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ﬂ... S | ABST_RACT
For a w.’;de variety of vi‘s.ual ‘tasks; subjects perform more
‘ poorly when stimuli are oriented obliquely than when they are orieu{.,
vertically or hor:"..zontally. It ,&s generally believed that :ﬁhis
'oblique gffect' ﬁas two maﬁirestations. One‘ ~is meridional
anisogrophy,_i.e., lower acuity for obliquely oriented stimuli thaﬁ for
vertical or horizon‘tal stimuii. The second is poor oblique
discrimination; i.e.,— greater difficulty disc‘nating between mirror-
image oblique stimuli than between rve.rtical and horizontal ories, even
when the stimuli are above the threéh_olé of acuity. This .thesis
explores whether th;zse two phenomena are in. fiet both manifestat.i@s of
the same effect.

Chapter One provides a -detail_gd " survey of 3£udies' showing
meridicnal anisotrophy and cohsiders the. r_zature of its et:':ology and

development. Chapter Two provides a review of the existing literature

on the discrimination problem as evidenced in young children. The

author argues that' while meridional anisetrophy and poor oblique -

discrimination by young children appear fo be related phenomena, it is
possible that‘both are not manifestations of the same effect. The
author tesbeq this possibility by compariﬁgl the developmental course of
poor oblique discrimination with the known develop:ental course of
meridional anisot-rophy.

Chapters Three .through Six present {our experiments in which
the author tested young infants' ability to discriminate between’
mirror‘-;-j.mage oblique stripes w‘ith their ability to discriminate between

+
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“vertical -and horizontal omes, with the stripes above the threshold of

~

acuity. In one experiment six week olds. were tested; in the other
three, 17-18 week old 'inf‘ant_:s‘were. tested using .-dirt‘erent- v_ariants' of
the habitui_ation procedure. ‘ N

.e_ The major finding of the research is that neither 6 week nor

17-18 week old infants, both of whom are known to.show meridional

' anisotrophy, show evidence that a mirror-image .oblique discrimination

is more difficult than a discrimination between a vertical and
horizeontal. ?_L_Ethermore, modificaticon of the testing procedure, so
'tf.hat it ﬁ:ore ciosely mimics a task in which children shou-d;fficulty
discriminating mirror-image oblique lines, does not appear ‘to affect
17-18 week olds diserimination performance. |

In the final chapter, the author discusses the implications of
the researc;h findings. The author concludes that since infants _known
to show megidional énisotréphy do no£ show poor oblique discrimination,
then it is ﬁroﬁable that these two phenomena are not both manifesta-
tions of the same effect nor do they appear to be generated by the same
under*iying mechanism. The auéhor also discusses the implications of
the research {indings for two c¢ognitive theories which have been.

advanced to explain how children process obliquely oriented stimuli.

7 (dv)
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.~ INTRO#UCTION ' '

In general, for a wide &a;iety of visual tasks, subjects .
perform mare poorly. when stimuli are oriented obliquely than when they
are oriented vertically or horizontally. For example, acuity for lines
oriented obliqueiy is less than that for lines 9riented vertiqally or
horizontally. 'Furthermore, even when stimuli are aboye the threshold
of ac;ity, subjects discriminate vertical from horiiohﬁal orientations
of a -giimulUS better 7han, they discriminate between two oblique

orientations, which are perpendicylar to each .other, that is mirror-

- images. These two phenomena are generally believed to be

N

manifestations of one effect, generally termed the 'oblique effect’.

Interest in the oblique effect has been generated among
investigators for a number of reasons. First, the effect is prevalent

not only in humén adults but also in children and several animal

species. | Sccound, the effect cannot be accounted for - by optical

-~

properties of the eye. Third, it is believed that the generating site

of at least one manifestation, meridional anisotrophy (reduced acuity .

.for lines oriented obliquely), is in the visual cortex.

e

Siqce\%he oblique effect cannot be explained by optical
properties of the eye and since it is apparent in mény diverse tasks,
it is generally'agréed that this phenomenon results from some form of
orientation aéymmetry elsewhere in the visqgl system, Fhis gsymmetry

causes an enhanced sensitivity in' the visual system for vertical and

P )



. horizontal contours. The bias for vertical and horizontal contours is

. . - L.
attributed either to genetic factors of limited early visual

- W
. . e

experience. More specifically, mneurons which respond to stimulus

orientation might innately favar horizontal and vertzcal contours of

might come to favor them because, sarly in life,’ the eye is exposed

© -3

»

mainly to vertical and horizontal contours.

-

H

. e .
early stage'of development; igxy!dpring infarcy. One of their findings
e : . ‘; >
is that infants as young as six weeks of age show reduced acuity for

- .

strlpes “oriented .obliquely (meridional ap%g?trophy) { Cohen<Leehey,

Moskowitz-Cook, Brill® & Held, 1975).  The author;?'“_interpr-et this

4 r

* — ' p g A
‘\?\ . finding as suggestlng that the bias for verti aﬁj,énd horizontal

contours in the visual system is genetically ‘determined.
)
~
There are no data, however, on infants' ability to discriminate

-

@irﬁor~image oblique stripes, when the stripes are abdvé the threshold
€ ‘ : S >

4

of acuity. - Although young infants show one manifestation o® the

-

obllque effect, merid;onal anisotﬁophy, they may not show the other,

o

—ﬁsla,, more dlfrfculty diseriminating between ﬁirror—image oblique
orientégions than between vertical and horizontal ones, when the
stimuli are “above the threshold o;‘ acuity. There is no .reason to
assume thaé these two phenomena are both;manifegtations of the oblique

o effect aqg«qqnsequntiy that they developlat the same time 2nd are the
product of the same undérlying mechanism. Thus, thg series of sﬁﬁdies
reported in this thesis atiembted to determine whefﬁer young infants,
known to show poorer aquity;for obliquely oq;ented stripes than for

R

vertically cr horfzontally oriented ones, also have difficulty

Only a few invgstigatofs have studied the oblique effect at an
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discriminating between two mirror-image oblique stripes which are above

_ttle threshold of _a{:u;lt_,y._i_ o ‘ | i
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IR CHAPTER ONE - = .
‘Lwﬁ.’

THE OBLIQUE EFEECT IN DETECTION STUDIES ~
o ' &.-,: LT ’
= . B - : -

1.1 Histerical Background L ' .
In 5925, Bmsley reported that human subjects ﬁerceive liﬁes‘

more readily (ie. have better acuity)‘iwheq .thg lines are oriented
ver;ically' and horizontaily than when they are oriented ‘6bliquely.
This effect persisted even when cylindrical lenses were used to
'éptically correc; the subject' vision in the oblique meridian..
Consequently, Emsley-terﬁed this effect 'residual) astigmatisp® with the
iﬁﬁlication that its origin was different from that of normal
astigmatism, which is purely optical in origin'. =
Residual astigmétism, which 1is now nore commoniy known as
'meridional aniéctnnphy', has since been notedrwiﬁh several meésures of
acuily; eg. grqting acuity2 (Higgins % Stﬁltz, 1948; Leibowitz, 1953;
Campbell, Kulikowsky & Levinson, 1966; Maffei & Campbell, 1970;
Mitchell, Freecman & Millodot, 1973); vernier acuity3 (Leibowipz, 195%)

and minimal separable acuityn (Tyler & Mitchell, 1977)}.

'
' v . N

1. Astigmatism is an optical deficit which renders the power of the
cye unequal in different meridians, with the meridian of maximal and
minimal power perpendicular to each other. (onsequently, the subject
seces contours parallel to the non-astigmatic meridians more c¢learly
than contours parallel to the astigmatic ones.
2. A .stizmulus’ traditionally used to measure acuity is a grating
consisting of alternating light and dark stripes. Typically, the
.grating has a2 sinusoidal luminance profile, that is the ,_umxnance
perpendicular to the stiripes of the grating is modulate&-q;nusaldally
about a fixed mean level. The spatial frequency of a grating can be
descridbed as the number of whole cycles of contrasting areas (1 cycle



';: The findlng of poorer acuity for obllque orlentations however

Saw

’5:13 not restrlcted to trad;tlonal methods of measuring acuity. On the

- .
cont.rary, it has been found repeatedly for humana in a varlety of

“r

.tasks mclud:.ng settzng lines t.o spec:.t‘:.ed orlenl;atlons. Perhaps the

(

earliest report of poorer performance for pblzque orientatlonﬁ was made
v . ==
by Jastrouf;n 1893 (cited in Appelle, 1972). Subjects, when requirfed

to reproduce visﬁﬁily presented lines or to%§Et bther lines” to some

éﬁeci;;;d orientation, showed a marked superiority in performance with

_stimuli/oriented vertically or horizontally. Since that time, a number

(S

of sfudies have confirmed this restlt. Bouma & Andriessen (1968) %sked
sub.ects to align a dot to a pe;ceived extension of a line segmenp, ﬁhe
opientztion of whieh was varied. When thé line was obliquely orieptqdl
subject's accuracy ln adjusting the‘/do';-was poorer; the standard
deviation was 2._5“-’-’times greater than when the line was vertical or
hdri;ontal..

Similar findings have been reegrted when subjects are required

. 3
to rotate a test line so that it appears parallel to a reference line.

The variability in the subjects' settings is minimal when the reference

~ n Trea

= 1 light + 1 dark stripe) over scme unit distance. The contrast
between the light and dark stripes is known to be a function of the
spatial frequency. Thus grating acuity can be determined in one of
two ways: 1) presenting a grating of a certain spatial frequency and

. asking the subject to adjust the contrast of,the grating until it can

-

Just be seen; 2) presenting a grating of a certain contrast and
asking the subject to vary the spatial frequency until the grating can
Jjust be seen. '

3. Vernier acuity is the threshold of perception of a break in the

. continuity of a contour. _

4:; Minimal separable acuity is the smallest separation between two
lines which allows them to be perceived as distinct.

-
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line :.s horizontal and maxima_l "when it is obiiqué (Sulzer & Zener,
1953; Onley & Vollunan -1958; :Ar'zdrés}s, '1955;' 1967a; '1927%))

| The type of results described above is.not restricted to elther
the use of llne stlmull or the u§e of the 'matching' paradigm. ;?
sxgllar ggrceptual bias for‘vbrtlcally and horizontally oriented
étimul; has' been demonstrated using circular tst fields and measuring
localization accuracy_(ﬁeibowitz, Meyers & Grant, 1955); using line or
angle stabilized images fCraig &-Lichtensgein, 1953; McFarland, 1968),
and measuring critical flicker fusion frequency for differentéétimulus“

.

locations in the visual field (Foley, 1962). The results of these
studies‘suggest that réduced acuity'tpr obliquely oriented stimuli is
deflnltely a per51stent feature of orientation perception resardless of
the stlmull or paradigm used. A

In recent years, compelling evidence has been amassed which ~
indicates that meridional 'anlsotrophy cannot be accounted for by
optical factors or eye movements. For example, small refractive errors -
are known to cause large decreases in the resolvmng power of the eye
for gratings (Campbeil & Green, 1965). Thus,-if'there is a slight
refractive error along the oblique ééridianh then one might find a
preference for other meridians which are not oblique. Mafimal optiéal
correction for all orientations,' however, does not eliminate:
ani3ozrophy‘(Mitchell, Freeman & Haegerstron, 19?3). Mcreover,
meridional anisotrophy is found even when interference fringés are

projected directly onto the retina by a laser {Campbell & RKulikowsky,

19656; Mitchell, Ffreeman & Westheimer, ~1967). Since tﬁig technigue



'

essentially bypasses tﬁe opties of the eye, ‘it ciearly rules
astigmatism as a possible determinant of the effect. e

Alternatively, it fs- possible that the distribution in- the
pattern of eye movements is not equal for different-orientations,

causing blurring in certain meridians due to the 'mo’tion of the retinal
. . oy
image (Nachmias, 1960). Reduced acuity for obliqugly oriented stiquli,

A, r * "

however, persists even with brief éxposﬁre‘" durations, less tha'm 1
millisecond, during which no eye movements could occur (Higgins &
Stultz, 1950).

‘éince both 6ptica1 properties of the eye and eye move&énts have
been eliminated as factors resgon;ible for meridional ' anisotrophy,

these findings suggest that the basis ror-’%he effect has to be sought

somewhere else in the visual system. ; o

" T

1.2 Neuorphvsioloxgical Mechanisms of Oriepntation Analvysis

A nuadber of attempts have been "made to rel%te the
psy\e{physi_cal findinss of meridional anisotr:ophy with
neurophysiologicai fechanisas of orier;taﬁion analysis. In general,
studies of wmammalian visuzl systems have established that .t:he first

level of the visual system which can detect changes in stimulus

'

. orientation is the striate cortex (area 17). Specifically, in cat and

oonkey, the receptive fields of strimte neurons are composed of
- Y-

A3
.elongated excitatory and inhibitory areas which are oriented either

horizontally, vertically or obliquely (Hubel & Wiesel, 1962; 1968).
Consequently, these ce¥zs respond maximally tg{étimuli of a ';':ar‘ticular

size, orientation and position (Hubel & Wiesel, 1959). This type of

.
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receptive field structure appears to be unique to neurons in the visual

cortex (including area 17). Neurons in subcort.ical'centers, eg. the

lateral gemiculate nucleus and superior. colliculus, have receptive

fields which are concentrically organized and thus do n&t respond to

PR . .

. stimulus orientation (Hubel, 1959; Mobl”e}r & Wurtz, 1977).

- Direct neurophysiological evidence for orientation selective

T .

—

ngur'on§ in man is of course lacking. . There are perce_ptual data,
however, uhic&nindicate that similar neural mechanisms, referred to as
'orient:aﬂtion select.iv:e _c._:ham;glls or units', must exist. E\zrthermor;,
" these &ata'also indicate that the response properties of oblique unit&
':are somewhat different from those of vertiecal and horizontal units.f ‘

The most compelling data suggesting orientation selective

-

channels in man, have been obtained using adaptation and masking

grating techniques. Frequently, when a subject is shown a grating

(referred toc as an ‘adapting® gréti_ns) the visibility "br a different

e

test grating, presented either simultaneously or successively, 1is

reduced. In general, the ab;ilit:y of the adapting grating to affect the
visibility of the test érating is assumed to reflect the extent to
which the perception of each is dependent upon a common mechanism.

Thus, if the sensitivity of a partieular detecting mechani.ﬁn is lowered

byﬁ recent stimulation, then the contrast thr‘esholds for other stimulj

which depend on thé same meghanism for perception will be raised.
T o o Nl
. Gy

-

5. Traditionally, a psychophysical measure of acuity is obtained by
asking the subject to increase the contrast of a grating until he can
see it clearly. The amount of contrast between the light and dark
lines of tIp grating which is necessary to see the grating is termed
the 'econtrast threshold'. The reciprocal of this contrast threshold
defines ‘'contrast sensitivity' for a2 grating of that particular
‘spatial fregquency.

")



-
Data from several psychophyszcal atudlea suggest that the

extent to which an adaptzng gratlng afrects the v1sxb111ty of a test

gratzng is dependenﬁycn thelr‘respectlve orientations. Fbr example,
-

. Giiznsky (1968) reports that the tlme required to percolve a test.

gratlng following exposure to an adapting grating (from here on refered
to as ‘'duration threshold') is a function of both the- orientation of
the adaptxng grating and how long {t is exposed. Typically, duration
threshuld 1ncrea3es whed‘the subjec;‘;s previously showu an 1dentlcally
oriented grating and this effect is most strikigg after a long
adaptation time. In contrast, inereasing adaptation time alone has
little effect on subjects! duration'threshold; when the}orieptations of
the adapting and test gratings are dirferent In fact, -runder these.
conditions, duration threshold is the same as that found when the
adapting stimulus is merely a blank field. Furchner and Young (1975)
obt alned similar results using a reac»lon time measure. When adapting

and test Sratings were the same orlentatlon subjects‘ reaction time

)

for detecting the test grating was longer than when the adapting
Slimulus was a blank fleld._ Similarly, this efTect decreased as the

}me interval and orientation difference between the adapting and test
stinuli increased. Since in both these studies, the visidility of the
test grating was Daximally affected when the orientations of the two
A
sratings were the Same, these resuits suggest that the perception of
each grating was dependent upon a common pechanism < specifically a
iine detector whieh is orientation specific. Gilinsky suggests that
line detectors in the_hu:an ".-r.respond with decreased sensitivity to

lires in those Spatial directions with which they have been most

strongly stimulated! . (éi&insky, 1968, p-f&).
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B

A further demonstrat.:.on of mdependent or:.ent.at:.on chan.nels :Ln

the human v1sua1 system ‘has 'been shown by Campbell and Harfei ($9?0)

Recordlng the ocelpital potentia16 evoked by gratlngs, they presented a

vertigal gratlng to one eye and varied the contrast of the grating.

Subscquently . they derived a~regression line by plotting the
fﬁnplitude-of the evoked potential against '’ the grating contrast. A
similar regression line was obtained for a horizontal grating. When

the two orientations of the grating were presented simultanééhsly, one

to each ey‘e, the slope of the regression li_ne_ was twice that found

monocularly. These authors suggest that thié'result can be aqcounted

[ _ ' .
for by the activatién of two separate orientation selective channels

whose activity b4ds summéd, thus increasing the amplitude of the evoked

potential.

It appearé, then, that the human visual system, like that of
the cat and monkey, is composed of in@ependent orientation selective
channels. Other data, however, suggest that not gll orientation

channels - respond in exactly the - same fashion. ~ Specifically, the

orientation selective channel for oblique lines appears to be different

from those for vertical and hori:qual ones in both angular
selectivity' and contrast threshold.

-

6. An occipital potential is measured from the surface of the skull
and assesses the postsynaptic potentials induced in the visual cortex
by 2 visual stimulus.

7. A given orientation SElECulVE neuron and presumably an orientation
selective channel responds -maximally to a particular stimulus
orientation. Such neurons, however, alsc respond to a range of
orientations on eitder side of the umaximal one. The broadness or

" narrowness of this range defines the 'angular selectivity' of a given
‘mepronr or channel. Chzanels which respond maximally or near



~ "Yapping orientations channels separated by 120—15

i ' 1
. . .

On the basis of measurements of contrast threshold, Campbell &
Kula.kowsky (1966) concluded that the angular selectivity of vertical -
channels 13 narrower than that for oblique-' ones. They demonstrated
_that the contrast threshold for x ver't:.cal t.est. gratmﬁ is a!-‘rected by
the presence of a supra—threshold gratzng only when ' the two gratlngs_

have nearly the ‘same orientation. I'his_:f‘ix‘:ding is consistent with the

adaptation effect reported by Gilinsky (1968) and Funchner & Young,

19750 . In the Campbell & Kulikowsky investigation, t increase in

contrast threshold is maximal when the two gratings have the same

-

orientation but the effectiveness of the background grating is

decreased by h‘alf-‘when the orientation of the two gratings differs by

12°. In contrast, when an ablique test grating is used, the

effectiveness of the background is reduced by half only when the angle
between the twe gratings is at least 150_ Thus angular selectivity for:

the oblique orientation is 25% poorer than that for the vertieal

-
~

. . @ o - . .
orientaticen, 127 versus 157, From other lines_of evidence, these

authors dismiss optical factors as being the basis for the difference

between the two orienta'tion_s. Angular selectivity, they suggest is

poorer for the oblique orientation because of a specific property of

the visual syster which they conclude is composed of several over=-

o8 . -

maxmally Lo a broad range of orientations are refered to as having
'poor angular selectivi t,y“- Alternatively, those which have 'good
angular selectivity! —espo":d maximally or near maximally to a narrow
range of orientations and are called 'finely tuned'.

