as mentioned
ina prévious section of this chaptef, a potent stimulus for the
néwborn.is aAsquare, or arrangement of squares, with each element
subtending approximately 10° visual angle - an angular size that, if
Tronick's (1972) finding is.correct, would keep all portions of a
single square in view no matter which part of it S looked at.
Hershenson (1967) suggested;that a requirement for the operational
demonstration of form perce;tion-could be a response to the whole
figure: this may be possible only if the stimulus is sufficiently
small for the neonate to view it as a whole,

(ii) Implications concerning the nature of the attentive process The

. growth of the effective visual field with age may account for the
cﬁange from an obligatory to a voluntary looking pattern in infants,
Several ;nvestigators have reported that the young infant appears

to be ”captﬁred” by stimuli; thus, Ames and Silfen (reported in
vHershenson, 1967), note that ''while the olider infant may be
capturing stimuli.with his looking behaviour, the young infant is

" being captured by the stimuli." White, Castle and Held (1964)
similarly note that ''the infant maintains one direction of gaze for
prolonged periods." (p353), and Horowitz, Paden, Bhana and Self, -

working with infants from 3 to 14 weeks of age, found that looking

durations of over 2 minutes were very common, Tronick (1972) suggests
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that the change to a more active and voluntary looking pattern fs

a quant}tative, rather than a qualitative, change, attributable to

the growth in the visual field which would make previously ineffective
portions of‘the stimulus available to be looked at.

In a study reported by Haith (1968; more formaliy presented

by Kessen, Salapatek and Haith, 1972), newborn babies weré shown a
vertical edge; when this edge was presented 3 inches to the left of
“the centre of the visual field one form of visual scanning observed
was repgtiti?e horizontal movements across the edge (whether this is
" characteristic of most, or all, infants is not known because of
~limitations of their recording procedure: see Kessen et al, 1972).
Also, neonates fixating stimuli, even though only a small portion

of the visual field is usually viewed, typically move their eyes

at least once each second, gnd probably more than once each second
(Salapatek and Kessen, l966£ Salapatek, 1968). These findings are
difficuit to reconcile with suggestions of ''blank looking' in the
neonatal period. Possibly the reduced motility and the vigilance-
-like state that accompany visual attention belie phe possibility that
vthe form of the visual scanning, although confined to a small angular
afeé, may be active. Those recorded periods of genuine ''blank looking' -
periods in'thch n& change of gaze occurs at all, which may last up to
30 sec. (Tronick and Clanton, 19;1, pl481) could well be transitory

changes of state.

5. CONJUGATE EYE MOVEMENTS AND BINOCULAR FIXATION The single,

unified image of normal binocular vision is dependent upon accurate
binocular fixation, both eyes being positioned so that each fovea
is centred under the image of the object of regard., Binocular fixation

entails a two-fold requirémenti (i) the integratgd activity of both
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the intra- and extra-ocular neuromuscular sYstems so that the eyes
move in a co-ordinated and conjugate fashion, and (ii) accurate
monocular fixation by either eye allowing for simultaneous binocular
fixation of the oEject of regard.

The first of these two abilities is well documented in the newborn,
According to Wolff‘(1965), the infant in the state charaeterized as
"alert inactivity'' is capable of conjugate eye movements and he makes
visual and auditory pursuit movements to appropriaté objects, Dayton,
Jones, Steele and Rose (1964), found that conjugate movemgnts.of the
eyes were shown in-electro-oculographic tracings when newborns followed
a series of black dots: '"each eye in the process of pursuit moved
simultaneously in the direction of the target; both eyes moved over
the same period of time. The similarity of the tracings indicates"
close conjugation of the eyes in the newborn period"(p874). Greenman

(1963), analyzed the visualifollowing responses of 127 infants within. -

2l hours after birth.. In the 95% of infants who followed, ''conjugate

deviation of the eyes occurred in all instances', (p75).

Conjugation in the presence of stationary targets is less clear.
Hershenson (1964, 1965) photographed ocﬁlar orientations at a rate
ofIIO frames per second, when subjécts were judged to be looking
directly:af a stimulus screen by an observer, |Immediately above
each stimu]us-was an infrared 1i§ht, and the degree of conjugate
movement was reflected in the degree to which the relative shifts
in size and direction of the corneal reflex positions corresponded.
The mean correlation observed was 0.87, with a range from .84 to
.90, which is good evidence for a high degree of conjugate movement,

Wickelgren (1969), photographed neonates' eyes to three stimulus

conditions: a permanently on light centred in front of the eyes, a

blinking centre 1ight, ana repeating series of 3 horizontal lights
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at different light durations. She reported that conjugate eye
movements occurred approximately 50% of the time in all conditions,
""quite a high frequency when one considers the large number of alter-
natives to conjugate eye movements" (pi82). It seems likely that,
given the newborn's poorer visual acﬁity, some small degree of

i ndependent movement of the eyes is possibie before dete;tion and
correction-of a slippage of the image from the fovea can occur.

This could allow for some small amounts of noncﬁnjugate eye movements,
without at the same time implying either poorer muscular coordination
than in the adult, or the absence of b}nocular fixation,

. Conjugate eye movements and binocular fixation are distinguishable
as two separate activities. The eyes can move together without
necessarily being directed at the same point in space. Developmentally
it has often been assumed that the newborn baby is incapable of
binocular fixation, Ling (I9h2), showed supine babies of various ages
a black disc, 2 inches in diameter, which moved radially in depth
from 3 inches to 36 inches above the infants' eyes. She photographed
the eyes and determined the position of the irides in relation to
each other, and reported that, developmentally, the first fixations
on.the_object are monocular, the non-fixating or resting eye being
either closed or only partly open, Additionally, she reported
"the abseﬁce'of binocular fixation until about the end of the second
month." (Ling, 1942, p271; also reported in Gesell, 1950).

| More recent studies have supported this early finding.

Hershenson (1964), photographed newborn babies' eyes when the Ss

were thought to be looking at the stimulus (either a square or a
checkerboard) with at least one eye. The corneal reflections of

.either the stimulus, or of infrared marker lights whose position relative

to the stimulus was known, were used in determining the fixation
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position of both eyes, and it was found "' that to a large extent
the newborns were fixating the stimulus with both eyes' (p275).
However, as each stimulus was 6 inches square it was possible that
the Ss' eyes were looking at different parts of the same stimulus,
and that true convergence was not present., Using a.similar corneal
reflection technique, but one which was thought to provide a more
- precise measure of looking, Wickelgren (1967, 1969) tested this
possibility, Some npminal convergence was found, i.e., where the
two eyes were both directed at the same stimulus panel, The eyes
"converged' (in her 1967 study) 70% of the time to a striped vs.
gray stimulus, 42% of the time to a red vs, gray stimulus, and 9%
of the time to a single, centrally presented, blinking light,

These findingé‘are misinterpreted by Hershenson who suggested that
he (Hershenson) ''probably measured ghe convergence and conjugation
that Wickelgren found more sr less frequent over longer periods of
time depending upon the nature.of the stimulus' (1967, p30). In
fact, according to Wickelgren, this nominal ﬁonvergence is illusory;
it occurred when the two eyes were actually directed to different
parts of the stimulus panel. In fact, the neonates' eyes always
divérged,'i.e., the right eye always looked to the right of the
position tﬁe left eye was fixating, this‘divergence ranging from
2.61 inches éo 5.22 inches at thé-stimulus plane in her 1967 study,
and was an avefage of 4.5 inches for the three stimulus conditions
in her 1969 study. In the two studies the eyes-to-stimulus distances
were, respectively, 14 inches and 9% inches; thus the separation of
the two eyes ranged from 10.6° to 25.3o visual angle., She suggests
that "observer judgments based on one eye, particularly when both

eyes ére open, are unlikely to be a meaningful. indication of newborn

stimulus discrimination and preference'' (1967, p8k4).
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Similar reports of an inability to fixate binocularly in the
neonate and young infant are to be found in the literature, Greenberg
and Weizmann (1971), whose criterion of fixation was the reflection of
the pattern on the pupil of the infant's eye reported that ''several
8-week-01d Ss had difficulty focusing binocularly on the patterns.

In this situation the lead-eye was observed - the eye in which a
pattern was reflected wholly within the pupil during the first few
seconds of tﬁé first trial'" (p237). Salapatek and Kessen (1966, 1969)
have reported instances of visual scanning by the neonate in which
fixations parallel the actual stimulus figure, but are displéced
from it by several degrees, In both of these studies both of the
subjects' eyes were open, and their explanation of the off-contour
looking is based on the supposition that '""the unrecorded eye was
directly on target while the recorded eye, divergent from but
conjugafe with the unrecordéd eye, aped the movement of the unrecorded,
on-target eye, but with-a line of sight constantly displaced from
target'' (1969, p26). |

The-presumed absence of binocular fixation until the 6th week
of life has led at least one medical investigator, concerned with the
sysfematic ocular examination of newborns, to ignore instances of
mani fest sérabismus: At birth, fixation is monocular; ét this time
. strabismus does not.call for any'treatment.' Binocular vision becomes °*
.constant only between the 6th-week and the 6th month" (Leroy, Leroy
‘and Leroy, 1971; translated from the original French).

TBe only evidence of which the author is aware that suggests

the possibility of binocular ffxation in the newborn'period is
somewhat indirect. Miranda (]970), using the visual preference
method (as Fantz's technique is sometimes called), presented various

stimuli to full-term and premafure infants, and recorded fixations from
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the right eye only, His argument is as follows: Wickelgren's results
show convergence of the two eyes whenever either eye looks at a
contralateral stimulus (i.e., when the left eye looked right, the
right eye was invariably recorded as looking also at the right
stimulus). Thus, preferences can be determined unambiguously from
contralateral'responses. Miranda found that preferences were the
same from contralateral and from ipsilateral fixations, thus refuting
(he claims) Wickelgren's argument that observation of a single eye
can lead to spurious results, However, since Wickelgren found that
the right eye always looked farther to the right than the left eye,
if the left eye were looking right, the right eye must also have been
looking to the right: Miranda's argument could be refuted in turn if
there were instances in which the right eye was looking to the right
of the right stimulus panelx and the left eye was looking at the
stimulus panel, This variéble of the eyes' positionis not aliowéd
for in Wickelgren's studies; possibly, when the right eye was looking
so far to the right to be "off'" the right stimulus panel the
phofographic image would‘not be scorable. (The same line of reasoning
“applies, of course, when the left eye looks to the left of the left
sffmulus panel) . . 0On logical grounds, therefore, Miranda does not

seem to have proved his point.

Nevértheless, a major part of the research presented in this

thesi; is concerned to show that convergence is, in fact, to be found

in the newborn, and that its reportedAabsence by previous investigators,
together with evidence of off-contour looking, may be an artefact
resulting from inappropriate scoring procedures. As an illustration,
Figure 1.1 is a photograph taken directly from an article by Fantz (1961).
Part of the original figure caption reads '"In this case, with the

reflection over tﬁe centre of the infant's eye, the reflected object
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is being fixated... Because this young infant's binocular coordination
is poér, only the right eye is fixating the object." Evidénce will

be presented to show that a stimulus can be di}ectly fixated without
its reflection being seen by an observer to be locat;d directly

over the centre of the pupil, and that the optical dfvergence of

the eyes reported by Wickelgren, and ilustrated in Figure 1.1,

is compatible with binocular fixation,

6. DEVELOPMENT OF THE CORNEAL REFLECTION TECHNIQUE FOR USE WITH
INFANTS, AND ASSOCIATED RESEARCH FINDINGS The simple corneal

reflection technique originated by Fantz was described previously,
Although this technique can give some indication of the infant's
ability to discriminate between stimuli, it has obvious limitations,
For example, when it is reliably shown that an infant looks longer
at a cross than a circle th{s tells us very little about form
perception: we cannot safely conclude fhat the baby is making a
whole-form discrimination of the cross from the circle; it may be
that he is only looking at one of the angles formed at the centre
of the cross. After demonstrating differential fixations between
a number of stimuli differing in hue and pattern Fantz (1963, p297)
commented that ''specification of the prepotent configurational
variables is unwarranted at this time."" Two major attempts have been
made to secure more direct evidence concerning those stimulus dimensions
to which the neQborn is most responsive., The first concerns the
selection of criteria for establishing relevant dimensions. The
second results from the development of a procedure which permits
fairly accurate location, from moment to moment, of where on a
stimulus the infant is fixating.

Hershenson (1967), and Hershenson, Kessen and Munsinger (1967),

. suggest that one may assert that there is a stimulus dimension that




could have generated the response if a transitive ordering of
"preference'' is found among a minimum of three stimulus pairs.
The three demands upon the }elations among the elements of an
ordered set (Huntfngton's postulates) are: |

1. If A #B, then either A<BorB<A

2. IfA<B, then A #8B

3. IfA<Band B<C, then A< C

Two -problems are encountered with this approach. The first is

that the demonstration of quantitative differences along one
‘measure of preference, for example, duration of looking, need not
imply that.one has manipulated a single stimulus dimension.
" Hershenson . (1964) presented newborns with stimulus pairs differing
in brightness, The stimuli were patches of light projected onto
6 inch square stimulus screens, and the different levels of ;lumin.'_
ance were (a) 3.56, (b) 35.6, and (c) 356 apparent foot candles.
A transitive ordering of preference in the order b > ¢ > a was found
which indicates ""that brightness is a discriminable dimension of
stimulation for the newborn and that there is an inverted-U shaped
Are]ationship between brightness and fixation preferences.'"" An
altérnative interpretation of these resuits could be tﬁat the dim
stimulus was too dim to be séen by the newborns; the brightest
stimulus, although preferred to no stimulus, was too brighf and
caused some aversive responses; the intermediate-stimuius was easily
seen and was looked at in preference both to no stimulus and a too-
bright stimulus. Thus, it seems possible that the basis of discrimina=-
tion used by the subject may be a qualitative. one'which is reflected
in a quantitative ordering along.the'measure of preference employed:
transitivity of preference, that is, does not necessarily imply that

one has'mahipulated a unitary stimulus dimension,




An additionél failing of all quantitative measures of
preference is that the failure to manifest a preference among two
or more stimuli does not mean that the stimuli are not discriminated
as being different by the subject. When spontaneous visual preference
does not produce clear evidencé of discrimination at least two other

\

procedures may be used:

(1) Response to novelty Where stimuli A

and B are to-be-discriminated, stimulus A is presented successively
for a series of familiarization trials. Stimulus B is then presented,
paired with A; the non-familiarized stimulus may then elicit increased
looking, (i.e., Saayman, Ames and Moffett, 1964). A similar
procedure is to present stimulus A as before until the duration of
looking has significantly decreased; stimdlus B is then presented

alone and a response recovery effect is looked for.

(f) Operant training method An operant
conditioning technique; employing usﬁaliy a head-turnipg response
maintained by social reinforcement, can provide a sensitive index
both of discrimination and of stimulus generalization, (i.e.,
McKenzie & Day, 1972; Bower, 1966).

| A complementary procedure to measures.of preference and

dfscrimination, recéntly developed, is to present stimuli and record
which parts of the stimuli are fixated by the infant: "It is only
through a detailed study of ocular responses in the newborn child
that critical questions about the nature of perceptual'deve]opment
can be resolved' (Salapatek and Kessen, 1966, pi55). Salapatek and
Kessen.reported the development of a photographic corneal reflection
technique to record eye fixation changes in the newborn baby. The
method was developed from a technique first described for use with

monkeys by Cowey (1963){ and a later modification using closed-circuit

23
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: infrared television has beeﬁ described by Haith (1969). Advantages
over other methods of recording visual behaviour are; (1) photography
pfovides a permanent and more reliable record of fixations than is
possible with unaided observation of a baby's eye, (2) the use of
infrared light permits much lower levels of stimulu§ intensity

fhan woﬁld otherwise be possible, and (3) complete immob{lization of .
the head is not required,

The infrared lights are positioned around fhe stimulus, and
reflections of the lights are clearly visible on the photographed
vimage.of the eye, Consequently, the position of the stimulus
within the lights is easily inferred from the developed photographs
as its position relative to the lights is known. Thus, the.(inferred)
corneal reflection of the stimulus itself can be superimposed on
each film frame, and the technique fs thergfore similar to others
in which an image of the st%mulus display is visible on the
photographed image of the eye (e.g., Mackworth and Otto, 1970).

A photograph of the eye is taken once every second (or more often)

and each film frame is scored by finding which portion of the stimulus
display is reflected from the exact centre of the pupil - this, it

{s éssumed, is tﬁe portion of the stimulus display that is being
foveally fixated at that moment in time: Salapatek (1969, p20)

states ''the éenter of the pupil (is) éssumed to represent the line

of sight."

From studies using this technique a number of conclusions
regarding the infant's visual scanning strategies may be drawn. In
the abseﬁce of a clearly defined stimulus fixations are widely
distributed throughout the visual field in é broad, mainly horizontal,
scan, When a geometrical figure, such'as a triangle, is presented,

newborns' ocular orientation tends to clusFer, especially near the
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vertices of the triangle (Salapatek and Kessen, 1966). This ability
of a form to capture the neonate's visual attention has been well
documented (Salapatek, 1969; Salapatek and Kessen, 1969). An innate
first instruction to an awake newborn confronted with a simple
geometric fiqure appears to be ”the.instruction to localize the
figure in space... across many successive exposures of tHe figure,
even up until the infant closes his eyes'' (Salapatek and Kessen,
1969, p18). |

A second, though less unanimous finding concerns the newborn's
selective fixation of single vs. multiple features of the stimulus,
Salapatek et al's (1966) finding was that newborns looked at only
part of the stimulus triangle, usually a vertex, The preference for
angles over sides was also reported by Nelson (1969). In an experiment
reported in 1968 Salapatek;presented all possible combinations of
black and white, solid and;outline circles and triangles of 3
magnitudes, Overall, about‘half of the 72 subjects looked at less
than 50% of the presented figure, In a later study Salapatek and Kessen
(1969) gathered data from 5 newborns who were presented a large black
solid equilateral triangle for extended periods of time. Some
§u5jects alternated between selection of a single feature for viewing
and selectfon of more than one feature, but there was no convincing
evidence fhat multiple-feature selection was a function of exposure
or age. In another study, however, Salapatek (1969) reported that
younger infants exhibited a tighter form of scan than older ones,
i.e., fixations fell within a narrower portion of the visual field
in the presence of a geometrical figure, and most of their visual
scan was concentrated on a very limited portion of tHe stimulus
panel. A problem of interpreting these data concerné the size of the

stimulus figures which, in the studies reported above was usually
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quite large (in Salapatek and Kessen's 1966 study the stimulus
triangle was 8 inches to a side, with-an eye-to-stimulus distance of
9 inches). As discussed in an earlier section of this chapter, the
selection of single features may be a consequence of a limited field
of view rather than a consequence of an inability t6 perceive form,

Haith (1968), using infrared closed circuit televis{on which
-enables recording in absolute darkness was able to record the newborn's
ocular response to light extinction. In many cases, an apparently
‘sleeping infant opened his eyes widely and began to scan actively in
the dark. Thus, there is an orienting response to light offset.

He suggested thatvthe‘newborn may be regarded as an orgaﬁism equipped
with some innate '""programming instructions' that direct'his scanning:
(a) if alert and light is not too bright, open up; (b) if eyes open,
but see no light, search; (c) if see light but no edges, keep

- searching; (d) if see edgeé, hold and cross.

All investigators using this corneal reflection technique have
used the céntre of the pupil as the best indication of the point of
fixation, This assumption derives directly from the earlier work
of Fantz whose criterion of fixation, as noted earlier and illustrated
in the previous §ection (Figure 1.1) was the reflection of the
stimulus over the centre of the infant's eye. However, during
preliminary calibration runs with'a similar technique it was noticed *
that there are often marked and consistent disparities between the
centre of the pupil and the fixation point. The first series of
"investigations carried out by the author explored the disparities
further, using adults and newborn babies as subjects., An explanation
of the causes of these effects requires a detailed cénsideration of'
“the relevant anatomical structures of the eye, and of the physiological

optics of the corneal reflection technique, The early investigations



with the technique, and the explanations for the disparities found,
are given.in chapters 2, 3, and 4, 1In addition there are a number of
implications of these findings for research carried out by pre?ious
investigators. These are detailed more fully in chapter 4, However,
perhaps the major implication concerns the newborn'§ ability to fixate
binocularly (reviewed in the previous section of this chapter).
Chapters 6 and 7 of this thesis describe the further studies carried
out to determine whether or not the neonate is éble to converge,

and to which types of stimuli,

R7
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CHAPTER 2

THE CORNEAL REFLECTION TECHNIQUE: TESTING SEQUENCES WITH ADULTS

When the apparatus for recording eye position changes in
newborns had been constructed, several testing sequences were carried
out to determine the accuracy of the corneal reflection technique.
Other users (Haith, 1968, 1969; Kessen, 1967; Kessen, Safapatek and
Haith, 1972; Nelson, 1969; Salapatek, 1968 and 1969; Salapatek and
Kessen, 1966, 1969 and 1973; Wickelgren, 1967 and 1969), have made
the assumption that this particular technique is accurate in placing
the line of sight to within a few degrees of visual angle when used
with newborns. The testing sequences described below show that ‘this
may not be the.case.

The apparatus, general procedure, and scoring protocol employed
were similar for all these ?equences, and these are therefore @
described first. ,'

Apparatus and Photography A photograph of the specially constructed

apparatus is shown in Figure 2.1A (the recording camera was not in
position when this photograph was taken)., Figure 2.1B is a
diagrammatic representation of the same apparatus, used in the early
expérimentation with neonates. The same apparatus (with the obvious
exclusion of the head and hip restraining cot) was used in the
testing sequences with adults., The stimuli (described individually
for the testing sequences) were placed over a 9% inch diameter hole
cut out of a 16 x 26 inch aluminium stimulus screen. Six marker

lights (Bausch and Lomb Nicholas illuminators) were mounted above

the screen].

Footnote] Initially only four illuminators were used: this was later
changed to six as with more peripheral fixations by the subject there
- was often an insufficient number of clear reflections for scoring
purposes.

r
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A condenser in the lamphousing of these illuminators spotlights a

" narrow beam of light on the area the illuminator is directed at. The
light source is a 6.5v, 2.75 Amp. tungsten filament lamp bulb. When
in operation the illuminators were connected to labpacks and were run
at 6v. to preserve bulb life.

Kodak Wratten 87¢ and Corning CS 7-69 filters were placed in
front of the illuminators, The transmission curves of these filters
are shown in Figure 2.2, The 87c filters cut.off the wavelengths
below 800nm, and the CS 7-69 filters cut off the wavelengths below
~-700 nm and above lOOObnm. The shaded area of this Figure indicates
the,Wave]engths that can pass through both filters, .The light from
these i1luminators passed through si><%i inch holes punched out of
the stimulus screen, and converged at the position of the subject's
eye (10 inches below the stjmulus screen). Whilst the eye is most
sensitive to the wavelengths between.350nm and 750.nm, radiation
above and below these wavelengths can be detected, although the energy
demand increases as the wavelength is made longer or shorter (Bartlett,
1965). Thus, although the filters cut off light below 800 nm, the
bulb filaments of the illuminators were visible to the adult as a
dUl'l, reddish glow. The *-\a\)m'\(\uq\ce of each bulb filament was 0.16ft.L.,
measured with én,exposure photometer, Each%%inch hole was positioned
6 inches from the centre of the 9% inch diameter hole in the_stimulus :
screen. The bulb filaments of the illuminators were 4% inches behind
the stimulus plane and at this distancé the beam-width of each iight
was%& inches in diameter, Accufate aiming of each reference light was
achieved by ensuring that the‘beam of light passed centrally through
the %iinch hole in the stimulus screeniand that, with S correctly
positioned, all the beams of light encircled his eye.‘ Two of the

i 1luminators were positipned to left and right of the sheet; the

'
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remaining'four were diagonally placed.

A 16mm Pathe Webo M cine camera was mounted with the camera lens
at a 90o angle to, and directly above the centre of the 9% inch
diameter hole in the stimulus screen. The camera was fitted with a
small Crouzet electric motor which, when switched on, caused the
camera to record at a speed of one frame per second with an exposure
time of%i sec. The film used was Kodak High Speed Infrared film

(HIE 430). Photographs were taken at a diaphragm opening of fl1,

through a 75mm lens. The field of view of the camera was approximately

1% x }h, inches and the exposed film was normally developed for high
- contrast using Kodak'é developer D19,

Procedure Each (adult) S was positioned on his back in the apparatus
with one eye 10 inches below the centre of the hole in the stimulus
screen, and within the fie]d of view of the camera. , In the testing
sequences the subject(s) was usually asked to fixate each of a series
of nu%bered points marked on sheets of clear acetate that were placed
over the hole in the stimulus gcreen. Three or four photographs were
taken of the S's'eye as he looked at each of the required points. The
" procedure was, in some sequences, repeated with the S's other eye
be}ng pho@ographed.

Scoring The scoring procedure differed in detail between testing
sessions. éssentially, however, each film frame was projected by a
16mm analyzing projector onto a scaled-down copy of a print showiné
i”the relative positions of the marker ligHts. The image size of each
frame was altered untj] the reflections of the marker lights in the
eye fitted the template positions of the'pfint copy. ‘Each frame was
initially scored by finding the position of the centre of the pupil
relative to thé reflections of the marker lights, and marking this on

the template, Three or four identical frames were available of each
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S fixating each required point. Figure 2.3 illustrates the scoring
procedure: the photograph is of an adult's eye taken with S fixating
a point located somewhere near the centre of the stimulus array. The
six reflections of the marker lights can clearly be seen encircling
the pupil of the eye.

When S was fixating around the central region there was little
or no apparent distortion of the marker lights, and all six reflections
were used in determining the position of the pupil centre. With
peripheral fixations, however, some distortion of the marker lights is
apparent. This is shown in Figure 2.4 and takes the form of a
displacement outward of those marker lights farthest from the fixation
area. With peripheral fixations, therefore, the reflected marker
lights nearest the centre of the pupil were used inAdetermining the
relative position of the pupil centre, and reflections of the more
extremely located lights Qere ignored. In this context it is important
to note that the purpose in most of the testing sequences was to

determine the pupil centre's position in relation to the corneal

reflection of the fixated target. The reflections of the target were

not visible on the film; each target position was therefore inferred
from its pxpected chation within the marker lights. However, in

a short experimént (testing sequence 6,below) it appeared that
estimating the target position within the marker lights did not give
rise to any additional error, The discrepancies reported later would
thefefore seem to be unaffected by the distortion of the marker lights
mentioned, and are not a function of, say, thé distance between the

marker lights.

Testing Sequence | The stimulus set initially was a series of 69

numbered points spaced at equal 1 inch intervals along an acetate sheet

9% inches in diameter (this §heet was placed over the hole in the
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stimulus panel). The points were fixated in turn by one S (AS)

whose right eye was photographed. As a subject looks at different
parts of the stimulus field the centre of the pupil relative to the
position of the marker lights changes. Thus, each separate fixation
'isAchgracterized by a unique configuration of pupil centre and marker
lights' reflection, This fact was used by Cowey (1963) Qho photographed
subjects' eyes looking at each of 99 fixation points. The developed'
photographs of the separate fixations constituted his "standard
reference photographs''; later fixations were matched by scanning the
array of ''standards" until the appropriate one was found. A less
tedious procedure was adopted for scoring results from the first
testing séquence: the positions of the centre of the pupil for
successive fixations were fitted to the scoring template, and a
""fixation map'' was constructed. Figure 2.5 shows a “fixation map'!
made in this manner, The successive positions of the pupil centre
form an orderly sequence within the marker 1lights.

The subject then fixated agéin each of the 69 points, this time
in a predetermined random order. .The film of these fixations was
projected onto the ”fixatiop map'' and a judgment was made of which
po}nts S had been fixating. This judgment was made ''blind', i.e.,
the order-fn which the points had been fixated during the “randéM'
trial was not known. This blind judgment was later compared with
the actual order of fixation, and the two were in perfect agreement.

This procedure was repeated with a second subject (MR); this time
the stimulus was an array of 89 points, spaced %’inches apart -

a Separation that is épprpximately 50 visual angle at the eye-to-
.target distance.(lo inches). 50 of the numbered points were re-
fixated, and the ''blind jngment“ncorrectly identified 49 of these.
The remaining one was incorrectly judged because'oan difficulty in

determining the pupfl centre for that fixation.
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Figure 2.5 Individually determined fixation map for one $ (MR),
whose left eye was recorded from. Only 4 marker lights were in
position when this fixation map (and also the one shown in
Figure 2.6) was derived. Note how the positions of the pupil
centre for successive fixations form an orderly sequence within

" and around the marker lights. Departures from regularity are
most probably the result of slight irregularities in the anterior
surface of the cornea which forms the reflecting surface.
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Thus, when the stimulus was a grid of points arranged 5o
apart in horizontal and vertical rows the maximum error involved
- was less than half the angular distance between two points on a
dfagonal (i.e., close to 3%°) 98% of the time. This abplies when an
individually determined fixation map is available for the subject's
viewing eye. Cowey (1963) also reports this degree of Qccuracy to
apply.

However, for these subjects it was noticed that the centre of the
pupil was often displaced from the inferred location of the target.
Two other subjects viewed selected points on the array and fixation
maps wére derived; these subjecis showed similar displacements. The
fixation map derived from one S (whose fight eye was the viewing eye)
is shown in Figure 2.6,

To determine the nature of the distortions, and to test for any
/

other potential error factbrs, further testing sequences were carried

out,

Testing Sequence 2

Subjects and procedure The subjecté were 10 adults, ages 16-38

years, Each subject was asked to fixate the central point on the
acétate sheet, and six Ss were additionally asked to fixate a further
f2 points (less in one case) randomly chosen from the whole fixation
~area. Both eyes were separately photographed for each fixation.

