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ABSTRACT -

L] ‘ . y

. . Spat io~Temporal Proéesiing of
Binocular Disparity Information /’
"in Humian Stereopsis

«

Pardo Mustillo, Ph.D. | o S CLo T
Concordia University, 1985 v

a

This research examined the spatio-temporal characteristics of

crossed and uncrossed disparity pro%fisihg in human aiefgoplis, Using &
two- or four-alternative, forced-cﬁoice psychophysical procedure,
observers had to discriminate the direction of brief disparity pulses as

seen relative to Qhe plane of fixation. Parametric manipulations

included (a) di&parity direction, (b) disparity magnitude, (c) disparity

pulse duration, anﬁ\fd) type of stéreogram. Three types of stereograms

. and background. The percentage of

<

)

'

were used: Classical line stereograms, static random-dot stereograms

- 4

(RDS), and RDS witﬂ‘superimpoaed line con;ouéa of the disparate target

correct responses and the latency with
which correct responses were made were used as the two measures of

performance.

1

Regar&leas of the type of stereogram used, depth discriminstion

o

‘performance for disparity pulses in the crossed direction was superior ‘to

performance for pulses in the uncrossed direction. Seventeen out of 18
L 4 ) N

obgervers tested discriminated pulses with crossed disparities more
. U S
accurately than those containing uncrossed disparities of identical

ﬁaggitude and pulse duration, and 13 out of the 18 observers' dats showed



The main effects of!dispatihy nagnitude'and pulse duration were, with a,

N

few exceptions, also a;gnifica;t;»oierali"performance generally improved
vith increasing disparity and vitholonger pulse durations. (These-main

effectl;'hd¥ever, were not observed for RDS). Nevertheless, "
. T . . X - . :

discrimination berformance vas_consistently more accurate and faster for

v

pulses in the crossed direction than for~thoﬂf in the uncrossed djféction

across the entire range of diiparity magnitudes and pulse durations

tested and for all three types éf stereograms, Finally, disparity pulses

A

presented 'in the line and random-dot plus line stereograms were

. <3
MRT performance, however, did not differ amomng the different types of

ltereogiams. °. -

The results of this study iqggesg that the human visual systemi is
differentially sensitive to the direction of binocular diapafitx pulses.
Furthermore, this difference in sensitivity can be observed with both the

presence and absence of ﬁon.;uldr contours. The asymmettic nature of -

disparity processing, both with respect. to spatial and temporal

manipulations, is consistent with the df%tinc;ion'betﬁeen crossed and .’

uncrossed stereopsis. ; . o,

. dilcfiminatéd more accurately than when presented in RDS alone. Qvefall .

’
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SPATIO-TEMPORAL PROCESSING OF —
BINOCULAR DISPARITY INFORMATIOR

T4

IN HUMAN STEREOPSIS
- . J o~
v The atudf of stereopsis has long beeg_:he'EOcps of considerable

interest, and it remains very much in the mainstream of contemporary
/ »

o ,

‘ ' .
visual science. Since Wheatstone's (183%) early experiments

demonstrating-that the visual system Caﬁ quickly resolve minute depth
differences between obSecta in space, based solely on binocular disparity )
cues, there has beén an concenE::ted effort to arfive at some
understanding of the various mechanisms that may underly this remarkable
. ability. _ ' |
An important source of information about the tpree-dimensional.
zzrtructure of the physical world éo;es from steréopsis. It is now
generally recognized that the visual system uses information about the
geometrical relationship that exists begveen obje;ts in the external
world and theit‘respective images on the two retinas in order to recover
stereoscopic depth; Because of the spatial separation between the two
eyes, each eye views the world from a slightly different perspective.

_ Consequently, images do not always fall oﬁ precisely corresponding p&inta
on the retinas; objects nearer or farther than fixation project onto
disparate reg}nal locations in each eye, and it is these slight
horizontal differences or spatial disparities that provide an important

"and sufficient source of information about the position and shape of an

object in three-dimensional visual space. Objects that lie in front of



fixation are displaced tempoéally with respect to the foveas of the ‘two

eyes, and are said to have a crossed disparity. . éonveraely. objects that

lie beyond or are more distant than fixatiop are diipiaced‘nalllly. and
are said to have an uncros;ed disparity.

The basic goal .of stereopsis, then, is to extract disparity
information from aapair of retinal imagrs and use this information to
compute relative depth differences between them in a visual scene. The
computational problem that the visual system must solve when trying to
effectixfiy loqalize an’object in space, however, is éhat igvﬁult extract
onlf éhose properties an@ features from a pair of two-dimensional images
that will léad to a faithful and unamﬂiguohs reconstruction of the

three-dimensional nature of the scene. How does the visual system

recover depth and structure from binocular disparity? '
-Conceptually, the process of recovering such information might.
appear to be relatively simple and de?eptively atraightforward."(ln their
computational theory of human stereop;is, Marr and Poggio (1979) proposed
that there are es;entially three st;ps. First, a partibula; location on
the surface of th; scene must be chosen from one image. GSecond, the
corresponding location in the other image must be identiﬁied,'and
finally, the relative position of the two images must be measured gnd -

their disparity computed. The computational task, however, is more

complicated and difficult than it appears. Spegifically,, hov the visual
Y

w7

system solves the so—called "correspondence problem;" or how it arrives

at & precise binocular match between the left arnd right retinal incges;

while avoiding false matches, is still a matter of considerable debate

»

(T. Poggio,'1984; Prazdny, 1985). Given a pair of images, the problem is

[ 3



A~

how.to extract peira of correlated pointa. where one point in one image
can potentially be paired with apy one of a myriad of-efjually plausible
points in the other imaée. '

An even ﬁ?re'fundamentai question that lies ant?gedehtuio the
correspondence problem is‘what has to be matched in otder to éetermine
the correct correspoedence between two retinal images (Grimsan, 198la,
1981b}-Poggio & Poggio, 1984). In other words, what are the candidates
for matching? Althougﬁ a number of different matching aphemea‘have been
suggested, based on neurqphysiological findings (e.g., Sugie & Suwa,
1977), and severai computer algorxthms have been developed fre;
theoretxcnl considerations (e.g., Marr & Poggxo, 1976 '1979; Mayhew &
Frisby, 1980, 1981), the issue is still far from settled; for a review of_\
theee and other‘important issues concerning the computational aspects’of
lgereopsis, see Poggio and Poggio (1984). 5 . ]

Two of the most significant achievementa that have taken place in
the last two decades 1; the study of stereoacopxc vision ha:ﬁ been the

xnttoductxon of c0mputer-generated. random—dot stereograms (RDS) and the

discovery of dxsparxty—selectxve neurohs in the visual cortex of several

. J ‘
species of animals. Julesz (1960) provided unequivocal evidence that

LY

stereopsis does not require the prior recognition of form, by
demonstrating that stereoscopic depth can be perceived in ﬁDS in the
absence of all.monocula: contours, familiarity cues, or information of
any other kind, except for binoculer disparity: Julesz's work with RDS
demonstrated coevincingly that the extraction‘of disparity tekes place

very eerly’ie visual processing, before any recognition of what is being

viewed. The use of RDS also provided the first elegant paradigm in which



stereopsis could be studied in its purest form, without the influence of
monocular contour information. Moreover, work with RDS léd to a
radiéally different ﬁ;y of conceptualizing how stereopsis is achieved.

Prié; to Julesz's seminal demonstrations, the classical viewv wvas
that depth could .only be perceived after form had been decoded, and that
;onocular contours were essential for the perception 0f"ster;01copic
depth (e.g., Ogle, 1959). Julesz demohstrated conclusively that
monocularly recognizagle global contours are not necessary for
stereopsis, and that "instead of contours giving rise to depth, it is
rather depth that give;:rise to contours" (Gulick & Lawson, 1976, p. 52).

The second most impressive achievement that~has led to a
fundamenﬁallyﬁnew\qydérstanding of stereoscog%c vision came from tﬂe
pPioneering neuropyysiological studies of the late 1960s and éarly 1970s
investigating the possible neural ‘basis of stereopsis. Briefly, these
early studies provided'the first compelling evidénce\for‘the existence of
highly specialized neuroﬁa in the visual cortex of the cat and monkey
" that are selectiv;—;o horizontal binocular disparity, and suggested that
these neurons might form the basis of stereoscopic depth perception.

A great deal has since been‘ieained abogt the properties of these
Pénocular corticél units and the role they may play in the earI& stages
of stereoscopic vision. ﬁithin the last decade or 80, an impressive body
of psychophysical evidence has also been accumulated to support the idea

of the existence of disparity-selective neurons in the human visual

system (e.g., Blakemore & Hague, 1972; Mitchell & Baker, 1973).



N . . qeuial Basis of Disparity Processing

¢ - i N
- s ’ -
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A"

The processing of disp;riti information is one of the:jzjg/bc;}c

functions of the visual cortex. Reurophysiological and
- . ()
electrophysiological studies have shown that the visual system contains

binocular neurons that are selectively tuned to depth, and that respond

*

optimally to physical objects whose retinal images have a particular
. .

horizontal positional disparity. The first wave of experimental -evidence
_ for the existence of such binocular cortical units ¢ from the early =9
studies of Barlov! Blakemore, and Pettigrew (1967), Nikara, Bishop, and

Pettigrew (1968), Pettigrew, Nikara, and Bishop (1968), and Joshua and

N Bishop (1910). who described cells in the primary visual cortex (striate 4
area 17 or V1) of the cat that display a high degree of selectivity to ///
different stimulus diabaritiea. More recent studies have confirmed ihes; //<
éindings. and have ;urcher provided‘evidence for the existence of //

dispariéyé;ensitive neu;;ns in prestriate area 18 (V2) qf the cat (e.g.;/ / :
Ferster, 1981; Fischer & Kriiger, 1979; fettigrew, 1973) and ;onkey viauai
cortex (e.g., Fischer & Poggio, 1979; Hubel & Wiesel, 1970; Poggio ; ' e
Filchet; 1977). The presence of similar disparity-selective cortical
'unitl has also been established in areas 17 and 18 of the sheep vispal
cortex (Clarke, Donaldson, & Whitteridge, 1976) and in the visual Wulst
(i.e., analog éo the striate cortex) of the owl (Pettigrew & Konishi.
1976).
) " The binocular §epth neurons described by these studies display

¥

several distinguishing properties., First, the majority of them.are

TN
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) bggbcu1a£1y &tiven, and thus require simultnneoua;a;hnulation before they

;ill reepond.'nsécond, different ngu;ons:are maiimglly‘répponaive'to

different horizoptal diaéarities corresponding to oﬁje;ts at various

/ distances. Finally{ the separation of t?e;receptive ;?eldl of binocular

depth units in the two eyes varies from cell to cell. Some of these

//// cellg have,teceptive fields'in exact binocﬁlar correspondence, ﬁhereal b
othefa have receptive fields tha;‘lie in noncorteaponzing positions in
the visual field éor ;hé twvo eyes (i.e., show recepti;e field disparity);

N and the§ use this spatial noncorrespondence to cOmﬁute the relative
displaceme&t of visible objecté lying over a restripked spatial range of

A

depths nearer or farther from the point of fixation (see Bishop, 1974,

¥ . -

1981, for integrative reviews).
| Much has been learned about the neurophysiological ‘and
neuroanatamical Sa;is of stereoppis since Aiaparity;tﬁned éorticql cells
_éere first descriBed by‘Barlov et al. (1967) and others. Perhaps the
. single most .important discovery since then has come from the single-unit
vork of Poggio and Fischer (1977); They recorded from cells in the
‘ / visual cortex of alert, unanesthesized rhesus ﬁonkeya that vere trained
to maintain steady fixation on a small target while nn‘apﬁropriate ;i;ual
stimulus was phyaicaily meed'ip depth.. The stimulus, vhiéh portray;d a
- pulsating bright bar of various sizes anﬁ orientations in depth, was
presented in a dynamic random-dot background, and moved bidirection;lki .
across the neuron's receptive field. Poggio'agd Fischer found that abbut
60Z to 70% of cells in area 17 and ;n even ﬁigher prsportibn in area 18,

are sensitive to horizodle disparity. More importantly, they discovered

the existence of three basic classes of disparity-sensitive cells in



these cortical areas that respond in a highly selective manner to both
the direction and\pagnitude of horiz al binocular disparity.

