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ABSTRACT

For a wide variety of Visual tasks";. subjects perform more

poorly' when stimuli are oriented obliquely than when they are orie~~

vertically 01" horizontally. It .~s generally believed that ·tRis

'oblique effect' has two manifestations. One is meridional

anisotrophy, ,i.e•• lower

vertical 01" horizontal

r obliquely oriented stimuli than for

The second is poor oblique

discrimination; i.e.~ greater difficulty dis~nating 'between mirror-

image oblique stimuli than between vertical and horizontal ones. even

when the stimuli are above the threshold of acuity.'., . This thesis

explore~ whether these two phenomena are in f~t both manifestations of

the same effect.·,

Chapter One provides a detailed survey of studies showing

meridional anisotrophy and considers the. nature of its etiology 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 anisQt~phy and poor oblique '.

discrimination by young children appeal" to be related phenomena, it is

possible that both are not manifestations of the same effect. The,
"-author tested this possibility by comparing the developmental course of

,poor oblique discrimination with the know":! deVelopmental course of

meridional anisotrophy.

Chapters Three .through Six present four experiJlents in which

the author tested young infants' ability to discriminate between

mirror-image oblique stripes with their ability to discriminate between

(11.i)



"vertical-and h~ri:z;on~ ones, With the stripes above the threshold ot'

acuity.
.,

In one experiment six week olds were tested; in the other

.-

three, 17-18 week old infants were ~ested.using 'different'variants of

the habituation procedure.

• The major finding of the research is th",t neither 6 week nor

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

ranisotrophy, show evidence that a mirror-image ,oblique discrimination

is more difficult than a discrimination" between a vertical and

horizontal. 'Ft rthermore, modification of the testing procedure, so'-
~bat it more closely mimics a task in which children show, difficulty

discriminating mirror-image oblique lines, does not appear to affect

17~18 week olds discrimination performance.

In the finai' chapter, .. the author discusses the implications of

the research findings. The author concludes that since infants known

to show meridional anisotrophy do not show poor oblique discrimination, .'

then it is probable that these two phenomena are not both manifesta-

tions of the same effect nor do they appear to be generated by the same

underlying mecha:lism. The author also discusses the implications of

the research findings for two cognitive theories which have been

advanced to explain'how children process obliquely oriented stimuli.

, (iv)



r
.. Acknowledgements

I am grateful to Dr. Daphne Maurer. my thesis adviser for her

incisive criticism, wRich contributed to the Quality of the wor~.

Thanks are also due. ~o the other members of my thesis cCllllDittee, Drs.
fI .

Dugal campbeH and Sandra Witelson. for their support and encouragement

-throughout this project. I would also like to thank my friends for

their assistance during different phases of ,the thesis and their

support.

Finally, I am especially grateful to Les, whose understandingl

and confidence in me helped me thrqugh the difficulty times.

-"..

•
•

. ...

.-

--
(v)

•

,



'"

"

TO

LES

(vi)

','

"..

•



\

TABLE OF CONTENTS

, Abstract
·List of' Figures
List ()f' Tables

INtRODUCTION '. 1

CHAPTER ONE - THE OBLIQUE EFFECT IN DETECTION STUDIES

,

,

1.1 Historical Background •• : •••••••••••••••••••••••• 3
1.2 Neurophysiological MecllaniSlllS of' Orientation

Analysis •••••••••••••••• "; • • • • • • • • • • .. • • • •• • • • • • 7
1.3 Thcureticlll Explanations of Meridional

Anisotrophy••••••••••••••••••••••••••••••••••••• 16

CHAPTER TWO - THE OBLIQUE EFFECT IN DISCRIMINATION STUDIESr
2.1 Simultaneous Discrimination· 24
2.2 Two Alternative Forced Cboice ••••••••••••••••••• 27
2.3 Successive same/Diff'erent Discrimination •••••••• 30
2.4 Rati"nal fur Thesis 33..