Scoring and results 145 of these fixations were available for

analysis, Having initially located the pupil centre for each fixation,
its deviation (if any) from the target position was read off from a
scaled-down photographic transparency which could be fitted over the
original print copy aﬁd'which showed the known target positions within
_the marker lights. 116 of these 145 fixations were not correctly
identified, f.e., for these 116 fixations the centre of the pupil was

located 2%9 or more from the target position. If the centre of the

‘
J
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Figure 2.6 Fixation map for subject FG (right eye). If the centre
of the pupil represents the line of sight the positions of the

pupil centre would have been- contained within the square drawn around
the marker lights. The errors are greatest for this S when the right
eye looks to the right. For subject MR, whose fixation map is shown
in Figure 2.5, the most overlap occurs, and the errors are greatest,
when the left eye looks to the left,
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pupil were the best indication of the line of sight this analysis
would have correctly identified the fixation position most of the time:
clearly, it did not. Further analysis showed that errors for the
left eye were predominantly instances in which the pupil centre was
locéted to the left of its expected position; for the right eye most
errors were in the opposite_directions;

The results for each subject are presented graphically in
Fiéures 2.7 and 2.8, for the left and the right eyes. The points
represent the horizontal (Figs. 2.7A 1 & 2 and B 1 & 2) and vertical
(Figs. 2.8A 1 & 2 and B 1 & 2) disparities found between the scored
position and the position the subject was asked td fixate. In all
four graphs the horizontal axis through'zero represents coincidence
of the target and the pupil centre, In Figures 2,7A 1 & 2 and B 1¢& 2
the abscissa représents the horizontal component of' the difference
between the target positioé and the central point. The vertical
axis gives the displacement, positive values indicating displacement
to the right. Data from the 4 subjects who were asked only to fixate
the centre point are not shown in these Figures. The horizontal.
displacements scored for these subjects were, for the left eye,

1.38 inches, 0.62 inches, 1.0 inches, and 0.88 inches, and, for the
right.eye, 1.25 inches, 0.75 inches, 1.25 inches, and 1,12 inches

(the displacements for the left'eye are to tHé left, and for the right
eye are to the right, for these 4 Ss). In Figures 2.8A 1 & 2 .and

B 1& 2 the vertical component is considered and‘positive scores
repfesent displacement upWard. No systematic interactions between
horizontal and vertical coordinates were found. In the central region‘
0.18 inches corresponds to 1° of visual angle; a slightly‘greater
.figuré applies in the periphery. The average horizontal and vertical

disparities are presented in Figures 2.9A and 2.98, respectively, and



LEFT EYE Al.

LEFT <— DISPARITY (INCHES}—> RIGHTY

-2.0 s g4 - g ' L 4 'y g 1 A N
5 4 3 2 i 0 1 2 3 4 5
: " LEFT <— FIXATION POINTS —> RIGHT
4 3 2 1 INCHES FROM 1 2 3 4
CENTRE
/

¥35 _Q-----0

_ LEFT EYE A2 L
L .,
S ol
= 10 $4 AimmB A

T S5 A—a , A

—_ /

- $60J---- ’

Q 0_5 - 60 -0 » - Dl

v

z

LEFT <— DISPARITY

K’ 54,
_2.0 A i A A A i i n A i .
5 4 3 2 1 0 i 2 3 4 5
LEFT €— FIXATION POINTS — RIGHT
4 3 2 1 INCHES FROM 1 2 3 4
. e CENTRE

Figure 2.7A (1 and 2). Horizontal displacements found for the
left eye of each subject. '



20} RIGHT EYE
s‘ Q== — =

5S¢ $2 O----~-
= S3 e—o
o
‘f 10
= 05
T
Z Pl
= 0 _._..__._____._,_‘_'9“_" ..............................
z O_—S—f-_" /’/
3 7
5 -os) e
[a] -
l 0”5y
y _].0 -

1S5 s 32 ) 0 ; 2 3 4 3

LEFT<—  FIXATION POINTS —>RIGHT
4 3 2 1 INCHES FROM 1 2 3 4
CENTRE
2-5¢
20} RIGHT EYE B2

—> RIGHT

»
w
I
(v}
z
>
s
=
&
¥
[a)
—
.
pe]
_]5 m” 1 L 1 1 i 1 1 1 n
5 4 3 2 1 ) 1 2 3 4 5
LEFT €<— EIXATION POINTS —> RIGHT
4 3 2 1INCHES fROM | 2 3 4
- CENTRE

Figure 2.7B (1 and 2) Horizontal displacements found for the
-right eye of each subject.



5¢

(INCHES) —> UP

DOWN <— DISPARITY

LEFT EYE Al

2ol
DOWN «€— FIXATION POINTS —> UP
4 3 2 VINCHES FROM 1 2 3 4
CENTRE
5¢ LEFT EYE A2

o
s }
@
w
xr
[0
r4
=
o
-4
[-™
]
o
. Z
2
0
o
_].5 L
_2,0 e g4 i 1 i L 1 ] 1 1
5 4 3 2 | 0 1 2 3 4 5
DOWN €— FIXATION POINTS —> UP
4 3 2 1 INCHES FROM | 2 3 4
CENTRE

Figure 2,.8A (1 and 2)

Vertical displacements found for the

left eye of each subject.



1-5

RIGHT EYE B 1

(INCHES) — UP

DOWN «— DISPARITY

B T
DOWN <—FIXATION POINTS — UP
4 3 2 1 INCHES FROM 1 2 3 4
CENTRE
51 RIGHT EYE B 2

—> up

A
wl
I
|9}
z
>
=
o
g
;3
o
Z
o)
(=]
. ind 1 L 1 1 N i L L L
15 5 4 3 2 1 ) 1 2 3 4 5
DOWN <— FIXATION POINTS -—3> UP
4 3 2 1 INCHES FROM 1 2 3 4
CENTRE

Figure 2.88 (1 and 2) Vertical displacements found for the
right eye of each subject.



,found.

e, A
5
'nz
T O-=-=--<OLEFT EYE
LY
8 @———Q RIGHT EYE
§ O-.
7 o
= 0. .
B s e s D) e ¢ am o —— — — o — Sl B o (P e e ¢ e ¢
: ° i
[°4
g ‘O"
%] SO .
R I ©
l - loe---- ©0-----0"
& ' ‘
w
-2 A T L4 \J 1 1 Y ) 4 2 4 ) 4 ) §
5 4 -3 2 1 0 ! 2 3 -4 [
LEFT € FIXATION POINTS — RIGHT
4 3 2 1 INCHES FROM | 2 3 4
CENTRE
. 8
.2_
a
p
1 O--=--O LEFT EYE -
% '] @—o RIGHTEYE : -0
w L 1<)
T . "
|V
Z
=
—
=
g
a.
v
&) .
y4
; "2 1 4 g T L S 1 4 . . 4 g Y v
8 s 4 3 2 0 i 23 4 \
~ DOWN <— FIXATION POINTS —3 UP
4 3 2 1 INCHES FROM 1 2 3 4
‘ CENTRE -

Figure 2.9 Average horizontal (A) and vertical (B) displacements



46

| are derived from the data in Figures 2.7 and 2.82.
It is immediately evident that there are large discrepancies of
the pupil centre from the fixation point. Even with central fixation
" the derived centre of the pupil is horizontally displaced by
- approximately 4° of visual angle. This displacemeht is to the right
vwhen S fixates with his right eye and to the left when é fixates with
“his left eye. A second effect is evident when S fixates away from
midline, This is always in the direction away'from the fixation
point, (for example, when the subject fixates a boint L inches above
" midline the average scored position indicates h%: inches above midline).
- Nevertheless, because of the .central effect in the horizontal direction,
"it is possible for the overall disparity with off-axis fixation to be
reduced (in most cases the pupil centre will approach the target
- position as the left eye fixates right, and the right eye fixates left),
This second effect appears to be identical in all four directions,
and equal for both eyes.

 Testing Sequence 3 The results presented above were taken from

subjects fixating positions less than 25o from midline, Five Ss
(two of whom had been Ss in T.S. 2) fixated the more peripherally
pfaced marker Tights, 6 inches to-left and right of centre,whose
{ filamentsiwere visible as a dull, reddish glow, and also the centre
point,

The off-axis effect, .described in the previous testing sequence,
causes an averaée cHange in the scored position of .865 inches as S

moves his locus of gaze from the central position to a point 4.4 inches

Footnote2 The central horizontal disparities shown in Fig, 2.9A are
. the averagesfrom all 10 Ss who fixated the centre point in the

stimulus.set.
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from centre (fixation point 5 in Fig. 2,9A). The average change in
the scored position as S fixated from the central position to the

' marker lights (6 inches from the central position), however, was

.905 inches, an increase in the disparity resulting from the off-axis
effect of .04 inches. Thus, the results from this testing sequence
indicate that the off-axis effects seem to stabilize with more
peripheral fixations.

Testing sequence 4 One subject fixated the six marker lights and

the central point on the acetate sheet three separate times with each
'éye, each time employing a different position of the head. A further
§ubject fixated several of the numbered points under two conditions,
(@) with the pupil of the eye contracted, and (b) with the pupil
vdilated. Pupil dilation and contraction were caused by switching
off or on a fluorescent sg?ip light above the apparatus. |
No differences in thé scored position of the pupil centre were -

found as a result either of head position or of the size of the pupil
opening; thus, these variables do not appear to affect the disparities

found.

_Testing sequence 5 Four subjects were used. Each was seated

approximatély 12 inches behind a ruler mounted horizontally, and at
right angles to his line of sight, Figure 2.10 diagrams the arrange-
._ ment. Each S fixated, separately with both eyes, three marked point§

_ on the ruler: the centre position and points 3 inches to left and right

of centre. As S fixated the required position an observer (0), seated

" with his observing eye immediately behind the centre point of the

ruler, moved a torch light until its reflection appeared (to 0) to
occupy the centre of the pupil of the subject's viewing eye. The
deviation of the actual location of the torch from the fixation

position was read off by a second observer; two or.three readings
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> RULER
< > < 5 /
B C
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Figure 2.10 Each S was seated with his viewing eye approximately
12 inches from the centrally fixated target (B). A and C are
the targets 3.inches to the left and 3 inches to the right. The
observer (0) was seated with his observing eye immediately behind
target B, along the S's line of sight when S fixated B.



49

were taken for each fixation position to ensure a fairly reliable
estimate of the disparities,

The disparities founa are given in table 2.1, Negative values
indicate a displacement of the torch's location to the left of the
- subject's fixation position. A direct comparison of the magni tudes
of these disparities with those reported in testing sequence 2 is not
pdssib]e as the eye-to-target distance was not held constant for each
-éubjett. ‘When a similar technique is used, with targets positioned
on a perimeter, however, a fairly precise meésure of the angle alpha
may be derived (i.e., see Davson, 1950, p428)3. Nevertheless, the
main effects are apparent. from this table, and are in the same direction
as those of testing sequence 2. When the left eye looked to the right
of centre the torch light was held close to the point fixated; when
the left eye looked to thef1eft there was a large degree of error.
The opposite is the case fér the right eye, From this it can be
concluded that the camera, or the scoring of the film, is not in some
way at fault, as similar effects are found using a more direct
observation of the eyes.

Testing sequence 6 The distortion of the marker lights' position

“with periphéral fixations was noted earlier in the scoring section
of this chapter. To determine what effect this might have a further
. subject (DB) was used. S was aﬁked to fixate a number of positions
radiating horizontally and vertically from the centre position on
the acetate.stimulus sheet. As S fixated each point a small torch,

held at the fixation point itself, was shone by the experimenter into

'Footnote3 The optic axis of the eye diverges from the visual axis,
the angle between the two being called the angle alpha.



TABLE 2.1

Displacement of torch light from
fixation position (in inches)

FIXATION POSITION

(LEFT EYE)
I left 3 right
of centre Centre of centre
S1 -2.3 -1.35 0.3
52 -2.0 -0.75 - -0.38
$3 -2.6 -1.4 0
s -2.5 -1.38 -0.4
Average =~2.35 -1,22 . =0.12
(qﬁeHT EYE)
S1 0 0.75 1.1
$2 -0.5 : - 0.88 1.0
S3 0.5 0.88 1.25
sh 0.1 1.1 1.7
| Average 0.02 0.90 C1.26

590
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S's eyé (the left eye was used). On the developed film the corneal
reflection of the torch light, for each position fixated, was visible,
The film was analyzed in three ways:

(a) Normaliy: the deviation of the centre of the pupil from

".the inferred target location was found, This analysis was carried out

using the reflections of the six illuminators, i.e., the reflections
of the torch.light were ignored.

(b) The deviation of the centre of the pubil from the corneal
reflection of the torch ligﬁt itself was found for each fixation
position. For this analysis the reflections of the six illuminators
were not used,

(c) For each separate fixation the position of the reflex of the

torch light was found within the marker lights.

Results The deviations of the pupil centre from the target position
i

for successive fixations were the same in (a) and (b); in (c) no
distortions of the positions of the reflections of the torch light
within the marker lights were found. The derived positions of the
centre of the pupil within the marker lighfs (from (a) and (b), .above),
and of the torch light's reflections (c) are shown in Figure 2,11,

Fo} one fixation poéitioh the torch light was held away from the
fixation position to avoid obscuring the camera's field of view.

The derived position of its réflection (arrowed in Fig. 2.11B)
departs»from regularity for this reason.

From these results it may be supposed thag estimating the target
position from the marker lights does not give rise to any further
error, and that estimating the target position is not itself affected
by the marker lights' distortion with peripheral fixations,

Testing sequence 7 Cowey (1963) reports this corneal reflection

procedure to be relatively insensitive to head movements: "The position

of the reflection relative to the outer_and inner borders of the iris

.
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Figure 2.11 Fixation charts that constitute the raw data of
testing sequence 6., In A are shown the derived positions of
the pupil centre for successive fixations; in B the locations
of the torch light are shown. |f the two records are super-
imposed it can be seen that, as S fixates to the left, the
pupil centre is displaced progressively to the left of the

" reflection of the torch light.
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and to the centre of the pupil remains virtually unchanged if the

eye maintains its fixation but the head moves, for instance, %in."
(p85), and also (p86), ''... all photographs for any single fixation
point were essentially similar although the head had moved sideways

up to& in" In the experiments reported later in this thesis, both
of the newborn's eyes were photographed simultaneously. When compqred
with photographiﬁg one eye alone this is equivalent to moving the
right eye%—_ inches to right of midline, and the left eye %inches

to left of midline (assuming the field covered by the camera to be
“centred in the forehead).h .These distances are larger tHan those
tested by Cowey; additionally, if any further effects were to result,
it Qould seem likely that they would bevopposite in direction in the
two eyes. Consequently, this final sequence with adults was formulated
to test this possibi]ity.S/

One subject (DB) fixaéed 4 points, spaced regularly throughout
the whole fixation area. Both eyes were (separately) recorded from
ﬁnder three conditions of viewing, (a) with the eye positioned%&inches
to left of midline, (b) with the eye in a central position, and (c)
with the eye.%tinches to the right.

Results A small effect was found as a consequence of moving the eye
' %t inches‘from midiine, equivalent to a change in the analysed fixation

position.of-l to‘2o visual angle. When the eye moved to the left the:

recorded position of the centre of the pupil shifted to the right of

Footnote4 This interpupillary distance of 13 inches is an average,
for the newborn babies measured by the author. In the adult the
equivalent distance is approximately Zh' inches.

Footnote5 This testing sequence was carried out after those on
newborns reported in the next chapter. However, it seems reasonable
to include it here rather than in its chronological order.
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its previously recorded po;ition, and vice versa, The effect is similar
in both eyes and, within the limits of accuracy of the scoring procedure,
appeared to be constant across the stimulus field. The '"fixation maps"
derived from the positions of the centre of the pupil ére shown in
Figure 2.12 for the left eye data. In this Figure the two horizontally
located marker lights only are shown. |If the fixation map for S
fixating with his eye in a central position (B in Fig. 2.12) is placed
4over the map of S fixating the same points, but with his eye %;inches

to leff of midline (A in Fig. 2.]2); with the marker lights' positions
superimposed, it can be seen that the scored position;of the pupil
centre are (in A) somewhat to the right of their positions in B. The
opposi te is found if B is placed over C in this Figure.

Thus, in the newborn baby, when both eyes are photoéraphed the
nature of this ""binocular effect" will be to reduce the expected
optical divergence of the Eyes by a combined amount of approximately.

30 visual angle.

CONCLUSION It is clear that there are often large discrepancies of
the pupil centre from the fixation point, and that the assumption that
the centre of the pupil coincides with the line of sight when using
tﬁe technique cannot be made. It is evident that it is necessary to

examine the technique in neonates, and the experiments reported in

chapter 3 were carried out to do this.
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CHAPTER 3

THE CORNEAL REFLECTION TECHNIQUE: EXPERIMENTATION WITH NEONATES

The experiments reported in this chapter were designed to
investigate the corneal reflection technique with neonates. |In all
of these experiments the intention was to present a stimulus in
known locations within the stimulus field, and to estimate the
probable magnitudes of the angle alpha and of the off-axis parallax
effects from the photographic records. It is not, of course,possible
to instruct a newborn to fixate a particular stimulus, and it was
therefore necessary to present a stimulus that the newborn would,
from choice, fixate.

From the available literature it was not posgible immediately
to select a suitable stimulus that would capture the newborn's
attention for some length df time. Consequently, in empirically
arriving at a suitable stiﬁulus several false sfarts were made
(experiments 1 and 2). The stimulus that was eventually used, and
was effective in eliciting looking behaviour, was a vertical, half=-
inch wide, array gf lights. A vertical array was chosen because the
subject could fixate any portion, up or down, of the stimulus, and

" the horizontal disparity between the centre of the pupil and the

.. target's position within the marker lights could be scored. Vertical

~disparities of the pupil centre could not be derived directly
from fixations of this type of stimulus, but could be estimated
from the magni tudes of the horizontal disparities found.

Some of the experiments described (ekperiments 1 and 2 of this
chapter; experiment 6 of chapter 6)? were terminated before a large
. 'ndmber_of newborns had been used as subjects. vHowever, when the

experimental situation was changed before the results seemed to
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war?ant it, it Qas either because the author felt that limitations

in the design made unambiguous interpretation of the results impossible,

or because a different stimulus seemed likely to produce better

results., The variability of the subjects' responsesvwas often a

major cause of a stimulus change, Newborn babies do not make ideal

experimental subjects: they cry, fuss, are sick, and in other ways

indicate their lack of attention to the stimulus. However, if two

or three apparently alert, wide awake, and qﬁiet newborns failed to

consistently look at a stimulus, even th§ugh their eye(s) were fixating

around the area of the stimulus field that the stimulus was presented

in, this appeared sufficient justificatioh for changing the stimulus,

AEEafatds The apparatus described in the previous chapter was

‘modified for use with neonates, The underside of the stimulus screen

was painted matt black, and stimuli were presented through holes

in similarly painted stimulus panels which were separately placed

as fequired over the 9% inch diameter hole in the stimulus screen.

A Kodak Wratten 88A filter was placed over a small hole in the centre

‘of these panels to prevent the babies from seeing the camera lens, ‘

Sufficient infrared light passed through this filter to allow |

phétographs of the eye to be taken. The aim was, so far as was 1

compatible with photographic}purposes, to present the stimuli against

a uniform background. i
The luminance of the bulb filaments of the marker lights, after

the radiation had passed through the Kodak Wratten 87c and the

Corning CS 7-69 filters, was 0.16 ft L., measured with an S.E.I.

exposure photometer. Doris and Cooper (1966), suggested £hat brightness

" sensitivity undergoes rapid development in the first two months of life.

They measured the optokinetic (following) responses of infants from

4 days to 69 days of-age to a moving field of black and white stripes.-
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The brightness of the fiejd was varied and the minimum intensity
elicifing a response was considered the threshold. Variations in
the intensity of the white stripes also involved variations in the
relative intensity of white and black. The average (threshold)
:difference in intensity to which infants from 4 to 8 days responded
was .086 apparent foot candles. This threshold measure decreased
sharply from 4 to 20 days.

It does not seem possible to interpret these results in terms
of the visibility of the marker lights to the neonafes. However,
'there.is no indication from the neonates so far tested that either
the marker lights or the éamera filter can be distinguished from
“the surrounding area. More specifically, even when the babies did
.nét respond to the stimuli they did not appear to respond to any
other feature of the si tuation,

Lighting for the stimﬁli was provided by two 60 watt strip

lights, located behind and to the side of the head-restraining cot.

These lights were connected in series,

.. Subjects Subjects for the experiments were newborn babies selected .

from those in the maternity ward of Dryburn Hospital, Durham. |In this
pafticular ward the babies remained in hospital, usually for a period
of 10 days from birth, All babies were deliverédd without complications
and were full-term at birth. WHen there were complications at |
_‘delivery, or the babies were premature, they were housed in a

different ward.

Initially the babies were seen between feeds. This, however,
proved to be unsatisfactory as the large majority of potential’
subjects were asleep. Consequently, the babies used as subjecps in

all but the very early experiments were seen immediately after their

' ‘hidday feed. Many babies were seen who could not be used as subjects

either because they cried, slept, or in other ways showed inattention

to the stimulus.



Procedure Each baby was brought by his mother to the experimental
room on the maternity ward of the hospital, and placed on his back in
a head-restraining cot. Foam rubber clamps attached to the cot
prevented gross side-to-side head movements. As a hygienic
precaution‘a cleén white towel was placed under each baby. A gauze
patch waslplaced over one of the infant's eyes to ensure monocular
conditions of viewing, and the infant was positioned under the
apparatus, by means of markers placed on the cot and on the baseboard
which subported the cot, so that the open eye was 10 inches below

the centre of the stimulus panel and within the field of view of

the camera. Curtains around the apparatus were drawn, to eliminate

extraneous light, and an experimental session began when the

stimulus was presented and the camera switched on.

The stimuli used are déscribed in detail for each of the

experiments.

Scoring and analysis A film frame was scorable if one or more of

the marker lights was visible and if the centre of the pupil could be
determined. Throughout the experiments described the data for each

S iﬁ each stimulus bosition were analyzed separately, and were only
scored if a preliminary check showed that there were at least 15
scorable frames. A frame in which only one marker 1ight was vi;ible

was scored only if other frames within the same stimulus presentation

-allowed determination of the necessary image size.

For each scorable frame the position of the centre of the pupil

relative to the marker lights' position was determined in the manner

“previously described for the adult data.

CINITIAL TESTING SESSIONS IWEen filming with aduits' eyes, very good

99

-contrast between iris and pupil had been found. With the same conditions
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of photography, however, analysis of the developed film proved
impossible because the centre of the pupil could not be determined

-with any accuracy.

The first 15 subjects were used for testing purposes only, to
establish appropriate camera settings and illuminator levels. Several
alterations to the photographic procedure were introduced. These
included:

(a) the use of latefally placed illuminators, Previous
~investigators (i.e.,Salapatek, 1968) have used lateral illumination
'foAimprove the contrast between iris and pupil, and

(b) developing to enhance contrast. Hershenson (1964) reported.
a developing process, supposedly to increase contrast. This requires
developing for an additional 20 minutes in D19 WEth the active |
ingredients of the develobgr doubled. Film from the same subjects
was cut into strips and-se;arate strips developed either normally

" or using this method.
Neither of these alterations to the procedure produced satis-
factory results: overdeveloping was found to produce film that was
much grainier, but no more contrasty, than normal developing; as

lateral illumination necessarily illuminates the eye(s) unevenly

it produced more, rather than less, confusion.

Adequate contrast was later found when the diaphragm openings of*
the camera were varied: since neonates' eyes are smaller than adults'

more light is needed to obtain a similar contrast.] All subsequent

Footnote] The contrast between the iris and the pupil in the film of
neonates' eyes was, however, never quite as good as that found with
adults. There are two reasons for this, Firstly, the lack of

" pigmentation in the newborn's iris. Secondly, it was possible to
focus the camera for each adult S individually, by illuminating the
eye with large amounts of visible light. This was not possible with
neonates, and an average setting was used. Because of differences in
the head size of different Ss, and the small depth of field of the
‘camera (approximgtely Linch), the film records were often slightly out

of focus,



61

photographs were taken with a diaphr;gm opening of f8, without the
presence of lateral lights, and the film was developed normally. In
Figure 3.1 are shown two photographs of newborns' eyes taken under
these photographic conditions.

EXPERIMENT 1 The stimulus for this experiment was a small (% inch

diameter) light which either flashed on and off approximately once
every half second, or remained on, The .lum'\naace of the stimulus
light was approximately 25ftL. Wickelgren (1967) suggested that a
small blinking light is successful in attracting newborns' attention.
L subje;ts were used in the first stage of the e*periment. With S

in position below the stimulus screen the flashing light was presented,
at various locations, through holes drilled in a stimulus panel, for

a few seconds per location. jt appeared from an analysis of the film

records that in no case did the presence of the flashing light constrain

i
!

the newborns' visual~atte&tion. Possibly the light was not placed in
é particulér location for a sufficiently long time for the subjects
:to'localize it in space.
In the next stage of the experiment the stimulus panel was
'\moved and the light was moved horizontally at the stimulus plane until
tHe subject appeared to fixate it. The flashing light was then moved
:to a predetermined position and held there for 30 seconds while the
‘camera récorded. 3 subjects were used,
For the final 2 subjects of the experiment, the non-flashing

.1ight was moved, as described above, until visual following movements
appeared to be made, When it was felt that S was fixating, the light
was held stationary,:and the camera switched on. The light's exact
location could later be determined from its reflection within the

"pupil.

Results The results were not analyzed in detail, for two main reasons:
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(1) On some frames the centre of the pupil was sufficiently close
.to its expected location within the marker lights to indicate fixation,
On others it was nof. - Experimenter bias, it was felt, would
influence the choice of frames to include in the analysis as indicating
fixation,

{2) As it is apparently the case with a moving stimﬁlus of this
nature that quite a large movement of the stimulus may be necessary
before correction of the slippage of the target from the fovea is
made (see the review in Chapter l),Athe subject, whilst appearing
to fixate the light, might in fact be fixating a poinf, say, an inch
away.

As it was not clear in this experiment how on-target fixations
were to be distinguished from non-fixations, the experimental

7

procedure was abandoned.

EXPERIMENT 2 A further Iljsubjects were shown a series of Zinch

wide vertical strips, painted in white on the stimulus panels,
located separately in different areas of the visual field. Each
subject was shown a maximum of four lines, each stimulus being
présented for approximately 30 seconds,

| The results were very ambiguous, and.no really clear-cut
“evidence of on-target fixation was found. A possible reason for this
- finding is that the white lines.which, in the experimentgl situation *
each had a \vmwnane® of approximately 2 foot Lamberts, although
clearly visible to an adult were tdo dim to be easily distinguished
from the Background by the newborn, whose brightness sensitivity is
known to be reduced (Doris-andVCoqper, 1966). One positive finding
" that did emerge from this and the previous experiment was that, with
-i the left eye open and the right occluded, the baby ‘was most likely to

.:fixate to the left of midline, and was most.like}y to look to the



64

.right when only the right e*e was open. This is in agreement with
‘Salapatek's (1968) finding that a newborn's eye fixates much more
temporally when the other eye is covered than when it is not,

While it is possible that better results might have been
obtained if the Brightness level were increased, a‘different stimulus
wasrused in the next experiment. |

EXPERIMENT 3

Subjects Subjects for the experiment were 27 full-term babies
from 43 to 261 hours old, median 117 hours. 28 other babies were
seen but could not be used as subjects,
Stimulus The stimulus was an array of eight small, coloured lights,
mounted on a strip of aluminium., The lights were grouped in two
sets of four, those in each set being‘%tinches apart, with a central
gap necessary for photographing through when the stimulus was
presented centrally, The stimulus lights were presented through one.
of five vertical slits, each 6 x ¥ inches, in three stimulus panels,
These panels were separately placed as required over the hole in the
stimulus screen. On the first panel two of the slitsvwere spaced
1;% inches and 3% inches to the left of centre, and on the second
panel identical slits were spaced_the same distance to right of
centre. The fifth vertical slit was cut in the centre of the third
stimulus panel. The half-inﬁh width of this slit did not obscure
the camera's field of view.

‘The whole stimulus array covered.gn area slightly smaller

" than the 6 x % inch slits in the stimulus panels. The \uminanee of

each stimulus light was approximately 20 foot Lamberts, measured

" with an S,E.l., exposure photometer, a \vminance © that

Qou]d_appear to be acceptable to newborns (Hershenson, 1964) .

Initially, these lights were blinking when preseﬁted to the
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subjects, being on for'%;sec. and off for'%;sec. (the "on-of f"!
éondition). The stimulus was later altered so that the lights
.could either blink or remain permanently on (the "on'' condition).
‘ This modificatién was designed to reduce any habi tuation effects to
the original stimulus, and during intra=subject stfmulus presentations
in later experimental sessions the '"on-off'!' and "on" conaitions were
alternated,
Procedure The two 60 watt strip lights that had been used to
illuminate the stimulus in the previous experiment were not used.
Thus; when the curtains around the apparatus were drawn the only
source of light (other than very small amounts of diffuse light
that might have been present), was the stimulus.

The stimulus was shown to each baby in three positions, depending
upon which eye was photographed. To maximize the possibility that
S would look at the stimu]&s, the lights were shown in the central
ﬁbsition and in the two positions to left'of centre when the left
eye was open, and centrally and in the two positions to the right
when photographing the right eye. The stimulus was presented in each
' of‘the three positions for approximately 1 minute, thg sequence of
présentation being randomly determined for each S.