Briefly, one class of celle/(tuned—excitatory and tuned-inhibitory
cells), the most commonly observed, respond best when presented with
small disparities, and display binocular facilitation and binocular
suppression respectively, to small crosged and uncrossed disparities
around of the plane of fixation (i.e., +0.1° - 0,2°). Two other distinct
classes of cells (near and far cells) are }eciprocally organized for
depth; and respond differentially to relatively large crosééd and »
uncrossed disparities, respectively. Typically, near cells respond best
to stimuli containing crossed disparities, but'dispiaf response
inhibition to stimuli containing uncrossed disparities. Far cells, on
the other hand, are activated by disparitieés in the uncrossed direction,
but display a marked insensitivity to disparities in the crossed
direction.r Furthermore, neai and far cells both respond to a much
broader range of disparities than the tuned-excitatory and

)

tuned-inhibitory cells (i.e., i5> or more).

These observatior® have been confirmed and extended by more recent
studies demonstrating the existence of similar directionally-selective,
disparity-tuned peural units in both major areas of the visual cortex of
the cat (Ferster, 1981; Fischer & Kriiger, 1979; von der Hedyt, Adorjani,
Hinny, & Baumgartner, 1978) and monkey (Fiachgr & Poggio, f979; Poggio &
Talbot, 1981). Furthermore, Maunsell and Van Essen (1983) have recently
found cells in the middle temporal'(HT) visual area of the macaque monkey

that display similar properties as those first described by Poggio and

Fischer (1977). G. F. Poggio (1981, 1984) has written several reviews of

L

N -
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these discoveries and their implicatfions for the study of stereoscopic
vision. '

Another interesting finding that has emerged from receant work im
this area has been the discovery that many of the same depth-sensitive
cells that respond to luminous line or b;r stimuli, also respond to
monocularly invisible "cyclopean" spatial pat:terns'embe’@ded v}.thin

-

dynamic RDS (G, F. Poggio, 1980; Poggio & Talbot, 1981;. In this
respect, both binocularly simple and binocularly complex ‘clelln have been-
sho;vn as 'being capable of responding to local disparity in line-contoml:ed
atere.osgopic patterns, but only binocularly complex ceils have been found
to be selective uniqugly to dynamic RDS (Poggio, Motter, Squatrito, &
Trotter, 1985)., Tentatively, these demonstrations provide prelimi‘nary
neur.:ophysiol(:ogi.ca‘]~ evidence fqr tl;e presence of highly specialized
cyclopean neuron; in the visual cortex of the monkey that are sensitive
,.\?urely to binocular di;parity, and suggest a possible neural candidate
" for the solution of the correspondence problem.

In suinmary; all studies investigating the neurophysiological
substrates of stereopsis agree that disparity-selective units exist in
the visual cortex of the cat and monkey, and that th nccivit‘;y <;f %ce
neurons may play a critiepl role in convéying esgential information about
stereoscopic depth. Although there ::;ay not be a total consensus on
‘tseveral: issues concern,ing how these neurons function or how they are
organized anld distributed within the different areas of the visual
cortex, the discovery of distinct classes of binocular neurons that are

differentially sensitive to both the direction and magnitude of

dispa.rity, has begun to shed new light on the manner in which disparity



N\ information may be processed by the visual system. In particular, recent
///5 findings suggest that binocular disparity information in stereopsis may

P be encoded by different neural mechanisms that are selectively tuned to

>

crossed and uncrossed disparities, : ‘ .

' The following section ;iil review a number of lines of empirical

-
‘ evidence from a variety of differeneirésearch approaches in support of
tpil diltinction.'and.proyide the’ﬁeiSBaaty baskéround for thia.
éissertition. The review wi%l focus on a selected group of
f&epteuentativersttjfea wvhose findings are consi&ered to be the most
, pertipent‘and'compegling. It is auégested from a careful examiﬁation of
o these findings, that the human vipudﬁ@Lystem‘is gifferentiallé sensitive
;} éo the direction of binocular disparity information. Mor;over. the v
- difference between the processing of crossed dnd uncrossed diap;rities .
§ appears to be a fundamental and critically import;nt one. :
. Empirical Evidence Supporting the Distinction
. Between Crossed and Uncrossed Stereqpsis
. "’ i , o -
-, ' | - L _ggggg Psychophysical Evidence
Richards' Work ] ', )

s r
The. study of selective failures in the pfécéssing of binocular

disparity information has led to many important ideas about how the

normal visual system may process stereoscopic depth. Richards (1970),

-~ -

for instance, investigated individual differences in stereopsis for a

, e R
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range of large disparities from *0.5° to $2° (coarse or qualitative

~

stereopsis). Using a three-alternative, forced-choice discrimination
[ e

. -yl O . .
procedure, he assessed obsergg;qf ability to discriminate relatively
. RSy N
L) 4
large crossed, uncrossed, and zero disparities, respectively, by baving
them report whether small vertical lines (15' x 2°), flashed on a screen

for 80 ms, appeared in front of, bebhind, o{non. the plane of fixation.

observers could not make the

nl

Richards found that approximately 302 of hi
correct discriminations, and called these individuals "stereoanomalous.,
~Speeifically, s;me observers seemed un:fle to discriminate crossed
disparities from monocular stimpli that conta;ned no disparity, yet could
'still discriminate betweén monocylar stimuli and those having uncrossed
disgparities.- Other observers confused uncrossed disparities with stimuli
having zero disparity, but respon&ed appropriately to crosq;d
dispagities. Finally, some observers confused croéaed vwith uncrossed
disparities. .From these data, Riéhards hypothesized that normal
stereopsis is based on at least two, and ﬁossibly three distinct
mechanisms, wh%ch pérfo;m separate analyses for crossed, uncrossed, and
zero-disparity information; respectively. Hg suggested that these
mechanisms could be isolated by examining the depth responses made by
individuals who lack the ability to discriminate one or the other of

these disparity directions from monocular stimuli having no disparity.

In a subsequent study, Richards (1971la) used the same ltinufi and

presentation parameters to further assess observers' ability to
discriminate large crossed and uncrossed disparities (+4°). As in his
earlier experiment, he found that nomé_observers vere totally incapable

of discriminating the direction of stimulus disparity. More importantly,
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y hoveverf he found that when observers did have a difficulty in J

identifying a particﬁlar disparity direction, the difficultly was present
for alll~ crossed or all nncro'ued disparities. These observations led him
to %uggest ”:hat a sterecanopaly may tel;resent a situation in which not
one dilparit)i. but a vhole class of similarly tJned disparity detectors
may be missing or functioning impt;perly. |

Empirical data consistent with. Richards' original findings have been

reported for a full range of retinal dispatitli.es ), from as small as 3.6'

LY

of arc to.as large as 4° (Richards & Kaye,.1974). Recently, Jones (1977)

also demonstrated that individuals who dis.play anomalous vergence
responses to large disparities, often show corres;;ondiné deficits in
disbarity processing for whole ranges of disparities of a 'particularq
direction, despite havin; adequate binoc:lar vision and normal

stereoacuity.

. » + -
On the basis of his data, Richards (197la, 197}c) proposed a model

of stereopsis in which perceived depth is calculated by comparing the

N

;relative acti;Jit.y in large groups or pools of disparity—-semnsitive

neurons, rathep‘ than the activity_in the neural units themselves,
1

anticipating the conclusions of later psychophysical and

neurophysiological studies. The central tenet of Richards' model is the

postulation of two or even threendifferent classeslor hypothetical pools
of nq&;al’disparity detectors to process,the depth cues associated with
crossed and uncrossed disparities, and possibly also zero &isparity.
Acc'ording to the model, each pool is thought to perform a separ?ate global
conputatiox{x, oné for the entire range of crossed ditlpm'it:i.esl:b the second

vd

for uncrossed disparities, and possibly a third separate analysis for

3
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zero ﬁisparity. Disparity information is thus éncodgd in the balan®e of
activity in the appropriate neural pools, with a flean disparity being
represented most often and. extreme disparities occurring with less
frequency? Richa;ds,(197lcl suggested that a stimulus of a giéen

disparity efficits varying amounts of binocular activity, depending on its

relation to the.mean disparity.

_’

This idea is consistent with the neurophysiology of the visual

cortex., The work of Poggio and Fischer (1977) and others, "Kas

eetablfzied that a common property of the near and far cells found the *

visual cortex of the monkey an%7cat is that they show steep disparity
response gradients, from maximal excitation to maximal inhibition, with

the midpoint of response activity along the disparity domain being
A\ N
centered around the mean disparity (Maunsell & Van Essen, 1983; G. F.

Poggio, 1984). The notion that disparity information may be represented

-

in the relative distribution of binocular activity in different neural

pools of disparit tectors is an attractive one, and has been
i

incorporated into a recent theoretical model of human stereoplls (i.e.,
Harr & Poggio, 1979; see Marr, 1982, for a review).

Following Richards' lead, a substantial amount of psychophysical
evidence hasr rapidly accumulated.in support of the idea that C:;lled and
uncroseed disparity inkormation may be mediated by different mechanisms.

.

For example, Richards (1971b) reported asymmetric effects of convergence
on the crossed and uncrossed disparity limits of Panum's fusional area.
He found that when he increased convergence (i.e., by decreasing fixation

distance), stimuli with uncrossed disparities became easier to detect,

whereas performance for stimuli containing crossed disparities remained



‘ ' B
& . . . » - “
,/\ S virtually.unchanged.
¢« * * . \
' Findings similar to these were first reported by Ogle (1952) and
* _‘Hitchell (19665. who suggested that the two limits might not be
# .
52 . equivalent, and are consistent with .the later fiedings of Richards and

-

Foley (1971). These investigators demonstrated that the spatial limits
i - i
- of crossed and uncrossed disparity are qualitatively different, and are
o h

agfected unequally by'changes in fixation distance. They also showed

- Qhat the qualitative upper limit for processing crossed disparities in

some observers can be as much as four times greater than the maximum

limit for which uncrossed disparities can reliably be detected. Richards

»" i :

and Foley estimated the upper limit for crossed disparities to be as

L4

4 ) largs as 16°. In anothgf study, Foley, Applebaum, and Richards (1975)
phoved ;ngﬁthe disparity response functions obtgined for percqi&ed depth
/ LY

ig:aiscrimination tasks are often not symmetrical. _In particular, they
. T, ) *

v found tha:’observers typically report seeing less deptﬁ*for stiﬁu}i with
‘uncrossed diap;riti&s than they do for stimuli containing crossed "

‘ 7/ disparitiest ' : ‘ '

Otggfktypengf psychophy;ical expefiments have also providea support L7

©

- N : - N

for the. basic distinétion between crossed and uncrossed dispaQity

hd . / encoding. Richards (1973),” for example, ‘showed that the contrast of the
* ! v
stimulus can have a marked influence on the way some observers process *
L . ) s .
utereoacoﬁic }nformatioﬁ. Specifically, he found that the effects

brought®ibout by contrast reversals (i.e., changing%from liéht bgrsnén a o
. { > . 11 4
dark background to dark bars on a light background) can lead to depth

discriminations being reversed. In his study, observers who could

‘prédvidusly discriminate only crossed (bu;-not uﬁcrospéd) disparities with
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ligEtabars on a dark background, were no longer able fo do so when the
) contrast was reversed, but could now discriminate ;ncroabed dicpar}tieu. “
The converse was alsé observed. Richards was careful,é9 point out,
v hawever, thit these effec;s wvere n;t entirelz symﬁetfical.
Spatial Asymmetries
There is a considerable body of human psychophysical data .in
;ddition to the work of Richard; and his colleagues, to suppoft tie
notion that érossed and uncrossed disparity information may be mediate&‘
by different mecPaniams. For example, Woo (1974) showed that the
threshold for diplopia is significantly lower for crossed disparities
than it is for uécrossed disparities. In anothgr'study. Woo and
A Sillanpaa (1979) reported significant diffgtencsf between the spatial
. ] . o
thresRold values obtained for crossed and uncrossed disparities.
-SpecificaLly: they found that the avefaged absolute threshold of
- ‘ ' stereopsis for crossed disparities in 30 observers was 5.6" of arc,
compared with 14.5" of arc for u;crosaed disp&rities. Woo and B8illanpaa
also observed that,disparities in the crossed direction verd®
aign@ficantly_easier to detect than those }n the unctogaéd direction
across a whole range of‘disparity values, from 3.2" to 80" of arc.

o

< In a reéent study, Grabowska (1983) iﬁvéitigated visual hemifield

\ ) L

differences in human ateteopsiagbi h static RDS. She used small

v ’ K = ~ \
* disparities (*18' of arc, in 6' steps) and brief, 30-ms exposure
durations. The observers' task was to‘'detect the presence of a square ip

* depth, which could be presenq&d either in the left or right side of the



RDS. 'Grahovnka not'only observed a left visual-field superiSrity for
stereoscopic depth defection, but also found that t§$ det;ction of depfh
vas'lignificantly better wﬁen stimulus targets were presented in front of'
the fixation plane than when they were preseuégd behind it. In fact, 16
out of the 19 observers she teéted performed significantly better for
targets cqnta%niné crossed disparities than for those containing
uncrossed disparities, ’

“ Comparable results have also been reported with large disparities.

