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Abstract

This thesis investigated newborns' ability to detect contrast
and to discriminate chromatic from achromatic stimulation., I studied
newborns' sensitivity to contrast by taking advantage of their
preference for patterned over unpatterned stimulation. Newborms (n=60)
looked longer at checkerboards in which the checks contrasted by 112, by
172, by 237 and by 27X than at grey squares matched in mean luminance to
the checkerbecards, but showed no preference when tested with checks
contrasting by 3% or 5%. In addition, the magnitude of their
preferences increased as a function of increasing contrast. In order to
examine contrast detection developmentally, 2-month-olds (n=24) were
exposed to a series of contrasting checkerboards and the respective
matching gréy squares. The results showed that Z-month-olds
demonstrated preferences for checkerboards with contrasts of 5%, of 1%,
and of 23% but not of 3% over matching grey squares. However, Z;month:
olds' preferences did not increase with increasing contrast. These
results suggest that newborns and 2-month-olds are much more sensitive
to contrast than previous studies had.indicatéd. ‘

In studies designed to te;t color perception, newborns were
shown a s E;es of colored-and-grey checkerboard patterns in which the
difference in luminance between the color and the grey components was
varied across a range centred at the luminance where adults would see
the color and the grey as equally bright. It was assumed that with at
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least one of the patterns, newborns would not detect a brightness

difference between the colored-and-grey checks. Therefore, newberns

would be able to detect su;h‘a pattern only if they could detect its

hue. 1In this case, newborns should show a preference for this pattern
as well as. all other checkerboards over the matched grey.squares.
Newborns were shotztsix green-and-grey (n=60), six yellow-and-

[

grey (n=60), six red-and-grey (n=60) and six blue-and-grex (n=60) - .
checkerboards and the matching grey squares. The results showed that
regardless of the difference in luminance bethen the ch;omatic andﬂ}
achromztic checks, newborns demonstrated that ghey differentiate gre;\
from green, from red, and from yellow, Howefér, when viewingtblue—nnd—
grey checkerboards, newborns did not show a preference for two of the
patterns over their macching grey squares. Secondly, the pattern of
newborns' preferences for these blue~and-grey checkerboards over the
matched squares was very similar to what it had been when newborns were
shown achromatic checkerboards in é;perﬁqpnc 2. This pattern suggests
that only contrast information was present when newborns viewed :h5§5
"blue"-and-grey\cpeckerboards. A subsequent experiment with l-ménth*
olds revealed that infants at this age were able to differentiate the
blue from the grey checks in the checkerboards. - y p
These data constitute the first demonstrati&n of color vision in
newborns, Tth imp}y that newbarns possess at least one functioning
cone syst??/énd that at least some portion of the geniculostriate
pathway may be operational. The data also suggest that there are

limitations on newborns' color vision: Newborns appeared not to detect
PP

the short-wavelength hue. Moreover, the luminance at which their
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preference for a blue-and-grey stimulus disappeared is consistent with
previous reports that young infants see short-wavelength light as

relatively brighter than do adults.
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Introduction

Color vision has been a focus of attention in a number of
disciplines. However, little i#™¥nown about the ontogeny of color
vision. This pFucit§ of knowledge has not resulted from a lack of
interest since speculation about, and observations of, developmental
trends in color vision have been made since the beginnings of
experimental psychologf gsee Bornstein, 1978; Teller & Bornstein, 1983;

and Werner & Wooten, 1979 for reviews). As we shdll see in Chapter 1,

it has resulted instead from a lack of adequate methods to test color

—

vision. ~

The evaluation of newborms' color vision addresses a number of
empirical and theoretical issues. At this point, it is not known"
whether the newborn perceives our chromatic environment in black-and-
white, in full color, or in partial color. 1In addition, a study of
color vision may proyide information about the anatomical and
physiological maturity of certain neural gtructures (Jacobs, 1976). For
example, tﬁe process of converting physical wavelengths to neurél
signals relies upon a functioning cone system(s) in the retina. Beyond
this level, chromatic signals are organized and transmitted along
specific- pathways through the lateral geniculate nucleus and finally to
the visual areas+of the océipital cortex (see DeValois, 1973; Hubel &
Weisel, 1962; 1966). These structures are also responsible for other
important visual functions such as form perception (De Valois, 1973).

Given the anatomical data implying that certaihn portions of the nervous

1



system such as retinal cones (Mann, 1933) and the visual cortex
(DeCourse%,'1977) are immature in young infants, assessment of the sgate
of newborns' color vision would be beneficial in helping to determine
the degree to which these structures function. )

The research presented in this thesis constitutes a behavioral
evaluation on newborns' color vision. In addition to implications for
neural development, these data also explore how color and contrast

interact to determine young infants' visual preferences.
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CHAPTER 1: Previous Findings on Infants' Chromatic Vision

a) Early Empirical Tests of Infants' Color Vision.

Infants' chromatic v%sion has been a topic of empirical concern
for the past few centuries. Much of the early work was based on asimple
observations of infants' behavior in the preéence of different colors.
In his famous baby biography, Darwin (1877) noﬁed that his son Doddy did
not appear to respond differentially to different colors until his 49th
day of life. However, Darwin did not control for the pgssibility that
his son was responding on the basis of brightness and not hue
differences between these stimuli. Several investigators in the early
part of the 20th century realized this potential difficulty and J
attemgted to control brightness by recording infants' respouses to
chromafic stimuli that adults perceived as equally bright.

Holden and Bosse (1900) presented 6- to 12-month-olds with six
colored papers, each mounted on a grey b;ckground. The brightness. of
the background was judged by adults to be the same as the brightness of
the hues, Holden and Bosse argued that if infants showed interest and
grasped at any of the colored stimuli, this would indicate that they.
could discriminate the hue f}om its bagkground. The results showed that
only after the tenth month did infants grasp at all of the stimuli.
Marsden (1903) examined the development of color sensitivity in his son
by presenting him with a pair of "equally bright” colored balls and -

recording which of the pair the infant preferred to grasp. Marsden

discovered that by the fourth month, his son showed definite preferences

3



for certain hues. Marsden's son grasped mostly at yellow, followed by
blue or red, white or green, black, and finally, brown. Using a similar
proceduré, McDougall (1908) found that 6-month-olds preferred red, green
and blue stimuli over grey stimuli that adults judged to be as bright a;
the colors. McDougall concluded that.Fhese infants showed 2 well
developed ability to detect the primary hues. This figéjng was =
essentially replicated in similar studies by Myers (1908) and Wooley
(1909). However, the infant that Wooley testii detected all but a green
stimulus. In a procedure incorporating reinforcement contingent upon (
the infant grasping .at one member of a pair of colored stimuli,
Valentine (1914) repérggd that an infant as young as ‘3 months showed
evidence of detecting red, yellow, brown, blue and greeh stimuli that
adults judged to be equalf; bright. In summary, many of these authors
concluded that by 3 to 6 months, infants havg the ability to detect most
colors and secondly, apﬁea; to have developed cglor preferences,
Although the use of infants' grasping is convenient as a
rdependent measure, later researchers (see Bornstein, 1976; and Werner &
Wooten, 1979 for revieqs) argued that graéﬁing is too variable and
insensitive to be a reliable index of infants' color perception. This
criticism stemmed from the fact tha; grasping is a perceptual-motor
response which relie§ on very complex neural coordination., Thus, the
onset of coordinated grasping rather ;?an of color vision may have been
what was actually measured in these studies. As a result, different

techniques were sought in the hope of "tapping" color perception in
q g P PP1Ng P P

younger infants.



Cne su;h technique is to catélog infants' overt behavior in the
presence of different colors. P;att, Nelson and Sun (1930) observe;_zﬁk
entire repertoire'of newborns' physical movements to colored light.
Pratt et al. found that in several cases, the num of newborns'
\;bvements (e.g. number of head movements) depénd upon what color
infants viewed. However, Smith (1936), using what he termed "the
immediate response" (i.e. bodily activity, rate of respiration, and
crying); discovered that newborn males responded to no colored

stimulation whereas newborn females responded to blue, green and yellow
but not to red stimulation,.

Although the multiple response methods employed in the Pratt et
al. and Smith studies were useful in evaluating young infants' responses
to color, like grasping, such measures are only indirect indicators of
color perception. Chase (1937) devised a new method to study 2- to 10-
week-olds' responses to color. In Chase's experiment, &jjants were
required to visually track a colored stimulus which moved across a
larger-backgroi?d field of a different color that adults judged to be
the same brightgess as the stimulus. He found that infants at all ages
cons%stently tracked all of the stimuli, regardless of the color of the
background. Spear;‘(1964) measured the amount of tige that 4-month-olds
spent iooking at each member of a pair of "equally bright" Munsell hues
(1). On any given trial, infants viewed a grey patch and either a red,
yellow or blue patch.; The results indicated that, with all pairings,‘h-

month-olds spent more time looking at the chromatic than at the

®
achromatic member of the pair. In a more recent study, Fagan (1974)

exploited the fact that infants prefer to look at patterned over



unpatterned stimulation. Fagan showed 4~ to 6-month-olds a pair of
stdmuli, a checkerboard in which the checks (e.g. red and green) were
construcéed from equal-brightness Munsell papers and a solid colored
square (e.g. ted or green). Fagan tested infants with checkerboards
composed of every possible combination of the four primary hues, Fagan
argued that if infants saw the check;rboard as a pattern composed of two,
hues, they should prefer to look at it rather Ehan at the‘plain square.
The 4- to 6-month-olds showed a preference for all of the checkerboards
over the single-hue squares. Based on these findings, Fagan concludea
that color vision is well developed by 4 months of age.
| The studies outlined in the past few pages reveal how methods of
measuring infants' responses to color have become more sophisticated.
Collectively, the majority of studies appear to show that infants, from
birth, may show some sensitivity to at least tge primary hues. However,
despite the elegkﬁce of some of the response measures employed and the
attempts to control brightness cues (e.g. the use of Munsell hues),
these data have been criticized on a number of grounds {(c.f. Bormstein,
1976; Werner & Wooten, 1979). The most serious of these is the use of
colors in Fhich the brightness has been matched by adults. Since young
infants possess several relatively immature neural structures (Maurer,
-1975) such as the retina (Abramov et al., 1982; Mann, 1933), young
infants may perceive the brightness of hue qu#te‘differently than do

adults. As we will see in the following section there is some good

evidence to support this claim.
!



b) The Brightness Problem.

To demonstrate color vision in any species, it is necessary to
be certain that the organism is responding differentially on the basis

of perceived hue. This implies that the organism is not perceiving

differences among hues by discriminating only the other components of

color, brightness and saturation. Saturation is defined as the physical

purity of the wavelengtﬁ: The addition of other wavelengths or white or

grey light to a single wavelength reduces its purity and thus, the color

appears desaturated. Saturation pijgs little methodological problem in

that it is a covariate of hue, i.e. the perception of saturation depends

on the perception of hue., 1In addition, adults are relatively

]

insensitive to variations in saturation (c.f. Hurvich, 1982), so it is
reasonable to assume that infants are too. The control of brightness is
more critical for two reasons., First, it is a component of color that
can be perceived independently of hue. That is, an organism might
discriminate one chromatic stimulus from another by merely noting that
one is 1ig;ter or darker than the other. For example, when viewing a
black-and-white photograph of a brightly colored scene, it is very easy

for us to recognize objects by simply attending to the differeances

between the various shades of grey. Secondly, the human vis system

is very sefsitive to brightness differences (Graham, 1965). Given this
fine sensitivity to brightness, studies of infants' color vision must
take into account this potentially serious confound between brightness
and hue,

The term used to describe how an organism's visual system

responds to the luminance of different wavelengths is called spectral



sensitivity. Teller and Bornstein (1983) argue that "although
brightness and spectral sensitivity are not ideﬁtical in adult vision
(LeGrand, 1972), iﬁ practice one is a good predictor of the other{ and,
if infants' spectral sensitivity were known in a given sit:;tion, it.
might be used to E}ovide a‘first approximation to infant brightness
matches'in that situation"r(pg. 17). Figuré 1 shows a typical adult
spectral sensitivity function obtained under photopic {cone vision)
conditions. Sensitivity is highest in the pid-spectral (green) region

1

and decreases substantially with shorter (blue) or longer (red)

o~
—

wavelengths. Spectral sénsitivity has been a good predictor of how
adults percelve brightness since adults consistently report that they
see a mid-spectral wavelength ‘as brighter than either short or long¥
wavelengths (Hurvich, 1982).

Some recent investigations have shown that infants' spectral
sensitivity differs from adults' in some spectral regions. Peeples and
Teller (1978) measured infants' and adults' photopic spectral ‘
sensitivity by finding the minimum amount 8f light necessary in order
for 2-month-olds and adults to track ? stimulus of a given hue moving
over a white ‘background field. Peeples and Teller found that infants:
and adults' curves were relatively similar except at the spectral
extremes {i.e., red qnd blue), regions where .adults éppearéd more
sensitive than 2-month-olds. Other studies have used the amplitude of
the visually evoked cortical potential (VEP) to measure in‘fanl:s'\\L
spectral sensitivity. Dobson (1976) reported that after equating the

eaks of infants' and adults' curves at 550nm, VEP amplitudes were
P

similar at wavelengths that were 550nm or longer but infants showed less



Figure 1.

Photopic spectral sensitivity (luminosity) curve of
a standard adult eye. The ordinate is in units of
sensitivity relative to the peak value, which is

given the value of 1.00. The abscissa is in units

of wavelength (millimicrons)..
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_drop-off in sensitivity when tested with shorter wavelengths.
Moscowitz-Cook (1979) also derived VEP spectral sensitivity curves for
3- to 22-week-o0ld infants and adults. For wavelengths greater than
550nm, Adults and infants generated curves that were virtually
identical. lowever, infants agaln showed less of a drop-ocff in
sensitivity with wavelengths less than 550nm. The general conclusion
from studies examining infants' photopic spectral sensitivity is that
infants and adults differ in their sensitivity to short—wavelengths (2).
It is not clear what accounts for this difference. . However, Werner
(1982) has systematically examined the transmission properties of
adults' and infants' eyes and found that'because the lens pigment is
less dense in infants' eyes, short-wavelength light is transmitted more
readily to the receptors in infants' than in adults' eyes.

The finding that young infants' spectral sensitivity differs
from adults' in certain spectral regions tmost notably in the sho?t—
wavelengths) makes it inappropriate to estimate at what luminance
infanCS.might percelve two hues as equal in brightness with single’
Qalués obtained from studies of hue matching in adults (3). As a
result recent researchers have developed alternate methods to contFol
for the potent;al confound of brightness and hue.