Data for the left eye were mostly collected initially, Although
it was not expected that the digparities found would differ for the
right eye, corroborative data were collected for the right eye, but
using fewer subjects. If S fell asleep, or beéan to cry, the

experimental session was discontinued.

Scoring and Analysis The film frames were initially scored as

described earlier in this chapter. For each subject in each stimulus
position there were potentially available approximately 60 scorable
‘frames (in some cases, more). When the pupil centre had been found,

relative to the marker lights' position, horizontal coordinates were



obtained by dividing the stimulus field into 21 vertical %; inch

wide areas. The number of fixations in each area was then determined
for each stimulus position, thgse frequencies being converted to
percentages to ensure that each S contributed equally to the results,
A1l the film records whose data were used were re-gcored, to provide
evidence concerning intrascorer reliability.

Results 19 Ss contributed to the results for the left eye, and

8 Ss contributed to the results for the right eye. The percentage

of fixations for each S in each stimulus position that fell within

" each area of the stimulus field is given in tables 3.1 through 3.6.

The rows along from 1 and 2 (in the second column of these tables),'
give, respectively, the results obtained when the film records were
first analyzed, and the results from the }eana]ysis. The total
number of scored frames, bpth for the originally analyzed and the
reanalyzed daté, is given }n the column on the extreme right of
these tables, It may be noted that the number of frames deemed
scorable usually differs for the original and reanalyzed data, a
consequence of a number of frames that were not too cléar. If the
centre of the pupil had coincided with thg line of sight the

greatest percentage of fixations would have been found in the column(s)

indicated by the single, thick line under the totals row.

The most common occurrence was for an individual S to fixate

 the stimulus when it was presented in one position, but not in

the other positions. There are three main reasons for this finding:

(1) S may have closed his eyes or started to cry during the experimental

;session; (2) if the baby's eye was not exactly centrally placed,

a sméll head movement, of perhaps half an inch, took his eye out of

camera shot, so that although he may have been fixating the stimulus,

-the results were not'available for analysis; (3) .the fixations of
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some Ss showed no definite grouping, and it was'assumed that in this
situation the stimulus was not available to S. An example of this
form of fixation is shown in Figure 3.2. In A and B of this Figure
each dot is the scored position of the pupil centre for a single film
frame, The position of the stimulus is indicated By the vertical line.
In part B'of this Figure the tight.grouping of fixations is a clear
indication that this S is "captured"' by the stimulus, and the data
were used. In part A of the Figure the apparent fixations from a
different S presented with the stimulus in the same central position
are shown., In this instance the scored fixations are often widely
displaced from the stimulus, It is possible, of course, that both of
these Ss were looking at the stimulus and that the S whose fixation

chart is shown in A was exhibiting a looser form of scan than the

'S shown in B. However, as the aim of the experiment was to extract

fnformation from Ss who were clearly looking at the stimulus (rather -

“than, say, to investigate differences in patterns of scanning), the

data from the S shown in part A of this Figure were not used in the
analysis. |

The first analyzed and the reanalyzed data were used to give a
meésure of intrascorer reliability. The number of fixations within
each area of the stimulus field was ranked for the first and second
analysis'of the film records for ten of the individual sets of data,
and Spearman rank order correlation coefficients (Siegel, 1956, p202)

were calculated, These correlation coefficients ranged from .80 to

.99, with a median of .90, and indicate that the number of fixations

-that were scored in the different areas of the stimulus field were

very similar when the records were reanalyzed.

As a check that the reanalyzed data did not differ overall from

" those of the first analysis, correlations between the total percentages
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.Figure 3.2 Distribution of 2 newborns' fixations when presented
with the stimulus lights in the centre position between the marker
lights. Data from $82 are shown in A, and from S81 in B, Both
Ss viewed the stimulus with the left eye,
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"~ Figure 3.3 Frequency distributions of newborns' fixations in

"~ -21 . regions of*the visual fieid,



19

of fixations within the different areas of the stimulus field were
calculated, for each of the six sets of data presented in tables 3.1
thrqugh 3.6. These correlation coefficients were from .92 to .98,
with a median of .945.

8 Ss data are included in the results for more than one position.
A1l of these Ss showed disparities similar to the "one-position'
Ss who viewed the stimulus in these positions, All Ss whose fixation
patterns demonstrated a definite preference for the stimulus showed
consistent and similar disparities, Additionally, all Ss showed a
fixation peak within 59 of the group mean. Consequently, all fixations
on a particular target have been combined to give a distribution of
fixation positions. Figure 3.3 plots these distributions for each
target position, and is a graphical presentation of the data in
fables 3.1 through 3.6. The numbered distributions L1, L2, L3
represent, respectively, the areas apparently fixated when the stimulus
was presented centrally, and I%% inches and 3% inches to left of
centre. The RI, R2 and R3 are the corresponding distributions for
the right éye. The peak of the relevant distribution would have been
immediately below the arrowed position of the stimulus if the centre

of the pupil had coincided with the target positions. (Number of

| subjects in each condition: L3, N=7; L2, N=10; LI, N =17;

RI, N =3; R2, N=1U; R3, N=5).
In table 3.7 is given information about the ages at the time
of experimenting, birth order, birth weight, and sex of the babies
seen during thg course of Experiment 3. Although 27 babies were used
as subjects, and 28 babies were not, the relevant information concerning
these variables was not always available. Where the data given in this

table are not *from the full complement, the number of babies who

contributed to a given result is given in parentheses. A possible
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difference between the subjects and those babies who were brought

to the experimental room but whose data could not be used, is in
their weights at birth, The median birth weight of the subjects was
71bs 6 ozs, 7ozs heavier than the median birth weight (61bs 150zs) of
the babies who were not used, A Mann-Whitney U tesf for independent
samples (Siegel, 1956, pl116) was carried out on the results, but an
acceptable level of significance Was not reached, (n] = no. of
subjects = 27; n, = no. of babies not used = 25; U = 264, p = .0885 >

.05).

APPARATUS CHANGE

Before experiment 3 had been completed the author became aware
of Bower's (1971) suggéstion that infants in a supine position are
not fully awake, As a consequence new apparatus was built to allow
eye fixation position éo be recorded while the newborn baby is held
in an upright position. ‘

Figure 3.4 is a photograph of the new apparatus, and Figure

3.5 is a schematic drawing of the apparatus. Stimuli are positioned

on black stimulus panels which are hung, as required, over the central

hole, 9% inches in diameter, cut in tﬁe black aluminium screen

(B in Fig. 3.5). The stimulus panels are located 10 inches in front

of the baby's eyes. The 16mm cine camera is mounted behind the aluminium
screen, with the camera axis at’a 90O angle to the screen, The optical
bench aliows the camera to be moved nearer or farther, as required,

to photograph one or both eyes. During operation both camera and

- motor are covered by a soundproof box.

Markers are fixed 10 inches from the stimulus panel so that the

- centre of the camera's field of view is the point of intersection of
fthe two markers (C in Fig. 3.5). The.baby is positioned between the

~padded ends of the markers so.that the point of intersection is between
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the two eyes (assuming both eyes are being photographed). Castors
fitted to the apparatus allow it to be moved, as required, from one
room to another,
Procedure lThe procedure is similar to that described earlier. The
newborn babies are brought tightly swaddled, either by the mother or
by the experimenter to the experimental room. There, the baby is
wrapped in a towel (for hygienic purposes) and is held, seated upright
on the E's knee, with his eyes in the centre of the two markers (C in
. Fig. 3.5). The central point between the two markers is 34 inches
»above the ground, a distance which allows E to hold the baby in the
required position without strain, WEth-pracpice it is possible for
very precise positioning of the baby to be maintained, allowing the
field of view of the camera to be very small: when both eyes are
photographed the camera films an area which is 2%;inches wide, a
distance only slightly larger than the distance between the two outer
canthi of the eyes. The baby can be supported in a supine position
with one arm to allow E to switch the camera and change the stimulus.
As.the author became more proficient in the use of this procedure
several advantages over the previously used apparatus became apparent
wHich markedly reduce the subject loss normally encountered. Firstly,
records are no longer lost due to a head movement taking the baby's
eye(s) out of the camera's field of view, such head movements being
compensated for by E. This compensation does not produce any
‘artefacts in the derived fixation pos}tion as head movements are not
confounded with those eye movements that change the baby's fixation
'point. Similarly, tendencies to fixate outside of thé stimulus area
can be corrected by E who can turn the baby's head., Secondly, very
few experimental sessions are now terminated as a result of the baby

crying, fussing, or falling aé]eep - holding infants is known to have

e
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a soothing effect, in addition to promoting visual scanning (Korner,
1971, pb15).

In experiment 3 data were collected from newborns looking at a
central or an ipsilateral stimulus. A contralateral stimulus was not
- shown as earlier results had suggested thét the newborn baby is most
likely to fixate ipsilaterally when the non-fixating eyelis occluded.
With the new apparatus it was possible to obtain results from Ss
looking contralaterally by holding them so that they were facing the
stimulus.? Experiment L wasvcarried'out to obtain results from Ss
looking at a contralateral stimulus,

EXPERIMENT &4

Subjects 23 newborn babies were seen, O0f these 13 were used as
subjects, 10 could not be used as subjects: in 5 cases there was an
insufficient number of scorable frames (no film record was scored if
a preliminary check showed that there were less than 15 scorable
frames), and in 5 cases the scored records did not clearly indicate
that fhe babies had been looking at the stimulus,

Stimulus and procedure The stimulus was the same array of 8 coloured

lights that was used in experiment 3. The lights were presented through
a 6 inches x ¥ inch vertical slit in one of two stimulus panels that
were hung over the 9% inch hole in the aluminium screen. On one of

these panels the slit was spaced 2 inches to the left of centre, and °

Footnote2 "Contralateral looking' is defined in terms of fixations
‘relative to the observer's position, and not in terms of the orientation
of the baby's'bead. Thus, if the baby looks to the left of the centre
of the stimulus panel with the right eye, he is '"'looking contralaterally'
even though S may have turned to face the stimulus directly. The

author found that, when babies fixate a stimulus they usually do turn
their heads to face the stimulus., This finding is in accord with a
report by Tronick and Clanton (1971, p 1485), who suggest that the
infant, when visually attending to a stimulus, aligns the eyes and

the head, a constraint being that the eyes must be centred in the

‘head.
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~on the second panel was 3% inches to left of centre.

The procedure was similar to that described under experiment 3.
An experimental session began when the stimulus was presented with
the subject in position, and the camera was switched on. The switch
for the camera motor was within easy reach of the seated E. Initially,
it proved difficult to change the stimulus position (from 2 inches
left of centre to 3% inches left of centre, or vice versa), for an
individual subject, so that the first 13 babies seen (8 of whom
contributed to the results) were shown the stimulus in only one position,
for approximately two minutes.

The difficulty in changing the stimulus position was a consequence
of the stimulus being mounted vertically with respect to the ground.
The stfmulus lights were screwed into'position on the appropriate
stimulus panel, and to change panels took several minutes. This
difficulty was overcéme whén a third stimulus panel was constructed,
with 6 inch x Zinch vertical slits positioned 2 inches and 3% inches
to left of centre. A strip of metal was fitted on the reverse of this
':panel and the stimulus lights, which rested on this metal strip, could
be slid so that they appeared through the appropriate slit in the
péne]. 10 subjects, SAof whom contributed to the results, were shown
the stimulus in both positions.

To ensure that the 1ights,'rather than any other aspects of the |
apparatus or surround, were the most obviqus visual stimulus, curtains
in the experimental room remained drawn throughout each experimental
session,

v

In all cases the subject's left eye was occluded by a gauze patch,
.and each newborn was held facing the stimulus with the (open) right
eye posntloned in the centre of the markers on the apparatus (Cin

7

‘Flg. 3.5).



between the groups (n]

§2

Scoring and results The scoring protocol was identical to that

described under experiment 3, The percentage of fixations within each

~area of the stimulus field for each S in the two stimulus positions is

given in tables 3.8 and 3.9. These tables are identical in construction
to tables 3.1 through 3.6. The results are presentea graphically in
ngure 3.6, whose axes are the same as those of Figure 3.3.

information about the ages, birth order, and birth wefght of the

babies seen during the course of this experiment is given in table 3.10.

»The only possible difference between those babies who were, and those

babies who were not, used as subjects is in the birth weight. The
median birth weight of the babies used as subjects was 8ozs greater

than that of the babies whose reEults could not be used, As this

~finding is in the same direction as that of experiment 3 the data from

both experiments were combined and a Mann-Whitney U-test carried out

on the results. This again did not indicate a significant difference.

no. of babies used as subjects = 40; n, =

35; U = 554, p = .061 > .05).

no. of babies not used

Figure 3.7 is derived from the data in Figures 3.3 and 3.6. The

points represent the average disparities found, The data for right

and left eyes have been combined for the central and ipsilateral

viewing conditions, and expected disparities are indicated by the
broken lines. As is the case with adults, the disparities will be

greatest as the right eye looks right and the left eye looks left.

The axes of Figure 3.7 are equivalent to those of Figure 2.9.

- CONCLUSION Thg central effect shown in Figures 3.3 and 3.7 is somewhat

larger than that shown in the adult Ss (Figure 2.9A). The central

"displaéement is approximately 1.5 inches which is equivalent to 81°
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visual angle at the viewing distance (10 inches) used.3 The off-axis
effect is similar in form to that for the adult, but the magnitude of
this effect is slightly larger. The disparites found of the scored
position of the centre of the pupil from the fixation position can

be explained by reference both to the anatomy of the eye and to the
optics involved in this particular corneal reflection te;hnique. A

full consideration of these factors is given in the next chapter.

Footnote3 It should, perhaps, be emphasized that this precise figure
will not be applicable to all neonates. Because of the probabilistic
nature of the data presented here it is not possible to accurately
specify the intersubject variabiéity in neonates, However, since the
fixation peaks were all within 57 of the average in all conditions,
it seems likely that a standard correction based on these data will
be accurate to within £ 5° for most, if not all, neonate subjects.




88

CHAPTER &4

CAUSES OF THE DISPARITY OF THE PUPIL CENTRE FROM THE TARGET POSITION

The first use of the corneal reflection technique of eye position
recording with neonates was by Salapatek and Kessen (1966), and the
technique was developed from a method described for use with monkeys
by Cowey (1963), and from a less precise method of recording visual
preferences described by Fantz (1956). |In Chapter 1 a more complete
account of its development is given,

it isa particularly suitable method of recording from subjects
whose heads cannot be rigidly restrained, as small head movements do
. not substantially affect its accuracy. Cowey (1963) discusses three
':other commonly used systems of finding the locus of fixation with
human subjecfs: the '""Dodge'' corneal reflection method; électro-
~ oculography; and the use of an attachment to the eye. Although these
methods, when properly used, can give a much more precise measure of
¢~the locus of fixation than the present technique, they are unsuitable
for use with newborn babie; for two main reasons, (1) head movements
need to be fairly rigidly restricted, and (2) the attachment of electrical
hook=-ups or other devices close to, or on the eyes is either impossible
or would reduce a placid baby to an uncooperative one. Cowey (1963)

Ugives fulfer details concerniﬁg the unsuitability of these other
"methods for use with monkeys. The same arguments apply to newborn
- babies, |
A simplifying assumption made by other researchers who have used
i"the present recordiné method with neonates is that the centre of the
pupil represents the line of sight. A fuller discussion of this is
givén in Chapter 1, Howeve}{ the empirical data presented in the

previous two chapters providé'strong evidence that the portion of
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the stimulus that is being fixated is only rarely imaged in the pupi

- centre, This necessitates the application of various correction

factors when measuring fixation positions by comparing the corneal

“reflection of the target to the pupil centre. These corrections can
- be taken directly‘from the empirical data presented and, in the case
"of adults for whom reliable figures are available, can be calculated

~ from a knowledge of the eye's anatomy,

I'n this chapter detailed consideration wifl be given to the

~_anatomical and optical causes of the described effects. Initially,

the details will be given for the adult eye; later, the relevant

details for the neonate eye will be presented, with particular

-emphasis on the differences between the adult eye and the eye at birth,

Finally, the implications of these findings for previous research

fwill be discussed.

CALCULATION OF THE PUPIL CENTRE DISPARITIES IN ADULTS

1. Positions of the visual and optical axes of the eye By observing

that region of the target which is imaged in the centre of the pupil

"~ one is determining the eye's optic axis.‘ The optic axis is the

leaxis of symmetry of the optical system and may be defined as '...

the sagittal line passing through the centers of rotation.of the

refractive optical media of the eye, the cornea and the lens"

(Polyak, 1968, p209). However, in the adult the fovea is known to

. lie some 50 temporal to the point of intersection of the optic axis

with the retina (Bennett and Francis, 1962; Davson, 1950; Polyak,
1968). Thus, a centrally fixated point is actually viewed obliquely

so far as the optic axis of the eye is concerned, and a line joining

“the fixated target to the fovea (the eye's visual axis, or the line of

Faamoke! Ackualiy , e line Sroug ot ot

u.f\\ does not wmah w o‘)\-\t. oo \\- \s
talled \w_u-c\hd? |\\o.nj oxe | ond \AF\ W--\ ™e
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vision orvgaze), will deviate from the optic axis by 5016' This effect

is equal and opposite in the two eyes; when binocularly viewing an

" iobject the two eyes will deviate optically by approximately 10° in

‘the adult., The effect is illustrated in Figure 4,1 for the left
" eye (part B of Fig. 4.1 is an enlargment of the relévant part of A).
‘Wfth the observer located behind the target position, the centre of
v;;the pupil (point D in Fig. 4.1B) will appear displaced to the left
Tof the-posftion of the corneal reflection of the target within the
.pupil (point E). The d%stance DE is'célculated as follows: angle
:, alpha (the éngle DCE in the Figure) is the deviation of the optic
axis from the visuél axis; the-distance AC is the radius of curvature
- :of the cornea; DE lies along the plane of the entrance pupil (the
.éntrance pupil is the image of the actual pupil formed by rays which
‘have been refracted at the cornea, and seen by the observer).
‘Figures for the adult eye ére well established: alpha = 50, AC = 7.8mm,
AD = 2.8mm (figures derived from Bennett and Francis, 1962). Therefore,
‘the distance DE =l5.0 tan 5 = 0.44mm, Thus, in the average adult,
':'wﬁén the eye changes its fixation by SO'the centre of the pupil will
_ appeér to have moved through 0.4kimm,
| In addition to this effect, which neeessitates a correction when
“the subject's fixation axis coincides with the observation axis, a
number of othef possible sourceg of error are present with off-axis

fixation,

Footnote]A The visual axis a@eﬁes throug
0

h E?g double nodal point of
the eye, this corresﬁgﬁﬁ?ﬁg; Jthe ceﬁ?ﬁgzé "fhe cornea (Davson, 1950,
p355). The fovea is also known to lie below the point of intersection
of the optic axis with the retina. Thig effect is small = Bennetto
- and Francis, 1962, give a figure of 1.5, Polyak, 1968, one of 3.5 -~
and is of a similar direction in both eyes. In discussing the necessary

corrections this effect has.been ignored.
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2. Projective ﬁistortion A further effect, necessitating a second
correction to the data, is found when the S's fixation point and the
observer's location differ. This effect occurs because the position
of the virtual image2 of the corneal reflex does not coincide precisely
in space with the entrance pupil, and thus a paralléx shift occurs
with oblique viewing,

Some slight problem arises here concerning the location of the
entrance pupil. -As mentioned in the previous section, the entrance
pupil is the image of the actual pupil formed by rays which have
been refracted at the cornea. .lt lies in front of, and.is larger
than the actual pupil, and its position is dependent upon the position
of the real pupil. In the unaccommodated eye the pupil lies some
3.6mm posterior to the front surface of the cornea, and the apparent
position of the pupil is 3.05mm from the cornea. When the eye
accommodates for near vision the lens becomes more convex and the
pupil (which is situated in the same plane as the front surface of
the lens) is éorreSpondihgly displaced from this position towards the
cornea. These changes are diagrammed in Figure 4.2, Using the
Gullstrand schematic eye, the pupil in the eye focused for an object
, 11;6cm away is 3.2mm from the cornea, and the figure for the entrance
_pupil is 2.67mm3. The data presented in Chapter 2 are from adults
accommodéting (presumably) to sgimuli at 10 inches. To simplify the °

3

calculations it is assumed here that the entrance pupil is, in this

Footnote2 The image formed by a convex mirror (i.e., the cornea), is
defined as a virtual image because the reflected rays from the mirror

appear to come from it (Davson, 1950, p329).

'Footnote3 .Cajculated from an equation given in Bennett and Francis,
1962, pl06, ' ' ' : ;



Figure 4,2 Changes in the position of the pupil during

accommodation, Full lines indicate the unaccommodated eye, the
dotted lines the changes caused by contraction of the ciliary
muscle as the eye accommodates to near distances, (From

Tansley, 1965, p72).




case, located 2.8mm from the anterior surface of the cornea.

The magnitude of the parallax shift may be calculated with
reference to Figure 4.3 (part B of this Figure is an enlargement of
the appropriate part of A). Here, the subject is assumed to be fixating
a target (T) at infinity, and the observer views af aﬁgle(? away from
fhe fixation axis. The observer will see the virtual image of the
target which is located at the principal focus, F, but it is now
observed along the axis OF and thus will be seen at point G relative
to the entrance pupil. If the angle Bis small, it may be shown from
the geometry of the figure that F lies 3.9mm behind the corneal
surface and, as discussed above, the entrance pupil is located
2.8mm behind the corneal surface. When the angle e is 20° the effect
is given by the distance EG, which is EF tan ) .

Thus, the corneal ref}ectioﬂ, previously located at point E in
Figure 4.1, has moved throhgh the distance EG (0.40mm) which is
equivalent to an additional displacement of 4.6° visual angle,
Considering both effects, in this example the reflection of the target
s consequently 9.6° displaced from the centre of the pupil (if thg
observer had moved 20° to the right, instead of to.the left, the
co}neal reflection would be displaced only 0.4° from the centre of the
pupil,

3. Oblique aberration As mentioned in the previous section, if a

paralIéI incident ray frqm a target at {nfinity is close to the

optical axis the‘virtual image of the target is located at the
principal focus, which is midway from the front surface of the cornea
to its radius of curvature, However, as the angle between the observer
and the fixated target becomes larger the position of the virtual image

will approach the plane of the entrance pupil because of oblique

. aberration.
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The geometry of the situation is shown in Figure 4.4, An
extreme case of an observer located at right angles to the front
" surface of a convex mirror is used in this Figure to illustrate the
shift in the virtual image, with extremely peripheral viewing, towards
the front surface of thg mirror, A typical'obliqué ray will follow
the path TBO. Because of spherical aberration this path does not
intersect the optical axis of the system at the principal focus, F,
but at point 'F', which is the new location of the virtual image of
the target. Oblique éberration will act to reduce the error calculated
under projective distortion. When the observer is positioned 20° from
the sﬁbject's fixation position the location of the virtual image may
be found as follows: the radius of cUrvature of the cornea (the distance
BC, and also the distance AC, in Fig. 4.4) is R (7.8mm); the distance
CF' is % R sec 10 = 3.9%4mm. Thus, the virtual image is .04mm closer
to the entrance pupil, and:in this example the actual error resulting
from projective distortion is 4.4°, rather than 4.6° as calculated in
the previous section, which is an effect of only .ZOA. However, as the
observer's angle increases, the virtual image will increasingly come
to approach the entrance pupil (for example, when the angle is 30°
thé virtual image, calculated in this mannér, is .lmm anterior to the
principal focus). This effect will, however, be compensated to some

'-extent by a displacement in the same direction of the more distant edde

Footnotel+ The calculation of this effect was as follows. Since CF' =
3.94, the distance from the virtual image of the target to the entrance
pupil is 1.06mm (i.e., .O4mm less than the distance found by a direct
calculation of projective distortion).

Thus, the distance EG, calculated under projective distortion
with reference to Fig. 4.3, is EF' tan 20 = 1,06mm x .364 = .386mg.
As a displacement of .4hmm at the plane of the entrance pupil = 5,
the displacement resulting from the combined effects of projective

distortion and oblique aberration is 5 x .386° = 4.4°,
_ : LI
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Flgure L.,4 Diagram to illustrate the change in posntaon of the
'V|rtua1 image due to obllque aberratlon
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of the pupil through oblique aberration.

L. Asphericity of the cornea For oblique observation, as shown in

Figures 4.3 and 4.4, a peripheral region of the cornea forms the
reflecting gurface. It is known that the radius of curvature of the
cornea increases towards the peripﬁery, and this wfll cause a dis-
placement of the observed position. The degree of aSphéricity is known
to be very small (Collignon-Brach, 1969); it has not, however, been
bossible to evaluate the magnitude of.the effect for the present

recording technique.

‘5. The effect of head movements The effect of head movements was

empirically tested as described in Chapter 2 (testing sequence 7).
Cowey has demonstrated (1963, pp85=86) that the position of a corneal
reflection relative to the centre of the pupil remains virtually

unchanged if the eye maintains its fixation but the head moves a small

“amount , provided that the source of reflection is reasonably far

from the eye, This conclusion, however, only holds true when the plane

of the stimulus coincides with the plane of the marker lights. In
the present recording apparatus a head movement of%% inch from centre

causes a small displacement of the scored position of the centre of
thé pupil amounting to between 1 and 2° visual angle. The cause of
this effect is shown in Figure 4.5, The plane of the marker lights'
filaments (LL) is some 4% incheg behind the stimulus plane (SS).
When the subject with his eye (E) in the central position fixates a
pdint B at the centre of -the stimulus plane an extrapolation of the
fixétion line shows that the subject will be scored élso as fixating
within the centre of the marker liéhts (point F), and no distortion

will result., However,.if the eye moves to the left of its previous

.position to E', and continues to fixate point B, the subject will

_ aégear.to be fixating point F' at the plane of the marker 1ights (and
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Lo— PLANE OF
Ol
MARKER LIGHTS
S- STIMULUS
PLANE
EB = 10"
BF = 4.5
EE = 75
Figure 4.5 Diagram to illustrate the effect of head movements on
the scored position of the pupil centre,
To find the angle BEB':
. ke x BE - 75 ) M5l a3oan
(1) Distance FF' = EE' x T .75 x 0 .3375
(2) Therefore, tan angle BEB' = -—?%1-55- = ,0233
(3) Thus, angle BEB' = 1.33° ‘
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hence to be fixating point B' at the stimulus plane). The magnitude
of the resultant effect is found by determining the angular change in
fiXation position the eye at its original locus (E) would have had

to make to fixate point B' at the stimulus plane = the angle BEB'
which, when the eye.moves%% inch from centre, is 1;330._ Thus, when
both of the newborn's eyes are photographed simultaneously, inferring

the stimulus position within the marker lights will be in error by

this amount, the effect being equal and opposite for the two eyes.

The magnitude of this effect has been calculated for a subject fixating

a central region of the stimulus., The effect will, however, be of
simi lar magnitude for fixations throughout the stimulus field.
CONCLUSION The results from the testing sequences‘with adults may

now be examined in the light of these effects. The deviations found

" for central observation are satisfactorily explained by the inclination

. of the optic axis to the visual axis. With regard to the off-axis

effects several-factors can be seen to be at work. For fixation

.. . L. )
_positions deviating an amount up to, say, 20  from the camera's

(or observer's) position - the range within which the experimenter
is usually most interested = the calculations described under projective

distortion predict an error of position, in the direction found, of

“up to 5°.

As a direct illustration of the effects, in Figure 4.6 are shown

two photographs taken of the same adult subject who was asked to fixate

©_van unscreened light bulb. in part A of this Figure the photograph

‘was taken from the right of the subject's fixation point. Note that
“the reflection of the light occupies the pupil centre of the right
. eye, but that the pupil centre of the left eyé is displaced .to the left.

In part B of the Figure the photograph was taken from the left of the

' fixation'poinf. Although the subject had not altered his locus of gaze
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the corneal reflections in the eyes can be seen to have shffted as
a result of the shift in the observer's posit}on. The reflection of
the light is now displaced f}om the centre of the pupil of the right
éye, énd has moved to occupy (approximately) the pupil centre of the
left eye,

With observation anglés greater than 20° theorétical calculation
of the expected deviation becomes suspect owing to the difficulty of
quantifying the ofher causes of error described, none of which,
however, have significant magnitude for the range in which we are
interested, After eliminating the disparity resujting from the
deviation between the optic and visuél axes the empirically determined
extent of the off-axis effect is shown in Figure 4.7 for adults
(broken line) and neonates (filled ]ine).5 The expected magnitude
of this effect in adults has been calculated, taking into account the
effects of projective dist;rtion and oblique aberration, for observa-
tion positioﬁs differing from the fixation position by 10° and 20°,
These magnitudes are shown in Figure 4.7 (filled circles) and are very
close to those observed.

The magnitudes of both the central effect and the off-axis effect,
sHown in Fig. 4.7, are larger in neonates than adults. Obvious
differencés exist between the adult and neonate eye, which may

account for these larger effects. These differences are considered

next.

Footnotes. This figure is"derived from the data presented in Figs.
2.9A and 2.9B (Chapter 2); and Fig. 3.7 (Chapter 3).
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CALCULATION OF THE PUPIL CENTRE DISPARITIES IN NEONATES

1. Positions of the visual axis and the optic axis The most recently

available report concerning these variables is found in Mann (1964) ,
who states that '"'... the line passing through the centre of the cornea
and lens will at birth strike the retina at a point between the fovea
and the disc ... as growth proceeds this inequality disappears and

the optic axis is displaced laterally until it reaches the fovea"

(p41). This indicates that a similar or slightly greater effect is

present in neonates, and that the central disparity found of 8%0 fits
well with the anatomical data, although it seems that Mann is unaware
that the optic and visual axes do not normally coincide in the adult,
In view of the dispute over the findings (discussed in the next
chapter) it is relevant to trace the source of Mann's information.