For example, Lasley, Kivlin, Rich, and Flynn (1984) found that.observers

N AY

vho were presented with narrow, vertical line sgimuli”héving large, -
diplopic re£ina1 disparities (1.6°)’of either direcéion and flashed for
100 ms, cons}aten;ly perceived crossed diapariéies more accurately than
uncrossed disparities. (The qverall proportion of correct responses
across all observers was .90 for‘c;:sse& diaparity;,compared to .49 for
uncrossed disparity). In their stﬁdy, 74% of thekobsé}vers ;hoved a
greater sensitivity to crossed aisparities tgan to uncrossed dispa;ities
of identical magnitude. Lasley (1985) ‘recently extended these findings,
and provided additioﬁal‘tygoretical justification for ghe idea of
separate mechanisms for crossed and uncrossed stereopsis.

In another‘fecent study; Shipley,.Garfinkel, and Van Houten (1984)
reported some e %dence to suggest that ratherx lérge image-size
differencea ca; e tolerated by human observers when vié&ing RDS. This
obagrvation is not new since Juleaz‘(1971) showed that stereopsis can
eagily be obtained even wh;n the left or right image of a RDS differ by

152 in lipear size. ¢What is novel, however, is that they found that

observers could tolerate a grSEEZr percentage of-overall image

3 \ .



#? : ’)

16
' . ' .

magnification for uncrossed disparities than for crocaed,pggpariﬁiel

before perceived depth was lost in the stereograms (i.e., 21X vs. 111,

respectively). This finding, however, was based on partial data from
v only 2 observers. Furthermore, the size of the crossed-uncrossed

dif ference was found to decreagse as the densities of the textures for
each image were reduced or mismatched. Nevertheless, the existence of
such a difference is certainly interesting, and deserves to be studied

- »

more closely.
-

" Schor and Wopd (1983) recentlybused a depth-matching task to examine
the disparity ranzé\for human stereoscopic spatial uensitivity.. The '
luminance profile of thé stimulus patterns was produced by tgkihg‘the
“"difference of two Gaussian (DOG) functions. Using the psichophysical i
method of ad justment, the observers' task was'to make supghthrpshold
depth matches of‘dichoptically viewed astimulus patterns containiné
varying ‘ampunts of crossed and anrossed disparity until the stimuli
appeared éb lié on the same deﬁfﬂ”;fane. Schor. and Wood reported that
the depth-matching curves of ali.thgir obagrvers vere different for .
crossed. and uncrossed diéparities; all.observers required -significantly
greagér‘amounts of uncrossed disp;;ity than crossed disparity to make
) suprathreshold depth matches. Furthermore, the depth-matching curves for
. crossed disparities showved a sharper rate of elevation than those for

. - ¥ » . "
uncrossed disparities,.and this asymmetric elevation dccurred at narrower

-

DOG widths for crossed than for uncrossed d{aparities. .

. >
2 L
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Temporal Differences

) L}
Although much attention has been focused on the investigation of

. -,

spatial asymmetries in the processing of crossed and uncrossed disparity

informpti&n. considerably less attention has been given to the study of

0
possible temporal.differences. In a recent study, Alexander (1979/1981)
used a reaction-time (RT) paradigm to.measure the latency of correct
reséohses £§ static- RDS of different diaparity‘directions:and ﬁagnitudes,
and to non-stereoscopic control stimuli. He found évidence.for a uniform

luperiority'in—depth discrimination performance for crossed disparities

over uncrossed disparities in 11 out of 26 observers. Fur;hermore,i

Alexander alsoc reported that 9 of the 12 observers who were tested in a -

backyard-masking paradigm to assess the minimum exposure duration

required to perceive depth, abowéd a significant crossed-uncrossed

disparity difference, although he did not elaborate in which difection.
In a series of experiments, Breitmever, Julesz, and Kropfl (1975)

and Julesz, Breitmeyer, and Kropfl (1976) assessed the extent‘of human

w

temporal sensitivity to briefly presented stgreoscopic information in

»

various areas of the visual field, The targets consisted of
smalf—dinpaiity\(iG' of arg) sﬁuates that were embedded in dynamic RDS.
The observers' task was to detect the presence of a square in eéth, but
no£~to identify ite disparity. ° Stimu}us dut;tion thresholds were
eotablilhea for many retinalipoints on tﬁe retina ;here the targets were
presented, vithin an aréa of +1° around fixationm.

No evidence for a left-right hemifield anisotropy for stereopsis was

found in either study (but see Grabowska, 1983, for‘éopflicting repults).

/)
{
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Interestingly, however, both studies did find evidence'for an upper-lower
hemifield difference, with the upper hemifield being more sensitive to

uncrossed disparities and the lower hemifield being more sensitive to
. . .
crossed diaparities{’ That is, targets having an uncr6i<ed disparity were

detected at consistently shorter durations when they vere‘prqlented in
the upper hemifield than when they were presentédfin.the lower hemifield.

Conversely, targets presénted in the lower hepifigld produced lower

Y

temporal limits for crossed disparities. Similar upper—lower hemifield

differences were also reported with respect to various spatial

1 -
Kyl
l ’
1

Human DéveloggentgL Diffegencés

manipulations (e.g., target width, Julesz et al., 1976, ﬁxperiment 5).°
8 \ "

Further psychophysical evidence in support of the notion of

independent&‘directionally—seusitive disparity mechanisms has come from

-

\

several recent studies examining the development of stereocacuity for
crossed and uncrossed disparities in human infants. The first study to

provide positive results with respect to this issue was conducted by

- Held, Birch, and'Gwiaiga (1980). These investigators used a

two-alternative, forced-choice preferential looking procedure, in which
4

the stimulus pair consisted of two vertical bar gratings of high contrast

and low spatial frequency. The stimulus pair was identical except that

-

one contained a horizontal disparity, which could range from 1' to 58' of
arc in either crossed or uncrossed directions. By examining which of the
two stimuli the infants preferred to look, they determined the minimum

disparity to which each infant responded. (Preferential lookiqg takes

P
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. L]
advantage of infants' natural preference to look at the more interesting
~or complex of two stimulus patterms).

Their dat( indicated mhat viri‘.ually all infants could reliably
respond to large disparities by about 4 months. Held et al. did note,
however, that responses to crossed disparities emerged prior to responses
to uncrossed disparities. The results showed that the mean age at’vhich
most infants were able to first discriminate the -largest disparity was

"about 12 .weeks, compared to about 17 weeks for uncrossed disbarities of
identical magnitude. Furtbhermore, these investigators reported that
sterecacuities for crossed disparities were significantly higher than
those fg{_c;ﬁparable uncro;sed disparities. N

Reuss (1981) confirmed these findings with dynamig RDS, and also

showed that stimuli carrying a crossed disparity are detected at a
.cignificaAtiy earlier age than stimuli of identical magnitude but with an
uncrossed disparity (i.e., 130.2 days vs. 149.9 days, re;pectively)w

hore fecently, Birch, Gwiazda, and Held (1982) examined systematic
variations in the direction of disparity preferences in human infants,

and found that séereoacuify for crossged digparities develops earlier, but
at approximately the same rate as stereo;cuity for uncrossed disparities.
Finally, Birch, Gwiazda, and Held (1983) provided sﬁditiogal evidence for
significant differences in the age of onset of crossed and uncrossed
stereopsis, and firmly demonstrated that t‘f,development of accurate

vergence in human infants does not account Yor these differences.
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Visual-Field Differences

[

The development of novel approaches and new noninvasive techniques
to probe various régions of the visual fields, has led to several unique’
insights ;nCO the manner in which binocular disparity information may be
encoded by the visual system. Particularly provocgtive has been the idea
that different patterns of stereoscopic loaseel(i;e.. sen;itivity losses)
imply dif ferent underlying mechanisms, as first suggested by Richards
(1970), and that these losses may be reflected in the perimetric

visual-field profiles of stereoanomalous individuals. Using this

rationale as a starting point, Richards (1972b) performed ster:;ﬁerimetry
(

in a group of 10 observers. By presenting‘narrow vertical bar 0.20° x

.1°) that modulated in depth at the rate of 2 Hz, he probed each

observer's sensitivity to stimuli of different disparities as a function
of their position in the vigual field. . Briefly, Richa;ds found ;vo basic
visual-field patterns—-one pattern vas highly correlated.vith crossed
disﬁarities, and the other pattern was highly correlated with uncrossed
disparities.

Tn a conceptually similar sgudy, Richards and Regan (1973) {uter
provided additional‘evidence in support of the hypothe;il that crossed
and uncrossed disparity information may be processed by Qifferent neural
mechgnisms in stereoscopic vision. They found that most of the

visual-field plots obtained from their observers shoved different

)

0
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.lteraoperimetric sensitivity profiles for crossed and uncrossed

disparities, -evep in the glmé in&ividual.,,An even more compelling
obgervation was that vﬁen a deficit was detected, it vas present
throughout an entire range of cros;:d or uncrossed disparﬁties, and was
not isolated to a pgrticular dispariiy magnitude.

In a study investigating possible visual-hemifield differences in
the detection-duration thresholds of sgereoacopic targets, Breitmeyer et
al. (1975) reported data from an observer who showed evihence of a

markedly reduced depth sensitivity for targets having a specific

disparity direction and magnitude in several regions in his visual field.

) Surpriiingly, however, his sensitivity was quite normal when probed in

LS

the same visual area but vith‘slightly different disparities. In
addition, this observer showed a large ste;éoscotoﬁa in the lower
heﬁifield for uncrossed disparities that disappeared for cro;aed
disparities. Except for the preseﬂce of this impaired region in this
individual, stereop;ia appeared quite ‘normal everywhere else. These
observations lead to the interesting hypothesis that semsitivity to
crossed and unctoaﬁed disparities may be distributed unequally in the

visual fields, and that this sensitjvity may be jeopardized in different
9/8

vays bi the onset of ocular pathdlogy or by other possible visual-field

abnormalities. '/ﬁ\\\~—///
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Human Electrophysiological Evidence
. _—
Visual-Evoked Potentijal (VEP) Differences-\ ‘ '\\\\

¢

Data consgistent with the hypothesis that crossed and untrossed
stereopis may be mediated by separate mechanisms ‘have also been reported
in several human electrophysiological studies. Regan and Spekreijse

- - ks
(19f5), for instance, demonstrated that the response amplitudes of

_ scalp-evoked potentials are smaller for uncrossed disparities than for

crossed disparities of the same magnitude. Regan and Beverley (1973)

: . .. P . -
later showed that stimuli with crossed or uncyosded disparity not omly

* evoke different cortical-response amplitudes, but also display different

@

waveforms. Thé -existence of such differences in corticallﬁtg?oked

activity with respect to disparity information, presumably reflects the

differential sensitivity of those mechanisms that may be responsible for
-~ f ) e

A

th;»proces‘ing of crossed and uncrizped disparities in stereoscopic
L 4
vision. '

In anotber study, Bouldin (1976) examined visual-evoked cortical
potentials (VECPs) to dynamic RDS, and found that the magnitude of these
potentials varied directly with the direction of disparity.
Specifically, the potentials became markedly attenuated as Ehe direction

. o
of disparity of a stereoBcopic target was changed from crossed to

uncr;;sed. In addition, Bouldin observed greater VECP amplitudes for

crossed disparities than for uncrossed disparities. ) ]

p

N\



-

*

23
Behayiora]l Evidence from. Animals

An area of research that has provided critical support for the iépa
that information about the dir?ction of disparity may be encoded by
different me;hanisma has been that of behavioral research in animals.
Incidentally, this area of résearch has also cqutributed directly to the
idea that many species of animals possess stereoscopic vision. For
in;tance. m;ny‘behavioral demonstrations of stereopsis in the cat have
been reported (e.g., Fox & Blake, 1971; LehmkuLle & Fox, 1977; Packwood &
Gordon, 1975). Sim&}arly, there is qualitative evidence for the
existence of steréoscopic depth perception in the moﬁ?ey (e.ge, Bough,”
1970; Cowey, Parkinson, & Warnick, 1975; Rarwerth & Boltz, 1979a, 19795;
Sarmiento, 1975), as well as in a number of nonm;mmalian species, such as
the toad (Collett, 1977) and the faicon (Fox,'Lehmkuhle, & Bush, 1977).
A‘comprehensive review of these and other‘behavi9ral iﬁVestigationa‘of
stereoscopic vision in animals can be found iﬁi%ox (1981).