In their major review, Teller and Bornstein (1983) outlined two
methods by which brightness can be controlled in studies of coler
vision. The first of these methods involves the unsystematic variaticen
of luminance from trial to trial. 1In this procedure, "an approximation
to the infant's brightness match (e.g. an adula’a brightness match) is

first set up between two chromatic stimuli, A and B. The relative
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luminances of the twé stimuli are then Qaried unsystematically from
trial to trial, over a wide range around the initial approximation of
the ipfant's brightness match'" (pg. 14). In some cases, the infant
would perceive stimulus A as some degree lighter thanm stimulus B, in
other cases, the infant would perceive A as darker. Then on any given
trial, if the infant was responding only to the brightness of A or B, he
would Airept his visual behavior to the lighter or the darker of the two
stimuli (depending upon his preference). If the baby responds
consist?ntly to one of the hues, one can conclude that he can
différentiate A from B on the basis of hue., As Teller and Bormstein
state, '"consistent responding by the infant to one of the two chromatic
stimuli, collapsed over all luminance pairings, cannot be carried out on
the basis of brightness, and discrimination can therefore be attributed
to the preservation of wavelength information" (pg. 14).

A second approach to the brightness problem is the systematic
variation of luminance. In this case, "the infant is shown many trials
of each of a series of several relative luminances of two chromatice
stimuli, A and B, centred around the initial estimate of the infant's
brightness match. Provided that the range of relative luminances used
encompa&ses the infant's true brightness match, at least one of the
relative—lhminance pairings used will be likely to confront the infant
with luminances of A and B which differ indiscriminably in brightness"
(pg. 14). Theﬂffore, if the infant chooses A or B consistently for all

A .
luminances, this implies that he can differentiate the two hues. If

however, on one of the pairings in the series, the infant does not

choose A or B consistently, this implies that he does not detect the
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color or brightness variation and hence, does. not differentiate the

hues,
These methods have been utilized with a number of responsge

measures. It is to these experimental investigations that we now turn.

¢
i) Experiments incorporating the unsystematic variation of

luminance. The general goal of this type of exberiment is to present
Ehe infant with a number of "examples" of a ééey and of.a hue of
different luminancesiand subsequently analyze the data to see if his
pattern of responding changes when color is present or not. Im a study
by Bornstein (1976),‘3-month-olds viewed a blue-green agimulua for 12
consecutive ;rials. On each of these trials, the luminanée of the bl@e-
green stimulus was randomly selected from a range of values centred upon
an adult brightness match for blue-green and white. Over the course of
the 12 trials, infants gradually decreased the time that they spent
looking at the stimulus. On trials 13 and 14, the stimulus was changed
from blué-green to a whitt which equalled the average lqminance of the
series of blue-greens. Infants increased their looking time on these
"white" trials. This implies ;ﬁat they '"detected" the white as novel
and therefore, Bornstein's data suggest that 3-month-olds are capable of
diseriminating blue-green from white. Also, the averaged looking times
were about’ equal for all the different luminances of the blue-green,
Thié suggests that infants were not responding favorably to one or a fgw
of the luminance values in the series of blue-greens, and implies that

under these experimental conditions infants' responses were influenced
p P

' mostly by the hue of the stimulus and not its' brightness.
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Oster (1975) adopted a different strategy in her study of 2-

month-olds’' color vision. Infants were presented with a{pair of

checkerboard-like 3 x 3 patterns. One pattern contained nine grey

r

squares of variOué luminanqg; whereas a second pattern was composed of =
eight grey squqﬁes Pplus one square that was either blue, yellow, green, .
or red. To adults, the luminance of Ehe shromatic square was close to
the average luminance within the pine greys. If 2-month-olds had not

been able to perceive a particular hue, one would expect that infants

would not respond any differently to this stimulus than to the other
—

all-grey pattern. Oun the contrary, 2-month-olds looked longer at the

patterns which contained the colored squares than at the pattern -
composed only of grey squares. These data suggest that infants were

able to detect the color'within all of the patterns. Oster thexefore

™~

)

concluded ‘that -2-month-olds cgn differentiate the primary hues fr

. grey.

In another study, Schaller {1975) used a different|t chnique to _ //f’

‘examine 2-month-olds' respo%es to red and green. Half of the infants

-

were required to .fixate the red member of the stimulus pair and uﬂan

doing so, were reinforced with an guditory stimulus. The other infants %\.

Il

were required to fixate the green member of the pair., The luminance.of

each member of the pair was varied randomly from trial to trial over a

.

. )
large range (3.65 - 651 cd/m ). Schaller argued that if infants were )

responding only to the brightness of the stimuli,.they would not learn .

the contingency and most likely;WVOuld respond to the brighter or darker
1 - . )

-

of the stimulus pair. Schaller found that 2Ymonth-olds could be trained

J o= .

¥ .
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to consistently respond to the appropriate color and hence concluded

that infants could differentiate red from green.
Thus, the data obtained from studies in which luminance was
varied unsystematically have revealed that by 2 to‘s months of age,

infants appear to detect many hues,

ii) Experiments incorporating the systematic variation of

)

luminance, To thi present day, the .only data generated by this
technique have.been provided by Davida Teller and her colleagues. 1In
their first study, Peeples and Teller (1575)‘examined 2-month-olds’
discrimination of luminance as well as their ability to. differentiate
red from white. 1In the first phase of the expé?iment, 2-month+-olds ;ere
showq-fn achromatic bar of ;ome luminance on a white background of
standard luminance. On.eﬁery trial, an observer was required to guess
on which side gf the background the bar was acttally located. The
observer bgsed these juggments on the infant's head and eye movements.
Infants were said to be able;to detect the contrast between a bar and
its background if the observer gdkssed correﬁtly the location of the bar
on at least 75 of the triala._ The results indicated thaf-infants_
detected the bar when it differed from the background in luminance by
more than .02 log units (a2 contrast of about 5%),

Armed with this information, Peeples and Teller then tested 2-
month-olds' color vision. Their {ogic was quite simple: If infants

were shown a colored (in this case, red) bar of some luminance on a

‘white background of some luminance and, to the infant, the luminance

contrast was 5% or less, the infant would be able to perceive the bar

only if he could see its hue. However, Peeples and Teller could not

\
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predict the luminance at which 2-month-olds would not perceive a

brightness difference between the bar and its background. As a result,
they tested infarts with a number of red bars of varying luminance

selected from a range centred upon the luminance at which an adult would
perceive the red and white as equally bright. Peeples and Teller
assumed that when presented with at least one of the bars, 2-month-olds
could not distinguish this bar from the background solely on the basis
of brightnes; differences. To inmsure this, the difference in contrast
betwéen one bar/background pair and the next éair in the series was

never more than 5%. Therefore, if infants showed evidence of detecting
~

all of the red bars in the series, this would imply that they could
perceive the hue in the bars. But if infants failed to detect at least

LB : . .
one of the red bars in the series, this would imply that 2-month-olds
did not detect the hgf information in the stimulus.

-

Peeples and Teller showed 2-month—olds 12 different red bars,
each of which contrasted with its background by some value, To an <
adult, six of the bars were lighter and six were darker than the

background. Pg‘ep_les.; and Teller. found !&r—_z-month—o&ds detected all of
the red bars in the series. This pattern of results rules out the
-possibility that infants were responding only on the basis of brightness
contrast between the red bar and its background. These data provide
‘ . ] \

strong evidence that 2-month-olds possess some form of color vision.

Teller and her colleagues later used this technique to examine

2-month~olds' responses to other spectral hues. Teller, Peeples and : Sff%Q
Sekel (1978) presénted infants with bars of blue, greenish blue, green,

yellowish green, greenish yellow, yellow, orange, red, reddish purple,
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purple and bluish purple on a white background. The luminance contrast

between the bars and the backgfound was varied in the same wmanner as in
the Peeples and Teller (1975) study. The results indicated.that infants
detected blue, greenish blue, green, orange and red at all the contrast
values, However, wheén iﬁ?ggks were shown greenish yellow, yellowish
green or purple barj\sf\certain luminances on the wh}te background, the
observer's performance felll to chance. These luminanées were ver} close -
to those at which adultg/Lould match the colors and the white: Teller
et al. offer three explanations for 2-month-olds' apparent failure to
detect these hues. The first is that 2-month-olds are color deficient
and possess dichromatic neutral zones (4) similar to those apparent in
color deficient;pdults. However, the spectral locations of colst
deficient adults' ng:tral zones and the locations where 2-month-olds
failed to discriminate colored from white light are so dissimilar that
it is unlikely that infants are typical dichromats. Another explanation
offered by Teller et al. is that infants actually do have the capacity
to detect these hues, but the hues appear desaturated and thus, may not
provide a very compelling stimulus. Lastly, these authors propose that
infants' apparent failure may have been due to attentional or
motivational factora. It is quite possible that infaéta, like adults,
can &etect green—yellaw hues but prefer to look at others. Therefore,

over a series of trials, infants may have become somésg;t "bored" with

the green-yellow bars and stopped fixating them. Whatever the

explanation, these data have revealed that 2-month-olds do not show the

same sensitivity to all hues. Further experimentation is needed to

determine whether 2-month—-olds have some non-conventional color
a

%

N _

L]



17

deficiency or whether infants:perceive some hues as relatively
desaturated or non-preferable.

The systematic variation of luminance has also been used to
examine Rayleigh diqcriminations. A Rayleigh discrimination for a
subject is obtained Qhen he differentiates 535nm (green) and 670nm (red)
light from a 589nm (yellow) light. Dichromacy is diagnosed if the
subject fails to discriminate either the green (deuteranopia) or red
(protanopia) lights from the yellow light. Hamer, Teller and Morris
(1986) examined the ability of 2- and 3-month-olds to discriminate red
and green of varying/luminances from a yellow background. Again, the
minimum change in jontrast between the colored bars and the yellow
background was determined by examining infants' sensitivity to contrast
under these conditions. The logic of their study is as follows:  1f
infants, like color deficient adults, failed to discriminate some of the
Yed and/or greeﬁ bars from the yellow background this would be strong
évidence that infants have similar color vision deficits. Hamer et al.
found that 3-month-olds easily discriminated the red and green bars from
the yellow background at all)contrasts. ‘The-same was true for the
majority of 2-month-olds, although a few subjects did fail to
discriminate some of the bars. 1In géneral, these infants, like adult
protanopes, failed to differentiate some of the red bars from the yellow
background,

We have observed in both the studies of Hamer et‘al. and of
Teller ‘et al. that the 2-month-old is certainly capable of detecting hue

even when brightness cues have been minimized. These investigations

-
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have also revealed that infants' color vision may differ from that of
normal adults.

Other studies have also noted limitations on infants' color
vision. In follow-up studies to Hamer et al.'s investigation, Teller
and her colleagues observed that when the chromatic stimulus was smaller
(i.e. 2° x 2° as compared to 4" x 4* in the Hamer paper), 2-month-olds
showed no evidence of discriminating green or red from yellow, As a
result, Teller and Hartmann (1981) systematically examined the effect of
the size of a chromatic stimulus on 1- and 3-month-olds' discrimination
of hue. Three-month-olds were shown both 2° x 2° and 4° x 4° red
stimuli of varying luminance on a yellow background. As expected, 3-
month-olds showed evidence of dete&tingfthe red stimulus when it was 4°
x 4°, However, whefijpe red stimulus was re&uced to 2° x 2°, infanes
appeared not to discriminate it from the yellow background.

Nonetheless, individual differences were quite pronounced. When testing
one particular infant, the observer was virtually always correct with
stimulus sizés ﬁs small as 1° x 1°,

Teller and Hartmann also tested l-month-olds' discriminatién of
a series of 4" x 4° and 8° x 8° red stimuli from a yellow background.
These infants showed evidence of discriminating the two hues only when
the red field was 8° x 8°. 1Initially, Teller and Haftmann could rnot
explain why test field size affected infants' hue discriminatioﬁ.
However, upon examiniﬁg some of the adult and infrahuman literature,
they discovered that adglt dichrqﬁats (Smith & Pokorny, 1977; Nagy &
Boynton, 1979; and Gordon & Abramov, 1979) and cats (Loop, Bruce &

Petulowski, 1979) show evidence of detecting wavelengths when the size®
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of the stimuli was very large. This research suggests that dichromats,
infants and cats may possess a relatiQe scarcity of one or more of the
three cone types (c.f. Hurvich, 1982) and thus a large chromatic field
is required to activate a significant number of these cones.

To the present day, studies in which luminance has been varied
systematically have provided the best evaluation if_infants' color
vision. In summary, these investigations have shown that by the age of
2 to 3 months, infants show définite sensitivity to most hues., In
addition, infants as young as 1 month do show evidence of some hue
discrimination. However, the color vision of infants who are two months
of age or younger has a number of restrictions. These babies do not
appear to discriminate either yellow—green or purple from white light,
As mentioned this may be due to insufficient neural development, to
variations in perceived saturation, or to color preferences. Secondly,
the size of the color field must be large (i.e. at least 8% x 8° for 1-
m;;th-olds and at least 4" x 4° for 2-month-olds) for these infants to
show evidence of discrimination,

However, these procedures have yet to be extended into the
newborn period. As a result, we know little about the onset of color
vision. The early studies examining newborns' detection of coler did
not adequately control for the possibility that infants were
differentiating colored stiTuli on the basis of brightness and hence
allow no conclusions. The only.modern data that exist have been
obtained from three electrophysiological studies. Barnet, Lodge and
Armington (1965) measured newborn electroretinograms (ERGs), which are

recordings of the changes of the electrical activity in the retina of
~

.
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the eye. Barnet et al, found that when presented with orange light,
»

newborns, like adults, display an early positive x-wave. This x-wave is
thought to be indicative of photopfc (cone) functioping (Adrian, 1945).
In ex;ending this finding, Lodge, Barnet, Shanks, and Newcomb {(1969)
recorded visually evoked potentials (VEPs) when newborns were shown
orange and white light. VEPs are an index of underlying electrical
activity in the cortex. Lodge et él. discovered that newborns show
higher amplitude VEPs to orange than to wh?te light, a finding that is
again characteristic of photopic activity. In adother VEP experiment,
|

Fischel (1969) reported that newborns show higher amplitude VEPs to

blue, green and red light than to yhite light. In addition, VEP
atplitudes are diéferent for every color., However, a number of problems
exist in inferring that newborns show evidence of photopic activity.
Firgt, these studies used colored stimuli that adults judged to be of
equal brightness, As has been pointed out many timeg in previous

discussions, the differences between infants' and adults' spectral

sensitivity make adult brightness matches inappropriate for infants.