The anatomical findings were first given by Merkel and Orr (1892).

!

The following passages are' taken from their report:

There is another remarkable discovery, that is that
the visual axis, i.e., the line which connects the top
of the cornea with the fovea centralis, has a completely
. different position in the newborn than in the adult. If
one superimposes the visual axes one can observe that
. the eye of the newborn is oriented obliquely when compared
with the adult's in such a way that the lateral side of
the frontal corneal surface does match pretty neatly
with the corresponding surface of the adult's cornea,
but the medial side comes to lie well anterior to that

~of the adult,

, To our surprise we found that the fovea centralis was
. located as far away from the optic nerve entrance in the
newborn as in the adult, which means that there is no

" further growth-betweén these two points later in life,

In the further growth of the eye, therefore, the
- medial half of the eye will grow more, in proportion to
‘the growth of the whole body, and the lateral side will

have a retarded growth. .This is natural since, as already
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discussed, in the newborn the area from the papilla to
the macula is completely develdped. The stronger growing
nasal side pushes the cornea and its related parts during
growth more and more lateralwards, so that eventually the
crest comes to stand exactly over the fovea centralis,
thus producing itg definite posftion.

On the 22nd day after birth the eye is virtually
the same as the adult eye. (Merkel and Orr, 1892, from
pp279, 291, 293 and 295: translated from the original
German by Mrs, U, Delius), '

These passages give essentially the same information as does
Mann, Although various authors have subsequently restated their
findings, either in whole or in part, (i.e., Keibel and Mall, 1912,
p257, Wolff, 1961, ph32, Ellerbrock, 1963, p84, and Mann, 1964),
no other anatomical data (so far as the present author is aware),
have been reported that are relevant to this issue.

Clearly, some points‘fn this account by Merkel and Orr are in
error. As discussed earlier the visual and optic axes do not coincide
in the adult: from the research findings reported in this thesis
the angular deviation of these two axes changes from 8%0 to 5° from
the average newborn to the average adult eye, a decrease of only 3%?.
In fact, Merkel and Orr's report that the axes coincide in thé Zé
day old infant was based on only one subject: because of individual
‘_differencés, data from such a sméll sample cannot be.reliably
-geﬁeralized.

It seems highly likely that this decrease in the angle alpha can
‘be accounted for simply by the growth of the axial length of the eye
bwith age. Figure 4.8 is a schematic diagram of a horizontal section
- through the adult and neonate eye to illﬁstrate this. From birth to
adult life the eye grows 3.25 times - a change in volume.which

- parallels that of the brain, which grows 3.76 times. The body, on
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the éther hand, increases 21.36 times (Wolff, 1961, pl32). The
lens ié rounder than in the adult, and on account of its anterior
bulging the anterior chamber is shallow. The cornea is relatively
large, its diameter (10mm) being only slightly less than that of
the adult (11.6mm). The axial length of the eye (the distance ANR in
Fig. 4.8) is approximately 24mm in the adult (Hirsch, 1963; Bennett and
Francis, 1962), and is 17mm in the neonate (Hirsch, 1963; Larsen,
1971A, 1971B and 1971C). The radius of curvature of the cornea is
7.8nm in the adult; in the neonate it is 7.0mm (an average figure
given by Luyckx, 1966). Thus, in Figure 4.8 the distances AN and
NR are, respectively, 7.8mm and 16.2mm in the adult, and 7.0mm and
10mm in the neonatefﬁaln the adult the angle FNR (angle alpha) is
50; thié means that the distance from the point of intersection of
the optic axis wifh the refina to the fovea (the distance FR) is,

!

in the adult, 16.2 tan 5 ='l.42mm. If the distance FR were the same.

in neonates the equivalent angle alpha can be found by the following
equation: tan alpha = 5%. Angle alpha would therefore be 8.1°,
The close correspondence of this result with the angular deviation

of the optic and visual axes found with neonates (8.5°) suggests that

. the larger angle alpha in newborns is not a surprise finding, but is

predictable from the anatomical features of the eye. Furthermore, it

strongly suggests that, not only is the distance from the disc to

the macula the -same in the newborn eye as in the adult, but that

" the distance from the point of intersection of the optic axis to

the macula is the. same -also. This contradicts the suggestion that

" the optic axis is displaced laterally as growth proceeds, i.e., it

would seem that the vertical growth of the eye is symmetrical around

the optic axis.

 Cuoknoki B These Figures are approvimale.
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2, Projective Distortion The parallax effect previously described

for the adult eye results from an interaction of the optics of this
particular corneal reflection method with two anatomical variables:
the radius of curvature of the cornea and the depth of the anterior
chamber, As mentioned in the previous section, the radius of
ﬁurvature of the cornea is large (7.0mm, which corresbonds to a
power of 47.5 dfopters)} and the anterior chamber is shallow compared
with the adult eye. Larsen (1971A) gives a figure of 2.38mm (SD
0;12mm) for the anterior chamber depth in newborns. |If Larsen's
figure ié correct the entrance pupil will be located 1.96mm behind
the cornea,

Using these figures a calculation of the parallax effect in
newborns suggests that, when the observation axis is 20° inclined
to the fixation axfs, an a@ditional displacement of 6.5° should
result, This is slightly'jess than the 8° found (Fig. 4.7).. It is
likely that this small disparity of 1.50 between the expected and
the observed effect is due to the state of accommodation of the
neonates' eyes in the experiments reported in Chapter 3. As has
been noted, accommodating to near distances decreases the radius of
cu}vature‘of the anterior surface of the lens which reduces the depth
of the anéerior chamber and pushes the pupil (and hen;e the derived
location of'the entrance pupil)'closer to the cornea. This acts to
increase the extent of the parallax effect.

Larsen (1971A) was aware of the changes occurring as a result of
 accommodation, and was concerned with changes in the anterior chamber
depth resulting from paralysis of accommodation. In order to study

_this more closely he measured the right eyes of three newborns, first

Footnote6 The posftion of the entrance pupil is calculated using an
equation given in Bennett and Francis, 1962, pl06.

¢
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without, and then with, cycloplegia (paralysis of the accommodation
system), and found no differences in the mean values for the depth
of the anterior chamber, However, it is not known to what distance
the newborns were accommodating when the measures without cycloplegia
were taken, so these data seem equivocal with regard to the present
problem, Larseﬁ does in fact conciude that 'the values must, however,
be interpreted with caution, as the unrest appearing in this age
group on repeated measurements may influence the results" (1971A,
p258) .

The scant available data on changes in newborn accommodation,
discussed in Chapter 1, are somewhat equivocal, It does seem,
however, that newborns are able to accommodate to near distances. In
order for projective distortion to fully account for the parallax
effects found, the entrance pupil would need to be approximately 1.3mm
behind the front surface of the cornea. This would require the depth
of the anterior chamber to be reduced to between 1.6 and 1.7mm,
Certainly, there is no evidence to suggest that this reduction in
depth could not take place when thé newborn accommodates to near
distances, |

O0f course, this slight discrepancy between the calculated and
the found effects may be because the empirfca] data are in error in
pfesenting the extent of the error; ' the individual differences found*
and the necessaril; inferential method of determining the magnitude
of the effect for eachAsubject suggests that this could be the case,
Whatever the explanation, the discrepancies are small enough for them
not to grossly interfere with the accuracy of the analyzing procedure
vifla correction based on the empirical data ié applied.

3. Other Effects The other causes of error discussed in the earlier
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sections take effect only with fairly extreme peripheral fixations;
lthey will not be considered here in detail as they are likely to be
-vof similar magnitude in the neonate as in the adult eye. A'po;sible
.exéeption concerns oblique aberration. With respect to the curvature
of the cornea Duke-Elder (1963, p307) reports that “... in the newborn
. coﬁtrary to its condition in later years, it is more curved
| peripherally than centrally"' (also reported in Wolff, 1961, pk32).

Thus, there is a possibility that the effect due to obliqué aberration
‘may be slightly more pronouﬁced in the neonate,

The "binocular effect'" considered earlier is a consequence of
"the.recording apparatus, and will therefore be identical in neonates.

DISCUSS (0N

The greater magnitude of both the central and off-axis effects
. found in neonates is satisfactorily explained by the angular difference
‘between the visual and optfc axes of the eye, and by projective
distortion. Consequently, it seems valid to conclude that the newborn
babies from whom results weFe obtained were fixating the stimulus in
all conditions with central (i.e., foveal) vision, and that the
'<3di5parities found are a true indication of the effects {n neonates.
lt;is essential, therefore, because of the magnitude of the effects,
‘to take account of these deviations when uging this technique.

Those researchers who have ﬁsed the method with newborn subjects '
'do not appear to have considered the effects, although the non-
correspondence of the visual and optic axes was referred to by Cowey
and Weiskrantz (1963). It is felt that the existence of these
disparities may accounf, at least in part, for instances of "off-

contour'' looking and nonconvergence reported by previous investigators.’

A review of these findings was presented in Chapter 1.

‘
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Salapatek and Kessen (1966, 1969) have reported instances of
visual fixation by the newborn in which scanning was displaced from
the actual stimulus figure by several degrees. Their explanation of
this off-contour looking supposed that the unrecorded eye was directly
fixating the target while the recorded eye moved cohjugately wi th
the unrecorded eye but had a line of sight displaced from target.

The monocular conditions of viewing adhered to in the present
experiments with neonates precludes a similar interpretation of the
f}ndings. Haith (1968; also reported in Kessen, Salapatek and

Haith, 1972) also confined the neonate to monocular vision and

found that, when a vertical edge was presented 3 inches left of centre,
fixations were mostly within I 1.5 inches of the edge; when the edge.
was presented 3 inches to the right, however, fixations peaked to

the right of the! contour, ‘In this study the infant's right eye was
always the one photographed. Kessen et al. (1972) offer two possible
explanations for this off-edge viewing: '"The tendency of infants to
look to the right of the right edge and not to show a significant
increase in right-edge cfossing during experimental trials may

depend on either of two factors. First, our measurement procedure
may, for some unknown reason, have produced more right bias in the right
visual field than in the left visual field. Such é bias would also,
of course, limit our ability to detect actual edge crossings. Such

an interpretation seems unlikely because calibrations in adults showed
no such bias, The second possibility is that babies have difficulty
in holding fhe eye in a fixed position on the temporal side. Haith
(I967)lreported that television records of newborn eye activity
revealed that the eye often appeared to go out of control, into
~nystagmic jerks, during blank-field control trials and almést always

on the temporal side! (Kessen et al., 1972, pl9).
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However, since the disparity of the centre of the pupil from the.
fixation point will be greatest when the right eye looks right (or
when the left eye looks left), this study is in agreement with the
présent findings. The most plausible explanation of the effect would
therefore seem to be their first one - that in both.of their stimulus

conditions the newborns were fixating the edge with central vision,

but that their scoring procedure was at fault, Analysis of their

second possible explanation will be left until the next chapter, where

their more formally presented objectfons to these findings are

discussed.

Consequently, it is suggested that evidence of off-contour
looking may be an artefact resulting from inappropriate scoring
procedures, If this applies to monocular and binocular viewing
conditions the imp]icatiénris'that the neohate may be capable of
convergence. Wickelgren (i967, 1969) photographed both of the baby's
eyes and, using a method of analysis derived from the earlier scoring

procedures, found that the neonate never converges, the two eyes

looking various distances apart at the stimuius plane. It was invariably

the case that the left eye looked further left than the right eye.

She suggests that '',.. observer judgments based on one eye, particularly

‘when both eyes are open, are unlikely to be a meaningful indication
':of newborn stimulus discrimination and preference'' (1967, p84). This’

‘statement would not, of course, be appropriate if the neonate does

show convergence. A possible reason for the newborn's apparent

inability to converge might, she suggests, be related to the structure

of the eyes. During embryonic development the eyes swing inward from

- the side of the head toward the front (Mann, 1964; Duke-Elder, 1963) .

The orbital axis makes an angle of 710 at birth; further growth reduces

this to 68° in the adult. ‘Wickelgren suggests that the further growth
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-may be necessary before newborns can bring thé eyes inward enough

- to converge consistently on a stimulus, (1967, p83). Two pieces of
;evidence argue against this., The first is that the larger angle
alpha in newborns permits the eyes to be more optically divergent in
"newborns than in adults, whilst maintajning binocular fixation.

The second is that, parallel with the change.in the orb{ta] axis,

-other growth processes alter the positions of the eyes: specifically,

. " the eyes move farther apart, due to growth of the skull and an

enlargement of the orbits, so that the interpupillary distance

increases from 1% inches in the newborn to 2{; inches in the adult,

. ‘As .the eyes separate they also tend to diverge, since it increases

- the mechanical advantage of the lateral rectus muscle and lessens
it -for the medial rectus (Ellerbrock, 1963, p88; Wolff, 1961, pl33).
On the basis of thé present findings one would expect the pupil
centres of the two eyes to be oriented some 170 apart if the neonate.
"is converging. In table 4.1 are given the average optical divergence
:of the eyes in newborns reported by Wickelgren (1967, 1969), which
‘range from 2.61 to 5.22 inches at the stimulus plane. These distances
_have been converted to angular deviations for the different stimulus
coﬁditions and for the eye-to-target distances used. These
divergences are from 10.60 when the stimulus was striped vs. gray
panels, to 25.3° when the stimuius was either a small stationary
]ight or a moving sequence of 3 lights, Given that one may expect
to find individual differences in the divergence of the visual and
-optical axes, none of these divergences reported by Wickelgren are
so extreme that the conclusion that at least some of her subjects
were converging is untenable,
~ Because these distortions are large, especially when the observed

_eye is fixating ipsilaterally, the less precise corneal reflection

I
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‘method of observation first reported by Fantz (1956), and used by
-many investigators since then, will also be affected. In this
method the standard criterion of fixation is the location of the image
-‘ of the target over the pupil: it will therefore be subject to the
same discrepancies of the pupil centre from the tafget. It is
usually not possible to determine what biases the failure to take
account of these effects has had on the reported findings from studies
_in this area: which eye is observed, and how 16ng is spent looking -
at ipsilateral and contralateral targets are rarely specified.
However, three specific examples from the available literature
indicate that biases are likely to result with this technique.
Firstly, the optical divergence of the eyes that the present
‘research suggests that one would expect to find if the infant is
converging, has been used to substantiate the claim that the young
infant is limited to monocular vision, Figure 1.1 in Chapter 1 is
o a photograph of a young infant presumed (by Fantz) to be fixating
the stimulus with the right eye. It seems quite likely, though,
. that this infant was using well coordinated binocular fixation when
‘viewing the target, and that the image of the stimulus was only
ceﬁtred in the right eye because the photograph was taken from the
right of tHe subject. This photograph is therefore similar to part A
of Figure 4,6, If a photograph, under identical circumstances, had
Abeen taken from the infant's left, the target reflection mi ght well
have been centred in the left eye and the conclusion would have been
drawn that the right eye was the non-fixating eye. However, regardless
; of the imp]icatﬁbnslfor'Binchfa€‘Fi§éti6n: if this interpretation
is correct, this example serves tbl}llustrate the point that, using
Fahtz's technique, unless the position of the observer, and the eye

.observed are controlled therejwill be “instances where the infant is
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~actually fixating the stimulus but is recorded as looking away.

The final two examples are, as it were, variations on this
theme, Greenberg and Weizmann (1971) suggested that 8-week-old
iafants had difficulty focusing binocularly and, in this situation,
observed the lead~eye, defined as ''... the eye in which a pattern was
reflected wholly within the puﬁil during the first few seconds of
the first trial" (p237). Finally, McKenzie and Day (1972), who
presented cubes of various sizes at different distances to their
infant subjects, record that ''... the infant was deemed to be fixating
on the cube when the center of the corneal reflection of the cross.."
(marked on the cube) ''.,. was centered in the pupil as observed from
a 7mm aperture in the side of the chamber in front of, and to the
right of, the subject'" (p1109). These two examples further illustrate
that there is a likelihood of error if the expected deviations of the
pupil centre from the fixaiion point are not taken into account, and.
if the parallax shift resulting from a change in the observer's position
is not allowed for,

The further experiments reported in this thesis are all concerned
to determine whether or not the neonate is able to converge, and to
wHich kinds of stimuli. Initially, though, in the next brief chapter,

objections.to the reported findings will be discussed.

t
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CHAPTER §

OBJECTIONS TO THE REPORTED FINDINGS

" When the research findings detailed in the previous three chapters
were published (Slater and Findlay, 1972A), it was stressed that,
because of the magnitude of the effects, a correction factor must
be applied to déta obtained when using this type of corneal
photography.] Howevér, Salapatek, Haith, Maurér and Kessen (1972),
argue that our findings may be, to sbme extent, artifactual and,
following their criticisms, concluded that "it remains inadvisable
to apply such an average correction to individual cases..."
(ppl96-497) . We feel this conclusion to be mistaken: their criticisms,
and a more detailed answer to them than was possible in our reply
to their paper (Siater and Findlay, 1972B), will be given here,

Salapatek et al. produce three main objections to our findings. .
These concern, (a) individual differences in the magnitudes of the
effects, (b) the speculative nature of the anatomical information
concerning the deviation of the visual and optic axes in the newborn,
and (c) the possibility that the newborn babies used as subjects
may, for at least some of the stimulus conditions, have been fixating
~with peripheral rather than foveal vision, or may have been fixating
predominantly to one side of the stimulus,.

It might be noted that their criticisms are often vague, and

of a highly speculative nature, and are often unsupported by empirical

Footnote] In this paper we were unable completely to explain the
effects observed when the fixation axis was inclined to the observa-
tion axis (pp354-356). A recheck of these calculations brought to
light various errors, the chief of which was a confusion of exit and
entrance pupils. Recalculation of these effects (presented in the
previous chapter), shows that projective distortion and oblique
aberration will satisfactorily account for the observations,
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evidence, However, in order to present their objections as faithfully
as possible, relevant sections of their note will be reproduced

verbatim in consideration of each point,

a) The extent of individual differences Salapatek et al. firstly

comment:

Slater and Findlay are correct in saying this

“error is present, but it is present on the average,

across adult subjects. They are incorrect in implying

that we did not consider the effect. By 1966 we had

- conducted repeated calibrations on five adults, noticed
the divergent error, and took it into account in
calculating and reporting the average error (th-So) of
our measure (Salapatek & Kessen, 1966). However, we
did not and have not systematically corrected our plots
of scanning by individual infants because of large
individual differences in our adults' calibration data,

Figure 1 shows this with three normal adults. We

asked them to fixate known points (©) spaced at 3-in,

" intervals on a surface 10 in. distant. We then derived
the same fixation points empirically (X, A ,V ,orQ3d),

: by calculating the distance from the center of the
pupil to the corneal reflection of whichever reference
light (@,@,@, or@) was closest, Subject 1 shows
the large, progressive, ipsilaterally divergent error
that Slater and Findlay report. But for subject 2 we
obtained a much smaller error; and for subject 3 we

- obtained an error of relatively constant divergence
across the entire field. In the face of such variability,

_we were reluctant to use or suggest using a general
correction factor for individual plots of visual scanning
(Haith, 1969; Salapatek, 1968, 1969; Salapatek & Kessen,
1966, 1972; Kessen, Salapatek & Haith, 1972).

(From pplS5 and 497, Their Figuré 1, ple96, is reproduced here as

Figure 5.1),
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This variability is certainly present. In Figure 2.7B2 (Chapter 2),
it can be seen that in subject 5 there is a virtual coincidence of
the visual and optic axes, and subject 2, in Figure 2,8A1, shows
very little off-axis effect. However, when the results
were averaged for the adult Ss used, Figures 2.9A and 2.98 were
derived (for horizontal and vertical disparities, respectively).

A general correﬁtion factor based on Figures 2,9A and 2.98 would
certainly lead to less overall error in locating the adults' line

of sight than would taking the data ''raw'., The variability that
exists may obscure detection of_the effects but the presence of these
systematic discrepancies seems beybnd doubt. This conclusion is
encouraged by the close correspondence between the empirical data

and the relevanf anatomical and optical data (Chapter 4),

A major difference between the calibration data they present in
tﬁeir Figure 1, and the data presented in Chapter 2, concerns the
location of the points the adult subjects were asked to fixate,

The calibration data of Chapter 2 were mostly derived from subjects'
fixations of a grid of points, spaced;f inch apart, and within
"L.L4 inches of midline. It is possible (from testing sequence 4),
'thét the effects do not increase substantially for fixations of more
. extremely placed targets., Their fixation points were spaced at 3 inch
intervals along the stimulus plane, Thus, as they were predominantly*
" "working outside the range used by the present author, they may have

missed some of the effects.2

V.Footnote2 Calibration data were not collected for extremely placed
‘targets as it was not intended to present stimuli to newborns more

-than. &' from midline,
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Nevertheleés, many of the scored positionsAof the pupil centre,
shown in their Figure 1, are clearly displaced much more than 50
from the target position, and their statément that their method
of §coring measures "'ocular orientation to within approximately
pA 5° of visual angle' (Salapatek and Kessen,‘l966,.p155), is not
justified by their own calibration data.

However, they do agree that these effects are present, on
average. This being the case, it would seem to be both logical and

reasonable to apply an average correction to the data.

b) The visual and optic axes in the newborn baby

In the second part of their paper Slater and Findlay
deal with the error of measurement using corneal
reflection with infants, They speculate that it
should be greater than in adults, largely because of

data cited by Mann (1969, pph0,41) indicating greater
discrepancy between the optiﬁal and visual axis in
infants than in adults. But these data were extracted
jfrom dead newborns only, There are no data from. live
infants, nor are there data dealing with postnatal
changes, or variability among infants,

Slater and Findlay attempted to verify their
speculations by examining the distribution of fixations
around lights placed in different parts of the visual
field, AndAindeed, they concluded that the average
error in estimating fixation points is greater in

newborns than in adults.

We find that the deviation of the visual axis from the optic
axis is greater in newborn babies (approximately 8%9) than in
~ adults (approximately 4-5% Salapatek et al, refer to this as
''speculation' based largely on data cited by Mann (1964, p4i). In
| fact, this is a somewhat distorted interpretation of our original

presentation., If the neonafes are fixating foveally (see below), then
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the procedure‘detailed in Chapter 3 provides an objective measure
,Of this deviatidﬁ. Salapatek et al. contend that Mann's report is
unreliable as the newborn babies used were, of necessity, dead.
There seems no dbvious reason why this fact shou 1d systematically
bias the anatomical findings as they seem to imply.‘ I ndeed,
Stafldva (1971), in a histologic study of embryonic and newborn eyes,
gives reasons for supposing that such measurements on the eye are
more reliable than on other organs: '"'In comparison to other organs,
the development of the eye is very stable and is subject to very few
individual variations, The eyes ... are intact in about 80 per cent
of cases of spontaneous or induced abortion, dﬁe to the fact that
the sclera serves as a protective barrier for the entire globe from
early embryonic stages'" (p126). In fact, the larger deviation found
of the visual and optic axes o% the newborn eye, when compared with
the adult eye, can be acco;nted for by the shorter axial length of
the eye at birth.3

c) Central and peripheral vision in the newborn: other possible

sources of bias Their further criticisms of the findings from

newborn babies are based on the possibilities that there may have
been bias in the subject loss encountered; that the babies might not
have been fixating foveally; and that monocular fixation might differ
- from binocular fixation.,

However, certain methodological cautions must be made
before -their conclusion can be accepted.

First, they assumed that the infants looked at
the array of lights and did so no matter where the lights
were in the visual field. -Yet most of the babies 'in Expt

2 (there is no information on Expt 3) seemed to look

Footno_te3 Discussed in Chapter 4.
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at the lights in only one-third of their locations; and,
as they noted, babies are less likely to look at a
contralateral target than an ipsilateral one. Thus,
infants' ability and/or desire to look at stimuli may

 vary systematically with their location in the visual
field; part of what Slater and Findlay measured may
have been the local accuracy of infants' fixations;

Second, they assumed that newborns fixate with
macular vision. However, the maculay is relatively

. undeveloped at birth, so it may not always be used
" for direct inspection - and its use, in fact, might
even vary systematically with the position of the
stimulus in the visual field., Thus, some of the
""error'' Slater and Findlay found may be the result
of fixation with the peripheral retina and not a

problem of the technique.

But most important, they assumed that infants
fixate monocularly in the same way they fixate
binocularly. Yet, a comparison of the fixations of
a single eye under control conditions (blank,

homogeneous field) in a binocular (Salapatek et al.,
1966) versus a monocular (Salapatek, 1968) study shows
that a newborn's eye fixates much more temporally

when the other eye is covered than when it is not.
Thus, Slater and Findlay may have measured a divergence
which is to some extent unique to monocular fixation,

and not just the optical error in the measurement

technique.

They correcfly point out that the babies used as subjects did nok
all look at the stimulus lights in all positions. The reasons for
this have already beén given (Chapter 3), and the author considers
~subject loss to be an inevitable consequence of this sort of research
using newborn babies as subjects. The loss of subjects, for various
feasons, in their own studies testifies to this;4 more importantly,
Footnoteh In the studies reported by Salapatek and Kessen (1966),

 Wickelgren (1967, 1969), and Kessen, Salapatek and Haith (1972), 100
babies in all.were used as subjects, and 162 were. seen but could not

be used.




124

there is no.reason to suppose that the subject loss reported in
Chapter 3 was related in any way to the position of the array of
lights in the babies' visual field, as they seem to suggest,

There is the interesting suggestion that neonates fixate at
times with the peripheral retina rather than foveally., There is no
convincing experimental evidence (of which the author is aware) in
support of this, One relevant piece of evidence is from Bower
(1970) , who suggests that infants may fixate along the optic axis
(which he places 10° nasally away from the fovea)s. Fixation along
the optic axis would permit isomorphic retinal'registration of
distal variables such as straightness., Straight lines projected
along the optical axis are retinally straight, and would remain
straight during scannfng, whereas this is not true of straight lines
- projected away from the opFic axis. At the time of this speculation,
though, Bower was unaware‘%hat the fovea is also displaced temporally
- from the optic axis in the adult eye, The results presented in
Chapter 3 for the central viewing condition do suggest, however,
that newborn babies fixate along the visual axis.

There are, at present, few data available from which an
assessment can be made of the reiative contributions to infant
: vision of peripheral and central areas of the retina, -Tronick
(1972), suggested&that ﬁhe newborn's effective field of view is
cone-shaped, peripheral stimuli 'less than 15° from the line of sight
being responded to by a shift in gaze to the peripheral object, and
fixation of it, (This study was considered in more detail in Chapter 1),
Wickelgren (1967), presented a small blinking light in a central
" position above hér-supine newborn Ss, both prior to and between

presentation of the experimental stimuli" .., in order to bring S's

: F00tn0te5 The source of Bower's information concérning the disparity
between the visual and optic axes is not given in his paper,

)
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| orientation back to midline' (p77). Additionally, Salapatek (1969),

| discussing the selection of features and figures by newborns, suggested
 that localization of the feature selected for viewing occurs for most
subjects within a few seconds of presentation of the stimulus, and
often involves an eye movement across some portion.of the figure
‘during the appfoach to the selected feature, This suggests that

'"",.. the newborn is capable of some pattern discrimination in the
-peripheral visual field, which determines the barticular pattern
feature that is approached' (p6).

All of these studies indicate that the peripheral retina is
functional in directing the newborn's attention to stimuli, which
are then brought to the fovea for more direct inspection. The
corneal reflection technique itﬁelf assumes foveal fixation and if
this does not occur the results from studies making use of this
technique are liable to be;invalid. Salapatek and Kessen (1966),
referring to instances of ''"off-contour'' fixations, argue that it is
‘piaUsible to suspect that '',,.occasionally the unphotographed eye
was on target, and the photographed eye slightly misaligned' (p184).
If their criticisms of the findings reported earlier in this thesis

‘are justified, it would be equally plausible to suspect that the

Footnote6 When Wickelgren (1969), analyzed newborn's fixations to

“a single small blinking light, presented in a central position, she
reported that the gaze of each S's two eyes typically straddled the
light. She suggested that "'... since the newborn infant has both
eyes open, and since his eyes usually do not converge, peripheral
stimuli, which send a similar directional message to both eyes, may
‘well be stronger for him than are central stimuli (p481). However,
as she did not take into account the deviation between the visual and
the optic axes, these findings, and the conclusions she draws, are

- of dubious value, and cannot be taken as indicating fixation by

the peripheral retina.
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photographed eye was on target, but that § was maintaining a well-=
directed fixation with a pgriphera] portion of the retina.7

A further point concerns differences in newborns' fixations
when both eyes are open and when the baby is confined to monocular
conditions of viewing. The author has found that, with one eye
covered, the fellow eye is most likely to fixate ipsilaterally
l(Chapter 3). In recognition of this, stimuli were presented, in
. experiment 3 of Chapter 3, in central and ipsiiateral positions only,
The intention here was to present the stimulus in that region where
the baby was most likely, by chance, to be looking, and the only
assumptiﬁn made was that it would be increasing the probabilities of
getting results,

It is a well-established finding that the newborn fixates more
temporally (i.e., ipsilaterally) under monocular, when compared with
binocular, conditions of v{ewing (Salapatek and Kessen, 1966, pi65;
Salapatek, 1968, p250). In this céntext it is relevant to include
Kessen, Salapatek, and Haithfs (1972) possible explanation for their
finding that the centre of the pupil was displaced markedly to the
right when a vertical edge was presented to newborns 3 inches to‘the
right (discussed in Chapter 4: the right eye was always the one
‘ photographed, with the left eye occluded). They suggest that babies
may have difficulty, (especial]ylwhen confined to monocular vision), in
- holding the eye in a fixed position on the temporal side. All these

findings, however, are from control trials in which the neonate was

Footnote7 In scotopic vision, of course, objects are best seen when
viewed peripherally. At the illumination levels found on a dark night
' the fovea is less sensitive than more peripheral regions of the retina.
In this case, maximum sensitivity occurs in a region of 5 to 15 to
each side of the fovea (Davson, 1950, p103; Pirenne, 1967, p57). The
Vuminonce . levels (20ft L) used in experiments 3 and 4 of Chapter 3
would seem to be well within the range of photopic vision.
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shown a blank field - i.e., a homogeneous black or white field.