5. Tests o©f vertical gratings using other techniques suggest the
cegree ¢of separ‘aulon between orientation chafhnels is.less than that
repertecd by Campbell and Kulikowsky (1966). With the ataptation



-

oy

L
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In a.fupthér study, Campbell & gafrei {1970) measured_contrast

~thréshold for verticak, horizontal and oblique gratings from ocecipital

evoked potentials. Spécifically, they plotted the amplitude of the

- oeeipital potential at a number of different contrasts and derived a

reé}ess;oh line for each orientation sepapately. Based on the derived
regression lines, they ostaingd thresholds by extrapolating to the
zero-volﬁége amplitude which crosses the contrast axis at the
psychophysical contrast threshold.f} While Fhe contrast threshdlé for
the vertical and horizontal gr €Eggs were the same, the contrast
threshold for the oblique-gréti::\uas J3‘lbg units less. In other

words, to elicit an evoked potential ofya given amplitude,(gyntrast in

the oblique meridians must be increased by .3 log units relative to the

‘vertical and horizontal meridians. Thus the orientation selective

channel for oblique lines differs from those for vertical and hotrizontal

o

" ones not Pnly.in angular selectivity but also in contrast threshold.

Y
P "~

method, the subject is first exposed to an adapting grating and the
change in contrast threshold of a subsequently exposed vertical test
grating is determined. Blakemore. & Nachmias (1971) and )

Gilinsky (1968) have reported that the effect of the adapting grating
on the threshold of the verticalotest grating is reduced by half when
the two gratings differ by 7T . A more sensitive estimate of
orientation selectivity has been obtained with the subthreshold
summation technique. With this technique, the effectiveness of a
subthreshold background grating in inereasing the contrast threshol

of a vertical test grating is reduced by half for an angle of 3

between the Lwo gratings (Kulikowsky, Abadi & King-Smith, 1973). Thus
it now appears that the visual system is most likely composed of
orientation selective, channels which are separated by 3~ of visual
angle rather than 127 or 77, as estimated by masking and adaptation
zethods. It should be noted, however, that except for the Campbell

and Kulikowsky {1966) masking experiment, only vertical test gratings
have been used.



In swmary, the evideucé-'suggests not 6nly thit thére;taie
‘orientation selective channels in man but also that there exists an
wientation asymmetry among ‘these units-- oblique units having poorer
angular selectivity and hlgher contrast threshold. Thus, the
~preference for vertical and horizontal orientations x;eport‘.éd in t!;é
behav:.ouﬁl literature seems to correspond m.cely with a similar

neur‘ologlcal bias in tbe orlentat:.on analyzing systen.

1.2.1  Site of Neurological u:gnannma Underlying Meridional

Both the psychophysical and electrophysiological data have

provided us wi /:Qe) concerning the basis of meridional anisotrbphy. .

As has ‘been prévio ly noted opt:.cal factors have been r'uled out by
'demgnstration of mer-a.dlonal an:xsotrophy, using gratings formed by
int;c\r'f‘erenc—s fringe ‘t.e'chniques, which bycpass any 'optical
irregularities of the eye (Campdell & Kulikowﬁky, 1966; Mitchell,

- Freceman & Westheimer, 1967). Second, meridional anisotrophy has been

=

found even with brief exposures elimixiating eye movements as a critical-

factor (Higgins & Stultz, 1950). Third, several :anest.;.gators have
reported anisotrophy among or:.ent.a‘t.lon selective channelsh::lth oblique
units being different from vertical and horizontal ones in angular
’selectlva.uy and contrast threshold. (Campbell & FRulikowsky, 1966;
Giliasky, 1968; Campbell & Maffei, 1970). .

Recently, Maffei & Campbe‘ll (1970) . us:fﬁs- evoked potential
techniques, hive reported anisotrophy in evoked potentials recorded

from the ocecipital sce:lp but not from the retina. Specifically, they

found that the oceipital potentials evoked by vertical and horizontal

S
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_gratmgs were similar but the amplitude evoked bi an oblique grating

- ¥
was lower than that fbr vert;cal and horzzontal ones. Us;ng the same
.

stmuh and recordmg the pot.ential ﬁ-om t.he retina, they r‘ound no

: dlfferenee in .the amplitude fbr the tpree orientatzons. This result

suggests that _any dlrference in 'the perceptiocn .of the three

orientabiéns is not retinally'based. ihey'coﬁclud;d that '... the
electrophys;ologleal correlates or the psychophysxcal observatlona,
that the resolving power for the oblique orientation is less than that
of the vertical and horizontal is due to a mechanism which lies between'

the site of origin of ‘the electruretinogram and the evoked potential of

«
“u

the visual ‘cortex...” (Maffei & Campbell, 1970, p.387). ¥
We know however that the visual evoked”potentlal recorded from

the occipltal scalp arises from both cortlcal~ and subecortical

3o "

structures (Fapura 1971 cited in Haith, 1976). Since the evoked
-

potential varies with the orientation of a grating, then at least part.

f'

must arise frem neurons that are highly sensitive to orlentatlon.
.. <
Furthermore, since. the primary v;sual cortex is known to contain

. S -
neurons that are highly sensitive to orientation it seems likely that
* -

the neurons in the striate cortex are involved. Considered togetﬁer,

"then, the psychophysical and electropﬁysiolosical data implicate posii

retinal neural structures, most likely striate neurons, as the

generating site of meridional anisotrophy. _ .

- Q

- ™

v1dence from primate studies aﬁpear to support the notion that

meridional anisotrophy is most likely mediated wvia striate neurons.

Baurer, Owens, Thomas, MacDonald & Held (1978) have recently reported

x £ -~ ;
that normally-reared nmonkeys show meridional .anisotrophy. in their!
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study, grating resolution was assessed by requiring subjects to adjust
the orientation of a bar/ to match the orientation ofga grating upon '
which it was superimposed. 'fhe time need'?;d to make a c;rrect 'mat.ch was
longer for the oblique ‘than for the vertical and horizontal

orientations at the higher spatial frequencies teste&g- This finding

is not oMy cc’%nsistent- with the psychophysical data from humans
~ :

(Cammisa, Blake & Lima, 1977) but also is consistent with a recent .
report of anisotrophy among monkey striate neurons. Specifically,
'Mansr'ieid (1974), recording single unit acﬁiviﬁy in the monkey striate
cortex, has re&)rted t.%‘:lt neurons with foveal receptive fields are
'tuned' mainly for vertical and honzontal rather than oblique stmulus .
_orlentat_lons. Thus at least in t.he monkey, there appears to be a good
corresp;i;&dence between meridional anisotrophy and the existence of

anisotrophy among striate neurons.

. In recent years, indirect evidence has made it possible to
locate more precisely the site of meridional anisotrophy. Although
meridignal anisotrophy is a persistent feature of orientation

perception, it is more likely to occur under some conditions than

others. First,\,when :i:ea;gured with grating stimuli, or‘ient,at.ion*;
: Pl .

i)

variations in"? contrast sensitivity for different orientations of a’

grating are nore pronounc:ed at higher spat:.al f&'equenc:.es. (Campbell &

-

-
-

9. A grating or grid refers to stlmulus composed of alternating black
and white stripes, Spatial frequency can be described as the number
of cycles of contrasting areas (1 cycle = 1 black and 1 white stripe)
‘oyer some unit distance. It is usually defined as the number of
cycles of a grating which subtend 1 degree of visual angle of ‘the eye
of the observer. The higher the spatial frequency, the narrower the
stripes: the lower the spatial frequency, the wider the stripes.

-



L

- =
P

: K’ul:.kowsky, 19656; Berkeley et al., 1975; Cammisa, Lima & Blake 1977).
. 1‘% 3 L]
Second mer‘:.d:.onal anisotrophy is greatest when stmul:. are presented

on the fovea and - falls orf dramatically ‘wit:iz pe'ripberal viewing
(Berkeley et al., 1975). Finally, the effect appears only when a

yatmg is statlonary or fllckered at low rates of temporal modulation
L&

s

(Camm:.sa, Blake & Lima, 1977).

We now know that the visual nervous systems of cat and monkey

3

(Cleland et "al., 1971a; Gouras, 1968, 1969; Ikeda & Wright, 1974;
Poggio et al., 1977) are composed of at least t.wo. classes of neurones,

termed sustained and transient, which are distinguishable on the /basis
“urmy N

. Thee -
of their spatial selectivity and retinal distribution. 1In particular,

sustained cells respond to higher spatial frequencies than do transient

* -
cells and are more numerous within the foveal area. Furthermore, these

sustained units respond only at low rates of temporal modulation of the

—_5
End

stimulus. These sustained characteristics-appear to match the optimal

-

stimulus cor;ditions for mer:‘:dional anisotrophy. Thus, these d-e.t-a
suggest th‘at-:: sustained-type mechanisms in human visi‘on, tl.'xe existence
of which Qés been established psychophysically by others (Kulikowsky & -
Telhurst, 1973’; Tolhurst, 1973) are the principle mediator of

s . S
meridional aniscotrophy. )

-

1.3 ZXheoretigal Explapations of\r{eridional Anisctrophy

- It is generally agreed that meridional anisotrophy results from -

4

some forz of neural asymmetry which leads to enhanced sensitivit}; for
I3

vertically and heorizontally oriented stimuli. Physioclegically, this

asymmetry would be expressed by more cells which respond to vertical
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-and horizontal orientations than to oblique ones, In contrast there
is’ debate, concerning the contrlbutlon of early visual experlence in
establishing this neuyral asymmetry. Physiologically, a bias in

orf%ntation@qpi;s could arise either by atrophication of cells

responding to oblique meridians due to deprivation or by conversion of

cells driginally intended to respond to obliques, to ones tuned to

.

:?rticals and horizontals (Freeman % fhibos, 1973). __E'

| That early visual experience can medify the orlentatlonal
select1v1ty of cortical neurons has beéﬁ‘uell documented in cats. For
example, raising an " immature anlmal in a ‘'meridian limited?
environment, that is one in which the animal is exposed oniy bo stripes
of "a pa“tlcqifr orientation, produces 2 loss in cells which would

s

normally respond to the non-exposed orientations (Hirsh & %a}nelli,

[

1970; 1971; 1972; Blackmore & Cooper, 1970; Blakemore & Mltchell

1973). Furthermore, eaﬂly selective exposure to stripes of a single

orientation also results in reduced acuity for contours orthogonal to

those that were present in the animalis early visual enviromment (Muir

& Mitchell, 1973). The results of these experiments, then, indicate
that, the orientational properties of cortﬁcal neurons (whether it be
-changes iﬁ Lthe optimal orientation to which th respond or i; the
© Precilsion with which thef are tunedf can be modified durihé a time gzt
which the cortex is developing (in cat, thé susdeptiblé period begins

during the fourth week and engg about three months postparten (Hubel &

Wiesel, 19?0).w?_ Furthermore, they suggest that the physlological

-

changes  produced Are accompanied by concordant, alterations ip the’)

animal's perceptual abilities.

\

e
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Recent evidence from humans with high astigmatism suggests that

human neural organization may also be influenced in a similar way '

(Mitehell, Freeman, Millodot & Haegerstrom, 1973). High astigmats (s
or - § D) provide a good model -for t.hef study of neural plasticity. in
humans; due to their optical err'or,' their visual ex__perience is
restr:ﬂcted, thét ;Ls they see contours parallel to the non-astigmatic
mgridians more clearly than contours parallel to the astigmatic ones.
Furtherwore, ':-&iﬁen;:e suggests that in mosﬁ cases of high astigmat_i;m,
the condition ﬁs present si;ée birth so that tl:;e visual experience of
these subjects uouJ_.d have been 'rEstricted! until the optical error was
—corx;'ect.ed tﬁir‘sch, 1963; Duke-Elder, 1969). Thus, \f astigmatism is
present early, the lack of exposure to‘well- defined stimuli aloﬁg the
axis of astigmatism might arf'ect neuronal maturation. Co\;x:s.eqﬁently,
cortical centers could.be modified to process detail for the non-
. astigmatic meridians better than for the ast:igmat;i.; o'nés.

Mitchell and Wilkinson (1974) have demonstrated that for high
astigmats (astigmatism'along the horizontal axis) who remained
optically _r.rmcurrected until age ten, the dontrast sensitivity for a
hori;oht.al grating was lower tban for a “vertical one. This effect
persisted even when the optical error was corrected with lenses oi- when
sinusc‘-idal interference fringes were formed directly on the retina.
This result is quite different from those obtained fro_g__normal subjects
who t':ypica]_.lg_y show no difference in cc;ntrast sensitivity between these

. . . 10 .
s5timulus orientations'~. Based on the correlation between these

10. It should be noted that similar psychophysical findings have been
obtained using other indices of grating acuity. Freeman, Mitchell &
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findings and those from the animal studies (Muir & Mitchell, 1973)'

Mitchell suggests that these dlfrerences in the resolution of stimulus’

orientation are a conseqeunce of changes induced in the neural
uréanlzatzon of the visual system; specifically, changes induced by

distorted visual input provided in early life by uncorrected

-

astigmatism.

.o I

Freeman and Thibes (1973) have provided direct electro-

-

physiofééical_evidence supporting Mitchell's claim of =a neural

correlate to meridional resolution dif?@rences._ Measuring hiéE’

astigmats' ocecipital evoked potential to.gratings in d%fferen;
orientations, they found ‘the amplitude was depressed when the gratings
were presented albng the astigmaﬁic meridian. Bowever, the evoked
Nl : .
potontialtgus identical to that of normal subjects when the gratings
were preséqted along the non-astigmatic meridians. Again, maximal
optical’ correction did not affect this patterﬂ of results. These
findings suggest £hat the locis of the asymmetry between the astigmatic
and non-astigmatic meridians, is neural in origin. Furthermore, they
also indicate that early aptical error, causing selective visual
deprivation, can effect neural changes that are speclrlc and lasting.

Clinical evidence appears to support the notion that asymmetrles in the

evoked 'pbtential results from limited deprivation. Specifically,

Millodot .(1972) report that the bighest spatial frequency (ie.,
maximum number of lines) that can be resolved for different
erientations of a grating varys as a function of astigmatism; a lower

spatial frequency for orientations along the astigmatic axis; a higher

Spatial frequency for the non-astigmatic axis.

iy

LR
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-

children with reduced resolution due to visual disuse or prolonged

-

suppression haﬁe abnormally depressed evoked potentials (Lombroso,

Duffy & Robb, 1969).

Based on the findings of astigmatic subjects, Mitchell and
Wilkinson (1974) proposed that the meridional anisotrophy observed‘in
normal subjects, might be similarly induced by certain asymmetries in
early vis-ual inp{zt. Initial support for this hypo-thesis can be found
in a study by_Annis & Frost (1973). Specifically, they argue that
superior resolution for heorizontal and veégical contours is the result
of being raised in a ‘carpentered world'; that is one in which vertiecal
and horizontal contours predominate. Annis & Frost report that = group
of Cree Indians, raised in a relatively non-carpentered environment,
failed to show statistically significant anisotrophy; while a group of
Buro-Canadians, raiscd in typical North American hoaes, diﬁ. Based on
these findings, Annis and Frost argued that the enhahced sensitivity of
the visual system to vertical and horizontal conﬁours might be
deteramined at an early stage of development by the envirommental
predominance. .0f such contdurs. It is possible, however, that the

difference between ‘these two ethnic groups is- due to =z genetic -

component and not to environmental dJdifferences. This possibility

- - . hid - . °
cannot bg ruled out since: Annis and Frost did not test Cree Indians who
were raised\in a carpentered environment. ’

It is now 2pparent. that the nature of the carpentered

environment is not sufficient to account for crosgs-cultural differences

in meridiogal anisotrophy. For example, Timney and Muir (1976) report
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by‘ Caugasian and Chinese subjects, even though both groups were raised

in essentially the same type of carpentered enviromment. Specifically,
. -

they report that the dagnitude of anisotrophy is significahtly less for -

Chinese compared with Caucasian subjects. Fdrthermore; within the

'Caucasian group, the magnitude of anisotrophy varied substantially.

Considered together, these findings suggest that the nature of the

visual world is not the only contributing factor in establishing

.
-

meridional anisétr-ophy. On the contrary, it now appears that a 'genet'ic
component might be the prepotent factor.
Additional support for a genetic component may be found in a

[
-

recent study by Leehey, Cook, Brill & Held (1975) which suggests that

infants between 5-6 weeks of age show meridional anisotrophy. In this

study, infants saw pairs of gratings of the same spatial frequency, one
grating was eithér vertically or hori:ontall§£aoriented; the other
obliquely (145o o: 1350). Four spatial freggencies were tésted, .75,
1.5, 3, 6 and 12 cycoles /deg. During a given trial an observer looked
at the infant's head and €ye movements through a peephole and Judged
which member of the pair the infant looked aE:longer. For each spatial
frequency, the percentage of trials during which the infant fixated the
vertical or horizontal grating longer than the oblique, was calculated.
Infants looked significantly longer at the vertical or horizontal
gratings than at the oblique grating - but usually only at a particular
spatial frequeacy (froz here on refered to as 'peak preference'). This
looking preference, Lowever declined at both higher and lower spatial
freguencies. These authors argued that if infants? acuity for obligue

gratings was less than their acuity for vertical or horizontal ones
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then one would expect, at sbaiial-frequencies near or ét:;he threshold
o: acuity, infants would look Qonger at the'vertical or horizontal
gratings because they,sge them more clearlf than the otherwise
equiyalent oblique gratings. ' ' -

Initial support for this inférence_may be found in the decline
in looking preference at spatial frequencies higher and lower than that
at which the peak preference wasl_found. It is suggested that the
decline at higher freqﬁencies indicates the infént;s decreasing ability
to resolve either orientation of the grating. Similarly, the decline
at lower frgquencieé indicates the increasing ability to resolve bdthi
gratings.

In a recent replication, Gwiadza, Brill, Mohindra & Held (1977)
report a sooq correlation betueeh the acuity thresholds for vertical
gratings and the spatial frequency at which the peak preference for
vertical or ﬁorizontal gratings over obliques was found by Cohen-Leehey
et al. These findings further support Cohen-Leehey's interpretation

that the peak preference for vertical or horizontals over obliques

results from an acuity difference between these orientations.
Considered together? then these data suggest that ipfamis as
young 2as siX weeks show meridional anisotrophy. Furth%:§;::i} the
occurance of meridional anisotrophy at such a young age suggzsts that
this phenozenon is mest likely due to &  neural asymoetry which is

-

gene?ica;ly rather than experientially ianduced.

fot
¢
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CHAPTER TWQ S .