£

Since infants' and adults' photopic spectral sensitivity is different,
newborns' responses may have been based on the detection of brightness

variations between the colored stimuli, In addition, differential

response patterns obtained from such gross ele;&:ophysiological methods,

' although suggestive, tell us little about what the infant actually sees.

These techniques indicate that the presentation of a stimulus evokes
some change in the underlying neural substrate. Whether this change is

sufficient to allow the organism to perceive variation in the visual

world will remain unknown until electrophysiological events can be
-
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correlated with actual behavior. Thus, if a newborn demonstrates

behaviorally that he can differentiate a chromatic from an achromatic

-

stimulus of equal brightness, this is much stronger evidence for the
perception of color. This is precisely the focus of the research in
this thesis,

In the following series of experiments, I have studied newborns'
color vision Qy exploiting their preference for a pattern over a plain
stimqiﬁa {c.f. Fagan, 1974; Fantz, 1963; Fantz, Ordy & Udelf, 1962). 1In
the present studies, newborns were showm simple checkerboard battgrna
composed of colored (e.g. red) and grey checks and comparison all-grey
squares. The luminance of this grey square equaled the average
luminance of the checkerboards. If newborns could dif%erentia:e the
colored from the grey checks, then the stimulus should look like a
pattern and be preferred over the grey square. This of course sounds
very similar to the logic of the previously described Fagan (1974)
study. However, to test each color pair, Fagan used only one
checkerboard made up of two colors which adults would perceive as
edually bright. 1In the present studies, I have adopted the logic of
Peeples and Teller (1975) and have systematically varied the luminance
contrast between the colored and grey components of the checkerboard.

If newborns were to show a preference for all checkerboards in the

series over the respective grey squares, this would imply that newborns

can differentiate the colored frqg the grey checks.
1
However, as demonstrated ih the Peeples and Teller (1975)

experiment, the systematic variation of luminance is a two-step process.
One must first know how sensitive newborns are to luminance contrast.

,
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In the subsequent color phase of these experiments, one then uses this

contrast information to systematically vary the coatrast within a series
of colored and grey patterns,

The general plan of this thesis is as follows. In Chapter 2, I
describe a pilot ex?eriment that served to replicate the basic pattern
preference phenomenon and to establish procedural parameters for

-~
subsequent investigations. In Chapter 3, I report a serifs of
experiments that deal with newborns' sensitivity to contrast,
Incorporating the findings of Chapter 3, in Chapter 4, I describe a
series of experiments which analyze newborns' responses to the four
primary hues, red, green, blue and yellow. In the final chapter I will
ko

discuss the implications of this work and suggest some possible

mechanisms which underly the development of chromatic vision.

/"—‘--./‘
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CHAPTER 2: General Methodology and Pilot Work

Experiment 1

The purpose of this experiment was to devise a method that would
be useful for subsequent investigations of newborns' ability to detect
coétrast and to discriminate color. The requirements for such a method
were that it be appropriate for the newborn period (i.e. not be too
lengthy), and that it use behaviors within the neubofn's repertoire. It
is well known that newborns prefer to look at a pattern rather than at a
homogeneous stimulus (Fantz, 1963; Fantz, Ordy & Udelf, 3). Fantz
and his colleagues employed a "stimulus choice" procedurelin which the
newborn was presented with a checkerboard and a plain squate, one on the
left and one on the right side of the stimulus field, 1In order to
discover wﬁich of the stimuli the infant preferred, the observer's task
was to record the amount of time that the infant spent looking at each
stimulus. The results showed that infants looked longer at the
checkerboard than at a plain stimulus.

In Fantz's experiments, an observer judged the length of a
fixation by recording when tﬁe reflection of either of the stimuli fell
near the centre of the infant's pupil. - problem with Fantz's general
procedure is that young infants very oftE;\favor a part?Cular side of
the stimulus field regardless of its stimulus prOpertieg (c.f., Harris,
1973). To eliminate side biases, in the present study newborns were
shown stimuli in a successive manner. In addition, due to the extreme
response variability shown by a typical infant (c.f. Bornstein, 1978;

23
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Salapatek & Banks, 1977), I chose to adopt an "infant control procedure"
(Horowitz, Paden, Bhana & Self, 1972). This is a technique that d;als
effectively with. such variability. 1In this method, the observer(s)
records the length of the infant's first fixation on a stimulus. A
trial ends when the infant loocks away from the stimulus for some
predetermihed period of time (e.g. 2 seconds). As a result, the infant

- actually "controls"” the length of each trial and there is no fixed trial

length,
When starting this research, the applicability of an infant

control procedure to a newborn population (5) was unknown. Nonetheless,

for the reasons outlined above, I thought this procedure would be

- ~

potentially very useful for the study of newborns' perceptual
abilities, i

- In the first study, I attempfed to replicate the finding that
newborns prefer to look at a simple pattern rather than at a plain
stimulus. Both the pattern and the plain stimulus were presented
successively and newborns' looking times‘were measured by an infant
control procedure. In addition, for the purposes of designing future
experiments I was interested in the number of trials that newborns
needed in order to show a preference for a patterned over a plain
stimulus in addition to the number of trials that a newborn would remain
alert in a typical session. ’
Method

Subjects

The subjects were 25 infants, 1- to 5-days—old (x = 3.2 days),

o

at least 38 weeks gestation, at least 2500 grams at birth and selected

.

.“l
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from the McMaster University Medical Centre. An additional four
newborns were tested but not included in the sample: three because they
did not complete a single block of trials (fell asleep or were too
fussy) and one because of low Spearman interobserver reliability (rho <
BTN
Stimuli

The patterned stimulus was a high contrast (88X) black-and-white
2 x 2 checkerboard pattern. The plain sqimuius wag a 9 cd/m-2
homogeneous grey square which approximated the average luminance of the
checkerboérd pattern. When viewed from.AO cm, the stimuli were 16° x

16° and each check within the checkerboard was 8" x 8°.

Apparatus

Ehe infant faced a verti;hl-rear-projection screen (41 cm wide x
29 cm high or 54° x 38") mounted in a black board. The stimuli, mounted
in glass slides, were illuminated by white light and projected by a
Kodak Carousel 600 projector. Small, 1 cm peep holes on each side of
the screen pgrmitted observers behind the screen t; see the infant's
eyes, The oLservers were eéquipped with switches that operated a shutter?
system mounted in froﬁt of the projector lens and with timers which
allowed them to recé;d infantsg' fixatiog times.

Procedure
Teow .. .*:‘ﬂ“ l
An experimenter placed the baby in an infant seat inclinéd at
45°, The infant's eyes were apptoximately 40-cm from the centre of the
screen. During each trial, two observers, one of whom was unaware of

the actual stimulus, independently timed the length of the infant's

first fixation on the stimulus by observing when the image of the

3
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e

stimulus fell over the centre of the infant's pupil. After both
observers independently judged therbaby to have looked away from the
stimulus, a trial ended and the shutter in front of the projector lens
was ciosgd. The intertrial interval was approximately 10 seconds.

Each of the stimuli (the checkerboard gnd the greyxsguare)‘was
presented twice within a block of four trials in a predetermined ABBA or
BAAB order. Order was c0unte;fa1anced across subjects. Blocks were
repeated until the infant was no longer aleft. The statistical analyses
included only those infants who contributed one or more blocks of trials
and for whom the interobserver réliability was 2> .70. For the 25
subjects in the final sample, the mean Spearman interobserver

reliability coefficient was .93 (range = .70-1.00),

Results and Discussion

-

On the average, newborns completed 2.87 blocks (range = 0 -'7)
- and 11,48 trials (range = 1 - 28). The 25 newborns who met the
requirements to be included in the final sample completed 3.16 blocks
(range =1 - 7) and 12.64 trials (range = 4 - 28), For each trial, I
calculated the mean of the times recorded by the twb observers. For
each block of each subje;t; I computed the mean amount of time spent
1ooking at the checkegzéard and at the grey'squafe. From these values,
I computed the difference between the time tge baby iooked at tﬁe

* :
checkerboard and the time he looked at the square. Wilcoxon analysis
for matched pairs was performed on all differences and revealed that
newborns looked longgr at the chécbefboard.than at the plain grey

square, T(25) = 18, p < .005. Sincé newborns demonstrated a preference,

this implies that they were able to detect  the luminance difference:

-
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between the black and the white checks in the checkerboard. This

preference for a patterned over a plain stimulus supports the previous

s

findings of Fagan (1974), Fantz (1963) and Fantz et al. (1963). 1In

b

addition, an infant control procedure was successful in replicating this
- , :
pattern preference.

r Another question of inte;ést was the number of stimulus
.presentationa that were required in order for these 25 newborns to show
a significan% prefe;ence for the checkerboard. A'cumulativ; blocks

analysis was éerformed and revealed that newborns looked longer at the

- cpeékerboard in block 1 [T(25) = 47.5, p < .005), in blocks 1 and 2

combined [T(19) = 19, p < .005], and in blocks 1, 2, and 3 combined

.

[T(16) = 34, p < .005]. Since only niné subjects completéd four or more
blocks, the analysis was not performed on more than three blocks. These

data show that after just a single block (two presentations of the

>

“ - checkerboard and of the square), newborns demonstrated a clear
{ preference for the pattern. Theréfore, in subsequedﬁ experiments Jith
this teckhnique and a similar sample size, one can assume that one block

o per level of the independent variable is sufficient for newborgs to

. L)
demonstrate whether or not they show a preference for a 2 x 2

checkerboard over a grey syjuare.

T ¢ In summary, the tesults of this pilot study have replicated the

- -

-

finding of Fantz and his colleagues that newborns prefer patterned to

A
plain stimulation. Secondly, an infant control procedure was successful
in recording newborns' preferences. 'Therefore, ;;lh these tools in

" hand, we can now examine newborns' sensitivity to luminance contrast and

to color, . ) R




CHAPTER 3: Experiments on Newborns' Contrast Detection

Experiments 2 and 2a

Since the plan of this thesig is to systematically vary -
luminance contrast in a test of newborns' color perc7ption, it is ver}
important to specify how'sensitive newborns are to contrast. Luminance
contrast is formally defined as the difference in luminance between the
components of g_stimulus, expressed as a per;encage and calculated by

the formula LI-LZ where Li refers to the luminance of each component

Lyt
(see Fig. 2).

Two groups of investigators have already examined newborns'
ability to detéﬁt variations in luminance contr;st. Doris and hi;
colleagues (Doris & Cooper, 1966;‘ Doris, Casper & Pore;ky, 1967)
studied newborns' optokinetic nystagmus (OKN) to a field of moving
stripes, and found that newborns showed OKN only when the stfﬁ?es
c;ntrasted by at least 35Z. More recently, Atkinson, Braddick and
French (1978) recorded newborns' visually evoked potentidls (VEPs) to
_stripes of varying contrast and spati?l frequency. They obse¥ved evoked
poten&ials only when newborns were presented with stripes which

[}

contrasted by at least 50X. These studies suggest tha

very insensitive to contrast since under similar luminance condidions,
4. )
adults detect contrasts smallef than 1% (Steinhardt, 1936).

However, both OKN and evoked potentials are rather."peripheral"

. A
indices of sensitivity to luminance contrast, in that differential

. 28 . N
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Formula for calculating visual contrast: Given two

1uminances,‘Ll and L,, the contrast islfimply the

difference in luminance between L. and L, divided

I 2

by the sum of their luminances.

-

|
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Tesponse patterns, although suggest%ve, tell us little about what the
baby actually sees. In the studies reported below, I have used
newborns' preferences for patterned over unpatterned gtimulation to test
their“sensi:ivity to contrast. The patterned stimuli were a series of
8ix 2 x 2 checkerboard patterns., Each of the checkerboards differed in
the amount of contrast between the oppésing checks. The plain stimuli
were grey squares, each of which matched the mean luminance of one of
the checkerboard patterns. |

The logic of this experiment is again quite,simple: If newborns
‘show a preference for any checkerboard over .its matched grey square,

this implies that they saw the éheckerboard_as a pattern and thus

¢ —
detected the brightness differences between the checks. .
Method
. P
. Subjects .
A7

The subjects were 60 infants, 1- to 57days-old (;.age = 3.2
days), at least 38 weeks gestational age and ht least 2500 grams at

birth. An additional 16 newborns were tested But not included in the
sample, 12 because they did noﬁlcontfibu;e comélete data and four
becauséibf low inkerobserver reliability iSpearman rho < .80). 1In >
Experiment 1, theAcriterion was .70, Since for most subjeéts in
Experiment 1, the observersﬂ;reliability was greater than .80, I chose

to adopt this new, more conservative criterion.

Stimuli

L] .
The stimuli were six 2 x 2 checkerboards in which the checks

~- ’ .

contrasted by either 277%, 23%, 17X, llil 5%, or 3% as measured by a

Spectra Brightness Meter, Meggl UB (Photo Research Corporation). Each

i. [
f 1
L
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pattern was phired with its own plaim grey square (composed of four

equal-luminance quadrants) which matched the mean luminance of the

checkerboa/? (range 3.6 to 4.5 cd/m ). When viewed from 40 cm, the

stimuli were 16°* x 16° and each check w1th1n the checkerboard was 8° x
8*.

R -/
AEEaratus )

Most aspects of the experimental apparatus remained identical to

those described in the pilot study. However, in this study, the stimuli

were illuminated and projected by a Beseler Dicro 45MX Il Color Computer

system., This @evice offered the additienal advantages of line voltage

regulation, a light mixing chamber, steady luminous output over time:a

. - -
photosensitive detectors which pigﬁided continuous feedback on the
chromatic characteristics of the transmitted light.

Procedure

The pilot data revealed that &he average newborn contributed
three blocks of four trials under én ipfant control procedure. In the
present experiment, each newborn was shown tﬁree blocks of st%ﬁuli.