Haith (1968), did, in fact, suggest that ''... visual input, especially
vertically oriented input, stabilizes thé position of the eye'' (p8:
the "loss of coﬁtrol” that he mentions was only-found during blank-
screen beriods). Additionally, when one eye is cerred by a gauze
pad, the field of view of the open eye does extend more }n an ipsi-
lateral direction, so it does not really seem surprising that newborn
babies should ''fixate'' more temporally in thesé conditions. The
changes in eye position that occur when no stimulus is present may

be active "searching'' movements, or may be, in some sense, random
movements of the eye. As, by definition, little visual information
results from these movements they cannot be said to be fixations

in the same sense that looks directed at a target are. That is, there
is no evidénce to suggest Fhat the location of a newborn's fixations,
~_or his patterﬁ of scanning, differs for monocular and binocular
viewing conditions, when actively viewing a stimulus,

Ther¢ is also no evidence to suggest that a newborn presented with
an ipsilateral stimulus might tend to look more to one side of it than
the other. A difficulty is found here.in the definition of ipsilaterally
.ana contralaterally presented stimuli (a similar problem is considered
in Chapter 3, footnote]). Although, relative to the camera's central
placement, stimuli are presente& a constant distance to left or right’
at the stimulus plane, this does not mean that the angular deviation of
the stimuli from the neonate's midline can be specified: however
careful]y‘babies are positioned within the apparatus, some will have
their heads to one side. Thus, if there were some form of bias
resuliting from the angular deviation of the stimulus from the baby's

midline, the consistency of the findings reported in Chapter 3 would

probably not have occurred.
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However, the most valid, and least speculative, reply to the
criticisms of Salapatek et al. results from a consideration of the
causes of the disparities found, The disparities found for neonates
are in the same direction as those found in adults, and the anatomical
and optical variables considered in the previous cHapter satisfactorily
explain the differences in magnitude, and warrant the conclusion that
the babies in all the stimulus positions used in experiments 3 and 4
of Chapter 3 were looking with foveal vision. |

The concluding statement of Safapatek et al. (pph96-497) is:

*""But, though the evidence does suggest a correction be applied to
averaged results, it remains inadvisable to apply such an average
correction to individual cases until some objective measure of optical-
visuaj axis discrepancy for individual infants is discovered." On
, logical.and statistical gréunds, this conclusion is not justified.
Because of the maghitude of the effects, and since the fixation
peaks of the neonates used as subjects were all within : 5° of the
average, there will be less overall error in placing the line of sight
. for each subject if a correction based on the average magni tudes is
applied.

Finmally, it has not been suggested that the conclusions of
Salapatek et al. regarding the selection of pattern features by the
newborn are in error; it is though, interesting to note that Uthese
effects become stronger for some infants when a correction factor
such as Slater and Findlay suggest, is applied' (ph96). Data concerning

the question of infant convergence and fusion are presented in the

next chapters of this, thesis.




129

CHAPTER 6

- BINOCULAR FIXATION IN THE NEWBORN: RESPONSES TO STIMULI AT DIFFERENT
DISTANCES

The available literature concerning the newborn's ability
to converge was consideréd in Chapter 1, The prevailing opinion
is that, at birth fixation is monocular, binocular fixation first
appearing at the end of the second month of life. However, most
previous researchers who have been concerned with this variable have
‘been unaware that the optic and visual axes of the, eye do not coincide,
and have erroneously assumed that optical divergence of the two eyes
means that they are also visually divergent,

The experiments described in this, and the following chapter, were
&esigned to investigate thé neonate's ability to converge.] If the
jneonate is abfe to convergg, this ability will manifest itself in
four ways. These are:

(1) The two eyes will be optically divergent, on average, by
some 170. |

(2) Each eye will be scored as being on-target when a correction
%actor is introduced for the‘expected deviations of the pupil centre
from the target.

(3) The two eyes will be optically more divergent when fixating
~ more distant targets, (i.e., when binocularly viewing a target at
infinity the visual axes of the eyes are parallel).

&) Subjecté will converge to any stimulus that attracts their

(visual) attention,

'Footnote] As used in this chapter, the terms '‘convergence',
""bifoveal fixation'', and ""binocular fixation'' are synonyms.




The results from experiments in which the first three of these

~was investigated, are given in this chapter, and in all the experiments

stimuli at different distances were presented. Initially, alterations
to the apparatus, and changes to the scoring procedure, will be

~described.

Apparatus and photography The Crouzet motor fitted to the camera
was changed, and in all the experiments reported in this, and the
fojlowing chapter, the camera, when in operation, recorded at a
speed of two frames per second. The camera was moved back along

: the optical bench fitted to the apparatus, so that its field of
view (2{;in X 2 in) encompassed both of each subje;t's eyes, The
- exposure time (%fsec) and diaphragm setting (f8) were not changed.
Other details concerning the apparatus and general procedure are
given in Chapter 3. Modifications to the apparatus to allow the
stimuli to be presented, aéd the stimuli used, will be detailed for
each experiment.

'Scoring and analysis A film frame was scorable if both eyes of

each subject were visible and the pupil centre of each eye could be
vdetermined relative to the marker lights' position. No subject's
record was scored if a preliminary check indicated that there were
fewer.than 14 scorable frames. Figure 6.1 illustrates the scoring
procedure, The photograph is éf a neonate's eyes (S10 of Expt. 8),
taken when the stimulus presented was a vertical array of lights,
positioned two inches to the right of centré. Each scorable frame
was projected, in the usual way, onto a scaled-down copy of a print
showing the relative positions of marker lights (B in Fig. 6.1), and
the positions of the pupil centres, for both eyes, were marked. Sheets
~ were prepared, eacﬁ with 40 identical print copies on them, and a

different ""template'' was used in scoring the separate frames,
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These scored positions of the pupil centres constitute the raw

data for each S in each stimulus condition.. The optical divergence
of the two pupil centres was then found for each of the scored print
copies., |If the optical divergence of each eye is 8%0, the scored
~ separation of the pupil centres would Be 3 inches at the level of
the stimulus plane (10 inches from the S's eyes). A diagram was
constructed, showing the distances apart the derived positions of the
pupil centres would be for optical divergences}ranging from 0 to 200,
and also showing the separation (12 inches) of the two horizontal
“marker lights., This was photographed, and film transparencies were
: prepared, reducéd to the same size as the print copies. A transparency
(C inFig. 6.1), was fitted to the scored position of the pupil
centres, and their optical divergence read off.2 |

3 The area of the stimulus field fixated by each eye was also
found. To do this, diaéra@s were prepared in which a correction for
| the:expected displacements of the pupil centre from the target
- position was introduced, For the purposes of this analysis the
stimulus fielq was dividea into 1 inch vertical areas, up to a 5 inch
radius from the centre position within the marker lights. Photographic
trénsparencies of these diagrams were prepared, such that the positions
of the marker lightg on them exactly fitted those on the print copies.
These transﬁarencies,-For right énd left eye disparities, (D and E,
respectively, in Fig. 6.1), were separately placed over each scored
‘print copy, and the area fixated was found for each eye. The

average disparities were used in preparing these transparencies

'Footnotez The marker lights present on these transparencies were
needed in their preparation, i.e., the distance between the horizontal
“marker lights is the same for the transparencies and the print
copies. They were not used in the analysis itself.
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(derived from expts. 3 and 4, and from Fig. 3.7). Thus, if the

eyes were optically divergent by 170, and S was looking with both
eyes at a point 3 inches to the right of centre, it can bé seen from
D and E of Figure 6.1 that the pupil centre of the right eye would
be approximately vertically aligned with the right horizontal

i 1luminator, and the pupil centre of the left eye would be some@hat
to the left of this marker light. For the film frame from which the
photograph, (A in Fig. 6.1), was taken, the § was scored as looking
two inches to the right with both eyes, and the optical divergence
of each eye was 11° |

It was often the case that great ocular actlvnty was displayed

by a particular subJect, and the reflections of the marker lights

on the film frames were visible as streaks. Isolated scorable
frames amongst such actuvnty did not, it was felt, indicate attention
to the stimulus, and for thls reason frames were not scored if there
“were'not two or more consecutive frames for analysis. A frame was
not scored if both eyes were looking more than 5 inches from centre,

Further treatment of the results is described for each experiment,

EXPERIMENT 5

'SuBiects Subjects for the.experiment were 16 newborn babies, 6
females and 10 males, 11 of whom were first born, Their ages at the
time of experimenting ranged from 57 to 190 hours, median 114.5 hours;
and their birth weights ranged from 51b 150z to 9lb, median 71b 9oz.
Data collected from a further 12 babies could not be used as
there were not 14 scorable frames in any stimulus condition. An
initial difficulty in focusing the camera was the major cause of
this subject loss, and data on these babies are not given here.

Stimuli and procedure Three stimuli were presented, at eye-to-target

“distances of 5 inchés, 10 inches, and 20 inches. The 10 inch
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stimulus was the array of coloured lights used in experiments 3 and &,
This stimulus was mounted on one of three stimulus panels to enable it
tolbe presented in one of three positions: 2 inches to left of centre,
centre, and 2 inches to right of centre.

The same array of lights was also the stimulus for the 20 inch
viewing condition, In this condition the lights were mounted
laterally with respect to the S's eyes. A black shield around.the
side of the lights prevented S from seeing them with peripheral vision.
A small (5in x b4in) front-surfaced mirror was mounted above the small
central hole in a stimulus panel, and angled so that, with S in
position, the stimulus lights could be seen in the mirror at a
refleéted distance of 20 inches,

The stimulus at thé smallest viewing distance was a single,
white light, Finch in diameter. When required, this light was
swung into position, and wés 5 inches from S's eyes, and 1 inch above
the centre of the camera's field of view. Whén presented to the
subjects, all thestimuli were eitﬁer.blinking; being on for%; sec
and off for%;sec (the "on=-of f!! cbndition), or remained on (the "on'"
condition), and during intra-subject stimulus presentations the
”oﬁ-off” and ""on'' conditions were alternated.

The three stimuli were separately presented, in a predetermined
order for each S, for approximafely 1 minute each., For the 10 inch
stimulus the positions to right and left of centre were alternated
between Ss, and the central position was introduced during later
experimental sessions, Also inc]uded in the experiment was a control
trial, i.e., a trial in which a black stimulus panel only was presented.
The luminance of each §timulus lighp was constant at»approximately 20ft L.

Thus, the ideal situation was for each S to view stimuli at the

three different distances, and also the blank stimulus panel. After
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a. few experimental trials, however, certain problems became apparent.
Firstly, Ss became noticeably more active when no stimulus was
available, and photographic records were difficult to obtain. Secondly,
difficulties were found in.presenting the stimulus at 20 inches:
the stimulus panel on which the mirror was mounted was bulky, and a
long time was taken to change to this stimulus condition. Also,
possibly because of an incorrect placing of the infrared filter in
the centre of this stimulus panel, the developed film records from
this condition seemed overexposed and could not be scored.

Consequently, the control trial, and the 20 inch condition were
only included in the first few experimental trials, and results were
only .obtained from Ss presénted with thé stimuli at the 5 and 10 inch
distances.

Throughout each experimental session two experimenters were
present. E] (the author) held the babies in position, and E2
(Mr. Bruce White) was responsible for switching the camera and
>changing the stimuli,
Discussion In this experiment the'retinal image size of the stimuli
at the different distanceg was different. It might properly be
Coﬁsidered a pilot experiment for the experiments reported later in
this chapter (expts. 7 and 8). However, it is appropriate to consider
here the changes in the optical 3ivergence of the eyes one would
“expect to F{nd if the neonate were to convergé to stimuli at 5, 10

and 20 inches.

The procedure adopted for scoring the results was designed to
give maximum accuracy at a viewing distance of 10 inches. |If the
. newborn binocularly fixates a stimulus at this distance, in this

apparatus, the optical divergence scored for each eye will be
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approximately 8.A5o (there will, of course, be some intersubject
variability)3. If the neonate then changes the convergence angle of
‘the eyes to bifoveally fixate stimuli at 5 inches and 20 inches, the
changes in optical.divergence can be found from a calculation based
on Figure 6.2, In this Figure the Ieft_eye is considered and is
located at E', which is 0.75 inches to the left of centre (E).

A, B, and C of this Figure indicate the-positions of targets that
are, respectively, 5, 10 and 20 inches from the midpoint between the
baby's eyes. The S fixating target B will have a line of sight along
the line E'B, To view targets at 5 inches and 20 inches the line

of sight changes, to{view along the lines E'A and E'C, respectively,
Thus, the expected changes in the scored position of the eye are

the angles BE'A and BE'C. These angles are, respectively, 4.2° and

2.1504. Thus, if S changes-binocular fixation from a target at 10

1
1

inches to one at 5 inches,v%he optical divergence of each eye will

be reduced by 4.20; when he changes fixation position from 10 inches

Footnote3 In testing sequence 7 of Chapter 2 a '"binocular effect"
was found, a consequence of displacing each eye from centre. From

a consideration of the cause of the effect (Chapter 4), it is evident
that the scored optical divergence will tend to underestimate the
actual divergence by an amount of 1.3” visual angle, for each eye.
Because of the small magnitude of this effect, a correction for it
has not been introduced. It will, however, be considered later

(Chapter 8).

Footnotel+ The calculation of these angles was as follows:

(1) To find £BE'A. EA = 5'; E'E = .75". Thus, tanl.E'AE =
.75/5 = .15. Therefore, L. E'AE = 8.5° andZ.E'AB = 171.5°; EB = 10;
E'E = .75, Thus, tan Z E'BE = .75/10 = .075. Therefore LE'BE
4.3°, Consequently,L.BE'A = 180 - (171.5 + L4, 3)

(2) To find LBE'C. L_tBe = 175.7° (since LE BEO 4.3%).
tan £.E'CE = .75/20 = .0375. Therefore, LE'CE = 2.15", Consequently,
L.BE'C = 180 - (175 7+ 2, 15)° = 2, 15
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Figure 6,2 Diagram (not to scéle) to illustrate the chanées in
- the scored divergence of the eyes for binocular fixation.of
stimuli at 5, 10 and 20 .inches,
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to 20 inches the optical divergence of each eye will increase by

2.15°,

A complication, howeVer, results from tHe method of scoring this
optical divergence, which will affect the magnitudes found, The
ﬁature of the off-axis parallax effect (i.e., '""projective distortion')
is such that, when a subject changes fixation by an amount-éf, say
1 inch, the derived position of the pupil centre within the marker
lights indicates a greater change, (from Figure 3.7 it can be seen
that when the neonate fixates from centre to a point 3% inches from
centre, the pupil centre will appear to have moved through 3% + 1%
inches = 5 inches). Although a correction for the parallax effect

"is included in the preﬁent scoring system for deriving the actual
location of the newborn's fixations (D and E of Fig. 6.1), the scoring
: bf the optical divergence of the eyes (C in Fig. 6.1), is not
calibrated for change§ in optical dfvergence resulting from viewing
stimuli at different distances,‘and will overestimate these changes

by 0.43° for every 1° of change.

Consequently, when § changes.bino;ular fixation from 10 to 5
inches the optical divergence of each eye will be scored as decreasing
by‘4.2 + (5.2 x 0.43)° = éif When the change is from 10 to 20 inches,

.the scored optical divergence of the eyes will increase by 2.15 +

(o]

(2.15 x 0.43)° = 3.1,

Results 6 of the 16 babies from whom results were obtained in this
experiment contributed to the results for both tBe 5 and 10 inch
viewing distances. 7 Ss gave results for the 10 inch distance only,
and the remqining 3 Ss gave results for the 5 inch distance.

" The stimulus at 10 inches Results for the 13 babies who vieWed.

the stimulus at the 10 inch distance are given in table 6.1. In
column A the stimulus condition is shown, (R in this column indicates

that the stimulus was presented 2 inches to the right of centre; L and
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C indicate the stimulus positions to the left of centre, and centre).
In célumn B the subject number is shown, and in column C, the number
of frames scored per subject., The eye scored, right and left, is
shown inlcolumn D, and the number of fixations scored within each
1 inch area of the stimulus field is given in the Sppropriate rows
of the area designated by E, for each eye of each S. The figures
.in these columns have been arranged such that fixations on-target
(i.e., scored as fixating the target directly,.or being within
%; inch to either side of the tinch wide stimulus), are in area 0.
Thus, fixations scored as being on-target, regardless of whether S
viewed the stimulus in the centre position, or to right or left of
centre, are placed in area 0. Column F‘gives the average area
fixated, in inches from the exact centre of the stimulus, for right
and left eyes; positive va!ues indicate that the average location
of the eye was to the righf of this point, and negative values
indicate a displacement to the left. Column G gives the average
optical divergence of each eye, for each S (to obtain the optical
| divergence of both eyes the values given in this column are simply
“doubled).
| From the totals of this table it can be seen that the right eye
was on=target in-223 of the 477 frames scored, or 47% of the time.
The left eye was on target 41% §f the time. Both eyes were looking
"~ within pa l{; inches of the-stimuiu§ (i.e., within I l%uof the exact
'centre of the stimulus), in over‘80% of the scored frames (84% for
the right eye, and 82% for the left eye). \
On average the subjects' right eyes were located 0,29 inches to
the right §f the exact centre of the stimulus, and the left eyes
were located 0.05 inches to the right of the stimulus centre. The

average optical divergence of each eye was 9.220, a figure that is
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close to the average divergence of 8.5O expected if the Ss were
binocularly fixating the stimulus at this distance.

The results from two of the Ss call for special comment. For
S2 the average optical divergence of each eye was 17.5°, perhaps
larger than one would expect if this S had been conVerging. The
.right eye was scored as being, on average,.0.78 inches té the right of
‘the centre of the stimulus, and the left eye was 1.44 inches to the
" left of the stimulus centre. Thus, for this S, it is possible that
strabismus was present and that the eyes were straddling the stimulus,
- as it-were. However, it seems equally plausible to suppose that this
S was convergi.ng, and that the angle alpha was large., It is not
possible to decide which of these possibilities is correct. Both
“eyes of S18 were, on average, fixating an area some distance to the
right of the stimulus, For this subject it is not, for this reason,
appropriate to draw any conclusions about binocular fixation,

The results for the other 11 Ss provide convincing evidence of
binocular fixation of this stimulus, |

The stimulus at 5 inches The average divergence of the optic axis

of the eye for each S from whom results were obtained at the 5 inch
' viéwing distance are given in table 6.2, The average deviation was
9.830, cleér]y fér larger than 6ne would have expected to find if
these Ss haa been fixating the stimulus bifoveally. For 6 of these
Ss results are aléowavailable for the 10 inch stimulus, and the

optic axis divergence in this condition is shown for these Ss in the

appropriate column of the table,. The final column of this table

Footnote5 If S2 and S18 are excluded from the analysis, the average
location of both the left and right eyes of the remaining 11 Ss
would be 0.05 inches to the right of the centre of the stimulus,

and the average optical divergence is 8.21° for each eye,




Average scored optical divergence of the eyes (in degrees)
for Ss presented with the 5 inch stimulus, experiment 5

TA

BLE 6.2

SUBJECT

| 5 10" DIFFERENCE
1 10.0 - -
8 11.32 8.3 -3.02
9 6.88  5.79  -1.09
13 13.63 - -
18 5.05  12.08 7.03
19 L.07 6.09 2.02
2l 8.69  7.07  -1.62
25 4.0 ; - -
27 15,79 L4.65  -10.14
AVERAGES  9.83°  7.33° -1.14°
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shows the difference in scored optic axis deviation for these Ss,
between conditions. In four‘cases there was a greater divergénce of
the eyes in the 5 inch condition.

From the gcored records from the Ss in the 5 inch condition,
there is no obvious indication that any S fixates the stimulus in
anyrconsistent manner, either monoéularly or binocularly, As the
stimulus used was smaller in area than the 10 inch stimulus, a
direct comparison of the results from the two conditions is not
possible. As results are available from an experiment (expt. 8),
in which stimulus variables other than distance were equated, the
negative results from the 5 inch condition in this experiment will

"not be considered in any further detail.

Conjugate eye movements That the neonate has the ability to move

the eyes in a coordinated, yoked fashion, is well known (see

Chapter 1), However, a meagure was taken of conjugate movements of
the eyes in the stimulus conditions used in this experiment, for the
first thirteen Ss from whom results were obtained (bgth in the 5 and
10 inch conditions). For the scorable fraﬁes each eye was scored as
looking within a 1 inch vertical area of the stimulus field (using
thé photographic transparencies described earlier, i.e., D and E

of Fig. 6.1), and where successive frames were available for analysis,
the movement of the eyes (if anyj from their previous position was
noted. Thus, if both eyes moved either to the left or to the right, a
conjugate movemen£ was scored, and if one eye moved to the left and the
other to tHe right, a non-conjugate movement was scored,

Footnote6 Those instances in which one eye moved, and the other
apparently did not, could not be counted as non-conjugate shifts
because of the scoring procedure. If, for example, the right eye had
been scored as looking to the extreme right within the centre area,

and the left eye as looking to the left within this area, and the eyes
“then moved conjugately to fixate half an inch to the left of the /continued
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139 eye movements were scored. Of these 130 were conjugate shifts,
66 to the left, and 64 to the right. The remaining 9 were non-
conjugate movements., 4 of these were instances in which the eyes
moved outwards (i.e., the left eye shifted to the left, and the right
eye to the right); the other 5 were movements inward.
The small number of eye movements recorded in this manner is
‘possibly a consequence of the subjects' attention to the stimulus,
In keeping with other reports (i.e., Stechler and Latz, 1966, p524),
- the author found that attentive behaQiour was often accompanied by
a marked reduction of motor activity, and the maintenance, often for
the duration of.a stimulus presentation, of a fixed posture. This
""vigilance-like'" stéte is often manifesf in the film records: thus,
‘for S19, viewing the 10 inch stimulus, 25 successive frames, representing
some 12% seconds' viewing Fime, were scored in which very little
movement of either eye was apparent.
Neverthelgss, these results show that, in this situation the

neonates' eyes move conjugately much more often than they do non-

’

'conjugately.

Conclusions From this experiment it is possible to draw conclusions
:about the accuracy of the corrections introduced into the scoring
procedure to allow for the expected displacement of the pupil centre

from the target position, and also about binocular fixation in the

/continued/ previous fixation position, the left eye would have
crossed the centre area and would be scored within the area lin to
the left, whilst the right eye would still be scored as fixating
within the centre area, albeit this time to the left of this area. No
- instances were found of one eye apparently shifting fixation position
through 2in and the other eye not moving.

. It is, of course, possible that many eye movements, conjugate
"or otherwise, were missed completely. If the eyes changed fixation
by, say,%; in, they could have been scored as fixating within the
~same lin stimulus area. To divide the stimulus field into smaller

than 1in areas, however, would introduce the risk of scoring eye
movements that had not, in fact, occurred, because of imprecisions
in the method of scoring.
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newborn,

In the 10 inch condition, regardless of whetHer the stimulus
was blinking or not, or was in the centre position, or to the left
or rigHt of centre, the subjects' fixations with both eyes were
mostly scored within : 17 inches of the centre of the stimulus.
Thus, in most cases, both eyes of the subjects were on-farget, and
the pupil centres were displaced from the target position by the
amounts predicted from the experiments in which monocular conditions
of viewing only were allowed (experiments 3 and 4). Since the
average divergence of the optic axis (9.220), was also close to that
expected (8.50), it is a necessary conclusion that the babies in
this experiment (with the possible exceptions of Ss 2 and 18),
were fixating the stimulus bifoveally, |

In the Sinch stimulus condition there was no evidence of
binocular fixation. However, as there was also no evidence that the.
babies were fixating the stimulus, the results are ambiguous in
this context. The high degree of conjugate eye movements found
(94%) agrees with previous findings concerning this variable.

EXPERIMENT 6 This experiment was designed to test for convergence

mévements of the eyes to an approaching and retreating stimulus. A
conclusion resulting from experiments 3 and 4 (Chapter 2), from

the theoretical considerations of Chapter 4, and from experiment 5,

is that newborn babies can and do fixate with the fovea and, when

the stimulus is a vertical array of lights presented at a distance

of 10 inches, will do so consistently, in both monocular and binocular
viewing conditions. |f the neonate binocularly fixates an object,
perhaps at 30 inches, and this object is moved closer, the image of
the object will, unless appropriate vergence movements of the eyes

are made, fall on non-corresponding regions of the retinae and thus
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~will, in the absence of any special provision to the contrary, be
seen double,

Stimulus The stimulus was a single, white light, 1 inch in diameter
and flashing at an on-off rate of 4 times per second. The light was
connected to a pulley system, and could be moved from 30 inches from
the midpoint between S's eyes to 6 inches from this midéoint. When
10 inches away, the light was 2% inches above the centre of fhe
stimulus field, The pulley was slanted so thaf the light was along

a direct line of sight from the centre of S's eyes. Figure 6.3 is"

a schematic diagram of the arrangement. Microswitches located at

the limits of the stimulus light's travel stopped the movement of the
'.stimulus,-and reactivation of the small Crouzet motor, connected

to the pulley string, caused it to reverse its direction of travel.
To move from 30 inches to 6 inches (or the reverse), took 8 seconds.
The pulley system passed ghrough the 9% inch diameter hole in the
aluminium stimulus screen, and a black stimulus panel was placed in
position, 10 inches frém the S's eyes, to prevent S from seeing the
‘camera. The top portion of this stimulus panel was removed so that
movement of the light was not prevented. Other portions of the
aﬁparatus that were visible through the hole in the stimulus panel
were either paintéd black, or covered with a black cloth, the
.intention‘being to make the light the only obvious visual stimulus.
When the stimulus was 6 inches from tEe S's eyes,part of it could be
seen ét the top of each developed film frame, This acted ag'a marker,
and enabled the film to be scored with respect to the distance of the
stimulus from the S's eyes, |

‘Procedure and subjects With S in position, the camera was switched

on, and the stimulus activated. The stimulus was started at either
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the 6 inch or 30 inch distance, and the first direction of travel

was alternated between Ss, The stimulus, having reached its 30

inch or 6 inch distance from S, stopped, and remained there for L
seconds, and its direction of travel was then reversed. The light
was moved back and forth, in this manﬁer, until either 3 minutes had
passed, or S terminated the session by crying or fussing.

Six babies were seen,

ﬁesults When six babies had been used as Ss the experiment was
terminated because of the poor results, Of the six babies, only two
appeared to fixate the stimulus consistently. For these 2 Ss the
optical divergence of the eyes was calculated from the film obtained
when the stimulus was stationary, both at fts 6 inch and 30 inch
-distances, For neither S was there any apparent change in convergence
angle. For the first S, the scored optical divergence of each eye

was 2.65° and 3.11° for thé 6 inch and 30 inch distances, respectively.
The scored divergence of each of the second S's eyes was.6.9lo and
6.22°. None of the six Ss showed any apparent indication of appropriate
vergence movements to the approaching or retreating stimulus during
its travel.

On certain trials it was noticed that the S sometimes moved his

head backwards when the stimulus 1light approached. Detai led records

were not made of the frequency of this phenomenon.

Discussion An experiment that is similar in form to the present one
was reported by Ling (1942). |In her experiment supine babies were
presented with a black disk, 2 inches in diameter. The disk was
moved from 36 inches to 3 inches from the bridge of the S's nose.