Wittni;péect to the main topic under discussion, Packwood and Gordon
(1975) reported evidenc; suggesting that the upper spatial limit of

fusion for normal cats is ;symmettic, They examined the qualitative
fusional limits of crossed and uncrossed disparity in three groups of
cats (i.e., normal, Siamese, and monocularly occluded), and found that
normal cats could fuse crodsed disparities up to 50' of arc, but could
only fuse unidyossed dinpafitien up to 30' of ir?. (Siamese cats and
monocularly occluded cats could not perform this task).

" More recently, Harvet:h and Boltz (1979a)‘demonstrated that rhesus

‘-onkeyo also shov better discrimination performance for crossed

?
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_approach each other at larger disparity magnitudes.
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disparities than they do for uncrossed disparities under various viewing
conditions and across a number of disparity levels. These iﬁveutigatora
- P .
used a two—alternative, forced-choice form discrimination task
(discrimination between a single, vertically-oriented rectangle or two

such rectangles), in which the stereoscopic forms to be discriminated
<

vere created by displacing the cpntral diemparate areas in static RDS.

Target diaparitieé ranged from ' to 54' of arc, in 6' steps, for both

~

\
crossed and uncrossed directions. ' . C)

" Their data revealed the presence of a large aaymmetrx between
discrim%ndtion performance for crossed and'uncroase;‘disparitiea, ranging
from 6' to at ieast 30' of arc in all 6 animals(tested. Furthermore, 4
of the 6 animals performed significantly better with crosged diapatitieul
than with uncrossed disparities. Harverth and Boltz also found that
animals' performanqg improved as a function of increasing disparity
magnitude for both crossed and uncrossed directions, but not at the same

rate. Depth discrimination functions for crossed disparities showed

‘steeper slopes and became asymptotic much sooner than those for uncrossed

disparities. In addition, the functions for the two directions tended. to

-

In a separate study, HarverQh and Boltz (1979b) examined the effects
of viewing duration on the ability of rhesus monkzy: to discriminate i
scereoscog}h forms in static RDS. Spatial parameters and ntinulull
configurations.were identical to their other study. In agreement with 7

4
that study, they found the majority of animals shoved higher depth |

i -~

discrimination performance for crossed disparities than for uncrossed

- a f .

170y

disparities, gFurthermore, differences in the Jevel of perfornan:: for )

- ) ‘ \ \1

. o a
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each direction rgmaéned consistent across the full range of'exposure
durations used (i.e., 15 ms to 4 8). Harwerth and Boltz did observe,
/ however, that the functions relating the two disparity diregtions to
disparity magnitude and exposure duratioﬂ~éonverged at larger disparities
y .
and at longer durations. With brief viewing'durétions and smaller
disparities, the discrimination rate for both disparity directiqny

increased steadily as a function ofeiﬁgre;sing Qisparity magnitude.

The results obtained from the animals ver; later replicate¢.in a
group of human observers under the same conditioms; 7 out of 9 obsetverF
discriminated crossed disparities significantly better than uncrossed
disparitieg, of ;dentical magnitude and exposuré‘durition. i

»
Synopsis of Findings, Unresolved Issues, ‘

»

and Some Shortcomings

- The foregoing discussion has focused on empirfﬁil evig;:;e from a

number of experimental approaches in support of the idea that bimogular

- Jisparity information in stereopsis may be encoded by different
mechanisms that aﬂelselectively responsive to crossed and uncrossed
disParities, respectively. The available data demonstratefihat the
direction‘oé binocular disparity (i.e., whgther.a stimulus ;arrieé*a
crossed or uncrossed disparity) plays & critical role in the way that *

-qereOlcopic information is processed by the visual system. Taken

\
together, the findings also suggest that disparities in the crossed

direction are discriminated more accurately, more readily, and perhaps

. ~ - - N . 3 ‘
are encoded with greater efficiency than disparities in the uncrossed

« . .
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direction.. Such diverse findings as disparity—~selective
direction-depen&ent asymhéiriea in the spatial and temporal resolution
limits of stereopsis, different stereoperimetric nenuitivity profiles for
crossed and upcrossedhdisparities, as well as other findings >
demonstrating well-defined developmental differéncea between crossed and
uncrossed stereoaéuity. for instance, gtrongly -upﬁort the idea that the
direction of disparity may be important and influential in processing
such information in steréoscopic vision. F}nglly, the neurophyniologicai
_ ;an converge to a;ggest that information about tbe direction of
.~binocular disparity may be procesaeh Py aé}ara:e neural pools or cllllél
" of cells that haie‘&ffferent peak sensitivitiea, different spatial

a

properties, and perhaps even different temporal congtaﬂts. -
Despite thege important advances, several issues remain unresolved.

First, although much appears to be’known about the diffeérential npatialm
aspects of stereodgopic yision:}substantially legs is known about the

; temporal proceséing of binocular disparity information. With the
exception ;f those studies reviewed here (e.g., Alexander, 1979Ii981;
Breitmeyer et al., 1975; Julesz et al., 1976), this aspect of research
?aa received ;urprisfngly little attention. -For instance, it is not
known whether ghe asymmetric effects that are observed_betveen}crOIIQd
and uncrossed stereopsis under various spatial manipulations also exist
for temporal manipulations. Second.valchough ;;veral studies . have
examined the effect of exposure duration on observers' ability to
perceivg Jepth in various types of stereoscopic dic%lays, all of the
findings that have shown that reductions in exposure duration lead to

O _

corresponding reductions in performance, have been obtained by using

: ’
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"‘ flashed (i.e., repeti%ive)‘stimulus presentations of various durations..
finqlly. mgyt studies investiéafing crosged and uncrossed.stereépsis have
relied on‘ghe use o; relatively latéz;djspptity stimuli of various
S con%igﬁratiogs (e.g., Lasley, 1985; Lasley et al., 1984; Ri;hards, 1970,
= 1971a).. Apait from Gr;bovska'a (1983) study with human observers, very
-~ few studies have explored the possibility of the existence of similar

v f;ymhetrieamet amall-disparit&, fused stimuli (e.g., Harve;th & Boltz,

- 9L979a.'1979b5. With these coﬁsideratioﬂg in mind, the following section
vill develop the purpose of this stdﬂy: which was to systematically

r ausé\s the spatio—-temporal charactersistics of crossed 'and uncrossed

’ diapa¥1t§ processing in human stereopsis, usiné pulsed disparity'

e - .
B . L
information, \
i 2
LTt e \
- 7 v . . A ) [
. \ . Research Questions, and Rationale . '
-
. A ' . for the Present Study
. ? . . . ‘ N 0wl
. L N ~ |
oo The primary question that this research addressed was whether the¢re

(U

4

»

exict fundamental spatio-temporafVas&mmetries in the manner in which

orpasedl;nd uﬂctoaseq disparity information is ‘processed in human
stereopsis when this information is puised for various durations. The

) " -, . .
- rationale for taking this approach stems from two sources. The first
A

° reason for using disparity pulses was that p)évébua findings showing

\

systematic effects of exposure duration on depth performance have been

AN

eltablishéd'by studies using flashed presentations. In this respect, the.

Lo~

existing data®indicate that the discrimination of depth decreases {
. . {
. N . .
-- ~|yltema;xially as exposure duration is decreased, bdth for classical
! ’
- 13

i

, ‘ : | AN |
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line-drawn stereograms kOgle, 1955; Sarmiento, 1975) and for RDS®
(Barwerth & Boltz, 1979;; Harwerth & Rawlings, 1977; Uttal, FPitzgerald, &
Esiin, 1975). For example, Uttal et al. (1975) examined the effects of
several parametric manipulations, incfuding'exposure duration, on b‘}efly
presented RDS, and found that the main effect of decreasing exposure
duration was to progreasively reduce depth discrimination performance.

1

In another study, Harwerth and Rawlings (1977) found a linear ¢
. > .
relationship between t;§ logarithm of stereothreshold and the logarithm

of éxposure duration. ‘'Sijjilarly, Harwerth and Boltz (1979b), in
investigating the effect of viewing duration on the stereoscopic
regolution of static RDS inilhesus mqnﬁeys.‘glso demonstrated that
reductions in stimulus expp%ure duration led in#hriably to significah;
‘and systematic reduFtions in the accuracy of discrimination performance.
These investigators did repbrt, however, that statistically reiiable
diffetences iﬁ performance between crogged and uncrossed disparities
éould sfill be observed at.every eiposure'duration testdd. Compafable

. ?
findings were alsb reported for several human observers. With the

exception of thia;study,mlittle research has been conducted to examine
the specific effects of varying temporal parameters on the processing of

N /
—_ /=
crossed and uncrosséﬁ’dthpnnfty information. More importantly, however,

-

whether performance for crosséd(Xnd uncrossed disparities is affected in
a similar way with different temporal presentation modéa is not presently
known; " For examplé, does pulsing diaparity information contained inla
target once for varying durations produce similar results as flashing

such information? .

-

. The second reason for using disparity pulses was that there are two ’

-
-
» v
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previous studies that have manipulated this temporal presentation mode to
investigate various aspects of stereoscopic visual processing in human

Bb-ervers. Both studies, hewever, used different paradigms and
. 4 t °

manipulated different pérameters such that 25 is difficult to compare
) :

them directly. Furthermore, the interpretation of their data is

. equivoca¥ qu oped” to discussion. For exampley Beverle& and Regan (1974)

used two narrow vertical bar targets located on either side of a central

fixation point. In the threshold task, observers had to adjust a

s

. potentiometer until they could just see the right-hand bar move. In the

éuprathteshold task, observers had to match the position in depth of the
right-hand bar with that of the ieft-hand bar. 1In both taais, the
left-hand bar always remained'stationary, but the initialvpositioh of the
right-hand bar could either be behind (uncrossed dispgrity), on (zéro
dinparity{, or in front of (crossed disparity), the plane of fixatio;.
At some variable interval, this target appeared tdlexecute a rapid pulsed
movement in depth (*12' of arc) toward or away from the observer, and
then i; returned té its original position. |

Beverley aﬁd Regan foun& thgt for a éiven direction og,mqupent in
depth, observers' responses to targets located in front of the fixation
plane vere different from their f;aponaeg to targéts located béyind the
fixntién plane, both qualitatively and.;uantitatively. In particulat;
the data'geveaied that disparity pulses directed towards or away from the
fixatigﬁ plané produced quite different psychophysical sensitivity
curves. Observers' visual sensitivity for disparity pulses directed from

eifhgtwlocation tovards the fixation plane vas_similar to their

N .
lenlitijity for pulses directed from either location away.from the

w :
4
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fiiq;iop plane. -In other wordaf‘vh;t‘vas,important was ;ot vhether the
disparity pulse was directed toward or away from the observer, but its
direction relative to tﬁg plane qf fixation. Since the target began
either in front, on, or behind, the fixation plane, these results seem to
suggest that visual sensitivity is different for different disparity
di;ectiona, but not necessarily for crossed and uncrossed disparities per
se. As such;,they are difficult to teéonciie yi;h the idea of separate
neﬁra; mechagisms for chsaed and uncrossed disparity, especiallx in v
iiéht of the‘fact that im cutrgnt‘neurophyaiological models, crossed and
}pncroased disparities are retinotopicglly defined.
A In the second study, Norcia and Stevenson (1982) assessed observers'
sterecacuity for single, sinusoidal disparity pulses as a function of
their teﬁpordl rate and direction over a range of teﬁporal frequenc%es
(0.2 - 51.2~Hz). The test stimulus consisted of a dynamic random-bar
stereogram, and the disparity pulses crossed the plane of fixati;n rather
than staxing on one side ofwit. That is, the disparity pulses‘began a;d -
ended at the fixation plane; but differed ;P their initial direction of
motion.,\
Norcia and Stevenson found that observers' stereoacuity for
disparity pulses that initially moged toward them and then returned to
the fixation plane was better than for those that initially moved nv;y
from them and then returned to the fixation plane. A significant
difference in stereoacuity (i.e., 2' vs. 4' of arc) between these
differen; sinusoidal movements was seén'at all temporal frequencies below
a céitical frequency of 3.2 Hz in one observer. In another oblerv;r. p
similar difference in sensitivity ﬂas seen at 0.4 Hz and 1.6 Hz., At \

#

[
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higher temporal frequeﬁgjes, sensitivity for both observers fell off
rapidly at the rate of abi:;/;-dnloctave. and differences in stereoacuity

disappe‘red.