Each of these blocks consisted ;f two presentations of one of three
checkerboard stimuli and two presentations of the checkerboard's
luminancé-matched grey square. The thirty newborns ig>éroup 1 viewed
checkerb&ards in which the contrast was 3%, 17X and 27% and the matching
grey squarezi The thirty newborns in Group 2 viewed checkerboards in
which the luminance contrast was é:, 112 and 23§ andltheir matching grey
squares, Each of the stim&lus pairs (a checkerboard and its control

grey square) was presented twice within a block of four trials in a-

predetermined ABBA or BAAB order. _Order was counterbalanced across

( ¢
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subjects. The statistical analysis included only infants who

contributed complete data (i.e. all three bloéks) and for whom the
intercbserver reliability was » ,80. For the 60 subjects in the final

sample, the mean Spearman interobserver reliability coefficient was .9&"54;“~
{range = .82-1.00).

Results and Discussion -

For each trial, I calculated the mean of the times recorded by
the two observers. Then for éach block of each subject, I compuéed the
mean amount of time that the infant speﬁ; looking at each stimulus,
From these values, I computed the difference between the time the baby
looked at the checkerboard and the time he looked at the square. Thus,
a positive score indicates that a newborn looked longer at the
checkerboard than at the grey square, whereas a negative score indicates
that he looked longer at the square. The results from Groups 1 and 2
arq:}ombined and summarized in Figure 3, which shows that most
difference scores were positive for the checkerboards in which the
contrast between the checks was 112 ;?!greater.

A series of Wilcoxon analyses'for.matched palrs confirmed that
newborns looked significantly longer at the patterns with checks
contrasting by 27% }T(30) =69, p < .005], by 23% [T(30)]= 50, p <
.005], by 17% [T(30) = 140, p < .01] and by 11% [T(30) = 117, p < .Of]
than at each of their respective matéhﬁ@ grey squares. However,
newborns did noc-show a prefere;ce for the checkerboard pattéfns in
which the checks contrasted by 3% [T(30) = 240, n.s.] or by‘5£ (T(30) =

249, n.,s.]. A second finding was that the magnitude of these difference

scores appeared to increase with increasing contrast between the checks,

\
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Figure 3.

33

Distribution of the differences in looking time (mean

looking tiﬁe at the checkerboard minus the mean
locking time at the square) at each contrast. Each
dot represents the data from one newborn, and the
arrows indicate the median difference score at each
contrast. For the checkerboards in which the checks
contrasted by 3% or 5%, newborns looked about equally
long at both the patterns and the squares. However,
with contrasts of 11X or greater most points lie above
zero. This implies that newborns looked significantly

longer at these checkerboards than at the luminance-
- ’
matched grey squares.

L
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i.e. newborns' preferences were larger with the larger contrast; The
median difference scores, represented as bars in Figure 4; demonstrate
this pattern more clearly., This pattern is consistent with the common
sugge;tiog that large brightness differences (i.e. high contrast) are
very appealing to the young infqnt (c.f. Fantz, 1963; Salapatek & Banks,
1977).

In summary, the résults show that newborns are much more
sensitive to contrast than tAe 35-50% limits estimated from previous
reports measuring optokinetic nystagmus or gvoked potentials, Newborns'
apparent failure to respond to.smaller contrasts in those studies pdy
have been caused by the'response variability which is very pronounted in
medsures pf OKN and evo%ed potentiais, or by the "peripheral" naturf of

these measures as indices of infants' :}pion. In addition, the evidence

that newborns showed good sensitivify to contrast re-emphasizes the need

-for studies of color discrimination to demonstrate that newborns are

responding to chromatic stimuli on the basis of hue and not brightness.

The taaner in which newborns respond to vafy;né degrees of
contrast will be very'important when‘interpreting the findings from the
color studies. 1In thése investigations of color vision, newborns ade
sgown alcoloted-and—grey patterﬁ and a luminance ﬁl{che# grey sqyarg.
If newborns respond 6n1y on the ba;is of the brightnéss contrast and ﬁot
the hue differenge between the colored-and-grey cﬁecks, one would expect
thaﬁ they wd&éd generate a pattern of results very similar ;o those

obtained in the present experiment.

»*
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-Newborn's preferences for the cheékerboards: Bars

represent the median difference between loocking time
at the checkerboards apd at the squares., White and
specked bars differentiated the data obtained from

the two groups of newborns. _ 4
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Experiment 2a

Newborns' fine sensitivity to contrast is of obvious benefit in
allowing them to distinguish objects in the wvisual environmept,

However, we know very little about how this ability develops. Thus, it

] .
would be valuable to evaluate how, and at what rate contrast detection

develops during- infancy. As a first step, I tested a group of 2-month-

- olds uﬁé;r experimental conditions identical to those used . with newborns
in Experiment 2,

In-the literature, there are many discrepant reports on 2-month-
olds' sensitivity™to contrast {see Banks & Sa;épatek, 1981; and
Salapatek, 1979, for reviews). For example, Doris et al. (1967)
reéorded B~week-olds' optokinetic nya;ﬁéaﬁé responées to stripes of
varying contrasts and observed OKN only when the étripes contrasted by
more than about 17%. In‘contra;t, Peeples and Teiler (1975) examined

the ability of 2-month-olds to detect a bar of light which contraste

LN -

1
with the background field by different amounts and found much greater

sensitivitj. Infants showed that they could detect the bar as long as
it contrasted with its background by at least 32 (Weber Fraction =
05). / - :

\ Several other studies have deriVed contrast semsitivity
]

functions in 2-month-olds. Pirchio, Spinelli, Fiorentini and Maffai
(1978) obtained measurable evoked potentials when infants were presented
with sine waves cogtrasting bf 29% or greater. Two investigations using
preferentialjlooking_hafe found greater sensitivity to contrast,
Atkinson, Braddick and Moar (1977) reported that 2-month-olds preferred

a sine wave to a grey. field when the sine wave had a contrast greater
. ; .

s -
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than about 18%. Banks and Safapatek (1978) found that 2Z-month-olds
showed a preference %E}n when the contrast of a sine wave was as small
as about 8. However, these values represent the "optimal™ contras
sensitivities obtained with sine waves of 2 cyﬂles per degree. _With
bigger stimulus components (like those used in the present study) both
Atkinson et al. an@-Banké and Salapatek reported that 2-month-ol%g

- appeared tp detect sine waves only when the contrast was 20X or greater,
and Pirch'oret al. found a cut-off as high as 477%. }’

| Thus,rthe results ‘obtained from observations of 2-month-olds'

contrast detection hdve been extremely variable. Some studies (e.g.

Peeples & _Teller,‘??S) have shown 2-month-olds to be very sensitive to
variations in contrast whereas other investigators have found poor

ﬁeSponsiQity e.g. Pirchio et al.). The range of the estimates (3%-47%)

LS
-

can probably be explained by differences in response weasureg, ia

luminance conditions, and in stimulus size. ‘In order to study the

development of contfrast detection, I tested 2-month-olds with the same

+»

methods used in ExReriment 2 to test newborns. e
" ¢

Method

.

Subjects ' .
The subiects were 24 8- to 10-weeﬁ401d-infants (x age = 64 days)
all of whom were at least 38 weeks gestationdl age and at least 2500g at
birth. An additional five infants were tested but not inélqﬁed in the
sample: three because they did not.contribute complete data, (fell

asleep or were fussy) and two because of low interobserver reliability

(Spearman rho < .80).



Procedure

The apparatus was identical-to that uséd-with newborns in

Experiment-Z. In this.stﬁdy, however, 2-month-olds were

shown the checkerboard patter@s with checks contrasting by 3%, 5X, 11X

and 23%. Each pattern was again paired with its own luminance-matched
qggggy square. All other details remained iden?ical'to'those outlined in

Experiment 2. The stati;tical analysis included ogly tﬁose infants who-

cohtribuﬁed complete data.fo£ all four blocks of trials and for whom

interobserver reliahi}ity G&§“>7.80. in the final sample, the mean

. 3 :
'Spearmqn intercbserver reliabik&ty was .95 (Range = .89 - 1,00).

Results and Discussion \\\«’/’d . 4

Ll

The data were reduced in the same way as in Experiment 2.
' Wilcoxon analyses of matched pairs revealed that 2-month-olds looked
longer‘éé the checkerboards containing conﬁrasés'of 232 XQﬁZA) = 34, p <
1.005], of 11Z_[T(24) = 14, p < .005) and of 5% [T(24) = 54, p < .005]
than at the matching. grey squares. They showed no significant
pr;ference fd?rtﬁe checkerboard with checks contrasting by 3% [T(24) =
104, n.s.]. These data are présented in Figure 5 where it can be seen
that the pattéfn of results ohtained from 2-month-olds is somewhat

parabolic as opposed to the positively accelerating function generated
- 4 .

by the newborns. In other words, as the degree of contrast between the

checks increased, the magnitude of 2-month-olds' preferences did not

/“ - .
appear to increasé as it had so dramatically in newborms.
The results obtained in Experiment 2 show that 2-month-olds are

very sensitive to brightness contrast: They can .detect the contrast

between shades of grey which differ by only 5% 4 'Iy results are simil%

s



Figure 5,

—

2-month-olds’ preferences for the checkerboard: Bars

represent the median difference between looking time

at the checkerboards and at the squares,
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to those of Peeples and Teller (1975) who found that 2-month-olds can

~

1
|

detect contrasts as small as about 3X. L
~ !

\In comparing the data obtained from 2—mbnﬁi-oldsk(£xperiment 2a)

with those from newhoras (Experiment 2), a number of phenxmena emerge,

Not surprisingly, 2-mo;}ﬁ‘plds showed evidence of detecting contrasts

§
A

Ehft were smaller than those detected by newborns (i.e. 5% vs 112).
This represents a deQelopmental change which should allow 2-month-olds® ,
_t§ moré easily distinguish objects and to see textuté within objects.
D;riS'et al, (1967) also reported that 2-month-olds showed a substantial
improvement over newborms in the ability to see contrasts (from 35% to
i?%). Secondly, the shapes of the functions obtained from newborns and
2-month-olds are stéikingly different: 2-month-olds did not show
increasing preferences with increasing contrast as newborns did.

However, one must first test with a larger number of contrast values and

check sizes in ordér to evaluate this trend more fully. A reasgn for
this is that infants' preferences for check size change developméntally
(Brennan, Ames & Moore, 1966)}. Since the check size (2° x 2°) used in
these experiments was one most préferred by newborns (Brennan et al.;
1966), it is difficult to evaluate the pattern of 2-month-olds'
preferences. Perhaps with a more complex checkerboard (e.g. an 8° x
8°, Brennan et al.) 2—month-oldst preferences would vary Qith variations
in contrast. Thus, these data .have revealed that‘in.addition»ta the
fact that 2-month-o[§s are more semnsitive to contr;st than newborns, the
manner in whicﬁ these two age groups respond to various contrasts may

also differ.
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CHAPTER 4: Experiments on Newborns' Color Vision

.

Experiments 3, 4, 5, 6, and 6a

In this series of investigatioms, I examined newdirns' ability
to dgtect the four primary hues, green, yvellow, red and blue. In order
to test their color perception, newborns were shown a series oﬁ)colored
(e.g. green-and-grey checkerboard patterns). Within each of the
patterns, the contrast between the érey and iﬁétcolored checks was '
varied across a large range centrea arOuhd the poin; where studies of
infants' spectral sensitivity suggested that the luminance of the color
and-the gfey would be equal. To adults, in some of the checkerboards,
the grey checks were of higher luminance than the colored checks (i.e.
_patterns designated as +}, in other stimuli, the grey checks were of
"1ower luminance than the colored checks (i.e. patterns désignated as -).

These st;dies have incorporated the same logic as the Peeples
and Teller (D975).experiment. In their first experiment, Peeples and
Teller varied the contrast between an achromatic bar and a white
backéround and found a contrast at which 2-wonth-olds failed to show )
evidence of detectingAthe bar. To test infants' color perception
Peeples and Teller then varied the luminance difference between a series
of.fed bars and a white backégound in steps of this size in order to be
sure thét 2-month-olds would not detect any difference in brightness
between at least one of the bars and its backg;gund. Although Peeples
and Teller could not predict at which luqinance(s) infants would see red

and grey as equally bright, it was assumed that with at least one of the

. 41
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red bars, 2-month-olds would not be able to detect a bri

difference between the bar and its background.
Peeples and Teller's strategy-has bgfp/ggopted for

studies of newborns' color vision. 1In Efperimen: 2, newboras

demonstrated that they did.not shOﬁ a2 preference for an achromatic

checkerboard over a matching grey square if the contrast between the

checks was 5T or less. 1In a test of color vision, I wanted to be sﬁre
that within at least one of the patterns, newborns would not detect any
brightness difference between the colored and grey checks. The range of
contrasts of the stimuli was large enoegh (about -25% to about +25!) to
insure that one such checkerboard would be included. In addition, the

contwgst between the colored and grey checks was spaced by a maximim of

10X. As\a& result, at least one checkerboard was always within 5% of the
point where newborns would not show a preference for a checkerboard over

its matched grey square if they cqud not detect the hue and were
responding solely on the basis of brightness contfaat. To illustrate
this, Figure 6 shows how an adult and a newborn might.perceive a series
of checkerboard stimuli, 1In the top portion .of the figure, five stimuli
are represented as they would appear to the "average§ adult. The a;row
(at 0Z) illustrates a stimulue in which_adults ﬁould perceivé the color

and the grey as equally bright.' In the lower portion of the figure,

these stimuli are represented as they would appear.to a hypothetical
newborn. The infant would perceive the color and grey ag equally bright

at a point which for adults would represent an 8% contrast. Therefore,

since we know from Experiment 2 that newborns do not show a preference

for a(checkerboard over a Elgin grey square if its luminance contrast is

-

BN

]
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Figure 6

LN
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« This figure represents hqw a series of grey-and-

.colored contrasting stimultemay appear to an adult

and to a newborn (see text for a more detqiled

explanation),
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5% or less, a color deficient infant should not show a preference for
the checkerboard if its.contrast is between +3% and +13Z,

Part a of Figure 7 represents an expected pattern. of results .
that would be obtained if newborms could not detect the hue in the
checkerboard. As can be observed, newborns would not show a preference
for one of the checkerboards (i.e. onelin which the coatrast is < 5%),
However, newborns should show increasin preferencea‘for those
checkerboards in which tﬁe brightness, difference differs the most from
the checkerbozig_fbr(;;ich they showzz\ab preference. Thig is based on
the pattern of results from Experiment 2 in which newborns viewed
gheckerboards of varying shades of grey.

The other two patgerns bf results shown in Figure 7 illustrate
trends that would be expected if newborns differentiate the colored from
grey checks within the checkerboards. 1In both cases, newborns perceive
all of the stimuli as colored-and-grey checkerboards and thus show
preferences for them over their r;spective matched grey squares. In
some checkerboards, newborns detect both a hue and brightness difference
between the checks, in others, th;y detect only a hue difference.