Its speed of movement (2 in. per sec) was similar to the speed of the
stimulus light used iﬁ the present experiment (3in per sec), but the

movement of the disk was suspended at the first sign that the infant's

regard was diverted, and continued only when the S renewed his fixation.
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.She used a longitudinal design, and infants in an age range from
7 minutes to 24 weeks were seen,
Despite these differences in experimental design it is of interest
to compare Ling's findings with the few results from the present
: study, and to consider some of her remarks.and conelusions in the
light of more recent research.
Like the present author, she found that no newborn baby made
appropriate convergence movements to the approaching and retreating
~object. She also reported that, as the stimulus disk’reached its
‘_Vnearest point of approach, the head sometimes moved backward (pp25]
and 253). This form of response, which is seen about 2 weeks of age,
she described thus: '"... a number of infants are repeatedly seen
| tensing the trunk, stiffening the neck, and pressing.the body,
including the head, down hard against the mattress... as if they were
attempting to increase the:distance between the disk and their eyes''.
(p255). Additionally, as the disk‘approached,'eSpecially during the
‘last foot of its descent, sucking movements, activity of the tongue,
and swallowing or ”chew}ng” movements were often observed, (pZSI),
which Ling interpreted as perhaps meaning food to the infant, or the
de?elopment of an association '',.. between the stimulus disk and
spch biologically significant things as food, warmth, and social
intercourse with another individual' (p270, footnote). That this
interpretation, although seemingly. appropriate, is erroneous, is
suggested by more recent research.
Bower, Broughton,'and Moore (1970), found that the near approach
of a foam rubber object caused violent upsét to infants aged 6 to
20 days. In its full form the response consisted of three components:
‘(l) eyes open w{de; (2) the head goes back; (3) both hands come up

between object and face. Since Ling found all three of these components
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to the near approach of her stimulus disk, it seems curious that

Bower (1971), found that infants in their seéond week of life, more

than 49 of them, ''did not even blink'', when they were placed on

their backs and objects of a wide variety of sizes, and a wide
variety of Spéeds, were moved, either noisily or silently, towards

them, Aronson and Rosenbloom (1971), demonstrated that infants

~ from 30 to 55 dayé, (a younger age group Qas not tested), coordinate
vision and sound to the extent that great distress results if the
mother's voice appears to come from 90o to left or right of her seen

‘ position, A response that accompanied this distress was the appearance
tbf "mouthing of the tongue." This would seem to be a similar type

of response to the mouth movements reported by Ling during the last

foot of the stimulus disk's approach. It therefore seems likely that
the‘infants in Ling's Study, and to some extent in the present experiment,
‘were responding to the disL's approach with distress rather than
pleasure,

Ling reported the absence of binocular fixation and convergence
. movements until the end of the second month of life, (range 1 week,
I days to 20 weeks, 6 days, median 7 weeks, 2 days). When convergence
movements first occur they are carried out by a series of small
globﬁs'jerks: ""As the stimulus disk approaches, no immediate adaptive
“ocular movements are observed. Then ; succession of spasmodic movements
~of the pupils toward each other alternate with relatively long intervals
of ocular inactivity... As the infant grows, the process of -convergence
.in response to the approaching stimulus disk becomes smoother and
'4_smoother until it occurs, in all appearances, as a continuous process...'"
(1942, p245).
Since convergence movements of the eyes to approaching and retreating

objects are intimately associated with changes in accommodation, it
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is perhaps not surprising that these movements are not easily observed
in the newborn, When the adult changes gaze from a far to a near
object, the lines of sight of the two eyes converge to maintain a
single image, the lens of each eye increases its refractive power, and
fhe pupils become smaller, bringing the near object sharply into
focus (Alpern, Lowenstein and Loewenfeld, 1962; Alpern, 1969). There
is little available literature on visual accommodation in human
infants (see Chapter 1), but it would seem likely, from the work of
Haynes, White and Held (1965), that the newborn has only a limited
-accommodative capacity. It would also seem likely that the development
of visual accommodation is influenced, to some extent, by experiential
~variables. Greenberg, Uzgiris and Hunt (1968), got the parents of
 10‘infants to hang ''stabile'' patterns within the infants; view,
Beginning when they were 5 weeks of age. These infants blinked in
response to the drop of a Bullfs eye target at younger average ages
than did 10 infants whose mothers hung nothing over their infants'
cribs during the course of the experiment, This result, they suggest,
Cis, presumably based upon the hastening in the development of
AviSual accommodation'through the exercise of looking' (p172). It
seems probable, also, that practice may influence the development of
' vergence movements.,

The apparent inability of the.newborn to make appropriate vergence
movements, both in the present experiment, and in Ling's experiment,
. does not, of course, imply the lack of binocular fixation of other
stimuli, To maintain binocular fixation in the present experiment,
fairly rapid inward and outward movements of the eyes would have had
to be made. When the neonate is presented with a simple stimulus at
a fixed distance, however, there are fewer demands on the oculomotor
system, The foveas of both eyes may '"'zone in'', as it were, on such

a stimulus, whether independently or otherwise, perhaps by a process
of trial and error. A change in convergence angle as the stimulus

NG
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chénges in distance .from the eyes may result from trial and error
corrections for the resulting diplopia.

Theré are two'dther possible reasons why vergence movements were
not observed in the present experiment: (1) there may have been rapid
habituation of the vergence reflex - habituation of.vergence movements
was found by Hughes (1972) to occur in the cat; (2) the stimulus at
the near distance (6 inches from S's midline), may have been too close
“for the neonate to accommodate to it. )

As’it appeared unlikely that vergence movements to an approaching
or retreating object would be made by newborns in the present experiment,
and to avoid causing possible distress to the subjects, no further
Vobservations were made.

EXPERIMENT 7 In experiment 5 it did not prove possible to obtain

results from newborns fixating a stimulus both at 10 inches and 20
inches, This experiment was designed to collect results in just ‘this.
situation, |

Subjects 25 babies were seen. Of these, 15 were used as subjects,

8 females and 7 males, 13 of Qhom were firstvborn. Their ages ranged
 from 22 to 186 hours, median ]55; and their birth weights ranged from
6]5 4oz to 91b loz, median 71b 8oz.

o 10 babies could not be used as subjects.. In 9 cases there was

an insufficient number of scorabie frame;: iﬁ 3 of these cases the fiTm
was out of focus; in 2 others the babies were apparently asleep during
the experimental session, For the remaining baby the film record
revealed extreme ocular activity, and the S gave no indication of
looking within the stimulus area.

Stimuli The stimulus at 10 inches was similar to the array of lights

used previously at this distance. Each of 8 stimulus bulbs was covered
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by a white perspex lens, 3 inch in diameter, and the lights, equally
- spaced, covered an area 5% x wzinch. .The stimulus was mounted on one
of two stimulus panels, and could be presented either 2 inches to the
;left of centre, or 2 inches to the right of centre,

The stimuius at 20 inches was the samé retinal image size (to S),
as the 10 inch stimulus, Eight stimulus bulbs, (slightfy larger
than those used in the 10 inch stimulus), were covered by 1 inch
diameter white perspex lenses, The equally spaced lights covered an
area 11 x 1 inch, This stimulus was mounted on one of two pieces of
large black cardboard, and each piece was positioned immediately in
front of the camera lens, so that the stimulus lights, which were
.Qertically placed either 4 inches to the left, or 4 inches to the
right of centre, were 20 inches (% 1 inch) from S's eyes.

The two sets of lfghts were separately>run from two labpacks,
and the luminance of each gtimulus light was 20 ft. L. (measured
with an S.E.I. exposure photometer). At this level of illumination
all the lights appeared yellowish in colour, rather than white, but
to an adult at the babies' viewing position they seemed identical
both in brightness and colour. Although the 20 inch stimulus was
pfgsentéd L inches from centre, and the 10 inch stimulus 2 inches from
centre, béth were the same angular deviation from the midpoint
between S's eyes. Throughout each ékperimental session the
experimental room was fairly dark, and all non-relevant parts of the
apparatus were b}acked-out. The stimulus lights, when preseﬁtéd,

were permanently on,

Procedure With S in position either the 10 inch or the 20 inch
~ “stimulus was shown for approximately 30 seconds. The stimulus presented

first was alternated between Ss. The stimulus at the next distance
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was then shown for the same period of time, and this procedure was
repeated. Thus, most of the Ss were shown each stimulus twice. 3
Ss were shown the 20 inch stimulus once again before the experimental
session terminated, and for 3 Ss (és 1, 4 and 7), who began fussing
during the second stimulus trial, the procedure could not be
completed, For these 3 Ss results are available at one ;timulus
disténce only., For the remaining Ss results from the trials at

10 inches were analyzed together, as were the results for the 20

inch trials,

For the first 6 Ss from whom results were obtained in both
stimulus conditions, the 10 inch stimulus was shown 2 inches to the
left of centre, aﬁd the 20 fnch stimulus, 4 inches to the right. To

‘balance the experimental design the remaining 6 Ss were ghown the
10 inch stimulus to the right, and the 20 inch stimulus to the left.
Scoring The scoring procedure was detailed above. In the 20 inch

+ condition the lines of sight of each eye, (if the S is viewing the
stimulus bifoveally), will pass slightly to the left and right of

ithe centre of the area 2 inches (eithér to the right or left), from

“centre at the 10 inch distance, Thus, scoring of the data from the
‘ 20.inch stimulus, presented 4 inches to the left of centre, was

- carried out as_if S had been presented a stimulus at 10 inches, 2
inches t§ the left, (or to thé Eight, when the 20 inch stimulus was

to the right).

Results

Average location of the eyes The average location of each of the Ss'

eyes, in each stimulus condition, is shown in table 6.3, |If the
.éyes were scored on-target the average location of each eye would have
been 2 inches from centre in all stimulus conditions. All figures

are given in inches'. displacement, and a value of less than 2.0




TABLE

6.3

. . Inlachaa
Average location of fixations, for both
stimulus conditions, experiment 7

10" Stimulus 20" Stimulus
Subject LE  RE ?‘;:ﬂ::g LE  RE ?‘;Zn:z‘:
- - . 1.7 3.0 (39)
2 2.0 1.1 (25) 1.3 1.6 (k)
3 1.8 2.1 (49) 1.5 2.7 (30)
L 2,2 2.2 (39) - - -
5° 2.4 .2.3  (25) 1.8 1.9 (59)
6 2.1 2.0 (17) 1.b 1.8 (34)
7 1.8 2.7 (35) - -
8 1k o8 (17) 1.9 2.7
9 2.6 1.5 (49) 2.6 2.2
10 2,1 2.2 (39) 1.6 2.3
1 2.2 0.9 (52) I B
12 2.1 2.8 (53) 1.4 2.8
13 1.9 2.3 7 (19) 2.6 3.1
W 2.0 1.7 (26) 1.5 2.2
15 2.6 1.5 (4o) 2.3 1.8
Totals (485)
O 209 19k (erz) 177 2.30
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indicates that the eye scored was, on average, scored as fixating

- to the left of the centre of the stimulus. Values greater than 2.0
are scéréd fixations to the right. Only in 3 cases, (the right eye
of S11 in fhe 10 inch stimulus condition, and the right eyes of Ss
1 and 13 in the 20 inchicondition), do the scored ffxations peak
slightly more than 1 inch from the centre of the stimulus.

On average, in the 10 inch condition, fhe left eyes were scored )
as being 0.09 inches to'the right, and the right eyes 0.06 inches to
the left, of the centre of the stimulus. In the 20 inch condition thg
left eyes were scored as being 0.23 inches to the left, and the right
eyes 0,30 inches to the right, The number of scored frames, for
each S in each stimulus condition, is given in parentheses in the
appropriate columns, The left eyes'in the 10 inch condition were
~on-target (i.e., scored as being within % inch from the centre of
the £ inch wide stimulus),f58% of the time (279 of the 485 scored
frames), and the right eyes were on-target 42% of the time (202
frames). In the 20 inch condition, the left eyes were on-target
4L% of the time (228 of the 513 scored frames), and the right eyes
were on-target 38% of the time (197 frames).

These results indicate that the Ss were looking at the stimulus
 with both eyes, at both of the distances used, The local accuracy
of the infants' ffxations is ;lear from the fixation records shown
in Figure 6.4, Here, each dot shows the derived position of the
centre of the pupil within the marker lights for each S from whom
_results were obtained in both stimulqs conditions, The fixation
records are shown for the right eyes only. For convenience the
marker lights are not shown in this Figure} however, the vertical>lines
show the position of the stimulus within the marker Tights. For the

Ss whose fixation records are shown in columns A and B the 10 inch
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Figure 6.4 Visual fixation records. of subjects viewing two arrays
of lights, at 10 inches and 20 inches, experiment 7. Right eye only.
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stimulus was presented to the left of eentfe, and the 20 inch
stimulus to the right. For Ss 10 through 15 &coluhns C and D),
the 10 inch stimulus was to the right, and the 20 inch stimulus to
‘the left,

From Figure 3.7 it can be seen that fixations of the right eye
on a target 2 inches to the left of centre should be scéred as
‘being slightly to the right (an average amount of 0.64 inches),
of the target; fixations on a target 2 inches to the right of centre
should be displaced an average amount of 2.36 inches to the right of
the inferred position of the target. |t is, in fact, apparent in
~Figure 6.4vfhat the scored pupil centre positions in columns B and
C are, on average, farther to the right of the stimulus than those
in columns A and D. (This expected displacement was taken into
account in presenting the average location of fixations in table 6.3).7

Divergence of the optic axis The average scored divergence of the

optic axis of each eye in each stimulus condition, for those Ss from
whom results were obtained ip both conditions, is shown in table 6.4,
When the experiment had been completed, seven Ss' film records
were completely rescored, independently of the original anélysis,
ana the optic axis divergence was calculated again. The figures for
the reanalyzed data are giveq in parentheses. In each case, this
dive}gence was wit%in 1° of its originally scored Qalue.
The differences in magnitude of the scored optic'axis divergence
between the 10 inch and 20 inEh stimulus conditions, for the individual

_Ss, are shown in the last column of this table. All differences are

. . oy . .
positive, and the average increase (2.6°), is close to the increase

Footnote7 The optic divergence of each eye of those Ss who viewed the
stimulus at one distance onlyois as follows: S1 (20 inch condition),
14.4°; sk, 8.8°, and S7, 11.6° (10 inch condition),
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expected (3.10), if these Ss were viewing both stimuli bifoveally.
To confirm this finding, Mann-Whitney U-tests were carried out on
the optic axis data for-each of these Ss, between conditions, The
increase in optic axis divergence for S13 was significant at the

.05 level (1-tailed); all other comparisons were significant at

p < .01, |

The data presented indicate that the neonate can, and does,

binocularly fixate stimuli at two different distances, and will
increase the convergence angle of the eyes by an appropriate amount
to fixate the far stimulus, However, the optical divergence of the
eyes did not remain constant for the scored fixations of the
individual Ss at a particular distance, i.e,, there was some fluctua-
tion around the mean values scored. As an indication of this variance
the standard deviation of the scored optic axis divergence, for each
S in each condition, is given in table 6.4. None of these standard
deviations is especially large. Scoring errors, it is believed,

are the source of some, but not all, of this variance. The scoring
of the optical divergence will also tend to increase the variance -
i.e., when S changes the divergence of the optic axes by 2° per eye
‘thé scored change will be 2+ (2 x 0.43)° = 2.86°. It seems likely
that, when the neonate is figating binocularly, his poorer acuity
(no doubt a consequence of the relatively underdeveloped macula
area), allows for some divergence and under-convergence of the eyes
| before diplopia sets in and is corrected for. Thus, some slight
independent ""wavering' of the eyes around the mean convergence angle
does not imply the lack of a unified binocular image, or poor neuro=-
» musgular control of the eyes (although these possibilities still

remain).

The results from this experiment clearly indicate that the
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neonates were fixating the stimuli bifoveally. In the next experiment
neonates' ability and/or desire to converge to stimuli at different

distances was further investigated.

EXPERIMENT 8 In this experiment results were taken from newborns
presented with stimuli at 5 inches and at 10 incheg. The.experiment
'is, essentially, a partial replication of experiment 5, gut with the
stimuli equated for luminance and retinal image size.

Subjects” 19 babie; were seen, Of these, 11 wére used as subjects,
' h.females and 7 males, 9 of whom were first born., Their ages ranged
from 18 to 193 hours, median 163, and their birth weights ranged
from 51b 1loz to 81b 14oz, median 71b 2 oz.

8 babies could not be used as Ss: in 3 cases there was an
insufficient number of scorable frames (14) in both stimulus conditions;
in 5 cases the records revealed extreme ocular activity, and the Ss
gave no indication of looking within the stimulus area, (one of these
Ss was sick during the experimental session).

Stimuli The stimulus at 10 inches was the array of lights used in
experiment 7. This stimulus was always presented 2 inches to the
right of centre,

| The stimulus presented at the 5 inch viewing distance was a
vertical array of 8 small bulbs. A strip of white paper was painted
matt black, with the exception of an area, 2%i><%L inches, which
was positioned in front of the bulbs, and tHrough which the light
from tﬁe bulbs was visible. The rest of the piece of paper was bent
back and glued to the sides of the bulbs. This stimulus was attached
to the vertical portion of a T-shaped piece of perspex, which was
painted matt black. The horizontal component of this piece of perspex
was rested’on the upper part of the:apparatus when the stimulus was

presented, so that the stimulus was 5 inches from the midpoint between
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S's eyes, and in a central position. When the 5 inch stimulus was
shown, the stimulus panel containing‘the 10 inch stimulus was moved,
and a plain, black panel\substituted.

That the 5 inch stimulus was in the correct position was indicated
by a vertical strip in the centre of each developed film frame. Thus,
each S had to be accurately held in.position so that the eyes were

visible to either side of Ehis biank area.

Procedure and scoring The procedure was similar to that described

in experiment 6. The stimulus shown first (either at 5 inches, or

at 10 inches), was alternated between Ss and, when conditions allowed,
each stimulus was presented twice to each S, alternately, for
approximately 30 seconds each presentation., In 3 cases the first-
presented stimulus was shown a third time, and in 2 cases the
experimental session was terminated by S after three stimulus presenta-
tions,

No S's film record was scored unless there was a sufficient
number of scorable frames in both the 5 inch and 10 inch stimulus
conditions. Thus, for all the 11 Ss used, a comparison of fixations
between the two conditions is possible, For each S, the results at
a barticular stimulus distance were scored together.

The method of scoring adopted for the results from the 10 inch
‘condition was the same as that described earlier. For the results
from the 5 inch condition the average ]ocation_of each eye was derived
in a slightly different manner. ASince this stimulus was 5 inches
away from the midpoint between S's eyes, when fixating the stimulus
the left eye would be apparently looking%%inches to the right of
centre, at the 10 inch scoring distance, .and the line of sight of the
right eye would pass through a point%i inches to the left of centre.

To allow for this, the vertical 1 inch areas on the photographic
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transparencies (D and E of Fig. 6.1), which were used to derive the
area apparently fixated for each scored frame, were displaced through
f.%% inch in the appropriate (and opposite) directions for each eye.
Results

Average location of the eyes The average location of the Ss' eyes,

in both stimulus ;onditions, is given in table 6.5, which, in presenting
the data for the 10 inch condition, is similar to table 6.3 of
experiment 7. Only in two cases (the left and right eyes of s6,
starred in the table), do the fixatibns peak more than 1 inch (i.e.,
more than 5.70), from the centre of the stimulus. On average, in the
10 inch condition, the left eyes were scored as being 0.01 inches

to the left of the exact centre of the stimulus, and the right eyes
were scored as being 0.2 inches to the right of the stimulus centre.
The results for this condition are similar to those of experiments

5 and 7, and are a further indication that newborn bébies will
consistently converge to this stimulus at this distance.

For the stimulus presented at a distance of 5 inches, however,
this is not the case. |f the Ss had been fixating the stimulus
bifovéally the average scored location for each eye would be 0 inches.
Negative values for the left and right eyes in the columns showing the
5 inch data, indicate thét the eye was scored as looking to the left
by that amount of inches at a 10 inch distance (positive values in
these columns indicatevscoréd fixations to the right of the centre of

“the stimulus).

Footnote8 The nature of the scoring means that, for. the 5 inch data,
a value given in this table indicates fixations to the right or left
of the stimulus, by that amount of inches at a 10 inch eye-to-target
distance. A scored displacement of 1 inch to the left means that the
'S's eye was, in fact, fixating on average, 3 inch to the left at the
5 inch distance, but was the same angular deviation from target as a
"scored displacement of 1-inch to the left in the 10 inch condition.
To permit a more direct comparison of the results from the two

conditions, the values for the 5 inch condition have not been halved.

¢
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TABLE 6.5

_ ) ) .n inches,
Average location of fixations, for both

stimulus conditions, experiment 8

5" Stimulus | 10" Stimulus
Subject LE  RE ?ig;gg LE R ?ig;gg
] 0.59 0.41 (32) 2.9 2.07 (30)
2 -0.33 1.4l (27) . 1.95 2.2k (38)
3 -3.2% -0.13 (i5) | 2.21 2.24 (33)
L -0.67 0.69 (51) 26521 (40)
5  -1.02% 1.02% (66) 1.25 2.1 (59)
6 -2.87% 1.33% (39) 0.95%3.05% (39)
7 -1.53%0.37 (19) ' 2,05 1.34  (59)
8 . -1.0bx 1.32% (28) 1.69 2.46  (26)
9  -2.29¢.0.64 (66) 1.96 2.23  (26)
10 -2.23*% 0.18 (60) 2.1 2.65 (69)
11 -0.34 1.14% (35) 2.151.73  (33)
Totals (438) L es2)
Average -1.36 0.76 | 1.99 2.20
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fn 12 cases (starred in the table), the line of sight of the eye
concerned was displaced, on average, by more than 1 inch from the
stimulus at the 10 inch scoring distance (displacement of greater than
5.70). For 8 of the 11 Ss in the 5 inch condition at least one eye
was scored as'being on-target, but in only 2 cases (Ss 1 and 4),
were both of the Ss' eyes so scored., The average displacements scored .
were 1.36 inches to the left, and 0.76 inches to the right, for the
left and right eyes, respectively,

The left eyes in the 10 inch condition were on-target 57% of
the time (259 of U59 scored frames), and the right eyes were on-target
L4% of the time (199 frames). |In the 5 inch condition, the left eyes
were scored on-target 21% of the time.(90 of 438 scored frames), and
the right eyes were on-target 34% of the time (148 frames). Clearly,
there are many fewer instances of on-target fixations.to the 5 inch
stimulus, To confirm this finding, Wilcoxon matched=-pairs signed-
ranks tests (Siegel, 1956, p75), were carried out, separately on
the left eye and tﬁe right eye data. To arrive at a value of T for
the left eye data, the pércentage of on-target fixations for each §
was found for the left eyes in both conditions and, for each S,
thé difference between these two values was found, For each of the
11 Ss there was a greater percentage of on-target fixations in the
10 inch condition, (T = 0; N = 11; p, 2-tailed, < .01). For the
right eyes, 4 Ss (Ss 1, 3, 6 and 10), had a greater pércentage of
on-target fixations in the 5 inéh condition, and an acceptable level
of significance was not reached (T = 18; N = 11; p, 2-tailed > .05).

A further Wilcoxon test was carried out on the overall data.
Thus, the left eye and the right eye data were combined and the tptal
percentage of on-target fixations was found for each § in both

conditions, 'Only in one case (S1), were both eyes on-target a greater
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percentage of the time to the 5 inch stimulus, and the results
indicate that, overall, there were less on-target fixations to the
stimulus at the near distance (T = 2; N = 11; p, 2-tailed < .01).
These date are evidence that the newborns did ﬁot fixate the
stimulus at the 5 inch disﬁance in the same way that they fixated

the 10 inch stimulus,

Fixation records The fixation records, derived from the scored film,

are shown in Figure 6.5. This Figure is similar to Figure 6.4 in
that the derived positions of the pupil centres are shown relative
to'the stimulus position within the marker lights., As the neonates
were fixating binocularly the 10 inch stimulus,data for the right
eye only.are shown for this condition. For the 5 inch data the
‘positions of the pupil centre are shown for both the left and the
right eyes for each S. The vertical ]ine in each part of this
Figure shows the position of the stimulus: for the 5 inch records the
stimulus position is%tinches to the left of centre for the right
_ eye data, and-%%inches to the right of centre for the left eye data.
It can be seen that the pupil centres of the right eyes for the
10 inch stimulus condition are displaced, on average, some distance

.toithe right of the stimulus position - the displacements expected,

and taken into account.in deriving the average location of fixations

for each S,

The data for the 5 inch condition are more difficult to interpret.
llf the neonates were fixating predominantly with monocular vision,
there would be a clustering of figations some 1.2 inches to the right
of the stimulus (for the right eye data), if the fight eye were the
viewing eye, or 1,2 inches to the left of the stimﬁlus, for the left
eye data, if the left eye were the viewing eye, Some of the records

" show clear evidence of monocular fixation. "Ss 3, 9 and 10 show a




5 ) gl
!ﬁ S3 P &
. 3\3‘-1- . . }:’ﬂ . sg . .;:z;.ﬁ!‘ Ji.%::;:
.5:‘)': | &, S 4 S . :

%"fs l . g’ﬁ::',: 'S5 . “{ ; oF B ,.-:'{

. . X ot

o % 56 &

L-J
12in

..
le
S

. ‘&-’

Je,
(4

Figur¢.6.5 Visual fixation records of subjects viewing arrays
of lights, at 5 inches and 10 inches, experiment 8., The scored

records for both eyes are shown for the 5 inch condition.
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shown. '
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tight grouping of fixations to the right of the target with the right
eye, and it seems probable that these Ss were fixating the stimulus
with this eye. Fixation records that are similar in form to those
from the right eyes are evident for the left eyes of these Ss, but
-are displaced considerably to the left of the stimuius._ For S7,
the right eye was scored, on average, .037 inches to the right
of the centre of the stimulus, an indication that this S, also, may
have been fixating monocularly with the right eye. The fixation
records, and the average scored locafion of the eyes, of Ss 2 and 11,
allow of the possibility that these Ss were also fixating the stimulus
monocularly, this time with the left eye.

The scored fixation records for Ss 4, 5, 6 and 8, do not appear
vfo indicate that these Ss were ''captured’ by the stimulus. For the

remaining S (S1), there is a possibility of binocular fixation of the

target.

3

Divergence of the optic axes The average divergence of the optic

axis of each eye, in each stimulus condition, and the standard
deviation of the scored divergence, are shown in table 6.6, which is
similar in construction to table 6.4. The average divergence in the
lO'inch'condition was 9;330, which again is clear evidence of binocular
fixation of the stimulus at this distance. A possible exception is
S6, for whom the average scored divergence was 17.010 for each eye.
Like S2 of experiment 5, it is possible that this S's eyes were fixating
lito either side of the stimulus, or that the S was fixating binocularly, .
>and that the angle alpha is large.

If bifoveal fixation had been present to the 5 inch stimulus,
the scored optic axis divergence should have been 6.0° less to the
5 inch stimulus thantto the 10 inch stimulus, In fact, in all but

two cases (Ssl and 5), the scored divergence was greater in the 5 inch
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TABLE 6.6

Scored divergence of the optic axis (in degrees),
for both stimulus conditions,
experiment 8

5" Stimulus 10" Stimulus
_ Average Average
Subject Divergence SD Divergence SD Difference
1 2.19° 3.47 543 1.6 3.24
2 Soe.Ls 1,15 9.61  1.60 -0.83
3 15.27  1.91  8.79 1.87  -6.48
L 8.53 1.27 6.48 1.36 -2.05
5 10.65 2.22  12.00 1.62 1.35
6 2038  5.08¢ 17.01  2.56 -3.37
g 10.68  1.3% 5.2 3.53 -5.46
8 13,14 2.69 11.58 3.0 -1.56
9 .27 1.0 9.50  2.69 -l 77
10 113.02 2,37 10.71 1.67 =2.31
1" 8.88 L.17° 6.3  2.17 -2.55
Averages 11.59° | 9.33° | -2.25°
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condition. To find whether the changes in optic axis divergence are
significantly different between conditions, Mann-Whitney U-tests

were carried out for each S, the procedure being identical to that
described for experiment 7. A1l 11 comparisons gave significant
values of U (for Ss 2, 5 and 8 the associated probabilities, 2-tailed,
< .05. For all other comparisons, p, 2-tai]ed, < .01), a further
indication that the(subjects.did not fixate the 5 inch stimulus the
same way they did the stimulus at 10 inches, The two largest

standard deviations of the scofed optical divergence (starred in

table 6.6) are from two Ss (Ss 6 and 11) viewing the 5 inch stimulus -
a further indication that these two Ss were not fixating this stimulus
binocularly,

Discussion It is known that infants will spend more time looking

~at stimuli at some distancgs rather than others. McKenzie and Day
(1972) found a linear decrease in the fixation times of infants

aged from 6 to 20 wéeks as the eye-to-object distance increased from
30 to 90cm. White, Castle and Held (1964), also reported that infants
under 1% months rarely look at a stimulus closer thqn 7 inches, a
finding they attribute to the infant's inability to accommodate to
st{muJi at this distance, Compatible with this latter suggestion,

. Ling (1942), found that, when convergence movements to an approaching
object first occurred, (at the end of the second month), and "...

when the disk comes within a close range (3-4 inches), not infrequently
Qtrabismus sets in = an overcompensation in accommodation for near
vision, The infant will then blink violently to free himself from
this apparently highly uncomfortable state'' (p245).

An alternative explanation for the lack of bifoveal fixation of
near -stimuli is that neonate§ are unable to bring the eyes inward enough
to converge consistently (Wickelgren, 1967). However, evidence from
,expefiment 9, in the next chapter, suggests that newborns are well
ablegto converge their eyes, often‘appearing ektremely "cross-eyed''.

- . ‘.
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Thus, it would seem most probable that the absence of convergence to
the 5 inch stimulus, found in this experiment, is a consequence of an
inabi]ity to accommodate,

Only in one instance (S1), was it likely that the subject was
fixating the nearer stimulus bifbveally, although fhe difference in
the scored optic axis divergence between conditions (3.24°), is only
‘about half that expected (6.0°). Three possible (albeit somewhat
speculative) explanations suggest themselves for the failure to find
the full difference in this S: (1) accommodative blur of the near
“stimulus could prevent accurate alignment of the target on the foveas
of the eyes; (2) since the eyes are physically more convergent to
the near stimulus, slippage of the target might be in a divergent
direction only, |If slippage of the target from the foveas is caused
By an-equal number of convergent and divergent eye movements in the
10 inch condition, the scored averages would be closer together than -
expected; (3) if the S was working near the limits of his accommodative
ability, fatigue may occasionally set in, accompanied by slight
divergence of the eyes. The frequencies of the scored optic axis
divergence, for this S in the two conditions, are shown in Figure 6.6.
lt‘can be seen that, in the 10 inch condition the frequency distribution
 .approximates normality. The skewed nature of the>frequency distribution
in the 5 inch condition suggests that, of the three alteénatives
above, (2) and (3) are the most plausible.