THE OBLIQUE EFFECT IN DISCRIMINATION STUDIES

Consideration of the results from several discerimination
studies demonstrates that meridional anisotrophy may be only one
manifestation of the oblique effect. For example, several

1nvestlgators have shown that children even as old as eight years, have

more dlfflculty dlscrlmlnatlng between @irror-image oblique lines than

between vertical and horizontal ones, even though the lines are above

the threshold of acuity (Rudel & Teuber 1963; Over & Over, 1967;
Bryant, 1969; 1973)

In geﬁeral, three types of recognition tasks have -been used to

test c¢hildrens' discrimination of milrror-image oblique lines:

siaultaneous discrimination, 2 alternative forced choice, and
successive same/different discrimination. With some of these tasks,

interpretation of the findings can be somewhat ambiguous, since it is

- ot clear what causes the child's dlf*lculty - the nature of the

S

procedure or the nature of uhe "stimuli (ie. that they are oriented

obliquely). BRefore one can be confident that the child, in fact, shows
hore difficulty discriminating between zirror-image oblique lines {here
on refered to as ‘mirror-image confusion of oblique lines) than between
vertical and horizontal ones, it is first necessary to re-examine the

procedures which have demonstrated this difficulty in the child.
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‘e One of the most common methods used to test mirror-image
confusion is 'simultaneous discrimination'. In this task, a pair of

stimuli is shown simultaneously. Ore member of the pair is designated

‘correct'; the other ‘'incorrect'. At first, the child is required to
?

choose the 'correct' member of the pair by guessing. On subsequent

trials, after being given feedback about.the correctnesslof his choice,

- the child is required to continue to choose the 'correct! member of the.

pair. The pair is repeatedly shown until the child reaches a criterion

of learning; specifically, until he chooses the 'correct' member of the

pair on 9 out of 10 consecutive trials. .

Typically, with this procedure,‘youhs children (3 1/2 to 8 1/2
years) show more d;}ficulty learning to pick the ‘'correct! line.uhen
shown pairs of mirror-image oblique lines (ie. \ vs /). Compared with
other pairs of. lires, (ie.\ vs =; or \ vs™N\ ), children require more
trials' to learé _the discrimina;ion. and’ often fail %o "learn the
discfimination at all (Rudel & Teuber, 1963; Jeffrey, 1966; Over &
Over, 1967).

In a recent study, however, Harris, Le Tendre & Sishop (197%)

using the same procedure and stimuli, did not find mirror-image

confusion of oblique lines among similarly aged children. The only

17. A sample of the ingtructions given in a simultaneocus diserimination
task is the following

"I am going to show Wou two card:; one of them is 'right' and one is
‘wrong'. At firsl you can only guess which is right, but after you
guessed, I will tell vou whether you guessed right or wrong. After
that vou @ust aiways pick the card which is 'right' and never the card
which iz 'wrong'.

Rudel & Teuwder, 1653, p.8§93
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éeature distingﬁishing this study and thdéd reporting mirror-image
confusion is the nature of the alignment of ﬁhe pairs of lings. In:fhe’
studies which found(mirror-image confusion, the stimuli were in
‘horizontal alignment‘, that is one beside the other {eg. \ /). In
Harris et al.'s ;tugg, which did not find mirror-image conrusion, the
stimuli were in 'verﬁical alignment', that is one on top of the other
(eg. :: ). Thus, it appears that the childrens' difficulty in

discriminating mirror-image oblique lines may be due to the nature of

e '

the procedure; specifically horizontal aligmment of the stimuli.

That stimuvlus alignment can induce errors in the discrimination
of stimulus orientation, has been dramatically“demonstrated by Barroso
and Braine (1974). In their study, they showed 3-5 yedr old children
pictures' of real objects, eg. a“girl,. iree, clown's face, egc. A
sta;dard fiéure was always positioned ina;ne window of a pair of frames
and “the frames were either aligned horizontally or aligned vertically.
(eg.]::I:l or ;Ei ). Chiidren were required to place in the other
window a 'placement' figure so that it matched the orientation of the
standard. For one group, the placement figuré uﬁs the same object as
the standard; for the cther, it was a different realistic figure.

Oniy when the franes were horizontally aligned did the children
make left-right reversal errofs,-that 1s place the Stimulus 50 that it

was the mirror-image of the standard (eg.@mt@). Likewise,

when the frames were vertically aligned, they made more inversion
% '
errors (eg. &gi not ). More surprisingly, children

zade the sazme palttern of orientaticon errors even when the stimules

pairs were not identical. Thus, oirrer-izage confusion of these
- . "
My, e -

-
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stimuli did not apﬁéér to be caused by the intrinsic nature of the
stimuli but rather by the axis of aligoment of the stimuli. -
Barrosp and Braine suggest that the child does not make an
fbsolute Judgement of orientation - ijudging the orieh;ation-or each
figure in relation to a spatial framework', but makes a relative
Jjudgement of orientation - 'judging ogienta;ion of each figure in
relation to each other'. - The child's strategy, then, is to match the
two f;gureé by.placing comparable parts of the figures closé to each
other,‘ ie., tops with tops; Consider what would happen when the
standard is turned on its side and the frames are horizontally aligned
(eg.ﬁzgii::l). + If the child is using the strategy outlined above, he
yill place the top of the placement figure next to the top of the:
é;tandard ~ ctonsequently making‘a left-right reversal error
(és. @ }. However, when the same standard is positioned in
frames which are vertically aligned, a correct response will be made.
The child will place the top of the placement figure’directly‘
underneath the top of the standara. Thus the two figures will be
oriented the same ua§ (es.‘EEK )12 A similar analysis would also
explain inversion errors when the frames zre aligned vertically;_
The studies which have found mirror—iﬁage confusion of oblique

lines, using the simultaneous discrimination method, assumed that

[

12. Alignment eflfects are not only found with children. Two‘studies of
adults (Wolff, 1971; Sekuler & Houlihan, 1968) investigated reaction
time for sarce/different judgements under various conditions of
stimulus placement and orientation. Subjects™ reaction times were
longer for left-right reversals of the stimulus when they were aligned
horizontally, Similarly times were longer for an inversion of the
stimulus when they were aligned vertically. These results suggest
that the child's sirategy may also be used by adult.



problems in 1earnin3 to discriminate between left End right oblique

lines resulted from a perceived 1dent1ty betueen the cornect-

orlentation and the incorrect or;entation of the stimulua. The
findlngs of Barroso and Braine (1974) houever suggest that the
dlrrlculty may be more a consequedce of the way the lines were aligned

and not the perceived 1dentity of the different orientations.

2.2 Iwe Alternative Forged Choige

The child's difficulty discriminating ﬁirror-image oblique
lines in a simultaneous discrimination task may’reflect an artefact in
the procedure ratﬁer than a lack of the abilify being tested. Mirror-
idage confusion of oblique lines, however, has also been found using a

'2 alternative forced choice' procedure. This is a procedure which is

not susceptible to the alignment effects STST described.
In a 2 alternative forced chbice task, the child is shown a
standard for a pre-determined period of time. He is told to look

at it and remember it. The standard is then removed and sometime

13

later 7, two stimuli, including a duplicate and mirror-image rotation

of the standarc are presenteéd simultaneocusly. The child must pick the

'choice' sticulus which is the sazme as the standard previously shown.

13. The length of exposure to the standard and the length 01‘ delay
before showing the- choice stlmull vary from study to study.
Typiecally, the ctandard has been shown for 5 or 15 seconds (8ryant,
1969; Harris et al., 1974%; Corballis & Zalik, 1977; Mandler & Stein,
1977) while the inter-trial intervals have varled from 5 to 90 seconds
(Bryant, 1959; Mandler & Stein, 1977; Over & Over, 1967). Since
differences in the findings of these studies do not appear to be
attributable to these time parameuers, I will not concentrate on these

progedural . differences.
[ 4
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For example, the child is asked "...which line is like the ope you just
‘ é:éw?.-":. 'top* or ‘bottom'." (Barris et al., 1974, p.262).

v In general, children as young as & years 7 months and as old as

.7 years have difficulty in discriminating mirror-image oblique' lines in

-~ -

t

ié two. alterpative r'orced choice task. “They tend to make more errors
with the mi;ror_-image oblique lines t.;xan with non—mirrox\-image_‘obl'ique
lines (ie. ‘ s Vo . oor = \ vs / ),
regardless of whether the 'choice’ lipeé are horizontally or vertically
aligned. (Bryant, {969; Harris et al., 1974 Corballis & Zalik, 1977;
Bryant, 'i973). In a ,t.\..:o altérnative r‘orc;d choice:-;.ask, then _aligpmeﬁt
of the stimuli is not the critical parameter which'induce‘s orientation

errors.

In all these studies, children were not -given feedback about
the correctness of their‘cho.ice. F.urthermor'e, they were not informed
that the dimension relevant to solving the task was orientation.
Caldwell and Hall (1969) have suggested that without explieit
instructidn, young children d; not include differences in orientation_
in their definitién of 'different'. It is possible the;z that children
would make fewer.discrimination errors if they were given feedbéck.
Indeed, children's ability to discriminate left and righ‘;: ob}ique lines-
can be markedly improved when they are given pre-training ;which is
des,iglned to teach the child orienting responses to figures orieéted in
different directions (Jeffrey, 1966)}. Furthermore, when ree:iback is

given in a 2 alternative forced choice procedure, § year old children

L]

(1Y

et
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do not make significantly more errors with mirror—inage oblique lines

than with-'vertical and horizontal lines (Over' & Over, 1969).

In the studies which report m:.rror-ima.ge conmaion or oblique

?__
lines: discrimination between the major—orthogonals (eg; \ Vs -— )
and between a major orthogonal and oblique (eg. \ vs /) were also
tested. Chlldrcn showed no evidence that these dlscrlmlnatlons were
problematlc, even though they were not given fEedback and were not
informed that orlentatlon was the relevant dlme051cn for solving the
pr‘oblem. Feedback may become a critical factor only when the two

stlmull to be dascr;mlnated are lndependently Judged as similar. For

.exampler, when children under ten are ' asked to pick from several
rotations of a standard geometric shape, one wh'ich they t.hinl; is most
sixﬁilar Lo the 'sta{ndard, they typically.pick the nirror-image rotation
(Oyama & Sato, 1975). - By age 10, however, there is a shift in
Jjudgements éf_ _similar‘j.ty, éuch that a 1{50 ro-tation of the standard ‘is
now judged most similar.
g .

Consider what this ﬁéﬁld @mean for the discrimination of @irror-
image oblique lines in a two alt‘.ér_'native forced choice task. The child
is asked to pick the 'one which is Like the one he just saw'. If the

child interprets this instruction to mean 'most similar', then

according to the data on Judgements of ﬁsimilarity, the child, who,

- -

resér‘ds the mirror-image rotation as mosf: smllar' to the st.andar'd

S"IOL.ld pick the left-right reversal as often as the standard. In fact,
children under 8 ‘yarswpick the correct choice line (duplicate of the_
standard) only abou-t 50% of the time (Harris et al,, '19713; Bryant,-

1869). It is Dot surprising that when children are induced to atténd

_—
>



30

\ . -

to the orientation of the stimuli through feedback and/or pre—tralnlng,
’ thelr performance with mlrror-lmage pairs improves (Jefrrey, 1966;

‘Caldwell & Hall, 1969).

. —

_23Wﬁ&m&.ﬂmmmaum _

It appqars that- chlldrens' inability to discriminate mirror-

—u

image obllque llnes may be due to the nature of the measure thch has

been used to test mirror-image confusion. Stlmulus alignment may cause
mirror-image confusion of “oblique lines in a simultaneous
digcrimination task; while lack of feedback or inattention to

S N - K
orientation as a' dimension may induce orientation errors in a two

< ¥

alternative forced choice paradigm. 3Both these procedures, then tend

to make interpretation of the findings somewhat ambiguous.

A third type of recognitioﬁ task which .has been used to test

mirror-image confusion in young children is 'sueccessive same/different

discrimination'. In general, children are fim#: given a 'training'

phase during which they learn the stimulus and presumably-gncode ifs

-’

characteristics. Followihg the training phase, they are given a

recognition test which includes at -least three stimuli; the standard

-
A9

{eg. \), a'mirrqr~imagq rotation of the standard (eg. /) and 2 non-

mirror-image rotatidn of the standaéd eg.\ 5.

)‘ o
.. Two varlatlons of this task have been used. Stein and Mandler _
N " . . / .

(1974) allowedo uhe chlld 15 seconds to look at the standard and
p :

verbally describe it. The standard was then removed and 20 seconds

later the child was asked to verbally recall the standard he had seen.

Inmediately, thereafter, he was successively presented the standard and
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.three rotations of the standard including the mirror-image rotation.
The child's task was to say whether the stimulus on each retention

trial was the 'same' ‘or 'different' frmﬁ the standard he previously

saw. , S
In the procedure used by Rudel and Teuber (1963), children were
e : ' o
first trained to discriminate a pair of lines (eg. \ // }. Onme

member of the pair was designated 'right!- (eg. \ }; the other ‘wrong'
(eg. /). Each member of the pair was repeatedly shown until the
child reached a criterion of learning. Following the training phase,

the child was successively shown six figures, including the 'correct!

S

orientaton and a mirror-image rotation of the standard. The child was

. -
Ce— -

required to say whether the stimulus presented on each trial’ was
'right' or 'wrohg‘. )
Regardless of the variation used, S and 7 1/2 year old children

make more errors with'mirror-image oblique lines, that is they call the

mirror-image rotation of the standard 'same' op 'right' in the

recognition test (Stein' & Mandler, 1974; Rudel™& Teuber, 1963). 1In

fact, children make errors only with mirror-image rotation of the

standard.

—

Unlike other pfocedures, performance does not imprové~when the
‘fhildren are told that orientatién is the relevant dimension for
solving the task; when they are pretrained on a 'ﬁgﬁching—to-sample
task; when they are requireg to descride thestandard while viewing it

or required Lo recall the standard after it is removed (Stein &

Mandler, 1974). Thus, children show no evidence of being able to
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discbimiq?te‘mirror-image lines.as easily as vertical‘frﬁm horizontal
ones regardléss o: which variant of the procedure is used.

In summégij three types_of recogrition tasks have been used to
tes;,éirror—iméée‘conrusion in young children. Although children show

difficulty in learning to disériminate mirror-image oblique 1lines in

all three tasks, the nature of some procedures makes interpretation of

the findings ahbigUous. Several methodological features of the

*simultaneous discrimination'-and 12 alternative forced choice'

procedures, ie., stimulus alignmén;, lack of feedback, etc, have beeg}

suggested as possible ﬁeterminants of the chilﬁ's_mirror-image
confusion of éﬁlique lines. The findings from the ‘succ;ssive
same/different discr;minatioh' -tasks,' however, de provide ~coﬁpelling
evidence that &oung children have oore difficulty discriminating
airror-image oblique lines thaanerticél from horizontal ones anq that

.theirﬁdifficulty can'onl§ be attributed to the nature of the stimuli

and not the nature of the'procgdure_used.1n'

4. Bryant (1969) has reported that young children show the same
difficulty discriminating between oblique lines even when they are not
the exact mirror-images. This finding suggests that the
critical factor underlying mirror-image confusion of oblique lines is
the orientation of the stimuli rather than their mirror-image nature.
A recent study by Corballis & Zalik (1977) however, using the same
‘task, reports that discrimination of oblique 1lines improves
significantly when the lines are not exact mirror-images. A%t present,
the issue regarding the relative coﬁtribution-of these two factors,
(ie., obliqueness-of the stimulus or mirror-image nature) in producing
mirror-image confusion of oblique lines remains unsettled. Thus, for
purposes of this discussion both obliqueness and the mirror-image
nature of the' stimul: will be considered..6s factors contributing to
childrens' mirror-image confusion of oblique lines.

>

~

Y
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. 2.4 Rational for Thesis L w

The coincidence of reduced  acuity for ob;iquely oriented

33

'stimuli (meridional anisotrophy) and childrens' difficulty
discriminating mirror-image oblique lines has led researchers to assume
that one factor, acuity, in some way explains.‘ the other,
discrimination. Spe_cif'icglly, Appelle (1972) suggests t_hat both
phenomena not only represent the Toblique effect' but alszo are
g;enerated by the. same underlying mechan;sm. .

It is generally agreed that meridional -anisotrophy resul-ts from

+

some form of -aeymmepyy in the v:.sual system for process;.ng the
orienﬁat’ion' of a st.imuius. Thls asymmet.r'y would . cause an enhanced
sens:.tlvz.ty in the visual system for vert:.cal and horizontal contours.
On the, bas:.s of several l:.nes of converglng evxdence, it has been
SugrLes Led that the gencral..lng site of mer‘ldlonal anlsotrophy ‘lies in
" post-retinal structures oost llkeiy in the striate cortex\ (Campbell &
Kulikowsky, 1966: Mitchell, Freeman & Westheimer, 1967; Gilinsky, 1967;,
Maffei & Campbell, 1970). Furthéfmo;e, the evidence e.lse strongly
'suggcst;s that this phenomenon is due to ae orientationai asymmetry
'uhich is geﬁeticaliy rat;her than exbe:ientially induéed. (Timney & Muir,
1976; Cohen-Leehey, Moskowitz-Cook' Brill & Held, 1975).

It is likely. that poor dlsc*mlnatmn of obliquely oriented
stmul:..mav also be generated by some kind of cortical mechanism since
we know that the visual eo'_"tex is necessary for the discrimination oI‘

stimulus or‘ientation- :’-‘o:‘ exanple, monkeys with ablations of the

striate cortex and subsequent retrograde degeuerat:.on of- the lateral

A Y
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genieuiate nucleus can not discriminate vertical from horizontal
stripes (Weiskrantz, 1963).

Although it is generally assumed that the mechanism' responsible
for poor oblique discrimination is the same as that responsible.fbr
Eeridional anisotrophy, it is possible that both phenomena develop at
dirrereet times and are: attrisetable to the differept underlying
mechanisms. While reduced acuity for obllquely oriented stzmull has
beenurepeatedly found for humans, the effect is never large and may
play no dlrect role in ordznary perceptlon 1e.' dlscrlmlnatlon of
obllquely oriented stlmull (Timney & Muir, 1976). , .

In the present series of s;udies; I tested orientation
diserimieation. in infants, who are known %to have poorer acuity for
obliguely oriented stripee than fbr vertical and horizontal enes. I
expected ihat if the acuity and-discrimination.phenomena were geeerated
by the same mechanism, then infants who show meridional anisotrophy
would also show more difficulty dlscrlmlnatlng be:jeén mlrror-lmage
ob‘zque surlpes than vertical from horizontal ones. Alternatively, ir
the two phenomena are not generated from the same ‘mechanism, then
ln;anes,-knOh to show merldlonal anlsourophy may not show dlfflculty_

discriminating mlrror—lmage oblique stripes.
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CHAPTER THREE
EXPERIMENT 1

HMMrwmwawnymrmﬂmawaMﬂs&h&(mﬂﬁmﬂ
anzsot.rophy) has been mrerred in :mf‘ant.s .as young as six weeks (.Cohen-
Leehey, Hoskowlt'*-Cook Brill & Held, 1973), t_here is no data to show
if' similarly aged infants find it more difficult to discriminate
-betueen’ mirror-image oblique stripes than betwéen vertical and
horr’ontal ones when the stripes are above the t‘,hreshold of aculty.
-Before studying this issue of orlentatxon dlscrlmlnatlon in six week"
old mfant.sL it was first necessary to determine a stnpe_ v.udtn
(spa»:.al frequency) which is above uhe threshold'value for ver't.n.cal
horizontal, left obllquc and rlght:. obllquc strlpes.