. I o “
A similar kind of argument can be made against this study. In
particular, it is unalear as to whether sensitivity to retinotopically
crossed and uncrosaed'disparities vas being assessed because observers

may have baseqd their responses on either the leading or the receding

movement of the disparity pulse in either direction.

- . Experimental Paradigm = . .
‘ »
% - -

-

\\\7 yGiven the preceding rationale, .the present study examrned the effect

o,

t several manipulatiops of spat1a1 and temporal patamegers had on the i

ability of observers tpfdlscrlmlnate the direction of brief disparity |
pulses under several different stimulus conditions. The psychophysical

orced-choice

tesks cbnsiated'of either two- or four-alternative,
diacriminag}ons, in vhi;h obagrve?s had to identif
single pulsed movement in depth as seen relati:
fixation. Performance was assessed in two ways? determining the
pércentage of trials on vﬂi&p obgervers corxrectly id tified the | A
_direction ;f the dioparity‘pulses, and (b) computing/the latency with
vhich they made correct deéth discriminations. indep‘pdent variables
that were systematically mnnipulated included (a aiaparity direction,
(b) disparity magnitude, (c) disparity pulse duration, and (d) type of

stereoscopic stimulus (i.e., presence or absente of monocular outlines of

the disparate target). An "infinite" pulse dyration {IPD) was also

> \
\
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included to examine how prolonged viewing time affected observers'
ability to discriminate the‘direction of the disparity puluéi.

Three types of stereoscopic stimuli were tested. The first type of
stimuli consisted of simple, two-dimensjonal line stereograms containing
a small central}square éutline within a larger outer square outline. The
second type of stimuli consisted of static, Julesz-type RDS, in which a
cent;al disparate square matrix of dots could be displaced by varying

a‘hOunts in one image relative to the other in order to create the
appropriate direction and disparity size. RDS were used because they
allow one to assess sBtereopsis in isolation, without the confounding .
influencg of correlated monocular éues. The third type of stimuli

]

congisted of static RDS, in which the outer square and the inner, central

R N

disparate square were Botb outlined with a\monécularly discriminable line
contour. -

The primary reason for using the fiiét two types of stereograms was
that there is evidence indicaéing that the resolution of depth in .

classical stereograms containing physical contours and the resolution of

-

depth in RDS may be mediated by diffﬂ(gpt mechanisms (e.g., Bishop &
Héﬁry, 1971; Cowey & Porter, 1979; Julesz, 1971, 1978; Jdiesz & thumer,'

1981). Julesz (1971, 1978), for inmstance, distinguished between "local”
-1
and "global" stereopsis. He proposed that local stereopsis is used for

distinguishing monocular local features, and serves as the basis for

. ip s . . N SR
identifying contours.in depth, such as in classical line stereograms.

Global stereopsis, on the other hamnd, is & highér—level module of vision,

I3 .

which is uged to localize and identify ambiguous depth surfaces in nDs.éﬁ

Fox (1981) has recently argued, however, that global stereopsis is not

"
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unique to RDé:\Qut als} extends to natural images that contain highly
——- .

complex, Fexﬁured'nurfaces and inherent ambiguities (e.g., heavily

camouflaged scene).

There are a number of qualitative perceptual diffeténces between
local and global stereopsis. For example, depth can be defined with
diplopic images in local stereopsis but not in global stereopsis (Julesz,
1971). Global stereopsis can be obtained with stimuli contaiping vergier
cues thaé are equal to or below the normal threahoid of veféger acuity
(Julesz & Spivack, 1967). JFurthermore, global stereopsis with
random-letter stereograms can be produced by brightness differences
alone, in the.absence of any retinal disparity, and in the presence of
retinal tivglry (Raufman, 19§4). Finally, linelcontoured Btereograms are
resolved more quickly than RDS (e.g., Chung & Berbaum, 1984; Julesz et

al., 1976; Staller, Lappi;. & Fox, 1980), suggesting that local

stereopsis is more rapid than global stereopsis. Interestingly, however,

_neither is affected by stimulus uncertainty, such as by the number of

»

- target alternativés (Staller et al., 1980).

In an interesting study, Cowey and Porter (1979) provided evidence
that lends additional confirmation to the idea that local and global
;fereopais are functionally distinct. They asge&aed-tbe Ability of
rhesus monkeys to resolve stereoscopic forms in dep;h with nns; prior to
and after removing diéferent parts of the visual cortex. Cowey and

Porter found that the removal of the inferotemporal cortex resulted in a

significant impairment in global stereopsis. The removal of this aredf

however, produced no substantial impairment in local stereopsis (i.e.,

resolution of depth with simple bar stimuli). These findings suggest

v
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"that there may be independent neural sites for local and global
stereopsfs. ' a

3

Recent n%ufbphysiolog%cal findings have also suggested that the

! r

‘neural basis ?f local aqgfglobal ate;eopsia may rest on differeng
"mechanisms. %or example, G. F. Poggio (1984) and Poggio et al. (1985)
have teﬂﬁatively idehtified binocularly s?mple cells as the neural
candidateq for i?cal stereopsis, and havF suggested that the oéerntfon of
binocularly’éompiex cells may underly global stereopsis. The main :
:finding is that althouéh both types of cells can detect unambiguous
disparity‘in simple line-contoured patterns, only binocularly complex .
cells are able.to detect depth corectly under highly ambiguous dilparitf
situations (i.e., dynamic RDS).

The rationale for using the third type of stereogram stems from the
conflicting findings in the literature concerning the influence of
monocular contours on the perception qf &epth‘in BDS. . 8everal studies
hav; shown that the addition of conspicuous momocular cues (i.e.,

contours that delineate a disparate target in RDS) can aid in the
ré;oluti;n of debth in RDS, but only under certain conditions (e.g.,
Saye, 1976; Saye & Frisby, 19??). Saye and Frisby (1975), for examgle.
demonstrated that monocular features that enclosed the disparate ;rea
wvere hélpful in reducing the amount of time required to perceive depth in
RDS, but only for.aimple, two—planar stereograms éontaining a relativelv
l;rge disparity (1°17'). With amall-d;sparity (5') stereograms,
latencies were found to be relatively short, irrespective of whether such

monocular cues had been added or mot. Saye and Frisby suggested that the

relatively lonF time needed to resolve depth in large-disparity RDS may

f



be due to the fact that observers must learm to maie correct vergeng; eye
movements in order to bring large disparate'reti;al images into proper
registration. Similar results were latef obtained by Séye (1976), who
fournd that monocular features that enclosed the dispsrate area produced
the shortest latencies for perceiving depth in large-disparity RDS.

Saye and Frisby (19755 also reported that when dissimilar monocu{ar
features, such as a centrally positioned outlined cross, were added to
small-disparity RDS, they interfered vitb.;he resolution ok depth in
these stereograms. When a monocular square outliqe eqclosed the
disparate region, however, it did not significantly affect the sgfed with
which depth was resolved in these stereograms, Finally, with
large:diaparity RDS, both types of monmocular cuesfproved helpful. Saye
and Frisby suggested that monocular cues can interfere’in certain
situations (e.g., when they are &issimilax) because the& capture the
viewers' attention); thus prevent them from effectively -allocating
their attention to othei regions within the stereogram. On the other
Aand, monocular features ‘that enclose the disparate area may be effective
in aiding sensory fusion/because they can quickly guide conjugate eye
movements to the disparate region.

In contrast vith thése findings, '‘Chung a® Berbaum (1984) recently

{

reported some evidence showing that the addition of monocular contours to

RDS can interfere with the resolution of deptﬁ when the two kinds of

information are presented sim isly. These deleterious effects Were

observed despite the fact that”the stereoscopic stimuli that they used
contained a relatively small disparity (i.e,, +11.46' of arc). Chung and

“"Berbaum's results are inconsistent with the earlier findings of Saye aud

a
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Frisby (1975) and Saye (1976), although the'underlying reasons for the
discrepancy in the results still remain obscure.

In another experiment, Richards (1977) used A'magnitude estimation
task to examine the effects of monoc&lar"contours on the ability of
observers to perceive depth in briefly flashed, static RDS. His targets
;Fonsisted ‘of white; narrow vertical bars (20' x 2°), ;%ich could be‘ndded
to the RDS. 1In one condition, he ;resented RDS.alone. and in ;nother,
RDS with a monocular outliné of the disparate target. In all cases, the
stereoscopic displays vegz?ilaehed for 200 ms, and target disparities

ranged over *3°. The observers' task was to make depth judgments as to

the amount of depth seen in the dispiays with respect to the fixation
re

hal

plane.

Richards found that his observers could not reliably perceive depth
with RDS alone, but:. could onl& do so whe% the monocular out‘line‘ of 'the
taFget was preseﬁi. In particular, when monocular contours were present,
observers performed quite well, achieving about 80% in accuracy. ﬁhen
such cues were completely eliminatedfyﬁovever,~performance dropped
-dramatically, down to about 15% im accuracy. Richards\goncluded from
these fisqépgs that monocular cues not only help in re;E}ying depth in
briefly flashed RDS, bu£ are essential.

Richards' coné&gs%dna have been criticized on several grounds.
Julesz and.Schumer (1981) and Schumer and Julesz (1984), for instance,
criticized his conclusions on the basis that the particular stimulus
configuration.that he used violated the essence of RDS., They argued that
his RDS targets were too narrow (i.e., in terms of spatial frequency) to

be properly resolved within a 200-ms flash. On a differemt note, Fox
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(}98f3 suggested that Richards' negative findings may have been due to
I
the particular display system that he used to present his stimuli.
"8pecifically; Richards' cathode-ray tube (CRT) disﬁlays had a refresh

rate’ of 15 Hz, vhereas most investigators use CRTs with higher recycle

‘, rates (30-60 Hz). As a possible consequence, the lower rate may have
[ .

- ’

produced apparent motion that interfered with thginormaL resolution of
dggE? in the stereograms. Finally, nume;ous a;uéies/ﬁave shown thag both
static and dynamic RDS can be fused, well vithinfso ms with foveal
presentations (e.g., Breitmeyer et al., 1975; ﬁ;lesz et al., 1976)4 and
that depth can reliabiy be perceived 'in small-disparity, flashed RDS with
exposure durations below 60 ms (e.g., 30 ms, ?fabowsk&. 1983; 60 ms, .
Julesz & Chang, 1976; 60 ms ,, Mayhew & Frisby,;l9?9; 48 ms, Tyler &F
Julesz, 1980). ¢

These and other sources of empirical evidence strongly suggest that
monocular contours are not essential to effecti&ely resolve depth ih
btigfl; flaqhed RDS. Nevertheless, when they are available, monocular
cues can ;id or interfere in the solution of RDS, dep;nding on the

)

magnitude of disparity and the natpré of /the cues (e.g., Chung & Berbaum,

!