The experimental results of experiments 5, 7 and 8 show that the
neonate is well able to fixate binoculariy, given a simple stimulus
at a reasonable distance from the eyes. In an attempt to extend the
generality of this finding, stimulus varfables other than distance

were varied in the experiments reported in the next chapter.
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CHAPTER 7

BINOCULAR FIXATION IN THE NEWBORN: RESPONSES TO DIFFERENT STIMULI
C

| In the experiments reported in the previous chapter it was

~ shown that the newborn baby will binocularly fixate a simple
stimulus (a vertical array of lights), when this stimulus is
presented at distances of 10 inches and 20 inches from the eyes
(with the retinal image size and luminance of the stimulus held
constant)., Thus, three of the four criteria for consistent
_binocular fixation by the newborn are satisfactorily met.] It may,
therefore, be assumed that.the newborn has the basic requirements
for binocular vision.

The fourth requirement is that newborns wiil converge to any
stimulus that_attracts thejr visual attention, so long as the stimulus
is presented a reasonable'distance from the eye (i.e., presumably
farther than approximately 7 inches).

In two of the experiments reported in this chapter (experiments
9 and ll),'stimulus variables were manipulated whilst the stimuli
~were presented a constant distance (10 inches) from the eyes. When
experiment 9 had been completed it was possible to investigate
binocular fixation in a baby who had been a subject in that experiment.
This baby was seen three more times, when aged 4, 5 and 6 weeks. The

results from this infant are described under experiment 10,

: Footnote] These criteria, or ''demands', were outlined in the intro-
~duction to chapter 6, They are (1) the two eyes are optically
divergent by some 17 on average, (2) each eye is on-target when the
expected divergence of the pupil centre from the target position is
allowed for, and (3) the eyes will be scored as being more optically
‘divergent when fixating more distant targets.
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The apparatus, procedure, and scoring of the film are, with
minor variations that will be described for the separate experiments,
similar to those detailed previously.

EXPERIMENT 9

Subjects Subjects for the experiment were 8 newborns, Details

" are not available for subject 1: the other 7 babies were 3 females

and 4 males, 5 of whom were first born., The ages of these Ss at
the time of experimenting ranged from 26 to 188 hours, median 68 hours,

and their birth weights ranged from 51b 120z to 81b 130z, median

71b 8oz.

Data collected from 3 other babies could not be used as there

were not 14 scorable frames in any stimulus condition,

Stimuli Two stimuli were presented, at a 10 inch (t 1 inch) viewing

distance. The first stimulus was a large equilateral triangle,

painted non-glossy white on a black stimulus panel. The thickness
of each side of the triangle was 1 inch; each outer contour of the

. i . )
triangle, from corner to corner, was 7—§'|nches, and the inner contours

v,
‘measured 47 inches.

The second stimulus was a filled white semi=-circle. The left-

hand portion of a black, 5 inch diameter stimulus panel was painted

v |
a non-glossy white, and a vertical edge was presented 1 inch to the

left of the centre of the stimulus séreen, (this stimulus is hereafter
referred to as the ''vertical edge' or '"edge' stimulus). The physical
characteristics of both ;timu]i can be seen in Figure 7.2.

Diffuse lighting from the windows in the experimental room
provided the illumination for the stimﬁli. The luminancg of the white
areas of the stimuli, measured several times in these conditions, was

25ft, L.

These stimuli were chosen because similar stimuli have received
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extensive theoretical and experimental treatment (Hebb, 1949;
Salapatek and Kessen, 1966; Nelson, 1969; Salapatek, 1968; Hai th,,
1968; Kessen, Salapatek and'Haith, 1972), and it was felt that they
were likely to attract the newborns' visual attention,

Vipacedipe  he stinglus praseintad first wsg alternsted betveen the
11 newborns seen (8 of whom were used as Ss). Each stimulus was
presented for approximately 1 minute while the camera recorded at
a speed of two frames per second., 3 of the Ss were shown the
triangle first, and 5 the edge stimulus,

Results

~ Divergence of the optic _axes Results were obtained for both stimuli
from all of the Ss. The average scored divergence of the optic axis
of each S's eye, in each stimuius condition, is shown in table 7.1.
The standard deviation of the scored divergence is-also shown.

The differences in magnitude of the average scored divergence
between the two stimulus conditions are shown in the last column of
this table. |If these Ss had been viewing both stimuli bifoveally
the values given in this column woulh be small. In four cases‘(Ss
1, 2, 4 and 5, starred in the table), the Scored optic axis divergence
was sufficiently large that it is not possible to conclude that these
Ss consistently fixated both stimuli binocularly. |In four instances
the variability of the scored divergence was large (starred in the
table: Ss 1 and 5 to the triangle; S4 to both stimuli); in these .
records the eyes did not maintain a relatively constant magnitude of
optical divergence.

The distributions of the scored optic axis divergence are shown
' for‘al] Ss in Figure 7.1, From this Figure it can be seen that some

of the Ss (S1 to the triangle, S4 to both stimuli, and S5 to the

triangle), had many instances in which the eyes were optically
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TABLE 7.1

Scored divergence of the optic axis (in degrees),
for both stimulus conditions, experiment 9

EDGE TRIANGLE
Subject D’.“’e rage s Average sD Di fference
ivergence Divergence
I 7.7 3.02 0.5  7.20" 814"
2 18.15 1.49 13.20  2.18 Iy, 95"
3 10.93 1.69 12,32 1.29 -1.39 ‘
" 1,83 5,117 168 6.70° 6.47"
5 16.38 2,09 12,92 7.5 3.46"
6 ©10.85 2.93 11.68  2.93 ~0.83
7 9.34 2,72, 7.9  2.38 1.4k
8 9.68 2.47 9.48  3.59 0.20
Averages  10,99° 8.18° 2.81°
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"cross-eyed"', i.e., scored divergences of less than 00. This would
seem to refute Wickelgren's (1967) suggestion that newborns cannot
consistently converge the eyes, Pupil diameter was measured from

a sample of the film records from these Ss, The diameter of the pupil
usually fell within a range of from 3.4mm to 4.7mm; but there was

no obvious relationship between pupil. diameter and the magnitude of

the scored divergence of the optic axes,

Fixation records The fixation records, derived from the scored film,

are shown in Figure 7.2. |In the fixation records of Figures 6.4
and 6,5 the derived positions of the pupil centres were shown
relative to the stimulus position within the marker lights, For
bconvenience, the records shown in Figure 7.2 have been constructed
differently: the stimuli have been positioned (using the average
disparities found in experiments 3 and 4 of Chapter 3) so that on=
target fixations by S shou;d coincide with the area of the stimulus
fixated.

Because of the variability encountered the implications of
tHese data are considered separately for each S,

Subjects 3, 6, 7 and 8 The small differences in the scored optic

~axis divergence between conditions (from -1.39° to 1.44°, table 7.1),
suggests that these Ss were fixating both stimuli bifoveally., This.
suggestion is further borne out.by the overlap of the distributions -
of the scored optical divergence, and the definite peaks of this
variable, shown for each S in Figure 7.1. The fixation records
(Figure 7.2) for Ss 6, 7 and 8 show a clear grouping around the
contours of the 'edge'' stimulus and to a corner of the triangle,
Although this might also have been the case for S3, the small number

 of scored fixations (14 from the record for the edge stimulus, and

22 for the triangle).does not permit a firm conclusion to be drawn, -
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Figure 7.2 Visual fixation records of subjects viewing an edge
stimulus, and a triangle (both eyes), ‘experiment 9.




180

Subject 5 It is likely that this S converges, at least for some

of the time. The scored optic axis divergence (Figure 7.1) shows a
considerable overlap of the distributions obtained to the two stimuli,
~around 16 and 170 visual angle, although the negative skew of the
distribution for the triangle reduces the average divergence in this
condition, and adds to its variability, From the fixation records
obtained (Figure 7.2) it is possible that this §$ predominantly
fixated around the contours of the edge stimuldé, and towards the
_bottom right hand corner of the triangle, |

Subjects 1 and 4 The scored optic axis divergence for these Ss

was very variable: the larger the variance of this scored divergence,

the smaller is the indication that the eyes were consistently converging
to the stimuli. It is possible that S1 was binocularly fixating
the-edge (most fixations by this S, shown in Figure 7.2, are near

the contour), but the wide‘variability in the other conditions

(i.e., S1 to the triangle, and S& to both stimuli), shows that there

was no consistent convergence, The fixation records for these conditions
(Figure 7.2), do not show a definite grouping.

Subject 2 Although the variability of the scored optic axis divergence
is small for this S in both stimulus conditions (5D = 1.49° for the

edge stimulus, and 2.18° for the triahgle), the large difference in

the averages of this divergence between conditions (4.950) is an
indication that this S also did not fixate tHe stimuli bifoveally, As
this S was the subject for experiment 10, further comments will be

made when the results from that experiment are discussed,

Discussion Unlike the results from experiments 7 and 8 (Chapter 6),

the results from this experiment.do not permit a unanimous interpreta-

tion, Whilst some Ss converge to both stimuli, others clearly do not,.

It is certainly the case that large variability in the scored optical

~
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' divergénce of the two eyes is an indication of a lack of binocular
fixation,

A possible reason for the ambiguous nature of the results from
this experiment concerns the author's ability to hold the Ss in
position., By the time this experiment was carried out the author had
become sufficiently adept that it was possible to obtain records
from all Ss who did not either engage in such extreme ocular activity
that the film records were unscorable, or closed their eyes during
the experimental session (results were unobtainable from only 3 of
the 11 babies seen). It might be that this introduces a further
variable to an already variable subject population (i.e., it might be,
as it were, that one can point a newborn's eyes in the direction of
the stimulus, but one cannot make him look).

The few positive findings from this éxperiment are in agreement
with Salapatek and Kessen'g (1966) finding that newborns will fixate
a corner of a large triangle, and Haith's (1968) finding that vertical
contours are attractive,

In the face of such variability the author was reluctant to
carry out more quantitative analyses of the data, and no further
results were taken.

EXPERIMENT 10 When experiment 9 had been completed a longitudinal

study was carried out on one'baby who had given results in that
experiment (Subject 2).2 This baby was seen on four separate occasions:
tHe first when she was a subject in experiment 9 (26 hours old);

~additionally, she was seen when 3 weeks, 6 days, 4 weeks, 6 days, and

' Footnote2 Thanks are due to Mrs. Mary Pearson, whose daughter Anna
was the subject in this experiment,
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6 weeks ‘'of age.

On the first occasion, she was shown the triangle and the edge
stimulus described under the previous experiment. On the three
subsequent occasions she was shown these two stfmuli, the vertical
.array of lights at 10 inches that had been used as a stimulus in
experiments 7 and 8, and the array of lights at.a 5 inch distance
that was used in experiment 8,

Results

Divergence of the optic axes The scored divergence of the optic

axis, and the standard deviations, are given in table 7.2. Where
results were not available from a particular stimulus presentation,
no eﬁtry is made in the table.

On the fourth experimental session (when S was 6 weeks old),
the scored divergence was, to the stimuli presented at an eye-to-
- stimulus distance of 10 inches, an average of 10.400, and all three .
.averages are within 0.320 of this value (columns B, C and D of
table 7.2). The standard deviations of the distributions of the
scored divergence, for this session, were very small, being a maximum
of 1.02°. The data from this session are evidence for binocular
fikation of the stimuli by this 6 week-old S. In this final
 experimental session § was also reliably converging to fhe stimulus
presented at a viewing distance.of 5_incﬁes: the scored optic axis
divergence was 3.940, which is 6.46° less than that to the stimuli

3

at 10 inches.

The results from the records obtained when S was presented the

stimulus at 5 inches call for special comment, For the second

Footnote3 .The expected reduction in the scored diveggence for an
S binocularly fixating a stimulus at 5 inches is 6.0° (Chapter 6).

Y
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experimental session (when S was 3 weeks, 6.days old), the scored
divergence of the pupil centres was an average of 14.590, showing
that S was not fixating the stimulus bifoveally, THe fixationv-
record of this session (Figure 7.3) indicates that S was viewing the
stimulus monocularly, with the left eye. For the third experimental
session the average scored divergence was 2.750. However, although
this divergence is approximately that required to indicate binocular
fixation, the large variability, and the failure to consistently
fixate the stimulus (Figure 7.3), preclude this interpretation of
the results. The range of the scored optic axis divergence to the
5 inch stimulus for the third experimental session is shown in
Figure 7.4, In this Figure the range for the final experimental
session is also shown. It can clearly be seen that the well-defined
peak found in the distribugion of the results from the fourth session
is not present in the results from the third session. |

Pupil Diameter |t was mentioned in the last chapter that, when an

adult changes fixation from a far to a near object the eyes converge,
the anterior surface of each lens bulges forward to accommodate to
the near object, and the pupils become smaller (to counteract the
spﬁerical aberration that would otherwise be present), bringing the
object sharply into focus. These changes occur together, and would
seem to be the result of a common, muscﬁlar innervation (Alpern,
Lowenstein and Loewenfeld, 1962, p213). During experimental session
3 (wheﬁ S was 4 weeks, 6 days old), the pupil centres of the eyes
were often scored as being markedly under-convergent (i.e;, ""eross=
eyed”). From a sample of the film records it was clear that, to

the triangle stimulus presented during this session, the smallest

.pupil diameters were found during some of these under-converged occasions.

When the optic axes were scored as beingnparallel (a value of 00), or
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Figure 7.4 Distributions of the scored optic axis divergence for the
5 inch stimulus, sessions 3 and 4, experiment 10, The axes are the same
as those of Figure 7.1, :
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divergent, the pupil diameter ranged from 4.7 to 4.9mm. When the
thic axes had a scored value of less than OO,Athe pupil diameter
~ranged from 3.2 to 4.7mm. The same result was found from a sample
of the records to the 5 inch stimulus. Thus, for this S at 4 weeks,
6 days of age, there appeared the presence of the pﬁpil constriction
reflex,

For the fourth experimental session (when S was 6 weeks old),
pupf] diameter was measured from a sample of the film records, (a)
when § was converging to the 5 inch stimulus, and (b) when § was
converging to the array of lights presented at a 10 inch viewing
distance. Since the stimuli were equated for luminance and retinal
image size, differences in pupil diameter are not to be explained by
these variables, To the array of lights the pupil diameter was an
average of 5.,06mm (14 scored frames); to the 5 inch stimulus the pupi 1
diameter was an average of 4.5mm (15 scored frames). A Mann-Whitney .
U-test was carried out on these data, and a significant value of U
was obtained (U = 12.5, p, one-tailed, < .01). Thus, the changes in
pupil diameter that one would expect to accompany convergence to a

near object were found for this 6 week old S,

Fixation records The fixation records of the derived positions of

- the pupil centre are shown in Figure 7.3. The positions of the

stimuli are again arrangéd so that fixations on-target would coincide *

witﬁ the portion of the stimulus fixated, The average scored divergence

of the pupil centres-is shown under the records for each presentation.
For the fourth experimental session the fixations are on-target

to a marked extent, with groupings around the contour of the edge

-stimu]us, the left hand corner of the triangle, and the bottom of

the 10 inch array of lights. During the second experimental session

it is clear that S was also converging to those stimuli presented at
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a viewing distance of 10 inches from which results were taken,
Clearly, the fixations of this S during the first experimental
'session (row 1 of Figure 7.3), when S was 26 hours old, were much
more variable than those obtained when S was binocularly fixating
the stimuli during later sessions. During the third session S
appeared to fixate the right hand corner of the triangle with the
left eye, and the left hand corner of the triangle with the right
eye. This pattern of fixations is unique to tHe present experiment:
it is most likely coincidental, because of the large‘variability in
the scored divergeﬁce (sD = 7.05°).
Coqclusions This longitudinal study does not provide unambiguous

results concerning the development of binocular fixation. Three con-

.- clusions emerge, however:

(1) When S's eyes fluctuated markedly around the mean optic
‘axis divergence (edge stimulus and triangle for session 1; 5 inch
- stimulus for session 2; 5 inch stimulus and triangle for session 3),
there was no evidence (from the other variables recorded) for
binocular fixation; | ’

(2) When binocular fixation was clearly present (array of lights
at'IO inches and 235@; for session 2, and all stimuli for session
4), the mean of the scored optic axis divergence was similar (with
a range from 10.08° to ll.OOO), and its variability was small;

(3) There was not an orderly progression in the development of
binocular fixatisn.

The last conclusion is limited by the small sample size: fluctuations
in S's state probably influenced these results,

However, the results from seésions 2 and 4 do provide clear
evidence that, in this S, the angle alpha is large (approximately

10.400), and empirically-refutg Merkel and Orr's (1892) suggestion
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’ that the visual and optic axes of the eye coincide in the three-week-

old infant,

EXPERIMENT 11 Because of the variability encountered in experiment 9,

a stimulus similar to the vertical array of lights used in experiments
3, 4, 5, 7 and 8 was presented in the present experfment, together
with other stimuli, It is known, from these earlier experiments,
that most newborns will readily fixate this stimulus with the foveas
of both eyes, and it was hoped that fixations of this stimulus would
allow determination of the angle alpha for each individual S in the
present experiment, and that this could be used to give some indication
of what was happening during those instances when Ss did not
binocularly fixate the other stimuli,
Subjects Subjects for the experiment were 15 newborns, 7 females
and 8 males, 9 of whom weré first born, Their ages at the time of
experimenting fanged from 42 to 210 hours, median 146, and their
' birth weights ranged from 61b to 81b 80z, median 7ib loz,.

A further 7 babies were seen, but could not be used as Ss. In
3 cases the camera was badly focused and the photographic records
could not be scored. In a further 3 cases the experimental session
iwa; terminated during or after presentation of the first stimulus,
because the baby cried, fussed, or fell asleep, The film from one
newborn was not scored as most of the apparent fixations were well

outside the stimulus area,

Stimuli |t had not been possible to control exactly the level of

i Hlumination of the white areas of the stimuli presented in experiment
9. In order to provide a uniform level of illumination of all parts
of the stimuli, and to allow a nuhber of different stimu]i to be

separately présented, a light diffuser was constructed for use in

_the present experiment.
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Ten small bulbs were mounted (even]yAspa;ed) on a circular
(10 fnches in diameter) piece of aluminium, which had a two inch
squaré hole cut out of its centre. A piece of crumpled aluminium
foil was glued to the aluminium, its purpose being to diffuse the
light that it reflected from the bulbs, A similariy-shaped piece of
semi -translucent, white perspex was mounted approximately 1% inches
above the front surface of the bulbs, When the bulbs were switched
on the front surface of the perspex appeared evenly illuminated
throughout its entire area. An infrared filter was glued to the central
hole in the perspex. When the light diffuser was screwed into position
‘on the apparatus, it covered the 9% inch diameter hole in the stimulus
screen, and the camera photographed through the infrared filter in
the perspex. To ensure that this central filter did not reflect or
transmit light from the bulbs, either into the camera lens, or to
the subjects' eyes, a two inch square piece of tubing was slotted
between.the central holes in the aluminium bulb mounting and the white
perspex. The inside of this tubing was painted matt black. The
voltage of the bulbs was adjusted until the luminance of the front

nsurface of the perspex was 20 ft, L.

When this Iight.diffuser was fitted to the apparatus it was
possible to present a stimulus to the subject at a distance of 10 inches
from the eyes, and with a constaﬁf luminance, throughout an area 9%
“inches in diameter (with the exception of the 2 inch square central
area, which appearedblack), by covering unneeded areas of the front
surface of the perspex (the surface seen by S). To present the
stimuli, aluminium stimufus panels (painted black){ were hung over
the pérspex, with the stimulus Shépe removed,

Three stimuli were presented in this éxperiment. The first was

a vertical strip, 6 inches x % inch, and.presented two inches to the
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“left of centre. The second stimulus was an outline equilateral
triangle and an outline square, presented together. The length of
each outer contour of the triangle was three inches, and of the square
was two and a half inches. The sides of each of the figures were
half-an-inch wide. For the first 8 Ss the triangle was presented

to the left of centre, and the square was to the right. The centres
of these figures were three inches from the centre of the stimulus
panel., For the last 7 Ss the stimulus panel was reversed so that
the square was to the left. The third stimulus was an arrangement
of four open squares, of two inches side. The arrangement of these
squares can be seen in Figure 7.5,

‘These stimuli were chosen for their known, or supposed, ability
to attract newborns' visual attention. Evidence reviewed in
Chapter 1 suggests that an array of squares, of two inches side,
at a viewing distance of ld inches, will be fixated more frequently
than other stimulus arrangements, A triangle and square, similar
in size to the present ones, were used by Salapatek (1968), in an
extensive study with 72 newborn squects.

Procedure To increase the probabilities of obtaining results to

the vertical strip, this stimulus was always presented first. As an
additional precaution, during eight of the experimental sessions this
stimulus was also shown after presentatidn of the other two stimuli.
If results were available from the first presentation, however, this
final trial was not scored. The order of presentation of the other
two stimuli was alternated between Ss, and all three stimuli were
presented for approximately 1 minute,

Results Results were obtainéd from all but one of the Ss for all
three stimuli, Tﬂis S (S3) began fussing during presentation of the

triangle-and=square stimulus: results were obtained from this
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presentation, but the array of squares was not shown this S.

Divergence of the optic axes The average scored divergence of the

optic axis of each S's eye in the three stimulus conditions is

given in table 7.3, together with the standard deviations of the
scored divergence. The largest difference in the average scored
divergence between any two of the three stimulus conditions is shown
in the last column of this table, for each S. A large value in

this column is an indication that S was not consistently.bifoveally
fixating all the stimuli. In six cases (Ss 2, 3, 10, 11, 12 and

15, starred in the table), the maximum difference scored.was
sufficiently large to indicate that this was the case, The results

are considered separately for each S.

Pupil diameter It was again thelcase that some Ss' eyes were

scored as being optically under-coﬁvergent. A comparison of pupil
diameter between instancesfof under- and over=convergence did not
reveal any obvious difference between the conditions, although the
smallest pupil diameters seemed associated with instances of under-
convergence. Thus, for S15, viewing the triangle-and-square stimulus,
a range of pupil diameter from 4,7 to 5.4mm was found when the eyes
were optically over-convergent, and a range from 3.19 to 4.7mm was
found when the eyes were under-convergent., In the adult, the pupil
diameter continues to decrease beyond the near point of accommodation-
(Alpern, 1962, p213)., It seems possible that the changes in pupil
diameter associated with vergence movements are present in newborns,
but that the present recording technique is unable to detect them =
i.e., if cﬁanging from over- to under-converging is accompanied (in
neonates), by a decrease in pupil diameter, but the pupil dilates
"again shortly thereafter, the rate of filming (2 frames per second)

may. be too slow to pick up these changes.



Scored divergence of the optic axis (in degrees),
for the three stimulus conditions of experiment 11

TABLE 7.3
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Vertical Strip ggiz:g]e and Squares
: Maximum
Subject D?:Z::g:ce D?z::ggice D?:::;gice S0 g;:::;ince
Conditions
1 6.47 1.95  6.25 1.94 7.08 2.59 0.83
2 7.35 .64 0.81° 670 -3.63° 9.67  10.98"
3 15,97 171 11,35 7.0 ; ] 462"
4 7.21 .64 7.65  1.27  7.70  1.b0  0.k9
5 12,47 1.86 12.48 2,65 12,36  2.04  0.12
6 7.16 2,93 7.92 1.61 7.92 1.9 0.76
7 6.06 1.79 549 2.3 5.63 1.76  0.57
8 11.69  .1.00 0.2 . 3.9 12,1 1,39 1.72
9 10.36 -~ 2.07 11,96  1.73  11.19 1.7 1,60
10 17.28° 158 12,81 k61 13.90° 256 447"
R 14.91° 242 17.29° 2.0 17307 1.89  2.39°
12 21.29°  1.50 14,75 k.22 14.89°  4.60  6.54°
13 12,27 1.32 11,79 .2.36  11.05  3.12 1.22
4 11.24 1.76  10.93 ‘3.13 11.45 1.41 0.52
15 7.52 2.29  4.78° 938  7.36 270 2.4
averages 1-26° 9.78° 9;zu° 2.64°
‘ (N = 15) (N =15) (N = 14) (N = 15)
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Subjects 1, 4, 5, 6, 7, 8, 9, 13 and 14

For these Ss the maximum difference in the scored optic axis
divergence was small, less than 2° in each case.L+ The fixation
records for these Ss are shown in Figure 7.5, for the right eye only.
To the vertical s;rip, the eyes were fixating, on aVerage, 0.26 inches
to the right of its centre with the right eye, and 0.02‘}nches to
the left with the left eye: in each case the average scored location
of each eye was within 1 inch of the centre of the stimulus. To
the second stimulus (the triangle-and-square), it is apparent from
-Figure 7.5 that these Ss tended to look at one, rather than both, of
the figures, with a grouping of fixations around the contours of |
the chosen figure. |

To the third stimulusv(the array of squares), the fixations are
.more difficult to interpret. Six of the Ss (Ss 6, 7, 8, 9, 13 and
.14) fixated around the conéours of one of the squares: the other three
Ss (Ss 1, 4 and 5) fixated mostly within the stimulus arrangement.
This raises problems concerning the nature of the stimulus presented
to the Ss. If Ss fixated within this arrangement, they may well
havé been viewing a black cross against a well-illuminated background.

However, the purpose of this experiment was to investigate
binocular fixation of these stimuli, rather than to investigate the

functional characteristics of the stimuli. It would seem a necessary-

Footnoteq A precise criterion of what is, and what is not, binocular
~fixation of all stimuli is not possible, However, if the optic axis
divergence scored between conditions is very similar, and if the
variability of this divergence is also small for each stimulus
presentation, this seems a convincing demonstration of convergence,
For every one of these 9 Ss the average divergence scored for each
stimulus presentation was within 1~ of its overall average.
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conclusion that all of these 9 Ss were binocularly fixating all of

these stimuli.

Subjects 2, 3 and 15 For these three Ss the maximum difference in

the scored optic axis divergence between conditions was large (10.380,
4.62° and 2.740). The distributions of this variabie, for each
stimulus presentation, are shown in Figure 7.6, for these Ss., In

all cases there is a definite peak of the distributions, but to

some presentations (the triangle-and-square, and the array of squares
for S2; the triangle-and-square for Ss 3 and 15), the distribution is
negatively skewed, which accounts for the smaller average divergence
4of the eyes, and the large variability, in these conditions (table
7.3). In the other stimulus conditions (the vertical strip for all‘
three Ss, and the array of squares for S15), the scored divergence

has a small range, and ‘it seems probable that in these cases the Ss
were maintaining a well-directed bifoveal fixation of the stimuli:
each eye's fixation position was scored as being,on average, within

1 inch of the centre of the vertical strip.‘

Because the distributions for each S (Figure 7.6) peak in
approximately the same place for all the conditions from which results
wefe taken, it would seem possible that these Ss were converging some
: of the time in the more doubtful conditions, even though the range
of the distributions is large. For this reason, the fixation records *
for’ﬁhese Ss (Figure 7.7) have been divided (for the doubtful
cond}tions), to separately show those occasions when the optic axis
divergence suggested that S was converging, and those when S did not
seem'to be converging. This division was made in the following manner,
descrfbéd for SZ:Vthe average scored optical divergence of eaéh eye
was 7.35° when S was (presuﬁably) binocularly fixating the verticél

strip; the eyes! fixation positions for those occasions when the
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divergence was 7 A 29 in the other stimujus conditions are shown
in Figure 7.7 as '‘converging', and the derived fixations when the
divergence was outside this range are shown as ''not converging.'
Similar separationé are shown in this Figure for Ss 3 and 15,

When S2 was ''converging' to the triangle-and-sduare, the square
'was primarily selected for viewing, and more fixations wére on=
target (those scored as being on or within the contours of the
' figurés) than whén S2 was ''not converging.'" The number of on=target
fixations was 16 outofatotal of 23, and i7 out of 23, for the right
and left eyes, respectively, when S2 was ''converging'", and were 19
-‘out of a total of 51, and 18 out of 51 for the right and left eyes
when 32'wa§ "ot converging.'" X2 tests (Siegel, 1956) were carried
. out on these frequencies, for the left eye and right eye data
separately, These compari;ons indicate that there were more on-target
fixations when S was presumed to be converging (X2, right eye = 6,58,
i p, two-tailed, < .02; X2, left eye = 9.42, p, two~tailed, < .01).

A visual inspection of the fixation records for the array of
squares does not suggest any obvious differences in the location of
fixations between conditions for this S, and statistical comparisons
of.thg data were not made,

The fixation records for S4 for the triangle-and-square show
that, when S4 was presumed to be converging, there was a tighter
grouping of fixations than when S was judged to be not converging.
However, X2 tests carried out on the number of on-target fixations did
not indicate a significant difference in the location of fixations
‘between the two conditions.

Similar analyses were carried out on the data for S15 in the
triangle-and-square condition. The X® test carried out on the results

from the left eye gave a significant value (2 = 8.39, p, two-tailed,

¢
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< .01). For this eye, 15 out of a total of 34 fixations were on-
target when S was ‘''converging''; when S was ''not converging' 35 out
of 46 fixations were on-target, Thus, the results indicate that
the left eye of this S was fixating on~target a greater number of
times when S was judged to be not converging than when S was judged
to be converging, a finding that is opposite in direction to the
results from S2 in this experiment. |t is possible that S15 was
maintaining monocular fixation of the triangle in the ''not converging'
condition, |

Clearly, there is no guarantee that the criterion adopted for
separating instances of convergence was actually successful, Although
these Ss were probably fixating the vertical strip binocularly (and
S15 was fixating the array of squares binocularly), the results

i

rin the other stimulus conditions are ambiguous in interpretation.
1t would appear to be the case that, when newborn babies do not
converge to a stimulus, there is no single alternative mode of
_fixation adopted. A similar conclusion was reached when Ss' apparent
fixations to a stimulus presented at a 5 inch viewing distance were
considered (experiment 8).