Tradltlonallv stud:.es of acun.ty. have tested  young in_.f‘an;s'
acuity for ver-t'ically criented st-;ripes (Miranda, 1970; Gorman, Cagan &
ée‘llis, 1950; Day.,on ev al., 1964). ..The finﬁings of {Fantz, Ordy and
Udelf (1962) suggest that the threshold for vertical stripes is .75
cy/deg for 4-6 week old infants. Recen tly, Teller et al. (197%) and
Gwia:dé et al. (1977) have ﬁes:ed acuity not only for veétical stripes
but also for"obliq'ue,_stripes, using modifications of the ‘-brer‘érential
lovking technique developed by Fantz (1965: 1967). This technique is
premised on the fact that infants_spontaneously fixat:.‘;'-"patterns longer
than hc;mogeneous s‘.;_imuli.' Thus, the na:*r'owest"striped stimulus which

the infant will consistently fixate 1 nger‘ than a gr‘ey f‘leld provi des a

measure of acuity. Both Teller (19711) and Gw*ad‘.a et al. (1977) report

o
S
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no significant difference in the thresholds of acuity for vertical and

oblique stripes for 6 week old infants. It is possible that this

finding may be due to the techninu'e used, i€., a striped stimulus
paired with a grey. field. Specif‘ically at a given frequency, vertical
and oblique stripes may both be visible and therefore both be fucated
longer than a* grey field. One of t'.he orientations, however may in
fact appear clearer than the other. Such a dlrr‘erent:e then, night go
undetected with aﬁpatter-n vVs. grey techn:x.que.....j .

The f:.ndmgs of a recent study by Leehey et al. (1975), using a
pattern Vs, pattern t.echn:.que suggest that the threshold of acuity for
obllque s...r'lpes is, in fact, lower than that for vertlcal strlpes. On
each t.r'ial, Lechey et al. presented infants two’ striped circles of‘ the
same width;.one c:.rcle was oriented either ver‘tzcally or hon‘.onbally,
.the other was oriented obllquely Lo ‘the right or obliquely to the left.
For each spatial frequency tested, they determ:.ned whlch of the two
\._.‘Ll"CleS the infants looked at lonse:‘. . Four str‘lpe wldths- (spatial
{requencies) were tested, .75, 1.5, 3, 6 and 12 cy/deg.

Thesc authors reasoned that if mfanus' acu1ty for_oblique
stripes were less than their acuity for vertical and horizoatal ones,

then at spatial frequencies near or at the th eshold o.L acuity,~the

e

. infants would- see .,he ve" tical or horizomtal stripes more clearly than
the obl:.que siripes and thus should look lon,ger at the vertical or
horizontal strlpes_ than at the oblique stripes. (At‘ higher spatial
» .
f‘requ;ncies, infants would not be adle to resolve any of‘ the stripes

and hence should be as Iikely to look at oblique stripes as at vertical

or horizontzl ones. - Similarly, at lower spatial {réquencies the



37

infants would be;’able to resol\}e the stripes in any ‘orientation and
hence should not 1look signiricantly longer at the vertical or
horizontal st!:lpes. Thus, it is possible to detemine_the threshold
for oblique stripes by'noting the rrequency at which infants look
longer at the vertical or hori;.ont:al stripes than 'at ‘the oblique
'stripes_. ‘

.Fer 14-50 week old infants, Leehéy et al.‘s expectations,were
berne ©cut; that is at a part.lcular spatial frequency, infants looked
longer: at the vertieal or horizontal stripes than. at the obllque

&
Stripes. This prererence declined at blgher and lower spatlal
frequencies., For 6-13 week old mrants, however, the data .are
incompleté. Infants sl_qgwed maximum looking pr/ererenee to vertical or
'horieontal stripes at the lowest frequency ﬁes'ted (.75 cy/deg.) Like
-older infents, this loekins preference declined at. higher ‘spatial
frequercies_._ Since the spaa.lal frequency at which _Daximum preference
for vertical or horizontal strlpes was the lowest frequency tested for
, the 6-13 week old infants, it is not possible to know-if there would be
a decllne in preference at lower Frequencxcs. Consequeétly, it 'is not
aoss*ble to derive froz Leehey et al.'s, data, the spatizal {requency
h’hlch would De above the threshold of acu:.t:y for stripes or:.ented in
::aJor-oruhoso*zal (1 or =) and obllque-orthogonal (\ or /) orientations

15 -

at six weeks -

- In a2 recent replication of Leehey et al's. (1975) study, Gwiadza et

than .75 cy/deg (. 38 cy/deg.). Infants showed. no 3ignilicant looking
pref. ererzce for vertical or horizontal stripes at this frequency.. The.
youngesl age tested, however, was older than the— infants in the
oresent soudy, ‘.rat 1s 7 weeks compared to 6 weeks.

al. (1977) tested 7- ~13 week old infants with a spat al;eque':cy lower



In the present study, three stripe widths ¥.25, .5 and .75
cy/deg) were chosen for testing on the basis of Leehey"- et al.'s .'(1975)
data for 6-13 week old infants. Two sp&tlal frequencies louer than .75
cy/dég (.25; .5 cy/deg). as opposed to one were chosen Lo be tested to
insure that at least one of these stripe widths was well above .the
threshold of acuity for .the oblique orientations. On each trial, I
aboued lnfants pairs of circles, one being a grey c;rcle, the othe;
being a strzped cirecle varzed ln spatlal frequency and orlentatlon
(ie. | , =, N\ or/). 1t has been well documented that infants look
%onger at patterned rather than hcmo;eneous stimuli (Fantz, 1965).
Thus, I expected that mos. infants would look longer at the strlped
than at the gr ey circle if the stripes were seen clearly,-le., if the
spatial frequency used was well above threshold. Since I was not
interested in finding the threShold-of acuity but only interested in
being sure all orientations were well above threéﬁold it was not
necessary tg usc Lhe stripe versus strlpe technique used by Leehey et

~

. (1975).

METHOD
Subiects
Thé-subjects were 10 full-terf:six week old infants (6 males; 4
females) with no known birth abnormalities. Their mean age was h3.8‘
_qays (range 35—&9 days} Four other infants were excluded from the
study because of erying and fussing.
Q*iml-'l 3 .

The stimuli were four circles with black a1d white strlpes
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Figure 1. Schematic drawing of apparatus
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cm., .73 cm., or' .49 cm. w:.de (.25, .5, .75 cy/deg.) Each circle was

-

oriented at. either 0°, 90°, 85° or 13S°. The stripes were either 1 ll6

on a dark grey background and subt.ended 20 of visuval angle. Each

: clrcle was paired with a clrcle wzth str:.pes of a h:.gher frequency

(more than 12 cy/deg) which gave the appearance of a grey circle (here
on refered to as 'grey cirele') and which at the same time matched the
si;ripes of the lower frequency in overall brightness. Each pair was
séparat.ed.by 23° of visual angle. 1In all, there were 24 pairs of

stimuli, inecluding counterbalancing of the side on which the higher

freqdency cii-'cle Sccurred t3 frequencies x & orientations x 2 sides). -

‘Each mfant bas shown the 24 pairs in a ragdouuzed order.

Amatm:;

~

a’ ' ) . ..
The apparatus (shown in Figure 1) consisted of a black panel

which was mounted at the end of a table and from which a rec;tangular
window {(45cm x 32.5em) was r‘emoveld. Thé window was covered dy a 'pie<.:e
of rear-projeé;c.io'n scr‘een' and served as 'the.viewi.ns screen .—

/Me infant sat in an infant seat pomt:.oned so that his head
was U5V em in [ront of, and\l;gned with' the midline of the viewing
s_éz‘eeq. Slldes of the stmun were rear-pro‘jected onto the viewing
screen _by a Kodak Carousel projector situeitgd behinci the screen. .

Two peephole‘s,- 525 cm in 'diametér', were positioned 25 cm to
the right and left of the center of the screen.
Two obsérve.rs were located. be‘ﬁﬁeand beside ithe s¢creen. OUne

had two cumulative timers; the other oBServer had four. There was-a

black panel at the rear right edge of the screen which prevented the

ol
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';first observer from V@euing'the screen and consequeytly frﬁm khouing
what ﬁas'being shown.
Procedure - | Y
After the experiménté} explained the'proceddre to thg mother
and obtained__bemi'ssion,? she placed the infant in the infant seat. The

-

mother sat Eéhind the infant and was instructed to comfort the infant
wit.h a pacifier,.pats, or talking if necessary. Prior to testing, the
experimenter turned off the room ‘lights, turned on white noise, and

presented a female face on the screen to attract the infant's

attention.

. . . ) ‘}...
The technique used was a modification of Teller et al.'s (1974)

~—

€§o alternative preferential looking technique. On each tri&l, a pair

of stimuli was* shown for 15 seconds.. During a trial, each observer

- r

activated onc of LI timers when the infant started fixating the-circle
on the left, as judged by the reflection of the ¢irecle on his ﬁupil.
Whenever she jﬁdged the infant to have looked away, she released the

timer. Similarly,; she activated the second timer whenever She jhdggd

that the infant loovked at the circle on the right. At the end of the

trial; the projector automatically advanced to the next slide and a dgew

trial began after 2 seconds. -
| After every two t!ials.an orienting stimulus, an interesting
form in the center of the screen, was shown for 15 seconds. The
. orienting §timufus servéd the purpose of maintaining the infant's

interest during testing and allowed the-first observer time to record

the fixation ‘times froz the previcus two trials. Note +the first
»
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observer recopged fixation times on every trial; while the. second

observer recoraéd times only on every other trial.
- i v
Data Analysis

The fixation times used in the caléhlatious were those recorﬁed

by the first observer, since she recorded fixations @n every trial. -~

For any given pair of stimuli, the mean length of an infant's fixation

on‘ggch mémber of the pair, across the two counterbalanced trials, was

‘calculated and compared. For example, if an infant looked 8 seconds at
) [

the'striped circle when it was on the left and 4 seconds when it was on

the right, then the mean length of fixation on the striped circle would

be 6 seconds--for that pair. 4 similar calculation was done for the

grey circle of the pair. The mean fixation values for the striped and
sre& circles.were subsequently compared for that infant. -

It has been well demoﬁétrated that .infants preferentially
fixate patterhied rather than homogeneous stimuli (Fantz, 1965). Thus
if the striped circle w;s above the ﬁhreshoid of” acuity, the infané
should fixate it lénger than the grey circle. .

B

To estimate whether the two observer's were reliably recording

"the same behaviour, Pearson Product Moment correlations were calculated

separately for the fixation times recorded for eight inrants.16 Each

cérrelation was based on twelve trials. A correlation was calculated

—

- . .
separately for times recorded for looking to the left and to the right
circle. of the pair. The mean correlation was .95 for the1ieft cirele

(range: .77-.99) and .91 for the-right circle (Range: .75--99)~

-46. Inter—obseéVér reliability was not calculated' for two ofs,the ten
ipfants becauge the second observer's records were incomplete

AR
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Table 1. Individual infant's fixation on each tember of an acuity pair

in Experiment 1. -
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RESULTS AND DISCUSSION-

-

- The data are shown in Table 4. Inspection of the group data

show that infants looked longer at the striped”circle than the grey circle

. for eathoriedtétibn gﬁd éhch_spatial frequency. This rindins suggests

that six week old infants see the stripes as different from gngj even

at the .75 cy/deg frequency'.'_ '

Inspection of individual infant's performance.across 'the three

Fl

spatial rrequencieé, ' however, indicates that the lm:rest r_xuuiber of

misses (looking longer at the grey circle than at the striped circle)

occurred at .25 c}/d'eé comp_ared"#ith .5 and. .75 cy/deg; 2, 9, and T'

-

misses, rgspecti\‘[ely.

. Thus, I chose a stripe widih of 1.46 cm (.25 cy/deg) as the

above thre?shold value Tor the 'Subseduent experiment, since at this

f‘requencj,r neably all the babies -loqked 'lénser- at the striped than at

the grey circle.. . l ‘ -

7



- .. EXPERIMENT 2

Since 'meridional anisotrophy' has been inferred in infants as

young as six weeks of age, the present study was aimed ‘at determiﬁipg.

whether similarly -aged infénts have more: difficulty.. discriminating -

" between mirror-image oblique stripes than between vertical and

horizontal ones..

Although it is relatively easy to demonstrate diserimination in :

older infants, it can prove a difficult task in infants as young as six

.uéeks of .age. For example, discrimination performance within a group

jtﬁb: young infants wmay be quite variable.- This variability, more often

»

than riot, seems to reflect the influence of a ndmberldf extraneous .

factors, ie., state, time of laét_feeding, maturity of the oculo-motor
system, ectc., rather than the: ability beéing tested. To minimizé this
variability, it is important td choose é proceguré appropriate to the
age being tested. épecificaily; the techniqug used ﬁgst be 1)
§gnsi£ive enough to allow uhamhiguous interpretéfion df‘tﬁe dataj 2)
be-an accurate measure of the ability beins-tested.i

In general, three techaiques ‘have been used %o test young
infants' ability to discriminate different Stimuli: sﬁbntaneouS'vi;ual

preference, faﬁil;arizétion and habituation. Althodgh each of these

- procedures is effective with older infants, they do not appear - to be

equally effective in assessing the young infant's discrimination
capabilities: For example, infants as young as six weeks appear to be

able to discriminéte an upright face from an inverted one, when tested

‘with habituation'(McGurk,.197Q).. In contrast, infants do not show this.

'Th



ability until at least 16 "1/2. weeks of age when tested witb the
famiffiarization method (Fagan, 1972).° It is necessary, then, to

- . " - .
consider thiSdrawbacks and advantages of each of these prodedureé for

testing youn infants.

In a spéntaneous visual érefergnce prqcedure, i;fanﬁs are shown
(either simultaneously or sucéessiveiy) two stimuli, 'differing from
'éach other aloﬁg some diﬁension, and:the,length of time'the.inrant
‘looks at each‘of the two stimuli'is-recor&éd- A qiffgrenceiin the
lengﬁhlof ﬁéﬁe tﬁe iﬁfant looks at two stimuli is consiqerea evideéce
of his ability to discriminate between them. | )

Although‘this techniqﬁé, developed by Fantz<?reviéwed iﬁ Fantz,
Fagan & Miranda, 1975), has been successively used with newborns to

> , . ‘

demonsthate.”discrimination of such stimilus ‘featgqgs as curvature
(Fantz, 1963); nomber of ' elements (Miranda & Fantz, 19?1)'and.
orientation (Mgater & Sykes, 1977), i£ is still relatively insensitive
for asséssing young infants'.discrimination capabilities. _For.examﬁle;'

investigators assume that if the infant looks longer at one stimulus

than at the.other, he‘sees the two stimuli as different in someé way.
It does ngt fo;lowy however, that if thg-infang looks equallx‘iong(at
_both stimufi he does not perceive them as gifferent. .He may see them
as- differént‘ out find them eqﬁailyv'aftyactive ‘to ;obk sgt;
Interpretation of the findings then will be unambiguﬁus cnly when the
infant's visual resﬁsnée- ﬁo the éyo ,stibuli ;s- different. In. Eﬂ;
. absence of such a difference the findings are uninterpretable.

.Traditionally, ééter exposure to a2 stimuius,.a cﬁange in an

. -
infant's looking Treoz the familiar stimulus to a novel one, has. been
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used to indicate batterﬁ recognition-br discrimination. This:shift in
looking - preferenée is commonly termed _'response . to novelty'. Two

experihentél methods "have typiéally‘ been employed to “test infants'

il

response to novelty.

"

In one, the familiarization technique. developed by Fagan

(1970}, infants are “simultaneously shown two identical stimuli for a

specifiéd_ length of tingi Follow1ng thls ramlllarzzatjzn phase,

infants are given two test trials one w;th he familiar stimfius on one

(Y

side and a hovel stlmulus on the otber- the second wzth the p051t10ns

of the stimuli- reversed. If the infant flxates the novel stimulus more

than the familiar one, this shift is taken to indicate his ability to

discriminate the two stimuli. -

it is now apparent thet ‘the familiarization method is not
appropriate for ass;ssing young - infants' 'discrimination abilities.

There are several reasons for the limitations of this technique with

. young infants. First, infants younger than six weeks scan in quite a

limited fashion (Salapatek & Kessen, 1966; Leahy, 1975); also, young-

. infants tend to show more position bias in tﬁeir looking than do older

infants (Harris, 1975). Consider what this would mean when the infant

is simultaﬁeously shown novel and familiar stimuli. on a ‘test trial.

Due to the imﬁafuri}y of his scanning patterns, he would be unlikely to

-

compare (loo& hback and fofth) and assess the two stimuli

-

simultaneously, 2nd therefore be unlikelylto-look longer at the novel

stimulus. Failure to find more looking at the novel stimulus would
reflect the infant's position bids, that he looks at the stimulus on

one side regardless of its nature, and not “his inability to
: 3 g :

N

N

'.j( .
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dlscrlmlnate the two stxmull. Even if he did eventuaily shift his eyes
to the second stlmulus " the p{g—determined Iéngth Br'ﬁhe trial might
hlmpose a ceilipg effect on_7ﬁis fixatio; to the second _stimulus,
yielding no difference in fixation to the two stimuli.

Second, unlike 5-6 month .old infant; (Fagan, 1974), youﬁ' e
infants may prefer to look at a famlllar stimulus- rather than at
novel one under these'clrcumstances.' Th;“}indlngs of Bunter and Ames

(1975) suggest that when the ramlllarlzatlcn perlod is lnterrupted

before an habituation criterion (specified decline in visual fixation)

'is met, most young infants will look longer‘at the familiar stimulus
than at a novel one. "It appears that in order for some young anfants
to ;e§pond to novelty, ﬁhey ﬁust first habituate. This can be
problem;tic, since some infants migqt show a prefereencé__for
familiarity because they have not habituated,' and..other inféﬁts‘ a
.preferencé for novelty: 'Failuée to find response to novelty in a grﬁuﬁ
analysis theh would be due to the mixture of the 1nfants' responses
and not neceséarlly their inability tg‘discriminte the two stimuli.
The fgmili;rization technique, then appears net to be the method'of
choice for accessing the dlscnlmlnatﬂve capacities of young infants.
A seCOnd procedure which has been used to test response to
) novelty is the 'Hab -tesv procedure which developed from
.Sokolov's (1963, 1969) observations of the orienting reflex.

Traditionally in the habituation method, the infant is repeatedly shown

. »
2 single stimulus for a fixed number of &rials. Following this

habituation phase, the infant is given test trlals in uhlch the novel

and habituated stimuli are presented successively. An inerease in the

—r
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infant's fixation to the novel stimulus compared with the habituated
one is considered a 'm;easure of his. ability to disriminate them.