1984; Saye, 1976; Saye & Frisby, 1975). |

-~

)

LY

Experimental Hypotheses

»

On the,basis of the existing evidence, five specific hypothesis were *
formulated for this study. First, it was hypothesized that if the

reported superiority of performance for processing crossed over uncrossed

disparity information is generalizable across various stimulus conditions

- et
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ami experimental paradigms\é then observers in this study shoyld
discriminateﬁﬂisp;rity pulses in the crossed direction more accurately
and more rapidly than equivalent pulses presented in the uncrossed
direction, regardless of the type of stereogram used. Furthermore, this
asymietry in discrimination perf‘omance should be present across all
disparity magnitudes and disparity pulse durations tested. Second, given
previous psychophysical evidence (e.g., Harverth & Boltz, 197,91. 1979b;
Uttal et al., 1975), depth discrimination performance should inprov; ag a
function o'f_ incr\eésing disparity magnitude (up to the disparity limit ﬁt
- . An this at:udy) for disparity pulses in both crossed and uncrossed |
directions, and for both dependent measures., Third, pe;.'fomance should
be best with prolonged viewing (i,e., "infinite" pulse duration), .and
show a progz"easive decline with decreasing disparity pulse duration,
Fourth, it was hypothesized that both the accuracy and latency of depth

discrimination performance would be lower in RDS alone than in

identically configured, classical line stereograms and in RDS contaiming

monoculariy superimposed outlines of the cen:’rgl disparat\e target and
backgrounc:i. This hypothesis .vas based on the fact that (a)
line-contoured stereograms have generally been found to be resolved more.
accurately and rapidly than RDS (e.g., Chung & Berbaum, 1584; I.Jules‘z et
al., 1976; Staller et al., 1980), and (b) RDS require the percebtit;n of
both the discontinuity that occurs at the border of the disparate regions
and of the disparity itself (Marr & Poggio, 1979). Finally, it was
hypothepized that mean reaction-time performance for the RDS containing
ménocularly superimposed contours of the cgn't:ral target to be perceived‘

in-depth would not differ ég'om that of RDS alone (Baye, 1976; Saye &

)
v
1

-
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Frisby, 1975; but see Chung & Berbaum,.1984).
" The ultimate goal of this paychophysi.cai inquiry-was to establish

vhether crossed and uncrossed disparity information is procesmed’

.

-————

l differently as a function of various spatio-temporal manipulations and in
the c;mtext of different types of stereoscopic stimuli. It was hoped )
that these mnipulatibﬁs would also shed some light on the |
spatio-temporal sensitivities of thosé mechanisms ,that have been

hypothesizeﬂ to mediate crossed and uncrossed stereopsis, and possibly

begin to suggest how they may function within the visual system.

x é

Method

Observers ' . .

Eighteen observers, 9 males and 9 females, between the ages of 19
and 37 years participated in the study. All of the observers vere
orthophoric, had normal or gorrected-to-normal visual af:uity (20/20 or
better in both eyes), and normal stereopsis and fusion, as assessed with
the Keystome Visual Skills battery of tests. Stereoacuities were
measured with the Keystone Aviators' 'i‘est: Set (D.C. 31, to D.C. 53), and
;anged f.ro:n 19" to 45" of .arc. Because these tests cru(iely measure
‘stereoacuity for crossed disparities omly, h‘wever.. observers' ability to
p‘roceu static cues for both dinparitiy directions was also. assessed with .
the use of simple RDS (Figures 1.0-1 and 2.4-1, .f,rom Julesz, 1971),‘

: pgrtraying two planar surfaces,ﬂ.?n depth. All o?servers were able to fuse

-

these stereograms and discriminate the textire surfaces projecting in
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depth for both crossed and uncrossed diapafity directiouns. 'Gbner;erl

er ivzfvith respect to the,purpose and design of the study, and none
had any previous experience with RDS. Observers who wore glasses
normally used them during the experiment. |

R Y

Apparatus
The optical §iewing system consisted of a modified Wheatstone
stereoscépe.“ Observers viewed the stimuli dichoptically through a pair
" of 50 mm x 50 mm beam splittera; one in front of each eye. A septum
separated the two beam splitters, which sat on standard ndjuotgble'tilt
and rotation platforms. '(Beam spiittgra were used instead of
front-surface mirrors because they were regdily available. Furthermoge,
the back and the app;Opriate side of each pfam splitter were occluded,
such that observers could only see the stimuli present;d on the CRTs).
/’The stimuli were presentéd on two 12-in. monochromatic, ras;er-lQ’n CRT £
displays (Amdek Coxrp., Model Video 100) with white P4 phosphors,
positioned at a viewing distance of 1.575 m'to the left and right of the
observers at the midline, respectively. Proper positioning and alignment
of the beam splitters enaured‘that each image was channelled
independently to the appropriate eye. In addition, head moveméﬁt- vere
minimized by the ::e of a chin and forehead rest. The CRIs were
controlled by an Apple II microcomputer, and matched for luminance using
a calibrated reflex-viewing photomete; (Photoﬂlesearcb Division,
Kollmorgen Corporation, Burbgnk, CA, Model UBD). heaction—t@nes (RTs)

and observers' responses vere recorded via a commercially available
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»
joystick, and RTs vere measured in milliseconds with a programmable
B 4 - N

real-time clock (California Computer Systems, Model 7440AK). The optical
B ™
viewing apparatus.and corresponding experimental setup are schematically

illustrated in Figure 1,
Y

Stimuli I
T . i ﬁ\t
) ¥
4 ‘ :
Thyee types of stereoscopic stimuli (one type for each condition)

\ ¢ .
were used. Each stilulus type vas generated by the microcomputer using

the high-resolution graphics modé and display_gd aimul;ane‘ously at a 60-Hz

frame rate on thé face of the two CRTs., All ‘stimuli were presented

foveally. o - -

The first type of stereoscopic display (TDL cond;ition) consisted of

vl
a

. 1 v .
pairs of simple, line-contoured stereograms containing an outline of the

small central squax"e target and an outline of the larger square

A3 M !

background. ' These outlines were white on a uniformly dar® background.
- . n —— -

The squdre outlines that et{cloaed‘the\\background subtended a visual angle
of 2.18° x 2.29° horizontally and vertically, respectively." The square
’ i/

outlides of the central gxrget subtended Q.73° horizontally and 0.76°

vertically. (Although the stimulus,displays were plotted in an identi.cal

fashion on the\face of each CRT, theNppeared somevhat higher than wide,

vertical magnification of the images on the CRTs. This

: horizontal’ compression, hovever, vas neglible). The field of view

presented to each eye on the CRTs was shielded by bla’gk mat paper,

through which a square~shaped aperturejslightly larger than each stimulus .

/
[3

half-field bad been cut:m *uus, each eye always viewed only one half of

’

}
@ .
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‘apparatus- (not to scale).
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EYE

®

RIGHT
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Figure 1. Schematic-illustration of the optical yiewing

- 42



h Y

/ . .

r

the stereogram pair; the other half-field was never visible to that eye.
The second é&pe of stereoscopic display (RDS condition) comsisted of
vtatic Julesz-type RDS, portraying a central square in depth relative to

the surround. Each stereogram half~field was composed ,of a matrix of 84 .

«~

" x 84 randomly pbsirﬂ')oned Vichromatic dots. At,the viewing ance used

in th;ﬁ study, each dot measured 0.7143 mm on the sc:;en, ‘and sub ded‘a
viﬁuai angle of approximately 1.56' of arc }n diames?r.. The global -
density (i.e.; the ratio of black to white dots) of the stereograms was
approximately 502, and the stereogram pairs were perfectly correlated,’
such that éqr each dot}in one image there was a corresponding dot in the
other. The left- and right-eye iqagea were symmetrical with respect to
the plane of fixation and identic;l to'each other, excipt for the central
portion of the images that. formed a 28 x 28 matrix of achromatic dots.
This central square region vg; vigible only when the dots were shifted
laterally to produce the required disparity.e The overall dimension and
configuration of the RDS were identical to the TDL stereograms.

In 'the third type of ;tereoscopic display (RTL condition), each half

LY

of the ateteogrqg\~conta1ned a central outline square embedded in the

-~

.random dots and a larger square outline that enclosed the background

random dots. The depth of the central square outline always coincided
vith the depth of the RDS target. In all other respects, however, this

stimulus type was identical to the other two. An example of the three

f

types of stereograms is represented in Figure 2. .

For all three types of stereograms, precige and systematic

variations of crossed and uncrossed disparities were produced by shifting

the centrally located inner square (or the dpts forming the central
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Figure 2. Representative exalﬁples of the stimulus displays uses in
—————————————— . e s '
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each condition: (a) ’I’liLa\ (b) RDS, and (c¢) RTL. 1In each example above,’

the central disparity is 4 dots. (The actual stimuli. appeat:edj'as



45
N
di-éurate square region in RDS) horizqntalﬁy in one ‘image relative to the
other. To create a crossed disparity (i.e., the central square being
perceived as nearer), the target boundaries or points were shifted to the
right in the left image and to left in the right image (nasal
displacément). The reverse (tgmioral displacement) was doné'tp create an
uncrosaedldilparity. (In the RTL stimuli, both the dots and contours
vete,shifted to create the apprdériate disparity). The gap imntroduced by
the shift was replaced with, a homogeneously dark area in the ﬁonocularly
outlined (TDL) stimuli, and/completely filled in with an independent set
of ;on-disparate random dots in the RDS and RTL i7imuli. In this manner,
five disparity magnitudes, ranging from 1.56' to 7.80' of a?c. in 1,56
_steps, were created‘for each disparity direction. Each discrete
dispa;ity step represented one dot or physical colémn-width shift on the
¢

CRTs. The;e disparity values were well within the range of "fine"
stereopsis (Bishop, 1981), and were chosen such that with the constraints
of equipmgnt and viewing gistAnce, they produced perceived depth without:
ever giving rise to diplopic retinal images.

The central square region's retinal disparit; changed wiFh a pulsed
wvaveform, producing a target that appeared to execute a single pulsed
movement in depth. The exposure duration of each disparity pulse vas
carefully controlled, with each disparity pulhe being synchronized with
the onset of each video }aster scan oi the/ CRTs. With.a 60-Bz
noninterlaced frame rate, the theoretical time unit is 1/60 s or 16.67
ms, which is‘%Pe dufation of a single frame. This means tha; an image N

can only be changed or "refreshed" every 16.67 ms at best. In this

lfudy. five distinct disparity pulse durations were used, and they ranged
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from about 33 mws to 100 ms, in multiples of 16.67 me. In addition, an

r

"infinite" pulse duration (IPD) was also included to provide a situation

.'in which observers had a prolonged time to process the disparity

+

information. The range of disparity pulse durations was chosen such that
the upper limit was well below the latency required to initiate vergence
eye movements, and the lower limit was long enmough to allow reliable

above-chance discrimination data to be collected. (The latter finding

was éstablisHed on the basis of preliminary pilot work).

! When the BDS were viewed monocularly, each of the two stereo :

+

patterns appeared as a field of uniformly black and white dots; no °
contours within the stereograms were evident, and no depth vas perceived.

-‘When viewed stereoscopically and fused, however, the stimulus patterns

revealed a small central square executing a single pulsed movement in
% * ’

depth, either in front of (crossed disparity), or behind (uncrossed

2
disparity), the plane of fixation (zero disparity), depending omn the

"direction of shifting. The amount of perceived depth differed according
to the magnitude of shifting. The stereograms contained no information

about contour sutfgies other than disparity, such that the target could

only bs resolved by perceiving.the apparent depth of the pulsed target

(
with respect te its surround,

p
The luminance of all thres types of stereoscopic displays was,

.- 2
‘measured against a homogeneously lit background and equated at 9.25 cd/m .

|
. . i R i;

Prior -to the beginning of the study, 6 observers were randomly

Procedure
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assigned to each of the three stimulus conditions (i.e;{ stereogram
types). In the study proper, each observer was tested individually
follovingda repeated-measures design.ﬁ

For any condition and on any given trial, the initial starting
position of the central square target was always located at the center of
the background and on the plane of fixation (zero static disparity).

sy

Following the initiation of a trial, tHe target executed a single

- disparity pulse of a éived duration, either toward (crossed disparity) or

avay (uncrossed disparity) from the observer, and then it returned to its
original position.\ In the TDL and RTIL stimulus cqnditiong, the central
square tdrget cgul&\also execute a sudden displacement*either to the left
or to the right, and then return to its original position. These lateral
displacements were equivalent in magnitude to one discrete disparity step
Q}.e.. 1.56' of arc in total), and for each direction, the térget wag

lhiftgh in equal amounts and in synchrony for both halves of the

)

&

stereograms. : o/

v

When ;he target wvas &isplaced to the left or to the right, the
target always moved in the same direction for each eye. Under these
conditions, only purel& lateral displacements were EEEHT‘the/é;ntral
square never appeared to move in depth. Left- and rightward ®
displacements of the central target were used to control for direction of.
shift as a possible cue to perceived depth. Discrimination performance
for these planar displacements was not asaesééd in the RDS condition
because preliminary pilot data indicated,tﬁit observers could not

reliably \judge the direction of sudden lateral displacegenta in these

stereograms under the viewing conditions of this study.



Disparity movements in the prolonged viewing situation (i.e.,
"infinitg" pulse duration) appeared somewhat different from those cases
in which disparities were briefly ﬁulsed. In this situation, a disparity
of particular di;ection aﬁd magnitude could be ﬁ&laed. but the t:rget
remained in this position until tﬁe o;se:yer,initiated a reaponle.or
until 1] s elapsed, and then it returned to its original position. This
value represented the’longeat possible pulse duration for which a visual
display could be exposed.