CHAPTER THREE

Experiment I: •••••••.•••••••••••••••••••••••••••••••• 35
Experimen t II:....................................... 48­CHAPTER FOUR

Experiment III .•..••••••••••••• : .•••••••••••••••••••• 68"
Experiment IV 75

CHAPTER FIVE

~

Exper:unent V 83

CHAPTER SIX

Experiment VI .••••••••••••••••••••••••••••••••••••••• 96

CHAPTER SEVEN

General S~ary & Conclusion •••••••••••••••••••••••• 108
Bibliugraphy 1i 6
Appendices •••••••••••••••••••••••••••••••••••••••••• 125

(vii)

\



, .

List of Tables
•

. Table 1 Individual inf'ant':s- fixation on each member of
an acuity pair in Ex"perilllent ·1 45

Table 2 Individual "infants f'ixation on each member of'
an acuity pair in Experilllent 3 73

Table 3 Individual infants' f'ixation tillles at the
beginning and end of habituation in Experilllent 5 88

Table 4 Individual inf'ant'·s fixation tillles on post-test
stillluli in Experilllent 5 90

Table 5 Mean length of infants' fixation to vertical
stripes, horizontal stripes, left oblique stripes,
right oblique stripes and 8 x 8 checkerboard 129

•

(viii)

,



Figure 1

List of Figures

Schematic~rawingsofapparatus 40

Figure 2

Figure 3

Figure 4

Fi.gu,:,c 5

Figur 6

Mean ,length of infants'fixation during habituation
and ptJst-test in Experiment 2 57

Schematic drawing of a circle with stripes oriented
obliquely to the left 62

Schematic drawing Qf a circle with stripes oriented
obliquely to the right 64

M""n lcngt.h o,f infant.s· fixativn during habit.uat.ion
and ptJst-test in Experiment 4 - 81 .

Mean ~ength of infants' fixation during habituation
and ptJst.-test. in Experiment 6 ' 104

,.

(ix)

(



,

·....

INTRQOUCTION

In general, for a' wide variety of visual tasks, subjects

perform more 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 oriented vertically or

horizontally. Furthermore, even when stimuli are above the threshold

of acuity, subjects discriminate'vertical from horizontal orientations

of a 'stimulus better

orientatio~s, which are

Jhan, they discriminate between two oblique

perpendicular to each other, that is mirror-

images. These two phenomena ~re generally believed to be

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

In.terest in the oblique effect has been generated among

investigators for a number of reasons. First, the effect is prevalent

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

species . Second, the efrect 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 ac~ity

for lines oriented obliquely), is in the visual cortex.-,
Since \he obl ique effect cannot be explained, by optical

properties ~f the eye and since it is apparent in many diverse tasks,

it is generally 'agreed tha~ this phenOl:lenon results from some form of

orienta'tion asym:netry elsewhere in the Visual system. .This asymmetry-
causes an enhanced sensitivity in' the visual system for vertical and

)
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horizontal contours. The bias for vertical and horizontal contours "

~s

" ...,
limited early visualattributed either to gene tie, factors ot'

....... ...
experience. More specifically; neurons which respo~d to stimulus

J

Only a few investigators have studied the oblique effect' at an
"r", :'

orientation might innately fa~~or horizontal and ve:tical contours or
-t"- • •

might come to .favor them ,because, ear.Qy in' 'li~" the eye is exposed,
mainly to vertical and hor~zontal contours.

, "

early stage' of development; ie~~dpring inf~.
~ ~

, '

_.~'

. ,
One of their findings

I

,VI
, \

.r
is that infants as young as six weeks of age show reduced acuity for

stripes, oriented ,obliquely (meridional
.... - . "".

Moskowitz-Cook, Brill' & Held, 1975).
•• -~ ; '4

finding as suggesting that the bias

aniSlO trophy) (Cohen'::Leehey,
';"$

The authors" interpret this
..,.~ ,

c/ oOii".: I

for verfi.c~ c.ind horizontal

contours in the visual system is genetic~lY determined.
~...