Par£ b shows a pattern of results that would be expected if
‘newborns cén discriminate a hue from érey at all contrasts but in
addition, newborhs; prefereﬁée for a checkerboard increases as a
function of increa;ing contrast between the hue and the grey. Moreover,_
the checkerboard that newborns show the smallest prefeifnce for is the
checkerboard which presumably contains no contrast information. In
other words, this pattern is oﬁe_in which newborns perceive the hue and

grey as "equally bright". F“\i



Figure 7.
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newborns' hue detection (see text for more detailed

explanation).

S

!

N

45

Three expected patterns of results for studies of
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™~ The following series of experiments
p P h
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™~ T S
Part ¢ of Figure 7 represents aggttern of results that would be

i;gected if newborns show preferences for all the colored—and-grey

-/checkerboards over the grey squaref but their preferences are not

influenced by contrast. Thus the magnitude of newborns' preferences

remains fairly stable as contrast varies. In this case, newborns appear '

to "ignore" the varying amount of coantrast in the checkerboards and

infaqtgf preferences are influenced simply by the fact that the colore

checks &iffer from the grey ohecks. Although, like pattern b, such'a

result would allow one to conclude that newborns can differentiate the
-

color from grey, one could not from ¢, predict where a brightness match

for-the_color and the grey occurs,

valuated newborns'
1]

responses to the specténlmeolora green, yelloy, red and blue. Neﬁiorns'

pattern of preferences should ref;fd wheth€r they reséond to brightness
’ - ,A o . /\

contrast only, to hue only, or to both atkributes.

Experiment 3 p

’
The first of these studies examined newborns'r;zﬁﬁsnses to a

series of green-and-grey checkerboard patterns and their luminance-

matched grey squares. Again, newborns' tendency to preﬁgr pi?xerned
- N ~ -
over unpatterned stimulation was used as an index of detection.

“

Method \\‘—ﬁ:’;‘H

Subjects &
The subjects were 60 infants, one to five days of age (x = 3.2

days), at least 38 weeks gestation and at least 2500 grams at birth. An
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additional 14 newborns were tested but not included in the sample: nine
because of incomplete data, two because of a procedural error, and three

be:;gsa\gf poor interobserver reliability (Spearman rho < ,80),.

N

Stimuli

The stimili were six green-and-grey 2 x 2 checkerboard patterns

in which the green-and-grey checks would, to an adult, contrast by +22X%,

+132, +3%, -7%, ~16% and -252 (see Appendix 1). The dominant wavelength
[ -

in the highly saturated green checks was 550 rm (range 505-590 nm) as

measured by a Cary 14 Spectrophotometer. At the omset of the ~"

experiment, a slight color-cast existed on' the achromatic checks. In

order to eliminate this, small amounts of dichroic filtration were

required. Two normal.female trichromats adjusted the filter values

- ;

unt%¥”$hgz,r€;orted that the color cast was effectively minimized.

—_— P~ -

Since the two sets of filtration values corresponded very closely, the
s .

average value was chosen. These values were used for the duratiom of

- -~ -
the experiment, (
Each’ pattern waa paired wifgvlts own plai ey square u’ich
matched the mean luminance of thetcheckerboard. Both overall size and

chedk size were identical to those described in Experiment 2.

Apparatus and Procedure

The 30 newborns in Group 1 viewed cﬁeckerboards in which the
green-and-grey checks would, to an adult, contrast by +3%, - aEﬁ -25%
and their matched grey squares. The 30 newborns. in Group 2 Yiewed
patterns in which the checks would, to an adulf\\jjntrast by +22%, +13Z”/

and -7% and their matched grey squares.
A

| o
VZ\ '\, <
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. N .
All other aspects of the apparatus and procedure remained
\

identical to those described i‘kﬁ::::iiigF 2, For the 60 subjects in

the final sample, the mean intero ‘eriSpearman‘coefficient-was .93
T s

(range = .8321.00)w—’ \

Results and Discussion }

L

The data were reduced in the samé=manner as in previous

e experiments. Figure 8 shows that thesmajority of the differences in
N ] v _
( looking time between the checkerboard and tﬁe square were positive at

all contrast values. -Wilcoxon analyses confirmed that newborns looked

L " significantly longer at the green—and-grey patterrs with checks
. .
.. contrasting by +22% [5?30) =42, p < .005],4by_+131 fT(30) = 19, p <

.0051, by +3% [T(30) = 43, p < .005), by -7% [T(30) = 31, p < 0051, by

: . v g
-16% [T(30) = 38, p < .005] and by -25% [T(30) = 52, p. < .005) than at

-

each of their respective matched grey squares. ;

As pointed out in Chapter 1, a major problem in the

interpretation of previous studies of newborns' color vision is that
. P
newborns may have differentiated chromatic from achromtic stimuli:on

the basis of brightness differences (see Bornstein, 1976; Teller &
Bornstein, 1983; and Werner & Wooten, 1979, for reviews). In Experiment

>
2, I first examined newborns' sensitivity to contrast and then used this

}nformation to construcF a series of greeﬁ:zabtgxsy sE}muli. It “ags
expected thit with at least one of these stimuli, newpornq couldgpot
detect any b;%ghtnesé differences betweén the colored and g;ey checks,
Therefore a green-deficient,neﬁborh should not be able to differenf{;te
this stimuluéhkrom the grey squhfe and tbds-show-igﬁ?referénce for the

- pattern. The results showed’that, on the contrary, newborns showed

kY .

S~ - :

L3}




49 4

- ; t v
D | ; ‘
.
:

. Eigureuh. Distribution of the differences in looking time (mean
. looking time at the green-and-grey checkerboard minus

the mean lookingltipe‘at the grey,squg;e) at each

contrast. éach do: represents the data from one

newborn, and\#he horizpnﬁal arrows Andicate the‘mediamf?}

difference score at each contrast. The fact' that most

of the pointd lie aboﬁe zéro illusfrates ﬁhat at all

- contrasts, newborns looked significdnﬁly longer at the

green-and-grey checkerboards than 4t the luminance-

T L matched ‘grey squares. The vertical arrow at the .

brightness
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4~1ﬁeferences for all the green-éndfgrey checkerboards. This suggests
that newborns can differentiate green from grey. The results of

Experiment 2 show that when viewing checkerboards composed of achromatic

- : :
checks,/ newbor preferences[{;crease dramatically as a function of

]
contrast within the checkerboard. As can be observed in

increasi
Figure 8, the median difference scores for grﬁsn-and-grey checkerboards
(indicated by the arrows) are approximately equal ‘at all contrast
values. Thus, it se?ms that the difference in hue between the green and
grey checks was the facgor primarily responsible for influencing
newborns' visual behavior. .

,/) One final issue is the width of the contrast range used in the

o . -

présent‘experiment. The range (-25% to +221? was chosen to represent a
fairlx'conservative estimagé of where a newborn'é-brightness match for
green aﬁd grey may gccur, Since adhl&glrand l-month-olds' spectral
sensitivity curves are very similar in Fhe greén portion of the
spectrum, one would expect that the luminance at which infants and

adults would see the green and grey as equal would be very similar.

However, one might argue-that a\newborn's brightness match for green and

grey occurs outside this ran . 2 #22% or < -25%), For example, if

a newborn matched green with a + then the +22% grey would
actually appear as a -18% stimuls. Since we know from Experiment 2
that newborns show a preference( fpr cont;aéts of ;llZ Br greater, a
gree;—deficient newborn would show a preference.for this pattern over
its matchiﬁg grey'squaré based ‘on the brightﬁéss differences Between the

checks. Since all of the green—and-grey checkerboards would appear to

contain at least -18% contrdst, even color-deficient newborns would show
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4 preferénégiﬁor all the patterns in the series, as did the babies in

the present study.

This problem of an appropriate range even.seems less likely when
one re-examines the results of Experiment 2, This experiment rq:saled a
distinct pattern of newborns' visual behavior. As newborns detect
greater contrast in the checkerboards, they show greater preferencea_éor
the patterns over the matched grey squares. ;p1eref;re, if.a newborn's h
brightness match for green and grey were really at +£6i;uthen: q\+222
stimulus would really appear as -182 and the +13X stimulus as a -27X.
In light of the results of Exgeriﬁfnt 2; a green—deficient newborn
shoyld show a greater prefere;ce for the -27% than tﬁ; -18% stimulus,
However, Figure 8 shows that a_l‘l'm ;We'ferenées in tt.le preseunt

-

experiment were approxlmatbly equal. Since we ‘know the manner in which

»
newborns respond to contrast as large as 1271 (from Experiment 2), the

effective range within which we can interpret newborns’ reappnses to .

green-and-grey checkerboards is now extended from +22% to +40%. This

same analysis can be applied to the (-) portion of the range as well.

. . i . gl o
Therefore, since previous studies (Teller et al., 1981) have found

about a *20% range is aéequate for locating where l-month-olds fail to
discriqinate‘between certain hues, it is reasonable to assume that this
*40X range is adequate for-"capturing" newboéﬁs' brightness matches.”
Since newborns showed that they could differeﬁtiate green frop
grey, these data provide the first demonstration of any form of color
vision in the human newborn. In addition, these data resembled pattern

c of Figure 7. Pattern c showed that when hue was present, newborns

showed no responses to the contrast existing in many of the
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4

checkerboards. Although this result is interesting, it unfortunately

-

means that we cannot estimate at which luminances newborns perceive the
/ , Lo :
‘'green and the grey as equally bright. This may have been possible if

the resﬁltsfhad resembled pattern'b, P o
(o .;ﬁﬁperiment 4
This study examined nelyborns' zgtection of a yellow hue-by
recording newborns' looking fimes to grey—and-yellow chickerboard
patterns and lﬁminance—mat ed grey squares,
Method Yo \J
Subjects -

~— The subjects were 60 infants, one to five days of age (x = 3.4
d;ya), at least ;E::}eks gestational age and af least 2500 grams at
Jirth. An additional six-newborns were tested but not includéd in the
§amp1e: four because they did not contribute enough dgta and two
because of low interobserver reliability (i.e. rho < .80).

Stimuli

The 'stimuli were six 2 X 2 checkerboard patterns in which the
.yellow-ahd—grey checks, to an adult, would contrast by +20X, +12X%, +6%,
-2%, -11% and -21X (see Appendix 1). The dominant wavelength in the
highly saturated yellow ;hecks was 585 nm (range = 530-625 am) as
measured by a_Eary 14 Spectrophotometer., Each pattern was paired Witﬁ\\‘ﬂ’/*
its own plain grey square which matched the average luminance of the
cﬂeckerboard. The size of these stimul# were identical to those

described in previous experiments,
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Apparatus and Procedure

The 30 newborns in Group 1 viewed checkerboard patterns in which
the checks, to an adult, contrasted by +20%, +6Z2, and -20X, The 30

»_
newborns in Group 2 viewed checkerboards in which the yellow-and-grey

checks contrasted by +12X, -22 and -11X. All other aspects of the

»

apparatus and procedure remained ideatical to those described earlier,

For the 60 subjects in the final sample, the mean Spearman interobserver

reliébility coefficient was .95 (range = .80 - 1.00).

-

Resultsg-and Discussion

The data were teduced in the same manner as in Experiments 2 and
3. The group results are summarized in Figure 9rwhich indicates that:at
all contrasta, mest of the dxfference scores -for yellou—and—grey
checkerhoarda were positive., Wilcoxon analyses revealed that newborns
looked longer at the grey—and—yellaw patterns with checks contrastlng by
+202 [1(30) = 23, p < .005], by '+12% [T(30) = 58, p < .005], by +6%
[T(30) = 36, p < .005], by -2% [T(30) = 28, p < .005], by ~11% [T(30) =
100, p < .005) and by -21Z [®(30) = 44, 2 < .005} than at their

Tespective matching grey squares. It was expected that with at leaat ;

one of these stimuli, newborns could not’ detect any brlghtnesa ’

differences between the yellow and grey checks. Therefore, a color-

deficient newborn should not be able to differentiate this stimulus from

P - -

the grey square and he should show no preference for the pattern. The

results indicated that newborns showed preferences for all the yellow-

r
and-grey checkerboards. Also, as we had observed in the green study,

the pattern of results in the present study (see Figure 9) indicates

that the amount of contrast existing within some of the checkerboards

'
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Figure 9. Distribution of the differences in looking time (mean

looking time at the yeliow-and—grey checkerboard minus
the mean looking time at the grey squafe) at each

contrast. Each dot represents the data from one

‘newborn, and the horizontal arrows indicate the median

difference score at each contrast. The fact that most
. . .

of thg points lie above zero illustrates that at all

contr, ewborns looked significantly longer at the
yellow-and-grey checkerboards than at the luminance-
matched grey squares. The vertical arrow at the

‘bottom of the figure represents an estimated adult

brightnésa match for yellow and grey (sece Appenﬁix B).

\r‘-—‘:
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had no effect on the magnitude of newborns' preferences. This pattern
was markedly different from the pattern shown when newborns viewed
achromatic checkerboards (Exp. 2). In summary, these data suggest that

newborns can discriminate a yellow hue from grey.

. Experiment 5

This study used the same experimental techniques to examine

newborns' detection of long-wavelength (red) stimulation,' |

_ Method . ’)

Subjects - g
The subjects were,GO.infants; one to five days ofJ:ge (x = 3.1

days), at least 38 weeks.gestatiqnal age and at least-ZSOO grams at

birth. An additional 12 infants were ;efted but not included in the

sample: eight because thj} did not contribute enough data and four

because of low interobserver reliability (rho < .80).

!

Stimuli

&

The stimuli were six 2 x 2 checkerboard patterns in which the
red-and-grey checig, to an adult, would contrast by +27%, +18%, +8%,

n- . /~- .
-2%, -11% and -21% (see Appendix 1). The dominant wavelength in the
highly saturated red checks was 650 nm (range = 590 - 685nm) as measured
by a Cary 14 Spectrophotometer. Each pattern was paired with its own

plain grey square which matched the mean luminance of the checkerboard.

The size of the stimuli was the same as those previously described.

Apparatus and Procedure.

The 30 newborns in Group 1 yiewed checkerboard patterns in which
the red-and-grey checks contrasted by +27%, +18%, and +8%. An-

additional 30 newborns were shown checkerboards containing contrasts of
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-2%, -12% and -21X. All other aspécts of the apparatus and procedure

remained identical to those described, in Expts. 2, 3, and 4. TFor the 60

subjects in the final sample, the mean Spearman interobserver

reliabiliqy*tdéfficient was .93 (range = .80 - .99).