Subjects 10, 11 and 12 The fixation records for these Ss, for

.both eyes in all stimulus condipions, are shown in Figure 7.8, The
distributions of the scored optic axis divergence are shown in
_Figure 7.9, |

The left eye of S10 was scored as being, on average, 0.22 inches
to the left of the céﬁtre of the vertical strip stimulus, The right -
‘eye, on the other hand, was an average of 1.88 inches to the right of
the stimulus centre = good evidence that this S was monocularly
viewing the stimulus, The small variability of the scored divergence

~ (SD = 1.58°) suggests that the right eye was moving conjugately with
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the on-target left eye. This S could have been fixating the other
~stimuli bifoveally, in which case the angle alpha would have a
maénitude of 13 - 14°,

Both eyes of S11 were scored as being, on average, within 1 inch
~of the centre of the half-inch wide vertical strip. Although the
" average divergence (14.91°) is somewhat less than in the other two
stimulus conditfons (17.29o and 17.300, table 7.3), this S could have
been  fixating all three stimuli binocularly, a tentative conclusion
strengthened by the marked overlap in the distributions shown for this
S in Figure 7.9.

A similar assertion cannot be made for S12. The very large
optical separation of each eye when S was shown the vertical strip
(a scored value of 21.290), and the large variability of this
divergence in the other copditions (given in table 7.3, and graphically
" presented.in Figure 7.9),fsuggest that this S did not consistently
converge to any of the stimuli. The fixation records for the vertical
strip stimulus are of interest., The left eye was scored as fixating
1.84 inches (on average) to the left of the stimulus centre, and the
right eye was scored as fixating 1.28 inches to the right. The tight
gfouping of f}xations (Figure 7.8), for this stimulus, suggests that
this is a genuine instance of the eyes ''straddling' the stimulus, as
it were. It can be seen from Figure 7.9 that there is little overlap’
~of the distributions for the verticaj strip results aﬁd those for

the other stimulus conditions.

Ocular responses to the different stimuli 1In the foregoing discussions

" of the results from this experiment the presence or absence of binocular
. fixation of the stimuli was primarily considered, for the individual

subjects, Mention will now be made of the ocular responses to the

different stimuli.




204

The results obtained from Ss fixating the vertical strip can
be interpreted with little ambiguity. It is clear that the majority
of Ss fixated this stimulus bifoveally (the exceptions are Ss 10
and 12, and possibly S11).

The subjects also consistently fixated the triangle-and-square.
One of the two figures was usually selected for prolonged inspection,
but there was no overall indication that one figure was preferred
to the other. As a measure of on=-contour looking, the number of
on-target fixations was counted for.each S. 11 of the 15 Ss had more
fixations on-target than off-target (the exceptions are Ss 2, 11, 12,
.and 13: neither of these Ss' eye§ was on-target more than 50% of the
time). |f the area of on-target fixations is extended to include all
fixations within 1 inch of the outer contours of the stimulus
figures, all Ss were on-target in over 50% of the scored frames,
with both eyes}

The reverse holds trﬁe for the array of squares. For every
subject there were more fixations, for each eye, off-target than
on-target, On-target fixations were defined as those scored as
falling within, or on the contours of, any of the stimulus squares,
It does not seem likely that the level of \umiaamee of the squares
(20ft. L) was aversive, as a higher level of \Gminqhge; (35.6
apparent foot candles) was found by Hershenson (1964) to attract
newborns' visuél attention; As was mentioned previously, it is
possible that some Ss were seeing a black cross against a well=lit

surround,

DISCUSSION The results from the experiments reported in this chapter
are considerably more varied than those from experiments 7 and 8.
Nevertheless, it is possible to draw some definite conclusions from

these results, It is clear that many of the babies used as subjects
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in experiments é and 11 were converging to all fhe stimuli presented
(at leasf four, and possibly five, of the eight subjects in experiment
9, and at least nine, and possibly more, of the fifteen subjects in
experiment ll); This is evidenced by the close correspondence of
the within-S magnitudes of the scored optic axis diVergence between
stimulus conditions, by the small range and variability of the scored
divergence, and by the fact that the average divergence for each of
‘these Ss (a measure of the magnitude of the angle alpha) is close to
the 8.5° (average) expected.
Because of the variability normally encountered with newborn
subjects, these findings show that most newborn babies have good
~coordination between the two eyes, and.possess the ability to
binocularly fixate an appropriately presented stimulus, It is
" therefore suggested that binocu]ar fixation by the newborn is not
limited to a highly specific form of visual stimulus,
Neverthe]ess, it is equally clear that many of the newborn
subjects were not consistently fixating the stimuli binocularly,
It was mentioned earlier that when a newborn is not converging, the
~fixation records obtained are not systematically different (in any
coﬁsistent manner) from those records obtained when newborns are
clearly converging (this applies both within and between Ss). Because
of such variability, the method of presenting the experimental results’

in this chapter has been graphical, tabular, and descriptive, rather

than statistical.

In many respects, therefore, the results presented in this chapter
© leave many questions unanswered, Further discussion of the implications

of these findings is given in the next, and final, chapter of this

.thesis.
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CHAPTER 8

SUMMARY AND CONCLUSIONS

1. INTRODUCTION In this final chapter a brief summary will first

be given of the previous chapters, In the next section-some con-
clusions resulting from the research will be detailed; consideration
of the possible differences between binocular fixation and binocular
vision will be given, and the magnitude of the angle alpha in neonates,
together with its range and variabi]fty, (derived from the experiments
. in chapters 6 and 7), will be discussed. In the fourth section some
~further implications of the findings from the research reported in
this thesis, and related findings, wili be given, and in the final
section, some suggestions for further research directly within the
research area covered by this thesis made.

2, SUMMARY In Chapter | mention was‘made of research that is
directly relevant to the researchApresented in the other chapters

of this thesis. Factors influencing the newborn baby's ability and/or
“desire to look at stimuli were discussed: these include'the infant's
state and orientation, the size of the stimulus, and the distance at
wh{ch it is presented.

The limited data on accommodation and visual acuity suggest that
the newborn is equipped with sufficient resolving power to be
responsive to stimuli within at least some range of distance,

There is considerable evidence that the newborn is wél] able to
move his eyes in a conjugate fashion., It would seem to be equally
clear that the neonate does not possess the ability to fixate
binocularly. However, most previous researchers have been unaware
that the obtic and visual axes of the eye do not coincide, and have

assumed that optical divergence of the two eyes means that they are




also visually'dfvergent.

In the final section of the first chapter the development of the
corneal reflection technique was described (i.e., Salapatek and Kesse
1966) . These researchers, and later users of the technique, have
assumed that their method of scoring the film records is accurate in
placing the newborns' line of sight to within a few degrees of visual
angle. The research reported in subsequent chapters of tHe thesis
shows that this is not the case. |

In Chapter 2 the results from seven testing sequences (with
adult Ss) were given., Each of these sequences was carried out to
determine the accuracy of the corneal reflection technique, and in
most of them the subjects fixated a series of points at a 10 inch
viewing distance.

When individually derived '"fixation maps' are available, the
technique is accurate in piacjng the line of sight in subsequent
fixations to within 3%0 (and probab]y.better). However, if was clear
that the centre of the pUpil does not always represent the line of
: sight. Two effects were found. When an (adult) S fixates the centre
point within the stimulus area the pupil centre is seen horizontally
diéplaced by some 4° visual angle from the corneal reflex of the
target: this effect is equal in magnitude, and opposite in direction,
in the two eyes. When S fixate§ away‘from midline a parallax effect
is found, which seems to stabilize with more peripheral fixations,
This effect means that the pupil centre will be displaced most from
the corneal reflection of the s;imulus as the right eye fixates to
the right, and the left eye fixates to the left.

The experiments reported in Chapter 3 were designed to invéstiga
the corneal reflection technique with neonates. In experiments 3 and

L4 a vertical array of lights was presented to newborns in various
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positions within the stimulus‘field. The results from these two
experimentsljndicate that both of the major effects found in aduits
(the central effect and the off-axis effect), are found also in
neonates, and have a greater magnitude.

In Chapter 4 consideration was given to the anatomical and
optical variables involved in this particular téchnique, to explain
the disparities of the pupil centre from the reflection of the .
fixated target.

The central effect is satisfaétorily‘explained by the inclination

of the visual axis to the optic axis in the eye (the angle alpha).

- The off-axis parallax effect ("projective distortion'') occurs because

the spatial location of the virtual image of the corneal reflection

‘of a target does not coincide with the position of the entrance pupil:

" relevant anatomical variables are the radius of curvature of the

cornea, and the depth of the anterior chamber. The latter variable

is affected by the eye's state of accommodation.

The expected and observed magnitudes of both effects are in close

':agreement for-both the adult and the neonate data: the differences

in the magnitudes of the effects can be accounted for by differences

in the size and shape of the adult and newborn eyes.

In Chapter 5 objections to the foregoing research findings were

discussed. Salapatek, Haith, Maurer and Kessen (1972), argue that

these findings may be artifactual, and suggested that an average

correction should not be applied to individual cases. The most valid,

~and least speculative reply to their criticisms is that the anatomical

and optical variables satisfactorily account for the observed findfngs:

it is, therefore, necessary to apply corrections to individual cases.

In Chapter 6 experiments were reported in which the newborns'
ability to fixate binocularly was investigated. In all of these

experiments, both of the Ss' eyes were photographed, and stimuli at
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different distances were presented.

Arrays of lights, equated for luminance and retinal image size,
weré presented at distances of 10 and 20 inches in experiment 7, The
newborns from whom results were taken fixated both stimuli bifoveally,
and the scored optical divergence of the eyes increased as Ss fixated
“the stimulus at the farther distance.

In experiménts 5 and 8 stimuli were presented at distances of
5 and 10 inches from the eyes. To the 10 inch stimulus (an array
of lights), it was apparent that most, if not all,-of the newborn
subjects were fixating bifoveally. The same was not the case for
the stimulus presented at 5.inches (a single, small light in
experiment 5, and an array of lights in experiment 8): some Ss fixated
the stimulus monocularly, whilst others did not appear to fixate it
at all. This result was accounted for by the newborn's inability
to accommodate to stimuli ét this .near distance.

In two of the experiments reported in Chapter 7 (experiments
9 and 1]), stimulus variables other than distance were manipulated,

- to see whethef or not newborn Ss will converge to a variety of
stimuli that attract their visual attention. Experiment 10 was a
lohgitudina] study, carried out on one baby who had been a subject
in experimeqt 9.

In experiment 9 a large, white triangle andAan "edge'' stimulus
were separately presented., Three stimuli were presented in
experiment 11, Each was of a constant luminance (20 ft. L.). The
first was a vertical strip, 6 X % inch; the second was a small triangle
and square, presented together; the third was an array of squares,
each of 2 inches wide.

A general.conclusion resulting from thésé experiments is that

most, if not a11, normal newborn babies are able to fixate an
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appropriately presented stimulus bifoveally, and that binocular fixa-
tion is not, therefore, limited to a highly specific form of stimula~
tion.

l‘3. CONCLUSIONS It is clearly demonstrated that the centre of the
pupil does not represent the line of sight, Those researchers who

“ fail to apply appropriate correction factors to the data‘they collect
when using the present, or similar, corneal reflection techniques, in
which an image of the stimulus is seen (or inferred) on the eye
(i.e., Fantz, 1956, 1961: Bagshaw, Mackworth and Pribram, 1970;
Mackworth, 1968; Mackworth and Otto, 1970), will be in error in
feporting their findings. Some further implications of the present,
and related, findings, will be mentioned in the next section. The
accuracy of the correction factors applied by the present author to
the neonatal data is discussed below.

A. Binocular fixation and binocular vision Most newborn babies

will binocularly fixate a stimulus presented a suitable distance from
the eye. Whether the newborn also has binocular vision remains to

be seen. |In addition to requiring accurate simultaneous monocular
fixation by both eyes, binocular vision is further charaéterized by,
(a) a sensory correspondence system organized about the foveas as
centre, (b) similarity of the final ocular images (cortical) from
each eye, and (c) sensory unification of the two ocular images, so
that a single image is seen (Morgan, 1963). Alternatives to binocular
vision, whilst permitting binocular fixation, might be, (i) the input
1from one eye only is '‘processed', that from the other being suppressed,
(ii) the visual input from both eyes is altefnate{y processed, and
(iii) the input from both eyes is simultaneously processed, but.
separately, There does, however, seem to'be no reason why the newborn

baby should not have. binocular vision,




There would appear to be good reasons why binocular fixation
"should be eétablished as the dominant mode of fixation as early as
possible in life. Hubel and Wiesel (1963, 1968), have described
cells in the striate cortex of the cat and monkey that are selectively
responsive to highly specific retinal stimulation. The area of the
retina to which a particular cell is responsive is known as its
retinal receptive field. These cells are also found in the visually
inexperienced kitten, and approximately 80% of them are binocularly
driven. There is reason for supposing that cells of a similar nature
are to be found within the hﬁman visual system (i.e., Blakemore,
Muncey and Ridley, 1971; Weisstein, 1969). |If, in the kitten, the
normal development of binocular vision is interrupted (by monocular
visual deprivation of one eye from the time of normal eye opening,
by alternately depriving each eye, so that at no time are both eyes
open, or by artificially creating a squint), the proportion of cells
driven binoéularly falls dramatically from its previous level of 80%
to levels of 9% and 20%. There may be severe behavioural defects if
the kitten, after the experimental deprivation, is only allowed the
use of the deprived eye: recovery effects may be very limited, There
are also critical periods, early in the kitten's life, during which
the experimental visual deprivation will be most pronounced (Dews and
Wiesel, 1970; Hubel and Wiesel,'1965, 1970; Wiesel and Hubel, 1963,

1965A, 19658).

If similar effects were to be present in humans then a monocular

start to life would be a distinct disadvantage.

B. Observed alternatives to binocular fixation It is apparent that,

in some of the experiments described in this thesis, a few babies
do not converge to some or all of the presented stimuli. One of more

of several alternative modes of fixation are then adopted:
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(a) Monocular fixation This form of fixation is common when the

stimulus is presented close to the eyes (experiment 8). Here, the
on-target eye maintains fixation of the stimulus, whilst the fellow
eye is divergent from, but Conjugate with, the viewing eye. Very
few clear instances of monocular fixafion are seen when the stimulus
is presented at 10 inches (S10 of experiment 11 obviously monocularly
fixated a stimulus at 10 inches).

(b) "Straddling' the stimulus This form of fixation is where

the S's left eye looks to the left of the stimulus, and the right eye
looks to the right. When the scored optic axis divergence is large
it is often not possible to say whether this form of fixation has
been adopted, or whether it is simply the case that the angle alpha
is large. Since this form of fixation is uncommon, one suspects the
latter for S2 of experiment 5, and S6 of experiment 8 (scored optic
axis divergences of 17.5° énd 17.01°, respectively). The only clear
v'instance of "straddling' is by S12 of experiment 11, to the vertical

strip stimulus,
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(c) "Variable" This mode of fixation does not, perhaps, constitute

Nfixation'' at all. When this apparent mode of fixation is shown the
twb eyes do not work closely together in a conjugate fashion; the
scored divergence of the optic axis (at the level of the stimulus
plane) is very variable, and S engages in fairly extensive ocular
activity; the derived fixations do not bear any clear relationship
to the contours of the stimulus figure. Examples of this form of
Wfixation'' are Ss 1 and 4 of experiment 9.

C. Binocular fixation in all (normal) newborns? The éimple view,

supported to some extent by the experiments presented in this thesis,

would be that the (normal) newborn is well equipped to fixate

" binocularly, and will manifest this ability when a suitable stimulus is
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shown: when S does not fixate binocularly, this is because his attention
is elsewhere - i.e., he may be fussing, crying, eliminating,
hiccoughing, or undergoing a change of state.

An attemptlwas made, throughout the reportéd experiments, to
monitor the S's state, and to note instances in which S may not have
been attending to the stimulus, For some of those Ss who did not
consistently converge it was noted that S had been, for example,
fussing, during the experimental session, But the records for some
other Ss, from whom good results were obtained, were similarly
~annotated. There were other instances where S appeared attentive
throughout the session, but the film fecords indicated marked ocular
activity,. There was, that is, no obvious relationship between the
author's subjective .impression of each S and the film records. For
this reason, this variable has not been discussed under the separate
experiments: the variability inherent in this subject population has.
already been mentioned. Because no obvious relationship was found,
-this does not; of course, mean-that there isn't one = it would, indeed,
be surprising if there were not a relationship between S's state and
- his ability and/or desire to view visual stimuli. However, during
eaéh experimental session the author was busy with chanéing stimuli,
switching the camera, holding the baby, and so forth, and careful
monitoriﬁg of the S's state; and related variables, was not possible, "

D. The angle alpha, and the accuracy of the correction factors In

experiments 5 to 11, both of the newborns' eyes were photographed.
From those Ss who gave clear Qvidence of binocular fixation it is
possible to obtain a fair}y direct estimate of the angle alpha, and
also to specify the accuracy of the correction factors introduced for
scoring the film records (detailed in Chapter 6). For the 50 Ss who

~clearly converged in.these experiments the average magnitude of the




214

angle alpha was 8.630, and the standard deviation was 2.8401. The
angle alpha, for individual Ss, ranged from 2.77o to 15.97°. Only

o

two of the scored values differ from the average value by more than

o

5°.

The distribution of the scored Qa]ues is shown in Figure 8.1,
The average value (8.63°) is very close to that value (8.5°) used in
the corrections.. However, a ''"binocular effect' was found in testing
éequence 7 of Chapter 2, A discussion of the cause of the effect
(Chapter 4) suggests that, in experiments 5 to 11, the scored value
of the angle alpha will underestimate its actual value by some 1.30.
Thus, the angle alpha in newborns could be somewhat higher (about
fOo) than the values given here. Nevertheless, given that there is
some intersubject variability, an average correction using a value
of 8.50 will be‘accqrate in placing the line of sight to within 50

.visual angle for the large majority of babies.

Two of the subjects séen (S2 of experiment 5,‘and S6 of experiment
8), were considered '"doubtful'' convergers, because of the magnitude
“of the scored divergence of the optic axis (17.5o and 17.0]0,
respectively). If these Ss are included in the calculation of the
average angle alpha, this average becomes 8.960, with a sfandard
deviation of 3.25°,

Since the scored magnitude of the off-axis parallax effect is
influenced by the magnitude of the angle alpha, it does not seem
possible to arrive at an independent measure of the accuracy of the
corrections introduced for the displacements of the pupil centre from

the target position with off-axis viewing. Nevertheless, in experiments .-

s
#

Footnote] For those 4 Ss who converged to the triangle and edge
stimuli of experiment 9, the average scored divergence was used in
arriving-at these figures: for most of the other Ss the scored
divergence for S viewing the array of lights, or the vertical strip,
presented at a viewing distance of 10 inches, was used.
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5,7, 8,10 énd 11 a half-inch wide vertical array of lights, or
strip of light, was used as one of the stimuli, with a viewing distance
of 10 inches: this stimulus was shown in various locations in the
stimulus field, The fact that most of the Ss' fixations of this
target were scored (with the off=-axis correction ihcluded) as being,
on average, very close to the centre of the stimulus, with neither
the right eye nor the left eye being more ''on-target'', suggests that
: fhe off-axis effect found in experiments 3 and 4 is a true indication
of the magnitude of this effect,

It may, therefore, be restated that there are large discrepancies
of the pupil centre from the inferred target location. Further, it
is appérent that the effects described under experiments 3 and 4 were
from neonates fixating foveally, and the discrepancies found are a
reliable representation of the discrepancies to be expected by future
users of this technique wi£h neonates,

L, IMPLICATIONS FOR PREVIOUS RESEARCH The implications of the

present findings have been discussed at length throughout this thesis
,(especiélly Chapters 1 to 5), and the author's intention in the
present section is to raise some points that have not been discussed
eaflier.. Additionally, related findings will be described, that have
direct relevance to research into newborns' vision.

_ A. ‘Brightness sensitivity Doris and Cooper (1966) measured the OKN

(following) response, in newborns and older infants, to a moving field
of black and white stripes;2 The luminance of the field was varied,
~‘and the minimum intensity eliciting the following response was
considered the threshold. They reported that "brightness sensitivity

undergoes rapid development in the first two months of life'' (p31).

Footnote2 This experiment was also described in Chapter 3.
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However, their striped pattern was presented very close to the eyes:
"The infant's eyes were approximately four inches from the screen
when threshold estimations were made. A child was started with his
eyes at approximately six inches from the screen, but when a response
was not obtained at a particular level of brightness this distance
was reduced to 4 inches' (p32).

The results from experfment 8 (Chapter 6 of tﬁis thesis), and
the available data on the newborn's accommodative ability (Haynes,
White and Held, 1965; White, 1971), are a clear indication that
newborns cannot focus on stimuli closer than approximately 7% inches,
and when stimuli are presented at very near distances they will either
not look at them,.or will fixate monocularly. The newborn's épparent
reluctance to fixate stimuli at near distances may not, in fact,
grossly interfere with the elicitation of the (reflex) OKN response.
But it is probable that what Doris and Cooper were measuring was
nothing more than the development of accommodative ability, and their
.conclusions concerning the development of brightness sensitivity
are brobably erroneous.,

This again raises the question of the visibility of the marker
_liéhts to newborns (the bulb filaments of the illuminators were
~visible to the adult as a dull red glow: wavelengths above 800nm,
.and below 1000nm, were transmitted through the two filters placed
in front of each illuminator). Griffin; Hubbard and Wald (1947)

measured the sensitivity of the adult human eye to infrared radiation,
At 800nm, the fovea is less sensitive by a factor of 3.9 x 107" than
at its maximum sensitivity (to green light at a wavelength of 555nm) .
At 1000nm, the fovea is less sensitive by a factor of 2.2 x 10-]0
than at its maximum. Since spectral sensitivity curves are not yet

available for newborns, it is not possible to decide whether the
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marker lights can be seen by them. However, as was stated earlier
(Chapter 3), none of the subjects used in the present experiments

appeared to respond to these lights,

B. Visual acuity At least three studies have been carried out to

determine visual acuity in newborns. All three of these studies have

3

‘provided different estimates of the neonate's acuity. fhese
differences can be accounted for by factors that are well known to
~affect visual acuity, namely, accommodative blur and luminance.

Using the OKN following response, Gorman, Cogan and Gellis (1957),
reported that the newborn's acuity is at least the equivalent of
20/670 (Snellen qotation), although there was usually no response to
a 20/222 stimulus., However, Dayton, Jones, Aiu, Rawson, Steele and
Rose (1964), found a positive OKN response to targets with a Snellen
notation of 20/150, a separation that the data of Gorman et al,
would suggest is well beyona the resolving power of the newborn.
Thése differences are simply explained by the eye-to~-target distances
used in the two studies: Gorman et al, presented their moving striped
patterns at a viewing distance of 6 inches, a distance that would
reduce the newborn's acuity because of accommodative blur; Dayton
et al. presented their stimuli at 14,5 I 1inch. Gorman et al. do
not give fhe luminance of their striped patterns; in the study by
" Dayton et al., the Womina¥on of the targets was approximately 25
foot candles.

Fantz, Ordy and Udelf (1962) measured visual acuity using both
the ''visual preference method'' and the OKN response. With the visual
preference method it was found that infants under 1 month responded

© to striped pattérns with a Snellen equivalent of 20/800. The liluminadgn

Footnote3 These experiments were also discussed in Chapter 1.
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of the stimuli was abou£ L foot candles, and infants up to six

months of age were also tested. In experiment 3 of their study, they
repeated the experiment with infants from 7 to 29 weeks of age (a younger
age range was not tested), with a higher level of illumination of

the stimuli (about 12 foot candles), and at each agé range the threshold

for pattern was lower,

C. Other artifacts and failures to report Nelson (1968), reported

an experiment in which infants from 6 to 19 weeks of age were presented
repetitions of a left to right row sequence of six lights. Each light
was on foré%’sec, with no pause between extinctjon of one light and
onset of the next in the seduence. The lights were spaced two inches
apart, and the whole stimulus array covered an area%% X 12{; inches.
The centre of the stimulus array waé some 11 inches above each S's
right eye (the right eye only was recorded from). The method of
recording eye position chanées was the same as that reported by
-Salapatek and Kessen (1966), althougH video-tape, rather than
photographic, records were taken, The investigation was an attempt
to observe changes in visual responses with successive presentations
of the light sequence, The criterion of a “hit”.(i.e., whether the
‘ infant was fixating the light that was on at a given moment), was
"', ..whether or not the pupil of the infant's eye centered on the
corneal reflection of the stimulus light'' (1968, p197). It is clear, *
from the results presented in this thesis, that as the right eye
progressively fixates to the right the disparities of the pupil centre
from the corneal reflection of the target fixated will systematically
increase, and this must-have been the case in Nelson's study. However,
no mention of this source of error is to be found in his article.
McKenzie and Day (1972; this experiment was also mentioned in

Chapters 1 and 4), reported that infants' looking time bears a linear
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relationship to the distance at which the stimulus is presented from
the eyes. They used Fantz's (1956) visual preference method of record-
ing fixations, and observed the subjects through a peephole in front
of, and to the right of, the subjects. They do not specify which of
the subjects' eyes they observed, but it must have been the right eye:
researchers wHo attempted to replicate their important finding would
.be unable to do so if they were to observe the left eye,

Conclusions The experiments mentioned in this section are evidence,
(a) that artifacts will continually recur if users of the corneal
reflection technique with infants fail to apply corrections to their
data for the disparities of the pupil centre from the reflection of

the stimulus, and (b) that some previously reported (and currently
accepted) research findings are in error because the appropriate optical
problems have not been considered.5 While there is much yet to be
lTearnt about the functioniné of the newborn eye, sufficient appears

to be known at the present time that future experimenters in this

area can avoid the worst hazards that have befallen early investigators.

5. SUGGESTIONS FOR FURTHER RESEARCH Research into infant vision, like

its subjects, is in its infancy. For tHat reason it would be possible
to give a list of experiments that one would like to see carried out

into early visual function (for example, such basic functions as

Footnote4 These remarks, and those in the preceding paragraph, are
not intended as a criticism of the findings of Nelson (1968), or of

McKenzie and Day (1972).

Footnote5 This last remark is not intended as a criticism of those
experiments discussed under '"brightness sensitivity'" and ''visual
acuity' in this section: when these experiments were carried out
the paper by Haynes,; White and Held (1965), on accommodation in
infants, had not been published,
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brightness discrimination, visual acuity, spectral sensitivity,
colouf vision, form perception). For the present purposes, however,
a few suggestions will be made that are directly relevant to the
research covered'in this thesis.

Certain limitations of the recording technique used by 1he
‘author are apparent. The present corneal reflection technique is
idgal for recording eye position, and eye movements, in newborn babies,
However, recording at a rate of two frames per second means that some
changes of fixation are missed, and it is not possible to obtain
a clear idea of what is happening during those times when the newborn
hékes many eye movements in a short period of time. For two reasons,
continuous recording was not used:

(i) The cost of film, and processing, when recording at two frames
per second, is smal}. Continuous recording (i.e., at a rate Qf 16

frames per second) would make the cost prohibitive, however.

- _Additionally, at a speed of 16 frames per second each roll of film

(125 feet) would last for 5 minutes = a length of time that the camera
would normally be ''on'' for a Single subject. Thus, with continuous
recofding it would be possible to see only one baby, or two at the
mdsf, during a visit to the hospital,

(ii) To analyze the data in full, for a single S in a single
stimulus condition, takes several hours. The author was reluctant
to increase the analyzing time by a factor of 8.

The obvious answer to thfs problem is videotape recording. It

is possible to obtain closed circuit television cameras fitted with
infrared-sensitive tubes. Such a system was described by Haith (1969) .

The use of CCTV reduces the problems described: the videotape, since

it can be used many times, is inexpensive; from viewing the recordings
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it would be possible to select those few seconds required for
analyzing.

With this method of recording it would be possible to specify
what is happening during those instances when the eyes apparently
" go "out of control'" (i.e., when marked ocular activfty is present).

It is not yet known whether neonates wi]l.also binocularly
fixate a moving stimulus, Conjugate movement of the eyes would
appear to be the rule when neonates make aﬁpropriate visual
following mqvements, but it may be that when the (reflex) OKN
pursuit is elicited the (presumably) more voluntary bifoveal fixation
breaks down, What actually happens remains to be seen,

At times, it is clear, newborns' eyes are not bifoveally directed.
Longitudinal studies will probably be necessary before one can
specify the individual dffferences in the development of consistent
binocular fixation. Thus,. corrections for the angle alpha, and for
the off-axis parallax effect, could be applied to the early records,
on an individual basis, from later records during which the S was
seen to be converging.,

One further advantage of CCTV recording is that it is possible
to-see, in a monitor, what the baby is doing with his eyes at the
 time of the experiment (with photography, of course, the results
can only be seen when the film has been developed). This opens up
many interesting experimental possibilities: for example, stimuli
could be presented in that area of the stimulus field that the baby

is known to be looking at.

The failure to record continuously has not, though, affected
the results presented in this thesis, It has previously been mentioned

that, when a newborn looks at a stimulus, his fixations are
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characteristically within a'sméll area, and from the best records
‘obtained many lengths of film were available in which each frame
could be scored. The contribution to research into infant vision of
the results presented in this thesis is twofold, Firstly, it has
been demonstrated that those researchers are mistaken who have
followed Fantz (1956) in assuming that the centre of the\pupil
represents the line of sight, and that the corneal reflection method
in which the target is imaged in the eye requires the application of
cerfain correction factors. This conclusion is supported by
“experimental results, and by theoretical considerations. Secondly,
the results from experiments 5 through 11 afe the fifst demonétration
‘that the newborn baby has the ability to fixate an appropriately

presented stimulus binocularly,
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