Obgervers completed a toFal of five sessions, each consisting of 10
blocks of 36 trials. Within each block, disparity magnitude was held
consiant, but disparity direction and pulsé duration varied randomly,
such that crossed and uncrossed disparity ahifgs appeared 12 times e;E%.
and left and right target displacements each appearéa six times. THis
configuration of trials resulted in disparity pulse éuraciona being
- paired twice with e;ch disparity direction and once with each left or
right target shift within each block. (In the RDS condition, crossed and
" uncrossed di}parity shifts were randomly piZEented 18 timés each.
Consequently, each disparity pulse duration was paired three times with
each disparity ditection).h Disparity magnitudes were completely
randomized and counterbalanced across blocks of trials.

Each session began v?th a block of 3q_practice trials. These trials
were always presented at the largest disparity value (i.e., 7.80' of |
arc); and served to ensure that observers began the test sessions
thoroughly practiced. Practice data were not included in the final

analysis, but were carefully screened for the presence of any

irregularities in depth discrimination performance from one session to
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the next. In addition, response feedback was given on these trials.
Only one :ension per observer was conducted oﬁ each day, and each session
lasted ;pgfoximately 1 hr. ‘ )

All testing took'place in a dark room; the only light in the room
vas prqvided by the CRT displays. Prior to the beginning of each
experimental session, the two CRTs vere'carefully matched for brightness.
A Subsequently, obéervegs dark-adapted for several minutes while the
experimenter reviewed the instructions and answered any questions. 'In
all cases, observers were instructed to discriminate the direction of the
disparity movements in the stereoscopic displays as seen relaxije to the
plane of\ fixation. . | i

On any given trial, ébservers initially viewed a static stereogram
display containing no horizontal disparity. The display consisted of one
o{ the three stereogram types being presented to an observer. When
viewed stereoscopically, observers saw a flat surface on the
fronto-parallel pla?e (i.e., no‘perceived depth). Th}p display served as
the fixation target,‘and was used to ensure that observers were properly
converged on the fixation plane prior to the initiation of a trial. If
observers were converged correctly, the two halves of the stereogram
. appeared fused and were seen as'a single stereogram. If convergenéé was
not correct, the tvo~ﬂ§1vea were not ‘seen as a single fused imagg.
Fixatio; points or nonius markers were not used in this study in order to
avoid any possible iqﬁpraction or interference with the meéasured effect)
especially in the RDS and RTL conditicns. (This finding was Established
from preliminary pilot work). To promote proper fﬁéiénmbk,the brief -

t

disparity pulses, the visual displays being presented to each eye were

y
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1carefu11y aligned gnd matched in every respect. Observers were asked to
report if the stimuli failedvto overlap completely at any time during the
- Ptudy.‘

When theffix;tion target appéared properly fused, observers
initiated a g**al by depressing a button located on the pop‘of-a
gelf-céﬁtering joystick. This joystick was positioned in front of the’
observers and could bé reached and manipulated with ease. Upon
depressing the button, the central ;quare target exéqutedla single
disparity p;lse, either toward or away from the obse;ver (all
con&itiona). and/or to the left or to the right of. its original starting
position‘(TDL and RTL conditions). Depressing the button also lt;rted
the real-time RT clock. : N

Observers were instructed to move the jgzstick toward or away ?fom
themselves if théy judged the direction of the disparity moveﬁent to be
nearef or farther from the backgrouﬁd, respectively, or to the I;ft or to
the,right if they thought that thg target moved in either of théle two
directions. Hovementsof the joystick in any direction immediately
extinguished the visual display and stopped the real-time clock. A brief
warning tone, ¢mitted from th; microébmputer's internal speaker, always
preceded the presenéation\of a trial. * BRTs were measured in milliseconds
from the onset of the target diaparify pulse to tbe onset of the
ohéervef's response (i.e., movement of the joystick in a particular

—

direction). After a brief 500-ms intervai following a response, the

N

fixation thrgét reappeared, and the next trial was ready to begin. At

all times when the target was not being presented, the zero-disparity

fixation target was on, corresponding to the particular type of

o
8 - - .
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stereogram being presented to that observer. Intertrial intervals varied
according to each observer's pdce. ' v *

Observers were not informed about the proportion of stimuli having a
'pa:tkculur direction within each blogk of test trials, and no ;esponse -
feedback of any kind was provided on these trials. They were instructed
to respond as quickly and accurately as po;sible to the~airection of the

disparity pulses. -
: : 2

Provisions were made in the programmiggfof the target disparity
jumps for incorrect manuai movements of the joystick. For example, if
the joystick was accidentally moved in a diagonal direction, the
microcomputer emitted a series of audible clicka‘to warn the observer.
When these occurred, they were subsquently excluded from further data
analysis. Lik;:;se, if observers mgde an anticipatory response to a
target (i.e., arbitrarily defiﬁed as RTs below 200 ms), the trial was
discarded. Similar precautions were also taken to guard against ghe
joystick being held for too long in a particular position other than its
lnaturll center. (Practice trials ensured that these types of
inappropriate manual responses‘*were kept at a mi;imum, and indeed,'ﬁhe;e
problems were seldom encountered on test trials). Observers wvere
encouraged to make a responseﬂin the appropriate direction and
immediately release tQS joystick. They were requestedtto maintain good
fusion throughout each block of trials, and never to initiate a trial if
fusion was not present.. Finally, if observers failed to make a response

within 11 s, the trial vas aborted and the next one began. These trials

-were not repeated and were subsequently excluded from the data snalyses.

a
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* ' Résults

}

The ability of observers to discriminate the direction of the
- 3

disparity movements in depth in each stimulus condition was
s§stematica11y evaluated by examining (a) the percentage of total correct

responses, and (b) the latency in milliseconds with which the responses

vere made. Only correct trialdiwere included in the analysis of the RT

data. Aborted trials, due to anticipatory, improper, or no responses,

were examined but not included in the analysis of these data. Within

rd
4

each block of trials,({erﬁent correct responses (PCRs) and mean reactiog
times (MBTs) for each oéherver were computed for each trial type. The
data for each depenifgflvariable'were subsequently averaged for eacﬁ
observer. In the fQP and RTL stimulus conditions, 251 represented chance

~

performance bécause éf the four-alternative, forced-choice procedure.
Similarly, in the RDS ;ondition. the a priori basis for making a correct
response by chance alone Qas 50%, given the two-alternative,
forced~choice discrimination task. ,Observers were mot informed about
these limits.
Because the study examined the effects of disparity Qir;ction.
magnitu?e; and pulse dura®ion on twvo dependent measures simultaneously,
separate tﬁtee-way.r;epeatedzgfanurel multivariate annlylél\of vi:ia;ce'
(MANOVAs) were conducted on the mean daia of each stimulus condition. ’ X
These analyses were performed by BMBP4V (Dixon, 1981), using equal cell

veights, énd run on a CDC Cyber 835 computer. MANOVAs were conducted

because they allow one to assess the iinelr combination of multiple

] -
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dependent variables, and take into account the interrelationship between'

the dependent measures and the poanib}y increased alpha (Type 1) error
e
levels. Multiple MANROVAs véti‘performed for each condition rather than a

iingle overall MAROVA incorporatin& all the variables in three conditions
because each condition contained a different number of levels associaded

‘vith the indgpendent variables. Separate’univatiate analyses of variance
. )
(ARQ{}:) vere also performed on the mean data of each dependent variable
- * '
because of the difficulty in interepreting a significant main effect in

MAROVA. When ofle is found, it is often no;vimmediately apparent which of
£hé dependent variables contributed most to the différencea between the
groups being comparé&. The Scheffé test (alpha = .05) was used'to
determine if significant differences existed among various comparisons of
the t;eatment means. The normal-curve approximation to binomial wvalues,
) vith,cqrrection for continhitxévvas used t; compare the overall mean
accuracy‘résulté against chance level.2 ’ ¢ ‘
The results Fhat follow were obtained by first analyzing the data of
;ach observer and from each stimulus con&ibfbn separately in order to
detect any individual trends or specific patterns. The mean data for all
observers combined were then subjected to an overall analysis in order tg‘
make appiopriate comparisons among the three stimulu®\ conditions. The
results obtained from this overall analysis were also used in a final

step-down analysis (Roy & Bargmann) 1958) in order to evaluate the

‘relative contribution of each dependent measure.

L
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No statistically significant, multivariate main effect .of practice
§ 4 -

was found, F(8, 48) = 0.93, p > .05. This main effect was also not

significant when each dependent variable was evaluated separately. PCR,

B(4, 25) = 1.30, p > »05; MRT, F(A 25) = 1.72, p> .05.

The percentage of trials exiipdgd from the analysis of the RT date

"for each observer was relatively:-low, and ranged from 1.121 for leerver
<, : e N
6 to 122 for Observer 3. A repeated-measures MANOVA (Direction x ,
- _ T

Disparity f'?ulse Duration), conducted on the observers' mean data, .
indicated that the main effects of .each independent variable were
statistically significaﬂi for Both dependent measures. A detailed
semme;y table of th%swanalysis is presented in Appendix A, Table A-1. 3
¢ '
In addi&ion\to showing“that Ehe combined dependent variables 5bre

significantly affected by the experimental manipulations, the results of

this condition also revealed that about 762 of the variance in the linear

. combination of PCR and MRT scores was accounted for by the effect of

N,
- . -
disparity direction. Similarly, the Bgta also demonstrated a strong

degree of associatjion between disparity-magnitude and disparity pulse

)

duration and the combined dependent virfables, ﬂ?dy +91 and If = .77,

.. ' "
respectively. L

AR
The results showing the“axfrall main effect of dispnritjiﬂirection

N

averaged across all other factors ;;E\QCtOll all 6 observers, are
. . x
presented in Figure 3. There was a significant multivafiate main effect
» : ,
of dispazity_&irection, F(6, 28) =4.79, p < .001, as well as significant

univariate main effects of this variable for each dependent measure:

S

~
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PCR, -F(3, 153 = 7.70, p < .001; MRT, F(3, 15) = 5.23, p < .005. Pairwise

0 A ' 7
oo \ggompariaons of the mean data indicated that>thé overall level of

52rformance for crossed disparities was clearly/;uperior to that for
uncrossed disparities, Poth in terms of accuricy. ggg; 15) = 10.09,
i-< .05, and speed.~§(3: 15) = 10.16, p < .05. 1Indeed, relpon;en to
digparity pulses in the cgggsed direction v:;bbconsin;antly faster thgn
to those in‘the uncrossed direction, and this finding was reflected in
the overall MRT data (656.95 ms vs., 918.62 ms, respectively). Individual
analyses performed on each observer's data showed that 5 out of the 6
observers tested in this condition exhibited this crossed-uncrossed
asymmetry in depth discrimination performance. Ingidentally.-the same
observer (i.e., Observer 4) who did not show a difference in his ac;uracy
of.perférmance for the t;o disparity direcc;ons, also failedqto show a
similar difference in MRT performance. . Q |
Interestingly, the overall level of ;erformancq for diacrimingti;g
crossed-disparity pulses was not different f:zm the level of performance
! for discriminating left or right target displacements, neic!,f in terms
~pf accuracy nor latency, 811‘28(3, 15) < 1.01, p > .05. Discrimination
performance with uncrosged-disparity pulses’, on the other haﬁd. vas
gignificantly depressed in compa;iaon to performanée for both left and
right target displacements, and for both depéndent variables, all
Fs(3, 15) > 13.13, p < .025. The overall level of performance for
discriminating left and right target displacementg did not differ for
ei;her of these directiéns, and this was observed for both chg PCR and

MRT data, both Fs(3, 15) < 0.10, P >'+05. Finally, the results revealed
. S

the presence of a highly negative correlation between the two dependent
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variables, r = -.86, indicating that higher accuracy of performance was
generally accompanied by shorter MRIs. _