Results and Discussion

The data were reduced in the same manner a&s in previous

experiments. In FiguES,IO, we can see that for all contrast values, the

LY

majority of the difference scores wege positive. Wilcoxon anazlyses
revealed that newborns lopked longer at the red-and-grey patterns with
checks contrasting by +272 [T(30) = 46, p < .005], by +18% [T(30) = 71,
p < .005], by +8% [Tgig) = 73, E_( .005], ﬁ; -2% [T(30) = 32.5,.p <
.005], by -12% [T(30) = 8§, é_( .005] and by -21% [T(30) = 43, p < ,005]
than at their respéctive matched grey squares. It was expected that
with at least one of these stimuli, newborns could not detect aﬂy
brightness differences betwegp the red and grey checks. Therefore, a

red-deficient newborn should™not be able to differentiate this stimulus
* e

from the grey square and he should show no preference for the pattern.

‘On the contrary, the results indicated that newborns showed preferences

for all the red-and-grey checkerboards. Secondly, as was the case with

green and yellow, the pattern of results shown in Figure 10 indicates
that the amount of contrast had no effect on the hagnitude of newborns'

preferences. In summary, it appears that newborns can discriminate a

red hue from grey.

—

'hfﬁxperiment 6 .

This study used the same experimental techaniques to examine
[ ]
newborns' responses tg short-wavelength (blue) stimulation. The range

\



Figure 10.

Distribution of the differences in lboking time (mean
looking time at the red-and-grey checkerboard minus
the mean looking time at the grey square) at each
contrast. Each dot represents the data from one

newborn, and the horizontal arrowg indicate the median

difference score at each contrast, T fact that most

_of the points 1li€ above zero illustrates that at all .

contrasts, newborns looked significantly longer at the
red and grey checkerboards than at the luminance-

matched grey squares. The vertical arrow at the

bottom of the figure represents an estimated adult

. brightness match for red and grey (see Appendix B).
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of contrasts in this experiment is not centred around 0 as it was in

the earlier experiments. In thgefirst study (i.e. Group 1), newborns

did not show a preference for the checkerboard in which the blue-and-
*

,f‘\\g{Ey checks contrasted by +162, Therefore,ﬁfﬁ’ghe second phase (Group

C:Lf' 2), newborns were,shbun a checkerboard containing a contrast that was

¢ very similar (+142)- “This was done in an effort toq“replicace" the

findings of Group 1 an secondlf, to Eet tter estimate of the

luminance at which newborns see blue anfl grey as equally bright. Since

previous studies 6f infants' spectral sitivfty revealed that infants

show relatively ﬁigher sensitivity in f§§%§§:§§::%;;1ength region, it e
-

.was éxpected that & newborn brightness match for blue and grey would be

in the'(+) regiof. \"‘\ - ' *

- Hethod

Subjects
o ) -
The subjects were 60 infants, one to five days of age (x age =

3.4 days), at least 38 weeks gestational age and at least 2500 grams at
birth. An additional 10 newborns were tested but not included in the

sample: six becamse they did not contribute enough data and four

-

. \

The stimuli were six checkerboard patterns in which the blue-

because of low interobserver reliability.
Stimuli

> ]
and-grey checks would contrast by »33%, +251,/i%61, +14%, +5%, and -4%. .
The dominant w;velength within the highly-satu;ated blue checks was 485',//
nm {range = 425 -.510 nm) as measured by a Cary 14 Spectrophotometer,

All other aspects of the stimuli remained the same.as those 0ut1ined in .

previous studies, o
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Apparatus and Proceé:;e

The 30 nq@b rns in Group 1 viewed checkérbé}rds which, to an
. |

-

adult, had blue—and—grey checks which con;fésted y +25X%, +16% and +5%.°

Y

:An additional 30 newborns were shown checkerboards containing contrasts

of +33%, +14% and -4%. All other aspects of the apparatus and-proéedure
wére identical to those described previously. For the 60 subjectﬂ/in
the final'sample,.the mean Spearman interobserver reliability .
coefficient was %.95 (range = .80 - 1.00).

' - - -
Results and Discusslon

The data were reduced in thes same manner as in-previous -

experiments. In Figure 11, one can see that the pattern of results is

quite different from those obtained in the studies of newborns'.

responses to green, yellow and red. With two of the blue-an;:grey e

checkerboards, the distribution of differences is centred around zero.

"

. A
Wilcoxon analyses revealed that newborns did not look longer at the '

"3

patterns in which the checks contrasted by +14% [T(30) = 140.5, n.s.]

- and +16% [T{30) = 196, n.s.]‘than.at the matching grey squares. However

“ . :
newborrn® did ehow a preferenceq@grrthe checkerboards in which the blue-

and-grey checks contr?sted by +3ji,[T(30) = 0, 2_(,.005],-by +252 [r(30)
) g
= 43, p < .005], by 5% [T(30) = 56.5, p < .005] and by -4% [T(30) = 8, p

< .005] than at the respective matching grey squares.

N [

: : : ’ ’ ‘
If newborns were able Wo discriminate the blue from the grey

. 7/ a
& . S
checks, then all the—zaéqk5£96;rds would have appeared pattern-like and .

thus as in Experiments 3, 4, and 5, newborns should have shown a
t

preference for all the blue-and-grey checkerboards over the grey

squares. Since newborns showed no evidence of preferring +142 and +16%°

- .

¢
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Figure 11, Distribution of the differences in looking time (mean

looking time at the blue-and-grey checkerboard minus
lthe.mean looking tiﬁe'at the square) at each céntrast:
Each dot represénts the data from one bor(:\}vd the
horizogtal arrows indicate the median dif erence's;ore
at eaéh c&qtrag;. When newbérns viewed contrasts of‘ﬂ
+14% and +16X, they looked ;bout equally long at both
the patterns dnd the squares. However, with the 6ther
qheckerboaéds, most of the points lie above zero. -
'?his suggests that newborns looked .significantly
ionger at these. checkerboards than at the luminance-
matchéd grey squares. The vertical arrow #t the

bpttom of the figure represents an estimated adult

brightness match for blue and grey (see Appendix’ B).

—
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. patterns over the plain squarés, this implies that there was not enough
visual informatiom in these patterns to influence newborns' visual
behavior. This pattern of results is what was‘expected if newborns
could not differenéiate blue from grey (see Fig. 7, Part a). However,
newborns did show preferences for some of the "Blue“ and grey patterns
over the grey squares. éThese preferences were most likelijased on

newborns' detection of achromat contrast between the blue and grey

checks., In addition, Figure 11 shows,éazt\qh of newborns'

preferences appear to increase with :;ntrast are further and
.

further from the +141 and +16% checkerboards. In Experliment 2, newborns

showed dramatic increases in ;heir preference for an achromatic
chéckerboard when its contrast was Ancreased, Thus, most likely at some
point near where adults wo.ld see the greys as +14% and +16% brighter
than the blue, newborns perceive the brightnes; of the blue and gr;y as

i
equal, Assuming for a moment that a typical newborn"s brightness match

Ve

(i:e. 0X) is actually at54152 for an ggult, then the newbor’ would

. : i
perceive the{blue and grey checkerboards that 6. arff adult, by /

- - S~ b

+25% and +33% as patterns of dark and light grey that contrast by about

+10% and +18% respectively, Ifiguri 11 shows};hat the magnitude of the

preference is flarger for the pattern containing the larger, codBrast,
i . -

- . /
This same trend ig evident on the lef® side of the figure. In this

o
case, the newb&?ﬁ'would perceilve the checkerboards that cont;ast,.ﬁﬁ an’

- .

-
adult by‘%SZ and -4% _as patterns of dark and light grey‘thatda?ntrast'by
. \ A¥

-102'3(&\:191. P
. . J *
One final issue is the location of newbomns' apprrent brigh}ness

mgtch for blue and grey. Studies of infant.spe tral sensitivity reéveal
. '
‘.

T



A )
~J J 62
. ~
that young infants show relat;vely.elevated sensitivity in the shor;-
wave;eggih region of the spectrum (Dobson, 1976; Hos;owit;—Cook, 1979).
Although data obtained from studies of spectral sensitivity cannot be
"used to directly estimate the luminances at whisj two stimuli will }
appgar ;s equally bright, they can predict thigener:'al location where \
such matches may occur (c.f. Teller & Bornstein, 1983). The present
data suggest that newborns see blue and grey as equally bright at a
point where adultg would see ché blue as brighter than the g; . Thus, )
the finding that newborns show no evidence of detecting a blue hue in a
;egion where adults would match the biue with a2 much 1ighter grey is
consis;ént with the findingvthac young infants show relatively higher
sensitivity in the short-wavelength region of the spectrum than do

adults. . *\\\ '\\u

Experiment 6a

- In Experiment 6, newborns did not sh%g evidence of

L

. . " : . o -
differentiating the blue from. grey checks within the checkerbeard

- —

|
patterns. In Experiment 6a, I examined l-monthﬂoags' responses to blue-

Fd

and-grey checkerboards.by again usiné yoqufihféhts‘ preference for a
pattern over-a plain stimulus. The spectral characteristics of the Blue
checks were the same as in Experiment 6. Based on the spectral

7sensit!6;ty‘data wbtained in young infants §M05cowitz—Coo£,'1979), it

was expected that 4- to 6-we would see the blue-and=grey as

~

, . - ~ -

equall b;}ght g3 a po¥nt-domewhe etween where newborns do o 'ﬁ\\\__
) - :

+152) and where .adults do (abdut 02): sult, .only thi t of

. the eontrast range wasfexplore&r—’faf;ddition{, he maximqust size’

used in the present study was Gzé; This was based

the finding that 2~
' . :

- e
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month-olds do not show a preference for a checkerboard in which the
opposing grey checks contrast by 32 or less (Experiment 2a).
Method
Oh
Subjects

The subjects were 24-4- to b6-week-old infants (x = 5.2 heek§3,
at least 3B weeks gestational age and at least 2500 grams "at birth. An
additi025l,gsren infants were tested but not included in theAsample:
five because’ they did not contribute enough data, two because of low

interobserveM reliability and one because of & procedural error.

Stimuli » R

The stimuli were four 2 x 2 checkerboard patterns in which the

blue-and-grey. checks, to an adult, would contrast by +16%, +117, +6%,

\_ ‘\§4RH +2Z. §A11 other aspects of the st1mu11 remained ident:

”,

» described in previous experiments.

Apparatus and Procedure - ‘ .

. Each infant was shown all four patterns and the respective

. —_——
matching grey squares. The order of presentation was counterbalanced
‘ ' LI -5
across subjects. All other aspects of the-apparatus and proc duge were _
- N o
identical to those outTined in Experiments 2, 3, 4, 5 and § FYor the 24
subjects in the final sample, the mean Spearman interobserver
‘ r
g reliability coefficient was .96 (range"= .80 - 1.00).
. Results and Discussion ) ‘,g{(
§ -
. 3 e data were reduced in the same manner as in preyiOus
experiments, In Figure 12, we can see that for. all contrast vatues, the ﬁ
ngiority of the difference scores wefe'pos%tive. Wilcoxon analysfykﬂ' T
, ¢ ' -
confirmed that(f- to 6-wegk-olds looked longer at the blue-and-grey . __
C ;
~ r : Ty m .

’—\ ) & . - ’ b
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Figure 12,

ar

64

/‘\\\ - . }\ N
’
Distribution of the differences in looking time (mean
looking'pﬁme at the blue-and-grey checkerboard minus
the mean looking time at the gre} square5 at each
contrast., Each dot represents -.the data from a single
1—month—;1d, and the arréws indicate the median

difference score at each cdntrast. The fact that most

. of the points lie above zero illustrates that at all

contrasts, l-month-olds looked significantly longer at
-

the blue-and-grey checker¥bards than at the luminance-

matched gréfﬁpqnares.
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checkerb;;:sg\qith checks contrasting by +16Z [T(30) = 56, p < .005]}, by
+11Z [T(30) = 65, p < .01, by +6% [T(30) = 35, p < .005] and by +2%
{T(30) = 21;_2 < .005} than‘at the matched grey squares. Since 4- to 6;’
week—oId; deﬁqpstraced preferences for all of the cont?asting
checkerboard patterns, this implies that they were able to perééive the
waveiengt information within the patterns. éecondly; the pattern of

results reveals that the magnitude of these preferences are fairly
, 7 <

stable afross all contrasts. Thus, as observed in the studies examining

> ‘ - . .
newbbrns' responses to green, yellow, and red, once the visual system 18

\EJ:;ble of detecting wavelength information, color appears to play a

-

LIS

larger role than.contrast in influencing visual preferences. However ,i;;)
Lo
this final suggestion will remain tentative until we have examined how
‘ $. . . .
l-month-olds respond“to differences in contrasts. It is possible that

like 2-month-olds, l;month-oldg’méy not show greater preferences’ for
~ .

_yBreater contrast. In any case, Experiment 6A shows that by one month of
- *

age, infants show some sensitivity to low-wavelength hues. -

L] o

. -

——— -
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CHAPTER 5: General Discussion

"' The findings of this resear?h reveal that newborn human infants
are sensitive to certain forms of visual stimulation previously believed
to be beyond their sensory capabilities. -

Experiment 2 showe& that newborns are sensitive to contrasts as
smﬁll as 11%. Earlier studies usiqg evoked poténtials and optokinetic
nystagmus - (Atkinson et al., 1979; Doris et al., fb67) estimated that
newborns' detection‘thrésﬁola for‘contrast is about 35-50X. Under
similar luminance conditions, adults detect contrasts that are less than
127 (Steinhardt, 1936). The difference i@'sensftivity between néwbérns
and adults is likely due to the immaturity of the newborn visual system.
A number of visuai system structures have been found to be anatomically
immature; These incluéé the foveal cones (Abramov et al,, 1981), axonal
myelinization and the visual cortex (DeCoursey, 1977).

Ekpﬁriment 2a demonstrated the applicability of the methodolégy
to older infants, Twé—mqnth-olds showed evidence of preferring
checkerbear¥ pattérns in which the contrast was as small as 5%. Under
simila} experimental conditions, previous studies had reported that 2-

~
month-olds' maximal sensiti{itg-was extremely variable (i.e. 3% - 47%,

c.f, Banks & Salapatek, 1981),. In addition, Z-month-olds revealed a

1 %

‘different pa;kern of reqults than did newbotns, ;Eggborns showed a very

L

dramatic increase in the\magnitude of their preferences (see Figure 4)

_when cheyirere shownscheckerboards of hi;;:> contrast.. However, 2-month

'\ 686

\ - ; . e
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~olds (see Figure 5) did not show a greater preference for patterns of

higher contrast over those of lower contrast.