The ratiocnale underly:.ng the habituation: test px‘ocedure is the
following. when the same stimulus is repeatedly shown, an infant's
att.ent‘ion to it will decline or habituate (Jeffrey &_ Cohen, 1971).
_buring this time, the infant is assumed to be ‘encoding a representation
of the charac_:ter-i_sticé of the stimulus.: Fdlldwing habit,uétion, when a2
new stimulus is -pr‘esented,' a compa.risén is made" between the new.
information which is currently being encoq.gd- and the mm-:or-y tra;ce which
.has formed during habit‘:uation. Increase in the infant's attention when
a novel stimulus is shown r-'eflects.-s a. mismatch between the'memary trace
;1nd the current information and t:hus the "infant's’ ability to
discriminate the two stimuli (Cohen, 1973; Cohen & Gelber, 1‘975).

This method has been successiveiy used ‘with “four _Héek old
infints to demonstrate discrimination of form (Milewski, .1‘978) and with
two week olds and even newborns, to-demor'zsti"ate discrimination of
checkerboard patterns (Black, 1976; Friedman, 1972). Althc;ugh th;
habituation method appea.rs to Dbe ra very sensitive technique for
aissessxg dlscrmmatlon abllltles in you.ng infants, lt is not without
difficulties when the number of habituation .,rlal-s/and length of each
m:.al are deue_rml{led by the experimenter.. . For example, /im:‘ectxgators--
asswe that a certain nugber of habituation' trials given.th,e infant is
adequate .to aij.ow him to. encode ‘the .cha.:-act;erisi:ics of the stimulus.
For gcx‘::e inf‘é;':ts, the n;mber of trials‘ chosen will be sufficient:._,

' »

however, for others it will not.  For those infants who have not

habituated in the number of trials provided, performance on the post-
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test will not be ‘a -reliable measure of their ability to discrminat.e
the st.mul:.. | ‘Cohen & Gelber (19?5) suggest that the most reliable
measure of dlscrmmatlon w:.ll be produced only when the novel st.imul:.
are presented after each infant reaches h:Ls own crlvt-erlon of

-—l‘ébituation. ]

' A second difficulty arises :wh.en the length of the trial is

_ det.ermined'byl the ex';;e.rimenter. " This can be problematic. in two ways.
Fir‘st,. t_he inf‘ant. may ne\;er look at the stimulus ‘during a trial because

- he - does not notice it. Thel recox‘dgd .ri;cation time on such a trial
would_'be zero. This -time value ;could be mj:srepresent,ative s'incé it
would not indicate how long the infant would- have looked if he noticed
‘the stimulus was. 'p;ésen-t-. .Secdnd if the infant is still looking at

: -
the stmulus when the trial ends, the recorv length of fixation uo?ld
also be an maccurape measure of his fixation since he might - have
locked much lone,er :..\ given the. opportunity. To ehsure that the
recorded ;1xaulon time is an accu‘rat;e one, Cohen (1973) ~suggests that
th‘e trial begin’ when the infant starts looking at the stimulus and end

-“when he louvks away. Thus, ‘a better prdcedure, ;one developed
smu.t.aneous:.y by ben (1972) and no"omt.., Paden & Self (1972) is the
'infant control' habituation technique. In the iafant control version,
trial length aﬁd numl'aa.'rr'o: habituation trlals are detemlned by the
infant and not the expem.men‘;:er.

A.’.'thou%h the '_infant—control' Habitixa.tiqn proc':ed_ure is a viable
technique for assessing young infant's disérininative capacities,
interpretations of the findings can be'aml?ispous‘ if the infa'nt loocks

egually leng at the novel and habituated stimuli. Failure to find
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responsebto novelty uould not necessarlly indicate ‘that the - 1nrant
" cannot discriminate the tuo stxmuli - he may Just not have habltuated
or the procedure ;ay have been toc long and he may have been tired.
One way of dlstlnguxshlng between these p0381b111te8 is to Lnelude a
second novel stmulus in theéost-test one wh:.ch you know apricori the
infant can dlscrlmlnate from the habltuated stimulus. If the infant.
looks longer at the second novel stimulus than at the habituated one,

then he has truly habituated; - 1? not the infant has either not

_ habituated or is tired.

Thus, I tested.-orien;ation discrim;netiep in 5-6. ﬁeek old
infants using the‘ infant control 'hadituation—test' proeedure. -1
shoued infants StPlpES in one orientation untll their locking decllned
"to 3 crlterlon of Habltuat1on and then’ presented stripes orlented.
perpend;.cularly to the or'l.bmal ones and an 8 x 8 checkerboar'd.' 1
consadered an lqcre;;e in looking to the.new orientation of the stripes
to" indicate discriminatied belween t!\‘ haeituated and novel
or}en%ations of the stripes. ) : -
METHOD-
=ubjects
The subjecis were 32 full-;erm 5-6. week old infants (16
.females; 16 males} with no known birth abnopgalities. Their mean age
was 45 days tqanse: 39-50 days).‘ Thiety-ode other infants were also
tested but did get'completerthe procedure because they fussed, eried or

~

slept. Data from four additional infants weggjziso excluded Because

they did -not 'show oore looking at the 8 x 8 checkerboard in the post-

test than at the stripes at the end of habituation (see below).



- 55

Stimali

'rhere were five stimuli .-"- an 8 x 8 black and white °
ckeckerboard and four circles m.t.h black and white stripes or:l.ented
either-at 0° , 90°, 135°, or 45°. " The stripes were 1.46 cm .wide (.25
cyclea/deg), the width shown in Experiment 1. to be well ‘above threshold
for inrant.s of ‘this age. The 8-x 8 eheckerboard differe;l from the
_st.r:.pes in amount or contour (182. 5 cm vs. 160.85 cm) and in area (2213
sq cm vs. 193.66 sq cm)._ |

ALl stimuli were presented one at a time in the cen.ter' of the
.field and subtended 20° of visual arc. | |
The apparatus was similar to that descnbed in Experment 1,
E except each observer had a timer to_x{ord the length of rlxat.:gons and
@ button to advance the sl:.des. Slides advanced only uhen both-
ot;server-s had pressed t.he.z.r‘ buttons.- | _ |

N
As in Experiment hi .=.u~2 expermenter placed the mfant in the

J.nram; _seat so. that the in t's eyes were 45 om in front of the
screen., Before testing, the experimenter turned off the roonm hshts
turned on u'u..e no:.se and presented a female face on the sc‘?een to

attract the ‘nfant‘s attention.

The technigue used _-waa' a modi;‘ic_ation. of the infant control
habituation procedure used by Horowitz, Paden, Bhana & Self (1972).
During a -trial, each obeewer started. 2 cuzulative timer when she

~judged that the infantrlooked at the stimulus. When she judged the

infant to have looked awzy, she stopped the timer, recorded the time,

-
-
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and pressed.the button to advance the slide. glides advanced only uhen
both o%uervers :]udged that fixation had euded. 'I‘hus, the inrant' |
looking started the trial; cesa;tion_ of looking ‘ended the trial. : For.
each bab‘y'I celculated agreement t;etHeen the observere Judgements of
rixation by Pearson Px‘oduct Hument. correlation. The ~m_éan cox.'rela-t.:ion

I

was .93 (Range: -91--99).

Infants were. ra.ndcmly ass:.gned to one or rour hab:.tuatxon

gro.ups. Each group was habxtuated t.c;-a d:.frerent or:.entatzon of the .
'st'.'r'-'ipes;l vertical, hor:.zontal, “left oblique or right oblique.
Before habituat.iee, the infant was given a pretest.ﬁith tﬁre_e
e stimuli: stripes in the erientatie_n to be habituated (A); stripes
oriepted pe;-pendicul'arly to the ones to be habituated (B); end .an 8 x8. _
checker'board C’C). Eac:h stimulus was presented twice in either an
ABCC;A -or BACCAB order, with these two orders counter‘balanced'\_eithiq
each group. This or‘deringr was used 30 that decreases in -infants'
looking over trials would be likely to aff‘eé't all.etiﬁluii equaﬂ.y

-

Following the pretest the 1nfant was shown one or:.entatlon of‘

rs

: the stripes (4) repeatedly until his lookmg fell to the cr'lter-mn.

fter the criteridw of habltuat:.on was :net, each z.nfant. was shown the

4

stnpes for an additional tnal to insure habituation. The cr;ter:.on
of habituation was two sets of three consecutive trials (eg., J..f set 1

= trlals,_B, 9, 10; then set 2 =' 9, 10, 11) during uhz.g_:h tke infant's

-—
h

mean fixation time was less than half of his mean fixation time on the
. first three habituation trials. Note that_the minimum number of trials

required to reach criterion would be 7.



Figure 2.

~

Mean length oi"’ inf‘ants_' fixation during habituation

and’ post-test in Experiment 2. Vertical habituation group

r*epr\fmes_ented by &=e=—); horizontal group by (+=+0);

left oblique group (~==) and right oblique group by ).

For peoints representing the start of habituation, each

a

infant contributed his mean fixation on the first three
habituation trials; for points repr'_e'sentirig . the end of

habituation, each infant 'contributed his mean fixation on

. the second set of criierion trials; for points representing

the pbst.-test, each infant contributed the mean of his

fixation on the two trials for the novel and habituated

+ orientations, respectively. o -
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- After .habituation, the'iﬁfant was given a post-test that was

identical to Eﬂe prétest.' Longer'looking at the checkerboard in the

post-test than. at the stripes at the end‘or_hab;tuation, was taken to.™

indicate that the infant had truly habituated. Based on other findings
(Fantz, Ordy & Udel? (1962); Brenran, Ames & Moore, (1966) I exﬁecteq
that an infant of six weeks would look longer at the checkerboard Qince
it dlffered from the strlpes 1n several ways. Failure to. rlnd recovery

to the checkerboard would lmply that either the infant  had not

.habituated or that he was. tired. The data”of four -infants were

’

excluded from the datza analysis because théy did not sh9w.;hg expected

recovery to the checkerboard.

RESULTS

The data were analysed in three parts: post-test datg;

bi ti t3 and ﬂzﬁziﬁﬁi_ﬁa&i- All time data were transformed to

natural logarithms to insure homogeneity of variance - anong the four

Groups' data (Winer, 1971).. fhe raw data are shown in the flgures.-

g~ -

Pust-test data

. To find out if an infant looked longer at vel orientation

of the stripes than at the habituated one, I ri obtained a score for

each stimulus: for each stimulus in the post-test, I calculated the

mean -of the fixation times recorded by the two observers on each trial

and summed the =zeans across the two trials for that stimulus,
‘ @

In all groups, infants looked significantly longer at the novel

/’ . .
than at the habituated orientation of the stripes. The post-test data

~

are shown in Figure 2. A &4 (orientation groups) x 2 (habituated-novel -
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P

orientation of the stripes) ANOVA with repeated measures, shc';ued a
,‘slgnxrlcant difference b‘at.ween the lengt.h of :.nfant.s' looking at the .
novel and bhabituated stimuli. (Fp pg = 16.7H, p < .005): o

31gm.t‘1can;_ betweeg gr'pup effect or stimulus x group interaction was

found. &
Habituation L
~I comparéd the four habituation\gsoups' on four~measufgs of
/ habituation: c | B
1)7the number of trials an infant took to reach the criﬁgric}ﬁ:_?!'ﬁ

criterion of habitué.tion, ie., half. th.e, infant's mean looking on the

. first three hab:.tuat:.on trials; 3) the level of look:.ng at the end of
habxtuat:.on, ie., the mean level of the infant's 1ook:mg durmg' the
second set of cntenon tnals- 1&) the total length of t.:une the mf‘ant.
looked during hab:.t.uat.mn. (Not.e that each of these measures was based

.c‘m the larger- of the values recorded by the two observers ) ‘ way
ANOVA'S showed the four groups did not differ on any of these measures.

.. - _ . | el

To determine if infants initially prefe;:'ré\'d to look longer at

one stimulus than.at‘ another, I first obtained ' a score r‘gr each
stimulﬁa in 't.he pr;etest in the sSame way 2as iﬁ‘the post-test. For these
analyses the data from the vertical and horizontal hab:.tuat:.on groups

were collapsed smce these J.nfants were presented both vert.:.cal and
horizontal stripes m the pre-test.,  Similarly the data_frcm the left

. jgight oblique habituation;groups were collapséd for the same

reasohs. These ‘two sets of data weref'analysed separately by two

one-way ANOVAs with repeated measures. The analysis showed no

significa‘nt difference in _the Time inf‘?t.s looked at these stimuli..
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Schematic drawing of a circle with stripes oriented

obliquely to the left. - {:‘ !
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figure 4. Schematic drawing of circle with stripes oriented obliquely

to the right.

.
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e DISCUSSION,
. —

Infants in all groups looked longer at the stripes in the novel

orientation than at those in the habituated orlentatlon. Ehrthermore,

‘t.he_r:g was no evidence that a mirror'-image oblique. diserimination was

s

more difficult than a vertical - horizontal one, since no differences

‘were found among the‘four habituatiaﬁ groups on any measuré.
Two explanatlons may be put forward to acc;unt for why 1nfants
* appeared to be able to discriminate oblxque strlpes from each other as
easily as vertical and horlzontal ones. First, it is possible that the
 1nfant3 ‘in this study were able .to make the dlscrlmlnatlons on some
.b351s other than orientation. Specifically, let us consider the nature
of the stimuli used in the present study. At a stripe Qidth of 1.46
.em., a black stripe ehds on one side of the circle; a.white stripe on
A . .
' the other.” Cunsider what would happen’if the infént looked at only oune
JE region of the ci{éle during testing, e.g, the left hand region. _Hhen
an infant was.shéwn left oblique stripes during habituatién, he would
see mostly black area (refer to Figure 3). However, when he was shown
rlght oblique strlpgs in the post-test, he would see black/white
transitions (refer to Figure 4}. t is possible then, that an infant
could discriminate these stripes on the basis. of differences in
conto;r, brightness or patterning and® not orientation.per se. ¥We knou,
however, that ‘when young infants are shown a2 stimulus, they te;d not to
scan ohly one region of-the siimulu; but rather secan sefg;al difffrent
areas (Kessen, Salapatek &%7, 1972). Furthermore, in 2 recent
'stud;, 5-6 week old infants, after being habi;uated to obliquely-

] oriented stripes, looked" longer at stripes oriented along the qpposite
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diagonal than at the habituated oblidue_stripas. The&‘did.qot_bouever,
" look longer at the negative of the '_ha_biti:ated'stripes' (ones in which .
the ordering of the black and white stripes was reversed) than at’ the
.habi;uated oblique stripes (Maurer & Héntello, 1978). These results
suggest fhese infénts ‘were précessing -orientation and 'not merely
regionél hirferences bétueen the siimuii. It is unlikel&, ;hen, that
the infaﬁt; in the present study continually looked at only one region

of the circle {either during a trial or across trials) and consequently

_that they weféﬁdiscrihinating the different orientations of the sé?ipes .

on the basis of differences in'qqntour, brightness or patterning.

Second, it is possiblé— that’ poor oblique discrimination is
difficult to detect in-infants as young as six weeks of age. We know
ihatnﬁy least for meridionél anisotrophy, the number of infants who
show tﬁe effect éeems to bg a function of age. For example, more 14-20
week old infants show merfﬁionai aﬁisoﬁrophy than do 6-13 week old
infants {Gwiadza et al., .1977). Corsequently, the magnitﬁde of
anisotrophy, although minimal at 6-13 weeks of ‘age, is quite pronounced
by 14-20 weeks of ;se. If ome assumes that meridional ani;oégbphy and
poor obliqde discrimination have the same developmental courses, then
cne should expect that both effects wil; be difficult to detect in
infants as young as six weeks. This suggests that there would b;-
diffe}eﬁégs both in the number of inrénts showing poor oblique’
&iscrimination and in the magnitude of this effect shown by each
infant,  when one comp;res clder and younger infants.

In order to test this hypothesis, .I tested orientation

discrimination in 17-18 week old infants, most of whom are . known to



show at leagt one méni%estation_ﬁf'the'oblique errggt, namely
.meridional anisotrophy. I eipecﬁed that ir the failure to find poor-l
oblique dxscrlmlnatzon in the -present study was due to dirficulties in
detectlng the efrect at ‘such a. young age, then I might find the

phenomenon when I tested.older infants.

-



: ~ CHAPTER FOUR
' . ’ . .
EXPERIMENT 3 - - ’ -

- In order to test orientation discrimination in 17-18 week old K\\‘\-;
" infants, it ‘was first necessary to determine a;stripé width (spatial
" frequency) which would be above the' threshold of acuity for vertical,

horizontal, left and right oblique stripes. .

Three .spatiél frequencles, i, 2, and 3 cycles/degree were
‘chosen on the basis of Leehey et al‘s (19?5) data fbr 14-22 ueek old
1nfants.f Briefly, Leehey et -al. reasoned that if" infants' acuity‘for
' oblique';t?ipes were less than their ;cuity‘for vertical and ﬁorizontal
anés, then at spatial frequencies at or near.the threshold of acuity,
infants would see .the vertical or horlzonual strlpes more clearly than
the o©blique strlpes and thus would look longer at the vertlcal and
(/;;:r;9ntal strlpes than the oblique ones. In_ their study, they .
‘reported that 14-20 week old infants looked lﬁnger at vertical and
horizental stripes ‘than at éblique ones at. 3 cy/deg. ‘A recent
Teplication of their study however, with mofe subjects and more trials,
showed that a significant looking preference’ for vertical and
horizontal stripes also occured at spatiai frequencies lower (1.5
cy/deg) and higher (6 cy/deg) than 3 cy/deg {Gwiazda, Brill',- Mohindra &
Held, 1978}, The broad range of ‘frequenciés at which a looking
preference for vertical or horizontal compared with oblique ﬁtripes was
i;found,:suggests either nigg variability in aquity threshold or that éhe
- threshold of acuity for oblique lines is considerably lower than that

68



‘ror vertical and horizontal litkes for. this age group. In any case, it

seemed necessary t.o test acuity ‘at dit‘rereat rrequencies to ensure that

- ~the value chosen would be above the threshold of acuity ror . most -

infants of this age.

I tested acuity for stripes at three frequeacies, 1, \2 and 3
cy/deg.’ The range of t.hese frequenm.es was smllar to ‘that used in
) a.

Experiment 1, in that the louest frequency (1 cy/deg) 'is three times

that of the reported threshold (3 cy/deg). Again, I showed infants

"palrs of c:.r-cles, one be.mg a grey c:u-cle- the other a circle w:.L

black and white stm.pes, varied in spat.lal frequency and or:.entat:?er& ’

I expected that most mfants would look longer- ‘at the stripes than_.at
the grey cirele .if the stnpes were seen clearly, ie., 11‘ that spatial

frequency used was well above threshold. ’ v

METHOD
Subiects . _ .