There are no data, however, on infants' ability to discri~inate

-,
~irror-~age oblique stripes, when the.,
of acui ty. c, Al though young infants

,.'

stripes are abOv~ the threshold. ,

.. <~ .,

show one manifest'ation 0," tb€

oblique effect, meridional anisotrophy, they may not show the other,
.:~. .... ~".~

~iz_, more diffIculty discriminating between mirror-image oblique

orientations than between vertical and horizontal ones, when the

stimuli ,ar.e "above the threshold of acuity. There is no reason to

assume that these two phenomena are both.,manifestations of the oblique

effect and ~unsequently that they develop at the same time 'and are the-r-.... . . ~

product of the same underlying mechanism. Thus, the series of studies
_-::.:- .

reported in this thesis attem'pted to determine whether young infants,

known to show poorer acuity for obliquely or.iented stripes than for
, ...

-" ....
vertically or horfzon tally c:>riented ones, also have difficulty
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discriminating between two mir~or-imase oblique stripes which are above
./ -f.' .

u1e threshold of q.l:ui ty".
• • .·.oJ
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. THE OBUQUE EFF,£Ct~ IN' DETECTION STUDIES

.....

"'"--
1.1 Historical Background

if:;
," ~ ...
,.~

In 1925, Emsley reported tha~ human subjects perceive lines

more readily (ie·. have better acuity) whenOJ. . .

verti.cally and horizontally than when they

th!! lines are oriented

-
are oriented obliquely.

(

This effect persisted even when cyl~ndrical lenses were used to

optically correct the subject' vision in the oblique meridian.

Consequently, Emsley termed this effect 'r~ astigmatism' with the

implication that its origin was different from that of normal

astigmati~, which is purely optical in origin1•

Residu~l astigmatism, which is now more commonly known as

'meridional anisotr~phy', has since been noted with several measures of

acuity; ego gr~ting acuity2 (Higgins & StUltz, 1948; Leibowitz, 1953;

Campbell, Kulikowsky & LeVinson, 1966; Maffei & Campbell, 1910;

Mitchell, Freeman & Millodot, 1973); vernier acuity3 (Leibowitz, 1955)

and minimal separable acuityn (Tyler &Mitch~ll, 1971).

1. Astigcatism is an optical deficit which renders the power of the
eye unequal in different meridians, with the meridian of maximal and
minimal power perpendicular to each other. Consequently, the subject
sees contours p~rallel to the non-astigmatic meridians more clearly
than contours parallel to the astigmatic ones. .

2. A. stimulus' traditionally used to measure acuity is a grating
consisting of alter:nating light and dark stripes. Typically, the
grating has a sinusoidal lu:ninance profile, that is the .lu:ni:nance

.".,

perpendicular to the stripes of the grating is modulate~ ~nusoidally

about a fixed mean level. The spatial frequency of a grating can be
described as the nu:nber of whole cycles of contrasting areas (1 cyCle

\
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, '''',,:,is not restricted'to traditional methods of measuring acuity•
.,....,

• contrary, it has, b:een found rep1eatedly for hlllllans ,in ,a variety of

, tasks, ' including s~tting, lines tJ';,speCified orient.iltions.. : ~ . .~., .
'.

Perhaps the

earliest report of poorer performance for ~blique orientations was made
, , ~

by Jastroyn 18~~_ (cited in APpelle" 1972).,~SUbj~c'ts, when' required

to reproduce visually presented lines or to-'iet other lines' to some

SPeCi~ orien~tion,' ~howeda marked superiority in performance with
. ';'

stimul' ,oriented vertically or horizontally. Since that time, a nlllllber

-~ of s udies have confirmed this resUlt. Bouma & Andriessen (1968) 'asked

sub ects to align a dot to a perceived extension of a line segment, ~he

op{ent~ion of which was varied. When the line was obliquely ori~ted.,

/ S~bject' s accuracy ~n adjusting the /dd"t" was poorer;, the standard

deviation ",-as 2 .5';-' times grcater than when the line was vertical or

horizontal. '

Similar findings have been reported when subjects are required
, 'Jt,

's
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

. .........

_ 1 light + 1 dark stripe) over some 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
twa ways: '1) - presenting a grating of a certain spatial frequency and
asking the subject to adjust the contrast o~ithe 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
just 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 allo",~ thee to be perceived as distinct.

"""~"~.
























































































































































































































