The differences betweeg the way in which newborns and 2-mohth-

olds respond to higher contrast may be accounted for by the size and

number of checks within the checkerboardg used in these studies. In the
present atﬁ'1es,-a 2 x 2 checkerboard with 8° checks was chosen because
very youpg'infants prefer ‘it to other patterns that are more complex

(Brennan et al., 1966)., However, Brennan et al., found that 2-month-olds

3
prefer an B x 8 checkerboard over others that are both more simple (2 x

2).pnd more compléx (16 x 16). Thus the 2 x 2 checkerboard used in the

present study is not a stimulus which 2-month-olds prefer. This may
account for the fact that Zﬂmonthjilda did not show incr;asing |
preferences with increasing contrast. The 2-month-old may see a 2 x 2
checkerboard as a very simple stimulus and therefore, find it

uninteresting regardless of its contrast. For future testiNof 2-month-

olds' contrast detection, one suggestion would be to decrease the size

‘of the checks (i.e. use an 8 x B‘Checkerboard). This more optimal

- ot

check size would bette eal whether 'the magnitude of 2-month-olds'

preferences for a pa over a plain stimulus varies as a function

of contrast,
A second reason for proposing this type of experiment stems from

estimates of infants' contrast sensitivity thresholds. A number of

L1 .
‘studies (e.g. Banks & Salapatek, 1978) have shown that-‘!‘onth—qlds show

greater sensitivity to contrast with stimulus elements smaller. then

those used in the present 2-month-old study. Therefore, if 2-month-glds

.
.
[ . -~

A | 5N

- -
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viewed:patterns containing smaller components, they might show evidence
of detecting smaller contrasts (i.e. < 5%).
In summary, these daE; have revealed that the yoﬁng infant is )
quite seﬁsitive to contrast. Newborns' and 2-month-olds’' fine detection
N

of brightness contrast &hould be of great benefit in allowing them to

-

_discriminate'among many objects in the visual world.# The development of

the ability to detect contrast also appears quite rapid. The data
- = - - / -

the present studies, in addition to those investigations of infants'
h*S R

of

contrast sensitivity, suggest that infants' ability to perceive contrast

improves within the first few months (c.f. Banks & Salapatek, 1981),

1
This is most likely due to very rapid development of the nervous system

in early infgncy, particularly improvements in the retina, in
myelinization and in the visual cortex (reviewed in Maurer, 1975). The
present data alsq have® shown that_in addition to the fact that 2-month-
olds age more sensitive to contrast than newborns, the manner in which

these tuo age groups respond to varicus cont

ts may also‘differ,
However, as pointed out earlier, this suggestion requires further

evaluation.
s °

—

tudies of color vision (Exps. 3, 4, 5, and

The resu from the

6) have reveale orns show evidence of detecting three b the

four ‘primary hues. 'Newborns demonstrated that they cam.discriminate

[
grey from green, fﬁem vellow and from red.\xln these experiments,

newborns viewed é}

ies of colored-and-grey checkerboards each of which
‘ : & \)ﬁ
conta%a;d a different contragt. The ran of contrasts in the series

) - .

was large. 1It>was albo centred upon the luminance at which studies of
1 > e . -~
vity predict a color and ‘a grey 'should appear

adult spectr 8

: ~
., v \'.‘h
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equally bright (see also Appendix B). Since the difference in. contrast
_ ~
between the checkerboards changed in small steps, it was assumed that

newborns would percéive the brightness of the color and the §{ey as
N,
equal in at least one of the checkerboard patterms. Yet newborifs looked

longer at each of the contrastipg green, vellow and red chéﬁkerboards
than at the grey squares. 1In addition, thgjpatterd of newborms'
preferences differed markedly from the pattern shown when newborns
viewed aéhromﬁtié checkerboards .in Experiment 2, These data,Provide the
first demonstration of color visidn in the human newborn (c.f. Adams &

Maurer, 1983). In the literature, previous studies in which the
e Y

brightness problem was ized yevealed that both 2-month-olds (OsEgr,

1975; Peeples & Teller, nd 3-month-olds (Borustein, 1975;
Schaller, 1975) are capable of detecting hue. The present data reveal
that this ability -is present immediately after birth. Somé earlier

electrophysiologié}l studies (Barnét et al., 1965; Fischel, 1969; Lodge?

!
1

‘et al., 1969) found the amplitude of newborns' VEPs varied with
different colors. However tﬁLse_data are difficult to interpr;t since
they used colored stimuli that were based on colors that adults
perceivéd as equally bright., As pointed out many times in Chapter 1,
this is an inappré?{iate:control for studies oﬁ)infaﬁts' color vision,
However, wHen newborns were §;iun the blue-and-grey
checkéfboards, the pattern of results was very different and strongly
resembled newborns' responses to achromatic checkerboérdg of various
contrasts (Experiment 2). -In  Experiment 2,.newborns_did not show «

. -

preference foqf@féheékerboard ove:HEEE_matched grey squares when the

. i . -
. contrast in the checkerboard was < 5Z. However, when viewing

? - v .\" T
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checkerboards of greateg contrast (i.e. » 11%), newborns' preferences

varied as a function of the_&gptrag& between the checks. In Experiment
6, newborns displayed a similar pattern of results. When shown the
blue-and4grey‘checkerboardg in which the contra%} was +14% or +16%,
newborns show;d'no préference for these stiﬁuli over'the math&@ gréy
squares. Presumably, newborns perteived these checkerboards as
containing no contrast information. Therefore, the grey-énd-blue checgs
must have appeared very similar in brightness. However, newborns did
show increasing preferencés for the checkerboards in which the
brightgess differénce presumably differed most*from the checkerboards ¢
that contaihed no contrast information, The striking similarity betw;en
the results of Experiﬁent 2 and ‘6 suggests that when”ﬁéégbrns viewed
blue—ana—grgy checkerboardﬁ; they detEctgd only the contrast and not the
hue info%mation existing within the. stimuli.
The finding that newborns show no evidence of discriminating
«blue from grey is not surprising given the recent studies of chfomacic
adaptation in infancy. Chromatic adaptation (c.f. Hurvichy 1982)
“refers to the "fatigue" of one or more of the receptor systems (the
Ishorf;wavelength - sensitive, mid-wavelesgth - sengitive and the long-
wavelength-—sensitive, abbreviaged as SWS, MWS, and LWS) by flooding
the retina-with light of?a given wavelength. The purpose of adapting ;/
chromatic system(s) is so that other systems can be studied in isolation
(stiles, 1959), 1In adults, this is accomplished by observing shifts in
relative photopic sensitivity under.conditions qf adaptat;on. When two
of the three chrdmatic systems are sufficiently adapipd, spectral

sensitivity is determined only by the third system, If all systems are

. LY
) »
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funepioning nor@gily, spectral "gensitivity should differ from the pre-

%dapted state (i.e. when all.three systems operate). Pulos, Teller &

Buck (1980), examined the effecfg‘%fe;hromatic adﬁtij;i:n»iﬁ 2-month-

olds. They were particuldrly jﬁierested in effects otr-the SWS system
‘ .

~

since some previous data (Teller et al., 1978) had shown that 2-moqfh—
. - " ’ : -
olds may possess a tritan-like color defect. Tritanopes are dichromdig
. . »
who are believed to be missing SWS cones Murvich, “1982), Pulos et al,

adapted Z;moqph-olda and adults to broad-baﬁ? yellow liéht. This
) - . » ) ‘ %;.‘
presumably fatigued both the MWS and LWS systems leaving only the SWS

free to funcﬁionugormally. when test spots between 420 and 560 nm were (\\
iﬁposed,on the yellow adapting backgiougd; adults’ curviiifhowed maximal

3 .

’sengitivity with test spots of about 44Q to ™50 mm. This curve strongly

resemble;éé’ microspectrophotpmétrically derived SWS function (Browm &

wald, 19¢3; Marks, Dobelle & MacNichol, 1963). However, when 2-month-

olds viewed the same' test spots, -their sensitivity did not change from -

what it tas in the pre-adapted state, , In fact, the cufve increased "
. : , . f '

rod: function (c.f.

\

monotonically frem 420 to.560 mm and‘thusrresembled'

Hurviéh, 1982). Hoﬁever, Pulos et al. did nmotice that under yellow
adaptation, Z-ﬁonth-bidq‘sbgﬁed;mény indlviduéf
subjects' curves di;'peak i? ﬁhé-;hort;ﬁavéiengl egion and thus were
different from their'curves.i; Fhelpre-adapted state, | !

ifferences., A few

-~

<
i

Pulos et al. also tested infants after adéptation to blue light;

In this case, 2-month-olds, like adults, showed shifts in'spectrql

sensitivity after adaptation. These changes were consistent with what

¥

would be expected ‘'by the presence 65._ as least” two chromatic 'a"y‘stems'__

(mos®t likely the MWS and LWS systems)-

Py s . . ’ ~

Y
e -
»

N
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Thus, the results from Pulos et al.'s study of chromatic
adaptation in 2-month-olds generally support the findings of this
thesis: The system mediating the detectiom of short-wavelength light
appears to develop more slowly than the systems primarily responsible
for mediating detection of medium and long-wavelength Iighf.

-Pulog et ai[rzlso tested a group of 3-month-olds under the same
conditions in which 2-month-olds were tested. The results indicated
that the majority of 3-month-olds did not show shifts in spectral
sensitivity after yellow adaptation. Thus, Pulos et al. concluded that
the SWS system probably becomes fully functional at some point beyond
" three months,

- * . The results of this thesis show that a l-month-old is capable of
detecting a stimulus composed wainly of short-wavelength light. Yet.a
study of chromatic adaptaéion reveals that the chromatic system chiefly
responsible for ﬁfsponding to short-wavelengths is slow in developing.
However, as mentioned in Chapter 1, studies of spectral sensitivity and
hue detection cannot-be directly compared. Although Pulos et al.'s data
show no evidence of a SWS system in 1- to 3-month-old infants, it is
possible that other systems (e.g. the MWS system] Ean respond, at least
to some degree, within the blue region. Studies of color matching
(Thomson & Wright, 1953) and microspectrophotometry (Marks et al., 1963)
reveal that' the adult MWS system responds to wavelengths between 450 and
600 nm, although it respoﬁhs m;st strongly to wavelengths between 510
and 560 nm. The blue stimulus used in Experiments 6 and 6a was composed

of wavelengths from 420 to 510 nm (see Appendix C for spectral

characteristics of all stimuli). Since the response curve for the MWS
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system and the spectral characteristics of the blue stimulus used in the
present study do overlap, it is possible that the MWS systenm may be
responsible for mediating l-momth-olds' detection of the blue hue in the
checkerboard pattern. In addition, it is possible that the LWS system
may be mediating the detection of this blue stimulus since in adults the
LWS system réspsnds to wavelengths as low as gbout 500 mm (Marks et al.,
1963; Thomson & Wright, 1953). At birth, the MWS and LWS systems may be
too immature to mediate detection of short-wavelength light,

Iﬁ summary, the present data reveal that newborns show no
evidence of detecting a blue light whereas l-month-olds do appear to
detect this hue. Although Pulos et al.’'s study of chromatic adaptation
suggests that the SWS system becomes fully functional at some point
beyond three months of age, the positive evidence of blue detection
shown by l-month-olds in the present study may be mediated by one or
more of the other chromatic systems, or by a weakly functioning SWS
system itself,

Another issue that remains to be discussed is the size of the
chromatic fields used in the present studies. As méntioned in_the
method of Experiment 3, the size of each check was 8° x 8'. Some recent
data suggests that relative to adults, infants show detection of hue
only with large test fields like those used in the present experiments.
Teller and Hartmann (1981) have found that 1-, 2-, and 3-month-olds seem
to discriminate hue only when test fields are larger. Teller and
Hartmann found that 3-month-olds could discriminate both 2° and 4°

diameter red spots from a yellow background but showed no evidence of

discriminating the red from yellow when the spot size was smaller; 2-

—
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month-olds could discriminate a yellow background from a 4° bq;,uﬁ?/;::;

a 2° red spot; l-month-olds could only discriminate these twclhues when
the red was at least 8", Thus, these data show a clear developmental
trend: The younger the baby, the larger the size of the hue needs to‘be
in order fo;.the infant to demonstrate that he can differentiate it from
the background, N

Field size may also have affected the results in the study of
Teller et al. (1978). In that experiment, 2-month-olds did not appearj
to discriminate a narrow (1° x 13.0%) bar of yellow-green or mid-purple
from a white background. It is possible that with a wider bar, 2-month-
olds\:buld have detected thegé*;zzgﬁ The results of this thesis show‘
that newborns discriminate large 8° x 8° red, green and yellow checks
from grey. However, newbornstdid not show evidence of detecting an 8°
x 8° Blue field. Perhaps if ;;e size of the blue checks were increased,

_newborns would show that they detect this hue;

The questions that arise from s;udies of field size are: 1) What
factors underlie the developmental trends in the effects of field size
on hue discrimination? and, 2) Does the effect of field size vary for
different hues? Some recent evidence from studies of adult dichromats
may aid in providing answers to thes; questions. Smith and Pokorny -
(1977) have shown that adult dichromats can make wavelength
discriminations in certain spectral regions only when the stimuli are
large. Similarly, Nagy gQE Boynton (1979) found that with large test
fields, dichromats can actually name, in a consistent fashion, colors

that under most conditions, appear achromatic or are confused with other

colors. This phenomenon has also been observed in cats, a species which
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« under most conditions, appears to be color deficient (Jacobs, 1976).
Loop, Bruce and Petchowski (1979) have ;hovn that cats, like adult-
dichromats, show evidence of hue detection only when the size of the
test field_is very large.