-

The _subjecr;s were 10 f‘x.;ll-tem 17-18 week old-in‘rants (5 males;
5 females) with no known birth abnormalities. The mean age was 121.6
days (range: 119-126 days).
=timuli

The stimuli were two circles with black and white® stripes
oriented at either ,90(J or 135°, (Only twc\frientations were tested in
thT tudy si;';-c:e LeeHey et al. (1975) report no differences betweea

L.he tme infants loox at vertical or hor* zontal strlpes or in the tme

-

they look gt lelt and r‘lght oblique stripes at any of the spatxal .

frequencies they tested. This f..nd:.n.g susges..s that the threshold of‘
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acuity for vert:.cal and horizontal atrlpes is the same; s.’unila.rly the
.. threshcld of acuity appears to bé the same fop-lert and right oblique.
) stripe.f.). The at_ripes were .36 cem., .18 eq., or . . wide (1, 2, 3 .
. N ' - .cj_r/.deg). 'Each cirecle _subt.endéd 20° of visual angle and was paired with
. a; circl'e.. witﬁ sﬁripes of "a hig@' "(more than 12 cy;deg) spatial
fr;equency (referred to as a 'grey eircle.’). 'Ea'éh pair ua:" sepa;"ated by
- 23 of v:.sual a.ngle. In all, there were 12 pairs of stimull, includmg )
i . counterbalanc;:.ng‘"‘of the side on’ uh:.ch the higher frequency circle

occurred (3 f_requencies X2 oriep_tations x 2 sides). For each infant,

the 12 pairs were shown-in a random order.

Apparatus o ' T '
" } PUCEEE T H

The apparatus was similar to -that desciibed in E:cpe:l-i_ment 1.
Slides were r'ear-:pr'ojected onto a screen positioned 45 cm in front of
t.tm_infahtl‘s eyes‘. ,E‘.ach of the two observers behim:i ‘the screen had tuoi
cumulative tixﬁers and ‘,a control button which could open a shutter in
front of: the lez;s of the proj'et::tor. .
Procedure

.The procedure was similar to that descr;ibed in é:xberiment. 1.
Pf‘ior to testing, the experimenten.piaced the_infant.' in the infant
. sea?, turned off the room lights, turned on ui?ite noise and presented ‘a
- female face on the screen to attract the infant's attention.
S . On each trial a pair o.f stimili was shown for 16 seconds.
T : ‘ : [

During a trial, each cbservexf"-activated-one of the timers whenever she

judged that thé infant was fixating the circle on the left. Similarly,
\Wti\ra:eﬁha second timer when she judged that the infant was

, fixating the c:chJ.e on the right. ~
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At the end of a trial, a shutter automatica-lly closed, and
‘reopened- after 10 sbco;ds. While the sbutter .was closed the viewing
3creen .was blank and the projector advanced to the next slide.
Subsequently, each observer recorded the tzmes fram the last trial,
cleared the timers and presaed the control button to open the shutter.
Data Analvsis

' The data analysis was siinilai* to that described in Experiment
1. ~ For a given aculty pair, the mean length of an 1nran&l§_£%§atzén on
each c1rcle of the pair, across the two counterbalanced trials, was
calculated and compared. The f.“ix\ation times ﬁsed in th:calculations-
were those recordép by the'firgt observerj'since'écmplete records were
not obtained by the second observer Pop two infants, because of
equi_pt_nen? failure. \

To estimate whether the two obsefvefs were reliably recording
thé same behévioug, Pearson Product Moment correlations were calculated
separately for the fixation timeé recorded for § infahts'(since the
secoﬁd_obseryer's records were inccmpféte-ro: 2 infants). A
correlation was calculated Separately for times recorded for looking to
’ ﬁhe left cirele and the right cirele. The mean correlatlon was .97 for
;he left circle (range: .96-.99) and .97 for the right circle (range:
-93-.99).

RESULTS AND DISCUSSION
The data are shown in Table 2.l Inspecéion of tﬁe group data

show that infants looked longer at the striped circle than at the grey

cirele for each orientation regardle;s of the spatial frequency. This

¥
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finding suggestﬁ ‘that 17-18 week old infants are clearly seeing the
stripes as different frcui grey even at 3 cy/de_g.' Thislis consiatent-
with Gwiazda et al.'s (1977) acuity findings for 11-20 week old
infants. ' o

‘Inspection of individual infant's performance across the three
spatial frequencies, however, indicates that the lowest number of
misses (looking' longtw?r:ey circle than_at the Qtiped circle)
occured at 1 cy/deg. 0, 3 and\f; misses at 1, 2, and 3‘cy/deg,
r‘espect.ively.‘ Thus,. I chose a stripe width of .36 ca. (1 ey/deg) as

the above-threshold value for the subsequent experiments.

\



EXPERIMENT 4
In experiment 2, six week old infants appeared to be able to

L . S
discriminate between mirror-image oblique stripes as easily as they can

. discriminaté vertical and horizontal ones.

One possible explanation of these results is that poor oblique

discrimination is difficult to detect in six week old infants. This

would not be ‘surgbising since meridional anisctrophy.is also difficult

to detect at 6-13 weeks of age (Gwiadza et al., 1977). Assuming that

;e
-

meridional anisotrophy and poor oblique discrimination have ithe same

~developmental course, then, it is possible that at 6 weeks of age only

a féw-infﬁﬁts show poor oblique discriminqtion.-
. .
In order to test this hypothesis it seemed necessary to
replicate . Experiment 2 with older infants. Specifically, I tested

17-18 week old infants since the literature suggests anisotrophy is

- more pronoudced at this age. -

S~

Again, I showed infants stripes in one orientation until their
lovking declined to a criterion. of habituation and then presented -
stripes oriented perpendicular to the ones habituated.. In the ﬁresept

o N ,
study, infants were habituated to stripes in oﬁe of two orientations,
either‘ieft oblique or vertical.

Sincg no differences in acuity (Cohen—ﬁeehey et al., 1975;
Gwiadza et al., 1977) or initial preference (see Appendix A) have been

reported between major-orthogonal orientations® (e.g., \ and —~—) or

between obligue orthogonal orientations (e.g.,\ or/ ). it was not
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‘necessary fo counterbalance orientation by testing four habituation

groups.

METHOD -

Subiects

The subjecr.s: were 20 full-term 17-18 week old infanl:s {10
males; 10 females) with no known birth abnormalities. Their mean age
was 121 days (range: 119-125 days).’ Six other infants were also
tested but did ndf; complete the procedure because they fussed, cried%or
slept. The data of one additional infant was e:tc]_.uded becaﬁe he did
not-: show more looking to tﬁe, 8 x 8 checkerboard in the post-test than
at the stripes at the end of habituation (see below).:
There were five stimuli -~ an 8 x 8 black and white checkerboard
and fo;}g- circles with black and white stripes oriented at either 00,
900,_.859 or 45°. The stripes were .36 cm. wide (1 c¢y/deg), a stripe
width shown “in Experiment 3 to be above the threshold of acuity f_or
both' left oblique and vertical stl-:'ipes. The 8 x 8 ;:heckerbaardA
differed from the stripes in gﬁ:ount of contour (182.5 cm vs 850.82 cm)
and in area (224 sq. cm vs 193.66 sq. em).

All stimuli were presented singly in the center of the field

and subtended 20° of visual angle.

A ! % - \
. _ )
The apparatus s similar to that described i}/f.:b(periment 2.

- |
The baby sat in an -infant seat in front of a rear:: projection screen
t

mounted at the end of a table. The stimuli were rear projected bnto
. .
N

-3



~ ~correlation was .99 (range: -804.99).

the.screen'by éiiodak Carousel projector situated behind it.

Two observer; were located.behihd the screen. Each obs;rver
had a timer to rgcorq the leng£h oflfixatioqs and a control button to
open ard close 'a shutter positioned- in front of the lens of the

projector. .

Procedure

\&,. T R . .

'The procedure was similar to.that described ip'Experiment 2
except that the}e was no ;pre-test. During a trial, eaoh observer
activated_ ar cumulative timer Qhen she ‘judged the infan; started
fixating‘the stimulus,. When she judged thg infant to have looked away
from the stimulus, shé-released the timer, pressed the control button to
close the shutter‘and recorded the time. The shu}ter opened and closed -
only after both observers had gressed. their buttons. %hus,_ the.
infant's looking started the.trial, his cessation of looking ended the
trial. -Note that duriné the post-test slides were advanced manually by
the secoﬁd observer. |

2 . -

For each baby, agreexent betwegn the observers' judgements was
calculated by Pearson ?roduét Moanent correlations. . The azmean

Infants were randomly . assigned to one of two habituation
groups.  Qne group was habituated to vertical stripes; the other to
left oblique stripes. . : -

The infant Qas shown one orientation of the Stripes (n)
repea£edly until gis looking deéreased to‘céiterion. As in Experiment

2, the cr;&erion of, habituation was two sets of three consecutive

trials during which the infant's mean fixation time was less than half

4
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of his mean fixation time on the first three habituation trials.
Subsequent to habituation, .the infant was given a _post-teaf.
with three stimuli: stripes in the orientatiqn to which he was
- .~ habituated.(A); stripes oriented ﬁerpendicular to the ones to which he
was babituated (B) and an 8 x 8 checkerboard (C). 'Each.stimulus was
prescﬁted twice in eitheb.an ABCCEBA  or BACCAB orﬁgr with these two

\or.ders counterbalanced within each group. Recovery to the

éheckerboér-d, that is longer loéking at- the checkerbaard in the post—
test than at the stripes at the end of habituation was used to indicate
that the infant had truly habituated. _The data of ome additional
infant ;rere excluded from the data analysis because he did not =how

-

recovery to the checkerboard.
The data werc analysed in two parts: Ru3t—test data and

7 .
habituation data. . All time data ‘were transfqm@;to the scale of

natural logs prior to statistical analysis to .insure ,homoge‘neity of
. .

variance between the two groups' data (Wiener, 1971). The raw data are -

shown in the fisubes.

© Post-test Data
\/ . ’

. To determine whether the infant looked 1longer at the novel

or‘ie‘ntatiog of the stripes than at the habituated orientation, I first

obtained a score for each stimulus: for a-give.?z stimulus,. the mean of

the fixation times recorded by the two observers on each trial was

calculated and the means were sumned across the two trials for that

stimulus.

»
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In both groups, inra.ntg l.ooked significantly’ 1.o:':ger at the
novel than ;t the habituated orientations of ihe:stripés. The post-
test data are shown in Figure 5. A 2 (habituation groups) x 2
(habituated — novel orientations of the stripés).ANOVA with repeated
measures showed that infants looked significantly longer at the novel

orientation of the strlpes .than at the habituated .one, 'Ihere was a

significant difference among the post-test stimuli (E‘.l 18 = 26. 95 p<

-01). No s;gnlflcant between group effect or stimulus x group

interaction was' found.

_';

I ccmpared the . two groups on four parameters or habituation.

As in E:xperment 2, the parameters were 1) the nunber of trials an
infant took to reach the criteridn; 2) the criterion of habituation; 3)
the level of looking at the énd of habituation; 4) totai Fixation time
during habituation. ) : -;;

T tests showed that the two habituation groups did ‘not differ

significantly on any of these measures.

DISCUSSION
As in Ebcpe;rimt-aht 2‘, infants in this study looked longer at
stripes in the novel orientatig; than at those i; the 'habituated
orienta ion regardless of whether they were required to dlscrlmlnate
vertical from horizontal stripes or le bl:.que from right ablique
stripes. The infants appeared to be able to discriminate ohi‘ce

oblique orientations as easily as majof—orthogonal ( \. Vs T

orientations since no difference between the two groups was found.
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Figure 5, Mean length of infants' fixationo during habituation an&'»

post-test in Experiment 4.. Vertical habituatiqn group
represented by (=——}; left oblique group by (= —.‘). For
points repreéenting the start of habituation, each infant
contributed 'his mean fixation on the Tlrst three habituation
trlals- for points at the end of habituation, each infant

contributed his mean fixation on the second set of criterion

‘trials; for points representing the post-test, each infant

contridbuted the mean of his fixation on two trials.
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it ﬁas expected that if meridional anisotrophy and poor obligue
discrimination' have the same developmental course, then 17-1é week old
infants, who are known to show pronoi.f;ced anisotrophy, should alsc have
di-f!‘iéulty discriminating mirror-image oblique stripes. :F‘ailure _to
find poor oblique diserimination in the present study 3uggésts 'that-
theSe two phenomena may not have the same developmental course.

"It remains possible, however, that four month old infants do
have difficullty discriminating oblique orientations from each other but
that the paradigm used in this -studSr was not..sensitive enough to show
the difficulty. For example, with an hémbituation"'criterion of 50%
decremt;nt in visual fixation, infanﬁs would- be given ‘a genercous amount,
of time to encode the characteristics of the stimulus. . Consequently,
infants n{éy be able to :make an opposite 6b.fl§ique discrimination as
easily as a vertical and'; horizonr.'é.l one wne'n given ample time t.o' encode ¥
the orientétions of the stripes but may show difficulty with the h
oblique discrimination when the length of the habituation period is
redgééd.

In order to test this hypothesis, I\tested orientation

.

_ar

diserimination in .f'-iibseqeunt experiments, using variants of the

+

habituation paradignm. I expected that if infants’ atbility to

discriminate oblique orientations of the stripes was due to certain

features of the procedure used in the present study, then I might not

. & .
be able to replicate these-findings when I modified the procedure.

ot



. CHAPTER FIVE™
EXPERIMENT S

In 't_he péevious experiment,- 17-18 week old mfants ppeared to
be* able to dlscrmmate between opposite oblique stripes as ly as®
between vertical and horizontal ones, These data suggest‘that. the
'obl‘ique e_effect' Zay not Abe present in infants of th;i.s age.

e It still remains possible, k;owever, that four month old ‘infants

have difricult.y discrimin'ating oppos:.te oblique stripes but that the

Y

paradigm used in the previous’ experment was not sen31t1ve enough to

show this c!:.ff:.culty. In a recent study, Bornstein Gross and wolf,.

(1978) rfeported that 15 week old infants do have difficulty
dlscrlmlnat;ng opposite oblique .l_i_n_g_;- Using a 'fixed trial’
habituation protedure, Bornstein et al. showed infants a’ lers oblidue
line for ten trials; each trial lasted ten seconds. This constituted
the hab tion phase, During tht_a post-test, infants were shown three
stimuli: a.line oriented obliq-uely to the left {ie., \), a line
oriented ob"liquely to the right (z'lé., /) and a 1line or'-ier;ted
vertically. In the post-test, infants looked equally long at the left
and rlsht oblique lines but looked longer at the vertical line than a

the' left gblique line they had seen during habituation. These data
suggest that the infants' were able to dlscrmmate between vertz.cal
and left obl*que l:.nes but not between oppos:.te oblique lines - hence

the 'obl:.que effect?

83
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| This fixed trial habituation procedure, used by Bornstein et

o al., dirrer_s rrcm the infant-control procedure in a number of ways.

D

First the length of a 'trial is kept const‘.a.nt that is each trial in
tne habituat.ion and post.-test phases is or the same 3pec:.r:.ed length,

e.g., 10 seconds. This is quite different r‘rom the 'inrant-cont.rol'

-

version, in which the length of the trial varies not on.‘Ey from tr:.al to

K \

trial but also from infant to inr‘ant. . s
‘ SeCOnd ;'_n the '"fixed trial' vers:.on not only_ is the trial
:‘J.xed but also the number of trials given dur-mg the ha.b:.tuation phase .

is predetermmed, €.g.4 10. Habltuat:.on, then, is not detemmed by ‘a

behavioural criterion as in the mfant-control version, (e.g., 505

decrement in rlxat:.on) but rather, it is expected that the number of

habituation trials presented to the infant is sufficient for
hgs}tuation to oceur. i .
“"Given the inherent diffgrences between the 'fixed trial' and

'infant control' versions of the habituation procedure, it -is possible

that the failure to find poor oblique diserimination.in the previous

~studies may be'due to the procedure used. It seemed“necessary then to

replicate Bornstein &t al.'s sthdy with stripes. I 3howed 1718 week
old infants st*;pes in the left oblique orlentation for ten trlals,

e.ach trial lasted 10 seconds. Follom.ng this habltuatz.on pha.se I

showed infants three s»mul:. in the post-tes ‘left oblique stnper

right oblique stripes and vertical stripes.

=~



) " METHOD R | :
The subjects were” 20 full-term 17-18 Uweek old infants (10

I3

| rqnales- 10 males) with no known blrth abnormalltles. Their mean age

was 121 days "(range: 119-125 days)
Stimuli ..
ST The stimuli were three circles with black and white stripes .36

-

v em. wide (1 cy/deg), oriented either at §0° 5°

, or 135°, V‘The cireles

were presented one at a time in the center. or the riéld and subtended

e

20° of visual are.
. ﬁnnaza;lla . ’ b4 .' »

The apparatus was' similar to that described in Experiment 4.
Slides were rear-projected onto a screen positidned 45 em- in front of
the infant's eyes. Each of thc two obsérvers behlnd the screea had a
cumulatlve timer to record the infant's flxatlons. "In addition, there
was a shutter in front of the lens of the projector which opened and
closed automatically. - ’ . .

. . ¢

Erogedure

The experimenter placed the infant in an infant seat and

.

positioned the seat so that the infant's eyes were 45 em in front of

tbe screen.  Prior. to testlng, the experlmenter turned off the room
Q .
lzgh»s turned on whlue noise and preseneed a remale race on the screen

to attract the infant's attentlop.
The technique used was the fixed trial habitua;ion procedure
described by Bornstein et al. (1978). Infants were showr stripes

oriented obliquely to the left (A4) for ten successive trizls.  This

. ) . . -
. t. ) -
.. w
. L
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defined the habituation ~phase. Subseqeuntly, each of the rollowing
stimu.ufmr:e presented three r.imes- stripes oriented obliquely to the
le.t‘t (_A) str:.pes oriented obliquely to the right - (B); and stripes‘
oment.ed vert:\?oaily (c). Each nfant saw three randcmly Selected - ‘sets

of the six possible combinat:.ona of the three stimuli° e.8., ABC, BAC,
BCA. '

- ‘E:ach> trial in the habihuation and post-test. phases lasted 10
éec;nds. “During a trial each observer act:wated her emulat:.ve timer
Hhenever she judsed that the 1nrant started fixating the circle. at
the end of the tm.al, ‘a ‘shutter automat.ically tlosed and the 5pz"r.:,ject.or-
. advanced t.o the next slide. Each observer wrote down the time she had
-recorded on the last tr;al and cleared the timer. After 7 seconds, the

shutter opened and the ne_xt trial began. .
I calculated agreement between the two observers' Judgem,es-'t.s by .

Pearson Product Homent. correlatlon for the 12 inrants who were “tested

by both observers. The mean correlation was .94 (range: .BO-.§9) -

RESULTS '
The data were analysed in two parts. .hahi&ua&_ign_q_aﬂ;
DOSt~test data. All tme data were transformed to the scale of natural

logs prior to stat.xeihcal analysis, The fixation times used in the
-data analysis were ‘those recorded Ry the first cbserver, since the

second observer only recorded fixations for 12 of the 20 infants

tested. ' ) i
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Table 3. Individual infant's fixation times at the beginning and end

of habituation in Experiment 5. . -



Table 3
i ‘Uabituation Trials - -
,Subjects ’ ] Yy +Alu
1 13.7 R 13.1
2 J.u . ‘ lv.7 .
3 13.5 - ) "11.8
4 . 17.3 . ' 9
5 16,3 ~ : 11.9
6 1l.6 “12.6
7 10,4 ' . 1.6
8 . 17.1 16.8
y 14.6 ) : 9.1
B 10 15.8 8.7
[ Q- .L 17.5
2o Ry - 14.8
13 12.5> 13.7
14 16.3 . 8.1
15 15.3 9.4
16 7 S 3.6
17 16 14.4
18 1, 2 14.3
1y 13.3 * 2.9
20 9.4 5.0
X 13.6 ‘ o 1l.48
- SD 2. 4.3

]
L5 ]
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Individual infant's fixation times on post-test stimuli in

Experiment 5.
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. Table 4
. i © -~
Subjects o Stimulus
‘habitunted vrientation novel orientations ]
Lel't Oblique (gac) Vertical  .KRight Oblique . _..
1 21.5 1v.1 . 20,5
2 20.8 : - 16.4° .. 15.4
3 24.7 21.1 17
4 AT 22.5 21.6
5 24.5 244 - 24.9
6 16,5~ . 14.7 ' 6.5
7 18.7 14,5 16.1
8 21.8 o 14.7 T
y 5.9 ' . 1202 . 13.1
(1] 19.4 A - 20.7. T 22.7
11 _ 14,4 12.7 18.1
12 1026 - vu.2 17.9
_ 13 K 14,73 21 18.2
14 0.1 : , . 10.7 o 11.3
- 15 12,2 _ 21 17,7
16 . 2202 v 23.5 lo.3
17 2.8 ) C22.9 19
Y- T la.l . 15.2 9.9
IS P2.4 . 12,7 2.9
20 3 18.8 23.4 23.1
VX = 17.93 18.63° 16.32
S = 4.67 - 7.21 5.54

mem I xatron . _
per trial 5.98 6.21 5.4

Tt
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'ro'det.emine whether infants* looking d’@cmsed during the
habituat.ion phase, I compared the amount of 1ooldng at- the atripea at

the beginning and end of t.he habituat.ion trials. Specit‘ieally, P

sumned the looking times for habituation trihl.s 1 and 2 and compared

- |
inrant.s' looking - t.imes ror trials 1 and 2 and ror trials 9 and 10 are

this cffafhion time uith the sum for trials 9 and 10. Indlvidual

' repox-ted in Table 3. On the averages looking decreavd by only 2.12

aeeonds ( 111) during the habituation phase, way Anova with

repeated measures showed that infants?' log

—

ng djid anot decrease

significantly over the hadituation period.

Post-test Data

=

To determine whether inrants-looked longer at the novel than at_

the habltuatcd orxentat;ons of the stripes, I rlrst(&btalned a score

for each st:.mulus. The - fixation times-on .each post—test trial were

summed across the three trials for that stimulus. ~ | )
Indlvidual lnrants' fixation times on each of the three stimuli

are shown in Table 4. Inspection of "the table shows that, on the

average infants did not look longer at either novel orientation of the

stripes, ie., vertical opr right oblique stripes, than at the habituated .

orientaltion, ie., left oblique stripes.

. DISCUSSION® . .
.'..._...._--"‘ . .
Infants in this study did not look longer at the stripes in
either novel orientation, vertfcal or right oblique, than at those in

the habituated orientation. Froa these data, there is no evidence that
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infanha of this age are ablo to diseriminate bet.ween 1ert. .oblique and

: verﬁ: stripes or betmn opposite oblique .st'.ripea. This 1s soneuhat

since. we !mow t.hat even 15 week old inrants can discriminnte
vertical from left oblique Iinea (Bornstein et al., 1978)

There are two possi-ble explanations for _t.'he failure to find
more looking at eig:er no'vel _orientation in tl.xé.-present study. irat ,. .
it is possible, that infants were not éive.n enough time p§ encod ‘t./blé/
stimulul and consequently did not habituate. This is likely since, in
this study, infants' looking did not:. decrease significantly between the
first two af‘ld last two habituation t::.r;ials. e -

As ‘has been previously mentioned, one of the disadvantsges of

the fuced trial procedure is that it is not tailored to the individual

-2
mfant.. It is expected that the number of habituation trials given the

infant is adequate to allow him to habituate:.tv the stimulus.
Typically, however, infants differ wit‘ﬁ"respect to t,he amount of time
they need to habituate. For example, in Experiment i, inr‘anta were

shown the»habltuated orientation of the stripes until their looking

_ decreased by 50%. This behavioural criterion appeared to be effective

since all but three infants looked longer at an 8 x 8 checkerboard than
at the stripes at the end of habituation - indicating that they had
truly habituated. With this eriterion, the range of toﬁal fixation
times during habitu#tion ranged from 29.5 sg;onds to 490.5 seconds. If
I had used a fixed trial proceﬁure, with ten 10 aeco‘nd I;abituation
trials, then less than half of the infants in Experiment 4 would have
reached a 50% decrement in looking during the time allowed.

Consequently many might not - have habituated. Failure to find



signinéant' decrement in infanta’ riiauod' during ‘the nabituation-‘phaae
in the present study then .mﬁy indicate that nany of these inranta had '
not habituat.ed in ‘the time alloued. It is uot surprising, then that
nore looking was not found to the novel or'ientat,iona of t.he_ stripes in
the post-test. \

Second it is possible that the length of the trial during the
.poat-teat was too short for the infants to show more locking at the
novél obientati:ns. Fo;* e;':ample, the mean length of fixation during a
trial ‘in the post-test was 5.98 seconds for the habituated stripes;
6.21 secoﬁds for the novel vertical stripes and 5.4 seconds for the
Wpvel right oblique stripes. In a fixed trial procedure, however, when
the stimulus is shown for only 10 seconds, it may typically take 'ub' to
S seconds for the infant to start fixating it. The recorded length o,?/\
fixation, then, will be limited to the remaining 5 seconds of the
trial. Thus infants in the present study migﬁt‘. have looked longer at
the novel orieﬁtatic'ms of the stripes if the trial had not; ended after

10 seconds.

An estimate of infants' length of fixation on vert:.cal right
oblique and left oblique atripes, when the Jtrials are not a
predetermined length can be obtained from a pilot' ‘study of preferences
(See Appendix A). On the average, infants in the pilot study looked
about 11.71 seconds at the vertical stripes; 19.5 seconds at the r:.ght
obl:r.que stripes and 9.04 seconds at the left oblique stripes. If one
compares infants' mean length of looking during a post-test trial in

'the' present experiment with that found during a trial in the pilot

study, one would not expect to find more 'looking to the verti®al or

A e s - Ay Y D e e, f - 1
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right. oblique stripes in ﬂthe post-test Thus, the failure to find
recovery to the novel orientations of the stripes in the present study
‘may reflect. a ceil1ng errect due to the speclfied trial length
The question remains. however, as to uhy infants in Bornetein
et al.'s study habxtuated durzng the tlme alloued and. showed an
increase in looking to at least one of the novel stimull, even though
 they were tested with a fixed trial procedure. It shsuld be Femembered
that the stimulus used in Bornstein et al.'s study was a single line.
We know that both the lenggh of Qn infant's fixatidn and the numbe& of
trials needed for hébituatiqn to occur is a function of the‘amount of
contour in\tﬁe stimulus. For example, Brennan, Ames & Moore (19663
report that 14 week old infants look longer at a 24 x 24 checkerboard
compared to a 2 x 2 and 8 x 8 one, while Karmel (1969) réports that 20
wéek old infants also look longer at patterns with greater amounts of
contour. Furéﬁérmorei at least in- younger infants, Hunter & Ames
(1975) report\an increase in the number of trials required to rqqé; a
criterion of habituation when the number of checks and consequently the
amount of contour in the checkerboard is increased. Thesq-data suggest
that the length of time Trequired ;d‘hébitu;te to stripes, which have
'mére contour, would be géeater than that requireq for a single iine,
wh;ch has less contour.” It is n;t surpri;ing,_thep, that ien 10 second
habituatiqn trials were adcqhatc tv allow habituation to a single line
but not to stripes. ) |
. It still remains puzzling, however, that the infants in

Bornstein et él.'s study shffif>recovery to the vertical line and not

to the opposite oblique lije, /Infants might have discriminated the



lines on some basis otfgr' than orientation”. Alternatively it is...

'_'possibl'e that inrants do have difriculties discriminating opposite

obl:.que stripes and that this dift‘iculty is only found when at least

three alternar.ives are presented in the. pcst-teat

In any case, the fixed ‘trial habituation prbcedure does not

' appear to be appropriate to test 6rientation discriminat.ion in 17-18

week old infants when stripes are used as stimuli,

LS -

~17. An indepth cons;derat.:.on of this possibility will be given with in

Chapter 7.



| CHAPTER SIX’
. . EXPERTMENT 6
A persistent concern in the study of visual development is
whether the method used is a sensitive measure of a particular ability.
Hhenever—we conclude that the visual ability of the infant is difrerent
" from that of the young chlld we are left with the doubt that we did

not .use an accurate or sensitive enough procedure to test it, -

_The present series of studies suggest infants can discriminate -

left from right oblique stripes as easily as vertical from horizontal
ones. One would expect the discrimination of mirror-image oblique
'stripes to be difficult both because they are oriented obliquely and

because they éré mirror-images: It is possible that young infants,

.. -

unliye ehildren, do not have dlfflculty dlscrlmlnatlng obliquely
oriented stimuli. However, it is also possible that young infants have
difficulty d&scriﬁinating mirror-image obiique stripes, but that the
procedure used in’ihese st;dies is ‘not senéitive enﬁugh to show this
difficulty. To overcome these problems in'interpretation, it seemed
néceésary to modi}y the habituatién‘paradigm ;o‘that it would .be more
similar te a recognition task on thch young children show zmirror-image
confusion. | ‘ -

'In general, three tfpea of recognition tasks have'been used
with older childreﬁ ?o test discrimination of mirror-image oblique
lines: simultaneous.discrimination;'two alternative forced choice; and
successive same/different discerimination (héné on rgfered to as S/D

1 96 .
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_task). “Not all these “procedures, however, allow "unambiguous
interpretation  of the results. For example,’ the child.'.s apparent

.inability to discriminate mirror-image oblique lines in either a

simultaneous discrimination or two- alt.emat.ive forcecl choice t.aak may

be caused by protedural effects, eg., stimulus alignment, lack of

-reedback, etc. (refer to Chapter two)., Thus, modelling the habituation

Procedure after either one of these methods would be‘inappnopriate

since clear interpretations of the findings is not posasible even with

"older children.

Extensive review of the literatefe Ssuggests that the S/D tesk
provide;\zhe most easily interpreted measure of mirroi:image confusion.
in young chilldren. 1In/a S/D task, there are no efrects of stimulus
alignment sinee- the stimuli are presented singly. Furthermore, a
chirﬁ's performance on_mirrob—image oblique disecrimination does not
appear to be affected by procedural variénﬁe,isuch as: 1) being told
orientation is the di;ension }elevant toc solving the task; 2) being
pre-trained on a matching-to-sample task; 3) being required to verbally .
describe attributes of the stimulus and tested for verbal recall {(Stein
&—Handlerin19%u; Rudel & Teuber, 1963). Thus, with this task, the
child's d;friculty discriminating mirror-image oblique lines is not
limitedito_particular varianee of the -procedure as is the case with the

simultaneous discrimination and two alternative forced choice tasks.

When trying to model an infant procedure after one used with

older children, it is often difficult to determine which aspects of the

task are the critical ones to mimiec. In the S/D task, single stimuli

are presented successively. Children are first gEiven a training phase,
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during which they learn the characteristios of a standard Follouing
this training phase, they are given a recognition test uhich includea'
at 1east three 3timu11 the standard (eg., \); a_mirror-image rotation
of the _standard. (eg., /) and a nonfmirro£;image rotation of the
standard (eg.,1). |

Mandler and Stein (1974, 1977) suggest fﬁat the critical
components of the S/D task are 1) rsucceasive ‘presentatioh of the
ﬁtimuli and 2) the number ;r al®ernatives provided in the recognitionl
test. 1In piiot stuQies, they report that five year éld-children‘snow
more difficulty discriminating mirrorfimage oblique iinea with a S/D
- task, _ih ;hiéh each alternative in the test phase is presented
successively, than in a forced choice task, in which the same number of
alternatiﬁes are presented Simultaneously. Fuﬁthermore,.pe;rbrmance-on
either type of recognition test appears to deteriorate as a function of
the number of alternatives provided (Mandler & Stein, 1977; Over &
Over, 1967).

Although, intuitively, it would seem that the nature of the
learning phase would be eritical, it does not appear to be. Children's
performance on mirror-image diserimination is the same regardless of
whether they are shown the standard for only 15 seconds (Stein 5
Mandler, 1974} or peﬁggéfdly until they ;each a behavioural ecriterion
of léarning (Ruael &\Teuber, 1963); whether they a;e given a 20 second
delay before the’recosnition test, during which they count to twenty
(Stein & Mandler, 197u)>or are given no delay at all. (For a more
complete description .refer to Chapter 2). Thus, the - only crltlcal

requlremcnt ol the learning phase appears to be that the child is given



s
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' the opportunity to leaz;n the characteristics of the standard and encode —

them. H . . '.
The infant-coﬂtrol habituatiou procedure used in t.he present
u

' series of atud:.es appears to have several of the features of the S/D

-task. As has been prevmusy ment.mned witlr the habxtua.txon techn:.que,

when the same stimulus is repe}tedly shown, an inrant'a at;tention ’Eo it

will decl:.ne or- habituate (Jeffrey & Cohen, 197 1), Durﬁns this time,

it isw that. the infant w:l.s rommg a,n interup:.\{epreaentation of.

the chara teristics of“the stimulus. Following thL habituation phase,

/

presmt?tlon “of @ new.or novel stmulus may cause

- -

increase in the

infant's attenuom.ar 'recovery'. Such recovery prov;d L] ev;dence that

the mfant. can recognlze the new stimulus as ﬂ‘rer at~ from the one he

has preylously\‘(Cohen, 1973,.,.Cohen,'&},elber-, 1975). _This

procedure then, can be described as a recognition task in which the

lnﬁant. is both g:.ven the opportunity to learn the characterlstlc of t.he

stihuli and is presented stimuli success:.vely In tb.:.s \-rau,r:ﬂP it  is

Quite ‘similar to the S/D task m which chlldt‘en show. mirror-image
/

-

confusmn th.h oblique lines.

It still remains 1':ouzzl:§.ng\’§z however, that infi#nts in the
~ \/‘_
previous studles dld not have difficulty’ dlscrminating mirror-image
"\-_

oblxque stripes, given the sm:.lam.ty between the habituati®k and S/D

pr-ocedures. Although the mfant-control habituation paradlgm appears
—
to be reasonably similar to the S/D task there are two aspects of the

procedure which may have conptridbuted to the fa:.lure to find poor
oblique discrimination in young infants. First, in the previous

. i 4
studies, infants saw only two orientations of the stripes in the post-
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. téét'. We know that :m the S/D task childrens! perromance on nirror'-

- :.mage .oblique d:.scrmmation is a function or the nm.nber' of

\alternatives provided in the recognition test (Handler' & Ste:.n 1977;

Over & Over ‘1967). Thus it is posszble that. infants did not conf‘use

m;rror-‘imag’oblxque séripes because of the small. number of

T

'alternatives prov:.ded in the post-test. To eliminate this possidility
in the present 3tudy, infants saw-three stimuli in the post-test: the

-__,,.nt.n'bdard or, 'ha tuateq’ stimulus (ie., \); =& mirmr-image notation of .

./'.

the standard: (ie., /) and a2 non-mirror }mage rotation of the standard
(e, by S .

N -
Tl

Second, m previous exper:l.ments, the criterion of habituation

P /
used was two sets of three ‘oAseds ive/ trials, during which the

infant's mean fixation time was les:%m half of his mean flxatlon

N
time on the first three habituation trials. <have argued that with

3

such a criterion, infants would be Allowed a genex‘eus amcunt of time to
N

encode the stmulus- It may be possible that infants are able to

d:.scr:unmate oblique stripes as eas:.ly as vertical and hor:.zontal ores
oaly under these cireumstances. Thus, in the(present study, I allowed
infants less tlme to encode the sf.imulus. Specifically, I required
that—for _an; three consecutwe trials theé infant's mean fixation time
be less than 75% of that on the first three habituation trials.

G;Lven these pnncedur'al dodifications, I expected Jthat ir
infants have difficulty diseriminating mirror—imagn c.a!blique stripes,
then in the post-test, the}lr would e'i‘ther 1) look ’Eﬁ‘aally long at the
novel and habituated obligque stripes but longer at the ver‘tical stripes

than at .the habituated obTJ.que Stripes or 2) look longer at both novel

-

.....
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orient.at.iona of t.he J.-.t.ripes than at the habituated oblique atripes but

the length of‘ look:.n.g at t.he yertical stripes would be longer

than that-at the novel oblique af. - o -

? - - o
i . -..‘mamen e
____.'.. o Y S .

Subiects’ -T

-

The sub,jects were 18 full-term 17-18 week old :.nrant.s (9
females- 9 males) with no known birth abnormalities. Their mean age
was 122 days (range: 119-126 days). Five other infants were also
tested; 2 did not complete the procedure because ;af erying or f‘us:.aing;
3 did not complete the procedure because of experimenter error. The

data of two additional infants were excluded because they did not show

the expected recovery to the checkerboard. - o

] . Y-
There were four stimuli - an § x 8 black and white checkerboard

3

and three circles with black and white stripes onented at 90 1&50 or

1350. As in previoud experiments. the stripes were .36 cm. wide (1

cy/deg). The 8 x § checkerboard differed from the stripes in amount of
contour (182.5 em vs §50.82 cm) and in area {224 sq. em vs 193.66 sq.

N

" "
All s..mul:. were presented singly in the center of. the fleld

41'
]

cm). {

and subtended 20 of visual angle

Apparatys

The éﬁpar‘atus was the same as that describded in E:xperimen/‘s—?\
and &. 7
P, e

nLe
- .

The procedure was sizmilar to that described in Experiment §.

3



During a trial each ob.server acdvated a cmulative tmer when she -

Judsed the mrant started ,fixating the stimnlys. Hhen she ,judged the
infant to have "iook'ed- avay ﬁ‘&m“‘!‘.he stimulu.s, she released ‘the timer,
pressed the control button to cloae the shutter and recorded the time.
The shutter opened and closed only after both observer-s had pressed

their buttons. During the post-test, slides were advanced manually by
r

the second observer. The mean correlation betwee_n the two observers!

Judgements for a baby was .98 {range: +95-.99).
. \

_.Anfants were shown stripes “ariented at"‘!35°-' (A) repeatedly

until thein looking decreased to criterion. The criterion used was cne

set of three consecutive tria.;s .during which the. infant.'s mean fixation

_time was less than 75€ “of hls mean f‘lxat.lon time on the first three

habltuatlon trials. As in &cperments 2 amd 4, the fixation times used
thmughout hab:.tuatﬁon to determine the criterion were the larger of
the two ‘recorded by the two observers: on each trial, since this
prov:.des the more conservative estimate of habituation.