 Tei1er and Hartmann (1981) argue that larger test fields
evidenély allow red-green dichromats, cats, and apparently infants, the
use of a receptor type (e.g. rods or "hidden" cones)} which are non-
functional with smaller étimgli. Teller and Hartmann state, "perhaps in
ail of these cases, a relative scarcity of one or more of the receptor
types makes it necessary to use large stimulus fields if wavelength
information is to be preserved" (pg. 17). Thus, dichromats, cats and
young infants may possess the necessary receptor type(s), but the
density or number of functiona{igzi:s in any given\fetinaf afea may ﬁe

lower than in -normal adult trichromats. Therefore, a small patch of

K

chromatic light would stimulate relat1ley fewer retinal recepsors. As
a resultr, the comblned output from these receptors would be 1nsuffic1ent
to signal the presence of wavelength information. This suggestion is
supported by data from a afudy of peripheral color vision. +The
peripheral retina contains relatively fewer retinal comes per unit area
than does the central retina (Guyton, 1976). Therefore, the size of a
chromatic stimulus should be an important variable in predicting the
color appearance of a stimulus impinging upon the cent;al or peripheral
retina., 1In a color naming experiment, Gordon and Abramov (1977) found
that subjects réﬁorted that a 1.5° x 1.5 color field appeared highly

chromatic when presented to the central retina but appeared desaturated

when presented at 45° in the periphery. However, when presented with a
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6.5 x 6.5° color field in the periphery, subjects reported that the
~

stimulus appeared highly chromatic. These data suggest that the

perceived chromaticity of a stimulus is determined by the number of

retinal receptors that are affected by‘that stimulus,

This may provide a clue as

Lo why young infants do not show

evidence of possessing a functional SWS system (Pulos et al., 1980),
Recent anatomical evidence (Abramov, Gordon,gﬁfndrickson, Hainline,
Dobson & LaBossiere, 1982) shows that the newborn retina is quite
immature. It contains a sparse distribut}on of cone receptors,
particularly in the foveal region. Additionally, the human adult retina
possesses many fewer gﬁs than MWS or LWS cones (Bowmaker, Dartnell &
Molloq, 1979). Therefore, the probability of finding a dense
distribution of SWS cones in the newborn's retina is swall. Thus, if a

SWS actually existed in young infants, one would expect that only a very

large stimulus could activate it. To date, the largest stimulus used to
test the presence of a SWS system is an 18° x ).6 , field (Pulos et al.,k
1980). A possibility for fuéure'research wou{d‘gzﬁto employ larger
fields in order to observe if the SWS syatem is functional at all in
young infants,

The present data also have implications for assessing the
physiological maturation of the wvisual system at birth. Since newborns
show evidence of detecting green, yellow and red hues, this implies that
at least one wavelength-sensitive system is active, at least to some
degfee. Sincé the red, green and yellow stimuli used in this research

were all broad-band, they contain wavelengths that both fhe adult MWS

and LWS systems are particularly sensitive to. Future studies using

————
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more narrow-band stimuli may determine more precisely the degree to

1
which either or both of these systems function in young infants.

Beyond thE receptor level, siqgle-cell electrophysiological
studies of old-world primates (organisms who are neurcanatomically and
neurophysiologically similar to humans (c¢.f. Jacobs, 1976; DeValois,
1973), have provided many insights into the processing of chromatic
information by the nervous system. From the cones, chromatic
information is relayed to X-cells in the‘Zanglion layer (6),(7) where
the raw cone receptor signals are channeled into opponent processes
(DeMonasterio, 1978a,b). From the retina, chromatic informgtionqés
relayed along the optic tract (Marrocco, 1973) to the parvocellul;r
layers of the LGN (Dreher, Fukada & Rodieck, 1976: Schiller & Malpeli,
1978). From the LGN, color information is relayed primarily to layer 4b
within the primary visual cortex (Hubel & Weisel, 1966). However
responses to chromatic stimuli, although more rare, have also been
reported in all other layers of the primary visual cortex (Dow & Géuras,
1973; Gouras, 1974), as well as other cortical structures including the
visual association areas (DeValois, 1973) and the prestriate cortex
{(Zeki, 1973).

Since the data of this thesis show that the human\253§orn is
capable of differentiating three of the four primary hues from grey,
this implies that at least part of this "chromatic" pathway is
functional to some degree immediately after birth. The prevailing view
for many years was that the infant's visual cortex was not active until
one month after birth (c.f. Bronson, 1966). However, some recent work

has shown that newborns discriminate form (Fantz & Miranda, 1975),
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: &
gaintain fixation qn a stimulus (Lewis & Maurer, 1980), and discriminate
orientation (Slater & Sykes, 1979). These data have supﬁorted theorists
such as Haith (1975) who propose that the geniculostriate pathwvay 1is
operational at birth. However, newborns also fail ‘to demonsatrate some
visual behaviors t%at are thought to be mediaéeq EOrtically. As a
result, Maurer and Lewis (1979) have proposed that only some pathways to
the cortex are fu;ctional in the newborn. Maurer angd Lewis argue that -
the X-system projecting to the cortex is functional to some degree at
birth. Since the X-system is belleved to be the-one sensitive to color
(DeMonasterio, 1978a), Maurer and Lewis have predicted that ;;man'
newborns should pessess some form of color vision. The results”ef the
present series of investigations, for the most part, support this
prediction of Maurer and Lewis.

The findings of this thesis may provide some insights into how ™
the newborn perceives the external world. First, newborns appear to be
sensitive to some hues. When they are capable of detecting hue in a
stimulus, hue appears to play a major role in directing their visual
behavior. This was demonstrated in Experiments 3, 4, and 5, when the
mag;itude of newborns' preferences was relatively steble across
contrast. However, when no color information is available, contrast

-

plays a strong role in determining newborns' preferences., As was
~N
demonstrated in Experiment 2 with achromatic patterns and Experiment 6

A S
with blue-and-grey patterns, the magnitude of newborns' preferences was
greater as a function of greater contrast between the checks.

In conclusion, the present data have provided the first

demonstration of color visioe_ir the newborn infant, In adequately
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minimizing the potential confounding of B?ightness and hue this thesis
: \

has shown that newborns can differentiate é%ey from red, from green and

from yellow. However, newborns' coL&r vision 1s not complete: Newborns
NS
did -not show, that they could differentiate grey from blue. This result

may be due to the lmmaturity of the short-wavelength-sensitive system.

The present data do suggest that either or both the mid- and long-

— ‘
"wavelength-sensitive system(s) are operational at birth. Future studies

v

examining chromatic adaptation and stimulus field gize will provide us

with more insights into the development of the chromatic systems in.

early infancy. ’
~
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1)

2)

Footnotes

The Munsell System, developed in 1910 and widely used in art,
industry and résearch, is a set of chromatic and achromatic

chips. These chips have been rated for their hue, brightness and-
saturation by sampling large groups of adults. ‘Therefore, it is

possible to choose chips which adults rate as equally bright.

It is not clear why the results from studies of infants' spectral
sensitivity by Peeples and Teller (1978), Dobson (1976) and
Moscowitz-Cook (1979) differ. One possibility may be because they
used different measures. It has b;en documented in many places that
VEP, data differ quite substantially from data obtained from studies
of preferential looking (c¢.f. Adams & Maurer, 1983; Bornstein,

1976; and Maurer, 1975). A reason for this discrepancy is because

evoked potential measures are an index of the underlying neural

u_/gctivity and preferential looking is more an index of overt visual

3)

4)

behavior.

This is a psychophysical procedure in whichithe subject adjusts the
brightness of one hue until he judges it to match the brightness of
a'secdﬁd hue. After repeating this a number of times, the average

value that the subject used to make the match is taken as an

estimate of his brightness match for the two hues.

Dichromacy, composed of three subclasses (protanopia, deuteranopia
and tritanopia), 1is defined as the ability to distingulsh certain
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LY
portions of the visible spectrum from achromatic light. These
neutral zones are centred at 493nm for the typical adult protanope,

498nm for the deuteranope and 575nm for the tritanope (Hsai &

Graham, 1966},

5) Two recent studies have reported a suécessful application of an
infant control procedure: These ifclude Field et al, (1982) who
studied newborns' responses to facial expressions and Antell and

Keating (1982) who studied newborns' responses to number.

6) A substantial amount of recent physiological research has shown that
certain visual information is processed by special mneural pathways,
The two independent sYystems believ;d to underly this form of
processing have been designated the X and Y systems (se; Lennie,
1980.for a review).- fhe components of these systems, the X and Y
cells, form specific pathways within the cat and monkey visual

system{s) and have identifiable electrophysiological properties

1

{Cleland, Dubin & Levick, 1971; Enroth-Cugell & Robson, 1966;
‘Bukada, 1971; and Ikeda & Wright, 1972). X and Y cells have also
been‘identified by single-cell electrophysiological studies in many
portions of the primate nervous system (Demonasterio, 1978a,b;
DeMonasterio, Gouras & Tolhurst, 1976; Gouras, 1974;: Marrocco, 19?6;
Marrocco & Bfown, 1976; and Michael, 1978). Moreover, some elegant
human psychophysical studies examining thresholds‘for pattern and
flicker detection have suggested that two similar discrete

processing systems may be present in humans (Keesey, 1972; King-
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Smith & Kulikowski, 1975; Kulikowski & Tolhurst, 1973; and Tolhurst,
1975). 1In terms of relating this electrophysiclogical work to the
present thesis, a large number of single-cell electrophysiolegical
studies of the primate visual system (DeMonasterio, 1978a;
DeMonasterio et al., 1976; Dreher et al., 1976; Gouras, 1968;

Marrocco & Brown, 1975) have found that only X-cells respond to

chromatic stimulation.

A third class of cells, denoted as W-cells have also been

identified (see Lennie, 1979). However, it is not clear what role

1

these cells play (particularly in terms of c¢olor visiecn) so their

discussion will not be pursued.



APPENDIX A

Luminance values (expressed in candelas per metre squared

and log candelas per metre squared) of the stimuli used in
Experiments 2, 3, 4, 5, and 6.
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Experiment 2 - Achromatie Checkerboards
Stimulus Contrast 27% 23% 17Z 11% 5%
Luminance of the
Standard Grey Check
cd/m* 5 5.21 5.21 5.21 5.21 5.21
log cd/m .72 .72 72 .72 .72
Luminance of the
Opposing Grevy Check .
cd/m2 3.00 3.27 3.68 4.21 4.69
log cd/m? 47 .51 .57. .62 .67
Experimght 3 - Green-and-grey Checkerboards
Stimulus Contrast +222 +13% +3Z -7% -16%
Luminance of the
Green Check
cd/m< 4.0 4.0 4.0 4.0 4.0
log cd/m? .60 .60 .60 .60 .60
Luminance of the
Qpposing Qrey Check .
cd/ms 6.20 5.21 4.21 3.48 2.87
log cd/m? .79 .72 .62 .54 .46
Experiment 4 - YellOWfand-grey\Checkerboards
Stimulus Contrast +20% +1A% +6% =272 =11z
Luminance of the
Yellow Check -
cd/m< 4.15 4.15 4.15 4.15 4.15
log cd/m2 .62 .62 .62 .62 .62
]
Luminance of the
Opposing Grey Check
cd/m? 6.20 5.31 4.71 4.02 3,30
log cd/m? .80 .73 .67 .60 .52

3z

5.21
.72

4.88
.69

-25%

.60

2.42
.38

=212

4.15
.62

2.69
.43
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Experiment 5 - Red-and-grey Checkerboards

-2Z

log cd/m? .86 .79

Stimulus Contrast +27% +182Z +8% -112 -21%
Luminance of the
Red Check .
cd/m? 3.69 3.69 3.69 3.69 3.69 3.69
log cd/m2 .57 .57 .57 .57 .57 .57
Luminance of the
Qpposing Grey Check
cd/m¢ ) 6.45 5.33 4.35  3.57 2.96 2.42
log cd/m .81 .73 .64 .55 A7 . 3¢
Experiment 6 - Blue~and-grey Checkerboards
Stimulus Contrast +33% +25% +16% +14% +5% =43
Luminance of the
Blue Check
cd/m? 3.70 3.70 3.70 3.70 3.70 3. 71
log cd/m2 .57 .57 .57 .57 .57 .5
Luminance of the i
Opposing Grey Check
cd/m2 ‘ 7.32 6.21 5.14 $.93 4.10 3.4
.71 .69 .61 .5



- - APPENDIX B

Adults' ratings of the contrast of the chromatic checker-
boards.

LY
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As was discussed in Chapter 1 (pg. 8-9), perceived.
brightness and luminance (what 1s read from a photometer)
are not identical. The luminance readings are calibrated
against a normal adult photopic spectral sensitivity functien.
However, for a number of reasoﬁs (e.g. stimulus size or the
characteristics of the background), luminance values and
human ratings often differ.

In order to find out how adults would rate the stimuli
in the present studies, three normal female triphromats'(as
evaluated by the Ishihara Color Plates) were recruited. To
orient them, the subjects were first shown the series of
achromatic checkerboards from Experiment 2 and were told the
values of each of the contrasts (from 3% —27%). The subjects
were then allowed to inspect these stimuli for as long as
they required., The subjects were then shown the colored patterns
and were asked to rate the contrast of each. If subjects
perceived the grey as darker, they were to rate the checkeQ-
board as a (-) contrast of some value, If aubjed{i perceived
the grey as lighter, they were told to rate it as a (+) con-
trast of some value, -

I was mainly interested in the 02 (no perceived con-
trast) point to see how it corresponded with the equal-

luminance point (the arrows in Figs. 8 to 12) estimated by

the photometer., To do this, I averaged ‘all of the subjects’

ratings for each of the checkerboards and interpolated where
the 0% point would be. As we can see 1in the table, the per-

ceived values for all hues closely match the luminance values

obtained from the photometer.

v
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Lumipance Contrast Perceived Contrast
Green (1) 4 ox
Yellow )4 _ +4%
Red 4 -2%
Blue oz -3
/



APPENDIX C

Transmission spectra of chromatic and achromatic stimuli
used in Experiments 2,2a,3,4,5,6 and 6a. The achromatic
stimulus chosen was_a grey square of approximately average
luminance (4.1 cd/mz) from the range used in these

experiments. These measurements were made by using a Cary
14 spectrophotometer.

»

»
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ACHROMATIC

Wavelength 400 450 500 550 600 650 700
% Tgansmission 20 23 25 24 25 26 27
GREEN
Wavelength 500 520 540 560 580 600
JgTransmission 0 28 55 47 15 0
YELLOW
Wavelength 520 540 560 580 600 620 640 660
 Transmission 0 12 42 60 54 30 5 0
RED o .
Wavelength 580 600 620 640 660 680 700
X Transmission 0 40 71 82 80 78 78 '
BLUE ' , ~
' 440 460 480 500 520

400 420
0 12 31 45

Wavelength
52 20 0

%# Transmission

b