Subsequent to habituation, the infant was given a post-test

with four stimuli: the sage stripes oriented at 135 (A); stripes

S

oriented at 45° (mirrox;—image rotation) (B); str:_ige_s oriented at 90°
(C), and an 8§ x 8 checkerboard (D)..-\’ - |

Each stimulus was presented twice with the two 8 x 8§
checkerboard stimuli shown at the-.end of the post—t;§\ Each infant
saw one set of the six possible co;bmagn.ons of the three orientations
of the stripes: e.g., ABC.or BAC etc. and each infant saw the same set

twice, eg., ABCCBADD or SACCABDD, etec. The six orders were

counterdalanced within the group.

-‘.1‘,-“
.
-

r
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Mean length of infants' fixation during Habituation and

post—nes;.in Experiment 6. Eaeh point cn the gr%‘h\

.

répresents the mean of infan&s'— fixation on a trial.
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E_ - . As before, more looking at. the 8 x 8 checkerboard than at the
- stripes at the end of habituatzon was used to indicate that tbe infant
had truly habituated. The dat.a ct‘ t.uo add:.t.mnal infants were “excluded
from the analysxs- because they diq not show recovery to the

.checkerboard.

v

ee,

RESULTS

To determ:.ne whether an :Lnfant looked longer at tlie novel

-

or:.entataons of the st‘ripes than at the habituasted one, I_ f‘ir'st;'

~

obta:.ned 'a score. for_ each _Stimulus in the post-test: for a givex;

stimulus, the mean of the fixation times recorded by the two observers

'>cm_ each trial was calculated and the means were summed across the two

‘. trials for that stimulus. Again all time data were transformed to the

scale of natural logs' prior to statistical analysis but the raw data

”

are shown in the figures.

0;1 the average, infants looked longer'"vat"bolth novel
orientations of the stripe_s‘?'than at the habituated one. .The post-test
data are shown in Figur_e.‘G. A one-way ANQOVA with repeafed measures
showed there was a2 significant difference in the lengtf® ‘r infants!'
fixations to the three orientations of the 3tr1pes in the post-test

v (F‘ ,34 = 5. 05, p < .025). Tukey post-hoc analysis showed that ;g:f‘ants
looked sz_gmr‘:cantly longer at. both the novel obl:.que (b = .45, p <

Ten

.05} and vertical (D = 147 p < .05) orientations of the stripes than

at ;.he habituated oblgque s‘trepes. As can be seen in Figure 6, there

was a s}:.gh" tendency for infants to look longer at oblique stripes -

oriented to the right (mirror-image rotation) than at the vertical
1

hl\

\ | L~

P

1.
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stripes. A Eukey post~hoc analysis showed t.hat this dirrerence was not

, sisniricant (D = .02,-p < .05)

S
[

- ‘ i
| DI'ECUSSION | 7

df
L Y '

In the pr‘esent study, J.nrants looked longer at. both novel

‘onentatians of the stripes, vertical and right oblique, ‘than at the

'.-.hab:.tuated one. Thus the infants appeared to be able %o discriminate :

left obllque strzi)es both\rrom right b&:lzque str-ipes and from' vertical

stripes. _'

Difficulty discriminating between mirror-image oblique stribes

could have been shown by one of two patterns of results:. 1) increased

looking to only the vertical stripes; 2) inéreased looking to both
right oblique and vertical st.ripés, with more looking to the vertig:_al
stripes. In the present study, infants looked just as long at both
novel orientations of the stripes. If anything, -they tended to look

longer at the right oblique stripes than at the vertical stripes. The

. Present results, then suggest that 17-18 week old iht‘ants can:

" discriminate oblique orientations from each other as easily as they can
c'!;scr'lmmate left oblique from’ vertical ones.

Several studies have shown ﬁhat children as young as five years
have difficulty discriminating mi?mr-image oblique lines when ‘given an
é/D task (Rudel & Teuber, 196?;,,_Stein & Mandler, 1974). 1In contrast,
the present findings suggest that 17-18 week old infants have no
dirficulty‘Aiscrimlinating mir_ror-image oblique stripes. This is a

surprising finding since the procedure used in the present study has

several features in common with the S/D task: nasely, 1) it is a

4
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r-ecognition task; 2) stimuli are presented successively; 3) _n_:o'r_-e__ than « °

two alternatives are provided in the recognition test. . P

It is. possihle that the dirrerence between the present resulte
:"_and those found with young children, is due to artefacts in the
: procedure. For example, it m;ght be argued that with an habituatlon'
7, criterion or 25% decrement in visual fixation, infants are still

allowed aﬂ excessive amount of time to learn the characteristics of the

~

w~

stimulys.  Again, it is possible that infants are ablé to make an
oblique discrimination when given a generous amount of time to encode
the orientatipn of the stripes but may show difficulty when the length
of the habituation period‘is reduced. This appears to be unlikely. As
was noted in phe inteoduction, the length of the training phase in an
S/D task does not appear. to be e critical variable influencing
children's discrimination'perfo;maﬁce. Childreﬁ who are trained to a
behavioural criterion to learn the appropriate response to one member
of a pair of die;;;E}nagga (Rudel & Teuder, 1963) show the same
difficulty diseriminating .mirror—image stimuli as children who are
given only 15 secondi;to learn the characteristics of the starfiard
(Stein & Mandler, 1975). oy
Thus, it is unlikely that 17-18 week old infamts' ability to
discriminate mirror-image oblique stripes was mainly due to the
nature of the paradism‘ used. The most likely explanation of this
finding is that infants of feu?'months do not show the oblique effect

in an above threshold discrimination task.



%, -  CHAPTER SEVEN

[PV

h

GENERAL SUMMARY AND CONELUSIONS

- \‘ -

Young inrants' have been reported to show meridional

- anisotrophy, i.e., reduced acuity for obliquely oriented stripes

k .
compared with vertigal\and horizontal ones. This thesis attempted to

determine whether young infants also Show nore -difficulty
disqrimiﬁatins Sétween7Airroé-image oblique sﬁripes than between
vértical and horizontal ones, when the stripes are aﬁbve the threshold
of acuity. ' | )

In Experiment 2, six week old infants appeﬁred to be‘able td‘
discrinminate opposite oblique stripes as easily as tgéy could vertical
from horizontal ones. One possible explanation for these results was
that at this age, poor oblique discrimination, like meridional
anisotorphy, is difficult o detect. The results of Experiment: 4,
however, sugsests that age was not the reason for the difficulty in

detecting poor oblique diserimination in Experiment 2. Stventeen to

eighteen old infants, who are known to show pronounced anisotrophy,

~also did not have difficulty discriminating Rirror-image obdlique

stripes. it remained possidle that the failure to find poor oblique
diserimination in 17-18 week olds wos due to the nature of the paradigm
usec. The results of Sxperizen:s §, however, suggest that the nature of
the paradigm was not the eritiecal factor in EIxperiment .
$even:een—éigh:een week cld infanis were still able to discriminate

108
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oblique stripes from each othbr' as easily as'tb_ey could ‘discriminate

left oblique stripes from vertical ones even when they were given 1eSs

K

time to encode the stimulus during habituation gand were given three

alternatlves in the post=test. The ;‘J.ndlnga of thn\s thesis, then,

suggest that six week old and even f{our month old infants do not show
any ev:.dence that a d:.scrmmatmn between nmirror-image oblique st.ripes
is more difficult than one between vertlcal/,fand horizontal stripev

It still remains puzzling, howevé\ that infants in Bornstein

et al.'s (1978) study showed difficulgy discriminating _!_nirroru_j.tse

oblique lines while the infants tested in the present series showed nho

'diff‘iculty discrinminating wmirror-image oblique stripes. Two

explanations can be put forward to acecount for the isparity betwecen
Bornstein et al.'s results and those from the presentlexperiments.

4 . 4 _
First, the stimuli used in Bornstein et al.'s study were single

iines while those used in the present series of studies were stripes.
It is possible that poor oblique diserimination is only found when
orientation discrimination is tested with lines. ¥e know, however,
that young children show mirg*or—_imase oblique confusion regardless of
whether they are tested with single lines (Over & Over, 1967; Rudel &
Teuber, 1963w geometri¢c C's (Thompson, 1975). Thus, it seens
unlikely that the‘ nature of the stimuli (ie. stripes) used in the
present se.-ies. 5!‘ studies af? ected infants’ ability to discriminate
between dirror-image obligue stimuli.

Secend, in Borastein et al.'s study, the lemgth of a trial

' Q

curing habituation was only 10 seconds. Since this time period is

saert, it 13 possible that these infants were encoding some feature of

r



.the stimulus other than ‘exact' ori:sntat'ion.. For 'exa.ople;: it is

R R T

pussidble t.hat one wf the rirst. features the infant encodes is whet.he'r;"'
or not the st.imulus is slanted and only after does he encode exact.
orlentatzon. . Consider what this would mean uitb respect to the
dlscnminatmon of vertical and left obllque lines compared with that of
mirror-image oblique lines. If infants were discriminating the lines
on the basis of ‘'line -slope' then they would show evidence" or
discrimination between vertzcal and left oblique lines since one line
(eg.\\ ) has the property 'slant'; the other (eg. \) 'no slant; This
strategy, however, would not allow the dlscrimlnation of mirror-image

oblique lmes since both lines have the property of 'slant'. Note that

\
[y

this is the'pattern of results rnstein et al. found.

In Bornstein et al.'s stody, then, infants may have made the
discrimina;ions on ‘the basis of 'llne slope' rather ta?ﬁ‘_'exact'
orientation, due to their . brlef exposure to the st.1mulus| during ah\
habituation trial. Thus these investigators might not have obtained

L]

the same pattern of results if infants were given sufficient time oo_
encode the orientation of the stimulus,

Belore one 2an be confident that Bornstein et al.'s findings
Tepresent tLhe 'obligue effect’, the possibility that infants were
Zaking the discriminations on the basis of li_ne alope nust first be
ruled out. This hypothesis couid be tested .by compari infants®

ability tc discriminate - horizontal froz vertical 1lines with theip

2dIlily te discriminate horizontal {roz left obdlique lines under the

saze p*oceee 2l constraints ezployed by :o.“seein et al. If infants

are oaly encodin 23‘8' slope, they should be able L0 discri ina;e

<



horizontal'riomllert oblique lines, sigce_oneg(es,‘\ ) has the_pbopertxﬁ

of 'slaht'- the other (eg. =) no slaﬁtf‘ Thej'should'not however, be
. able to discriminate horizontal from vertical linea, since both lines
| have the property of "no  slant'. _Alternatlvgly,_ if infants are
.encoding exact orientation of the line then .they should be able to make

" both these discr;mlnatlons.18

Regardless of Bornstein et al.'s findings, the data from the
present series of ;tudies suggest Ehat infanps even at four month; of
. age do not show the ;blique effect in an above threshold discrimination

task. These findings are quite surprisiné given ﬁhat we kn;w ébout the

development of meridional anisotrophy, supposedly another manifeatation

of the obllque effect. Although it is genersally assumed that

meridional anisotrophy and children's difficulty discriminating mirror-
. -«

H

cblique lines are both manifestations of the same 'oblique effect'

(Appelle, 1&72%,- there is no reason to believe that both - these
phenumena develop at the same time and that they are generated by the
same - underlying mechanisms. We know that meridional anlsotrophy is
shown by lnfants as young as 31x weeks of age and that it beeomes more
pronounced during the first year of life (Leehey et al., 1975; Gulazda
et al., 1977). In contrast, the present findings suggest that

18.  Note that 7-12 week olds and even newborns can discriminate

vertical froz horizontal stripes (Mackenzie & Day, 1971; Slater &.

Sykes, 1978). 1In these studies, however, the lengths of time infants
were given to encode the characteristics of the stimulus were
different from that in Bornstein et al.'s study. Thus, it is not
possi ble o know whether infants would show evidence of belns able to

discriminate between vertical and' horlﬂoqval lines under the same
conditions uscd by Bornstein et al. Ce
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difficulty H:fscriminating mirror-image oblique _;ﬁripes is not shown
even by'h month old infants. The dispaf?;y between'tge develoﬁment of
these two phenomena syggest that they are probably not bot.h
manifestations of tée 'oblique effectf. It is also 1likely that
meridional anisaprophy and poor oblique disérimi:natfion are generated by
very different m-e.c‘:hanisms. | ,
‘The quest:l‘.c;n remains, ‘then, as. to why older‘ children have
difficulty discriminatiég ‘mirror-image oblique stimuli while ;,roung
infants do not-.“ Recently, Braine (1978a; 1978b) has proposed a three
level model of processing orientation to account for childrens' mirror-

image confusion of oblique'linés. Briefly, Braine proposes that the

f‘:.rst leVel ol pr‘ocessmg or:.entat.lon is very pr:.mltlve and limited.

.Specifically, at this level,-' the young'child makes 2 Jjudgement of

"orientation which classifies the stimulus as 'upright! or 'non-

upright'. At this 1level, children can only discriminate between

'upright' and "non=upright' inatanées of the stimulus. Dirferentiatzon

of the 'non-upmght‘ ‘catego&y requ:.r'es h:.gher' levels of processmg. At
-

the second level, children\can /;.dentify stimuli as ‘'upside down' or .
'sideways’. F'inally, at the third level, children can differentiate
the 'sideways!' _categor'y in“{'.o 'left—turr{ed_' and "right:-,turned' instances-
of the stimulés. E‘ufthemoi“e, it is pot until this level has developed
that children are able to differentiate between diagonals slanted to

the left and to the right. These levels of processing orientation,

-~

Braine argues, can be "...construed as consequences of' developmental
periods and as different levels at which orientation is processed at

~ .

all ages." (Braine, 1978a, p. 27).



Ttz »

'l‘here are at least two pred‘:.ct.ions that rollou ﬁ‘om Brailf'

-

‘#

" model. E‘:.rst since the dlt‘ferent levels or process:.ng onenzxt.::on can

be found at all ages (that is onqe they have all developed), then one

might expect to find that even adults would have difficulty with a

third level discrimination under some circumstances. Wolff (1971) and

‘Sekuler & Houlihan (1968) report that adul;'s, when requireJ to make
. Same/different judgement;, have 1onger reaction times when
" diseriminating between left.-turned and. right-turned mstances of . a'
stimulus. These data, then, support this pre_cliction. ‘

. Second, since the third level of processing ;i'?ientation, that

is one in 'which: diagoﬁals slanted to the left and to the right can be

differentiated, is the last to develop, then one wouXd expect that not

only young chldren but also young infants _should show difficulty -

discriminating between ﬁﬁirmr—image' ‘stimuli. Although the data on
lﬁirror_-—imagé ‘confusion in young chiidr'en (Cver & QVer, 1967; ﬁuciel &
Teuhe;', fééﬁ} appear to support this bredictiozy

the data from the present series of studies cloes net. The
f‘mdmgs of this thesis would in@icat._e that the third 1level of
précessing orientation is present ‘i;'.&j;;mg infants since infants shoue‘d

ro evidence that a discrimination betwe\en mirror-image oblique stripes

was more difficult than one between vertical and horizontal stripes.

-

The data on orientation discrimination in young children, hoﬁever_‘;_"

would indicate that the third level of processing orientation has not

developed evén by 8 year-s of age, since these children show mirror-

image confusion of m:.rror-mage obligue lines (R'udel & Teuber, 1973).

The contradlctlon between these two sets of data. suggest that the three

‘v-’— T
-

[

o
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level “theory, or processing orlentation as presently rormulated by
Brazne, i3 not adequate for explaining the mechanism uaderlylng young
chlldrens' mlrror—lmage confusion of oblxque lines -

Olson (1970; 197?) has proposed an alternat;ve theory to

exblain poor oblique dlscrlmlnatlon He suggests that”™ the

- .

dlscrlmznatlon of oblique stimuli is problematic because'

of our wmental representation of Space, ie., 3 three dimensional

-

Euclldean space comprlsed of three major axes: up/doun right/left and
. front/back. Unlike other orlentatlons of a stlmulus, obliquely
orlented »Stimuli do not fall on one of the three major axes and thus
requlre a conpBund representatlon in this spatlal schema. For example,
a left oblique line represents a line d%%ed as up and to thé-jgf&
Olson‘sussests thatlbecause oé this coﬁ?ound representation, obliquely

oriented stimuli are time consuming to recognize and their recognition

is late in develoﬁing. : '

-

-

It follows from Olson's formulétion, that one should not expect
to find poor oblique-dhscwlmlnatlou until one represents ~Space
according to nuclldegn spatial relatlonsh‘ps. Young infants, . then
should not have dlfflcul Ly dlscrlmlnatlng oblique stimuli singe they do not

represent space according to Euclldean spatial relatlonshlps (Piaget &

Inhelder, 1956). In contrast, young chlldren who represent space

. 1S
according o Euclideaq‘Spatial relationships, should have'difficulty

-

discriminating m??ror—imase oblique lines.  Considerad bogether, the
data from the presedt series of studies and those froo studies, of -
mirror-image discri mlnatlon in children, tend to support this

prediction.



- ' C 15

In conclusion, the findings of the present thesis guggest that
young infants even at 4 ‘months of age do not havk difficulty
'discriminating nirror-image obliqu'e'" stripes. Furfthermore, they suggest

that poor oblique discrimination and meridional anisotrophy are two
. i/" —"\_‘4
distinct phenomena whiéh &dre generated by different underlying

~
Al

mechanisms.

o
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APPENDIX & © -
To determine whether 17-18 week old infants would™ initially
look at o.ne_ orientation of the stﬁiﬂb:e's.."‘longer' than at another.‘ we

L3

tested infants with a modification of ‘Fantz's et al (1962) preferential

.looking technique.

[,

Eight infants were presented f‘ive;‘ stimull succ_esaive:ly, an 8 X
§ black and white checkerboard and four circles with-black and white
stripes ‘.36 cm. wide (1 ¢y/deg), oriented either at 00, 900. 1350. or
135°. Each stimulus was ashown twice with order of presentat.io?i\
randomi:e_d‘. 'The‘apparatus was \the‘ same as that described in Bxperiment

¢ .

During a trial, each observér- activated a timer when she judged

5.

that the infant started to fixate the stimulus, When she Ju%sed the
infant to have looked away from the stimulus, she released the timer;
recorded the time and pressed the button to advance the projector. For
each baby, agreement between the observers' judgemants was calcula.lted
by Pears:.m Product Moment correlations. e mean correlation was .98
{range: .89~.99). For each infant, I calculated the mean of the
fixation times recorded by the two observers on each trial. Then I
calculated the mean length of time an infant looked at each stimulus,
aé;;bss the two trials.

The _:la:a-a:'e shown in Table S.l & one way ANO\‘M with repeated

*
measures showed there were no significant differences in the time

infants looked at any of the five stimuli. Thus 17-18.week old infants

showed no preflercence in their looking at either vertical, horizontal,

left’ oblique,“rignt oblique stripes or an 8 x 8 checkerboard.



Table 5.
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Mearw lenpth of }:fdnts' fixation to vertical stripes,
horizontal strip

» left oblique stripes, right
nhl.iquc stripes and 8 x 8 checkerboard.

e
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Table 5 ) -
vertical horizontal Ileft oblique-lrigﬁt oblique 8 x 8 -
stripes stripes . stripes stripes checkerboard

- mean [ixation

per trial (sec)  11:71  °il.77  §i04 ., .  19.5 12.39
SD - 5.22 2 6.58 4.8 ©10.24 . 9.16
- ‘-‘a'a-. -
r
¢
SRR
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