When the main effect of disparity magnitude was evaluated, it was
‘found that performance generally improved with increasing amounts of
- ' ——t
\ disparity for both PCR and MRT responses when they were considered
2 NG . .
i/// simultaneously, F(8, 38) = 11.52, p < .00l. When considered separgtely,

this main effect was also :}gnifiéant for each dependent measure: PCR,
F(4, 20) = 46.57, p.< .001; MRT, F(4, 20) = 10.92, p < .00l. Post hoc
comparisons teveaied that PCR performance was significantly lower at the
smallest disparity value (1.56') when compared to each of the other
levels of mngniéude,'all'ga(h. 20)’> 16.21, p iﬂ.PZS. A similar analysis
of the MRT data indicated that the mean level of petformance.differed
significéntly at each disparity level,'gll Es(4, 20) >'11.6§, B < .05,
The only instance where this paétern did not hold was found when
comparing mean latency performance between the two smallest disparity
levels, F(4, 20) = 4.08, p > .05. ' | . . “

The robustness of the crossed-uncrossed disparity difference was
further confirmed when mean performance levels for each disparity

?
’

direction were é%aluated’against disparity magnitude. Figure &4

—

illustratés the two principal findings. First, there was a clear and

[y ~
. = \ . . .
consistent difference bet n the level of depth discrimination

.
(V)

'45 7 perfornancg for crossed gnd uhcrossed disparities at-every didgparity

level tested, with pérférmance for\btgs:ed disparities being superior to
>

that for uncrossed disparities. This ¢ true for both PCR and MRT

\\\;ftfornance. all Fs(3, 15) > 31.24, p < .001, and allggp(B. 15) > 32.49,

< 4001, respectively. The mean level of performance for discriminating

\ ; .
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uncrossed diuparitiei vas consistently lower than the mean level of
performance for discriminating léft and right target displacements for
both dcpéndent variables, all Fs(3, 15)> 16.00, p < .025.0,The mean -
level of accuracy for discriminating crossed disparities differeé from
that for discriminating left target displacements only at 1.56' and 3.12'
of arc, both Fs(3, 15) > 12.16, p < .05; and from that for discfimiﬁating
tiggt tarjet‘dilplacements, only at the smallest disparity value,
F(3, 15) -’10.85. p < .05. The MRT data did not show any comparabie
differences at any disparity level, hll\!s(S, 13) < 9.74, p > .05.
Finally, discrimination performance for {;ft and:éight target
displacements did not differ for eitherﬁof these diregtions. This 4

nonsignificant ::jgerence was observed for both dependent variables and:

ty levels, all Fs(3, 15) < 1.1, p > .05. s

< -

across all disp

' The results shown in this figure also revealed that the MRT data for
VL -~ : ,

both‘érossed and uncrossed disparities declined more rapidly as a
function of increasing disp#rity magnitude than they did for left and
right target displacementq. Interestingly, these data also £evealed the
pkfsence ;f a reversal in the uncrossed—disparity fypction between 4.68'

and 6.24' of arc. The asymmetric decline in MRT performance with respect

to disparity/displacement magnitude, or the reversal in performance, may

account for the presence of the signifis;nt interaction between the

direction and amount of disparity observed for the MRT data in this

+

condition (see Appendix A, Table'A-l). . '
S8econd, the data also revealed that accuracy improved and latency
decreased iteadily vith increases in disparity maénitude for both crossed _

and uncrossed diroctions,fall Fs(4, 20) > 11.98, p < .05. The only

~ et

®,
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instances ;here this trend did not hold were observed in the MRT data for
pulses presented in tﬁe’crosaed direction between the two smallest
disparity levels, F(4, 20) = 2.12, p > 05, and in the inversion of the
MRT d@ta‘between 4,68' and 6.24' for disparity pulses in the uncrossed ¥
directio;. Dis?rimination performance for left and right target
displacegenta did not show any systematic variation as a function of
increasing displacement magnitude, 311‘18(4, 20) < 10.63, p > .05.
| A further examination of the mean data of all observers in this
condition indicated that their oifrall level of performance was also
gffected by manipulatioﬁs of disparity pulse duration when both dependent
measures were considered together, F(10, 48) = S'ZA’NP < .001. Only the
PCR data, however, showed a significant univariate main effectlof pulse
duration, B(5, 25) = 12.01, p < .OOi. Subsequent post hoc analyses of
these data revealed @hat the mean ievel of accuracy was significﬂ'ant.ly
:Eigher when disparitiss were pulsed for an "infinitéf}duration.thnn whea
they were pulged for the shortest duration, F(5, 25) = 22.29, p < .005,
Furthermore, mean discrimination perf;rmance-at\the shortest pulse Y
duration was aignifigantly depregsed in comparison with performance st
the—tw; longest pulse durations: 83 ms, F(5, 25) = 13.67, p < .05, snd
100 ms, F(5, 25) = 17.88, p < .025. The PCR data for each direction, on
the other hand, did not differ from one another at' the ‘Tonger disparity
pulse durations, ali Fs(5, 25) < 3.72, p > .05. PFinally, the ‘

manipulation of disparity pulse duration had no significant efché on

[}
1

observers' overall MRT scores, F(5, 25) = 1.58,'p > .05,
The .parametric functions shown in Figure 5 serve to-illustrate the

rather sizeable differences that were found between depth discrimination -

1 ~
1y

\/
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mean reaction-time (MRT) data as a function of disparity direction

and disparity pulse duration in Condition TDL. Chance level (25%)
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performance for crossed and uncrossed disparities with respeét to
manipulations in disparity pulse duration. Statistically reliable
differences between the performance for crossed and uncrossed disparities
wer; 6 served at every disparity pulse duration tested, with the,

differ nces becoming progressively smaller as the pulse durations

incregsed. At each pulse duration, the mean level of performance for

M

discriminating disparity pulses in the crossed direction was clearly
super%or*to that for discriminating disparity pulses in the uncrossed
direction, both for the PCR, all Fs(3, 13) > 12.81, 'p < .025, and MRT
data, all Fs(3, 15) > 64.17, p < .00l. By contrast, the level of
performance for discriminating pulses having an uncrossed disparity was
consis;ently poorer than the level of performance fo; discriminating left
and right displacements of the central target for both dependent
variables, all Fs(3, 15) > 16.28, p < .0l. Discrimination performance
for left and right\térget movements'did not differ signifi;nntly for®

" either dependent .variable, all Fs(3, 15) < 0.64, p > .05.'

Figuge 5 also shows that the overail level of accuracy for

-

‘discriminating crossed disparities was not affected by manipulnéisna of
disparity pulse duration, neither for the PCR nor the MB;?lcores, 311
Fs(5, 25) <“9.72, p > .05. The mean level of accuracy for discriminating
leﬁt and righ? targetygisplacements vas significangly higher at the |
"infinite" pulse duration tham it was at the 33-ms disparity pulse )
duration, E(5, 25) = 13.19, p < .05, and E(5, 25) = 14.70, p < .05, 4
respectively. Pulsing disparities for an "infin;t;" duration also
produced significantly lower MRTs to uncrossed disparities, but only when

compared to MRTs obtained with the shortest pulse duration, F(5, 25) =

\ -0 - -
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13.48, p < .05. No other g}stematic differences were observed in the“MRT
data. |

Finally, an analysis of how performance varied with respect fo
disparity magnitude and puise duration-revealed several noteworthy
resuitl, and these data are presented in Figure 6. First, if‘can be seen
that both éhe mean accuracy and speed of depth discrimination performance
impr&ved %b a funct}on of increasing di?parity magnitude and increasing
_ disparity pulse duration, all Fs(4, 20) > 12,17, p < .05, and all
Es(5, 25) > 13.08, p < .05, respectively. The only exception to this |
generaé/;rend was observed for the "infinite".pulse duration‘situation in

\\

the PCR data, which did not show any systematic variation aé a fudction
' /

i
of disparity magnitude, all Fs(4, 20) < 5.16, p > .05. Second, the mean

level of accuracy achieved with the s;ortest.disparity pulse duration was
"significantly lower than that achievedtvith the "infinite" pulse duration
at 1.56' and 3.12' of arc, F(5, 25) = 33.79, p < .001, and E(5, 25) =
23.33, p < 005, respectively. The fairly large initial differences seen
id the overall accuracy of éerfqryance at the smallest disparit& levels,
and the convergence of the dataiét the largest disparity levels, probably
represent the source the significant inéesgttion between the amount of

disparity and the duration of the disparity pulses found for these data

*
(see Appendix A, Table A-1). !

S

The MRT data did not show any significant differences in performance
with respect to manipulations of both didpatity magnitude ;nd disparity
pulse duration, all Fe(5, 25) < 1.68, p > .05. The overall analyais,
however, did reveal the presence of a small but sigﬁificant three-vay

interaction among the indepegdent variables for these data, F(60, 300) =

9

» e
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The combined mean data of all observers in this condition are

S

presented in Appendix C, Table C-1, and the mean data of each observer

-

are presented in Appendix*e, Tables D-1 to D-6.

Anglvsis of the RDS Data ‘

The only diffeg;nce between this condition and the TDL condition was
. that there were only two levels of disparity direction, ngmely, crossed
and uggiosshd. (Data for left and right target displacements were not
obtained in this condition because pilot work shoved that observers could
not reliably identify the direction of these lat;ral moveﬁents in RDS).
The gpther independent variables and their corresponding levels remained
identical and were factorinlly.combined. )

A preliminary anal&sis of each observer's data indicated that two
observers failed to pexform significantly above charnce vhen their mean <
accuraéy data were pooled across both dispa;ity directions: Observer 5,

. - ’ .
ZE" 0.63, p > .05, two-tailed; Obseryer 6, z= ~-0,53, p> .05,
pwo-tailed. Whgq‘thq data of these observers were removed and the .
remaining data were npbjected to a subsequent overall analysis, the same
pattern of results was obtained vith or without the inclusion of their
data. Therefore; all of the analyses- for this stimulus condition were
performed on the mean data oé all observers ;nd are- reported as such.

The results of a preliminary MAROVA indicated that the combined

dependent variables were not significantly affected by pfactice,

¥ ‘ P4, 48) = 0.51, p > .05. Furthermore, performance did not vary to &

iy . .

'*ﬁ&'
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significant extent from one session to the next, neither in /terna of
overall accuracy nor speed, F(4, 25) = 0.25, p >..05, and F(4, 25) =

. : .
0.46, p > .05, respectively, ' 0Of the 6 observers who participated in this

e

condition, only one observer's mean data (i.e., Obnerver/l) lhoved/?y

evidence of improvement over sessions, F(4, 9) = 7‘,.30, p/< W01, F/
'r//
> ; . o/
+ The percentage of trials excluded from the analysis of the RT data
L 4
for each observer in this condition was relatively low, ranging from

-

0.67Z (Observer 1) to 11.33%2.(Observer 5). Results of the principal data

T analysis (2 x 5 x 6 repeated-measures MANOVA) revealed that only the main. _

effect of di;parity direction was significant when both dependent
variables were considered simultaneously, F(2, 4) = 13,31, p < .025.
However, this main effect was significant only for the PCR data‘ when
evaluated in a separate univariate ANOVA, F(l, 5) = 30.86; p < -001.
,Fu.rthermore, neither dispgrity magnitude nor disparity pulse duration had
any significant multivariate effect on overall mean depth discrimination
performance, and only & univariate main effect of pulse duration was
~gpund for the accuracy dat'a. No other significant main effects or
intergctions were detected for these data. The principal results of the
analysis are summarized in Appendix A, Table A-2.

With the use of Wilks' criterion, the disparity direction scores
(i.e., crossed vs. uncrossed) and the combined dependent variablés vere
found to be very highly associated, 32, = .98. By contrast, the
association between the disparity magnitude and pulse duration scores and

-

the combined dependent variables was substantially smaller, n’ = ,22 and

n? = .49, respectively.

o
- When the univariate main effect of disparity direction vas explored
n ‘
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r

further with a series of Scheffé tests, the results of these tests
revealed that the overall level of accuracy for discriminating disparity
v

pulses in the crossed direction was significantly better than it was for

Jdiscriminating disparity pulses in the uncrossed direction, F(1, 5) =

15.12, p < .025. In fact, all 6 observers perfo;med more accurateély with

crossed-disparity pulses than with uncrossed-disparity pulses when their

data were evaluated in this manner, all Fs(l, 240) > 47.44, p < .001. By
2

contrast, no statistically reliable differences in depth discrimination

performance were found between crossed and uncrossed disparities when the

a
-

combined MRT data were subjected to a similar analysis, F(l, 5) = 2.23,
p > .05, Moféover, only 2 of the 6 observers discriminated
crossed-disparity pulses more rapidly than pulses of “the opposite

direction: Observer -2, F(1, 207) = 17.08, p < .001; Observer 3, }h\“

F(1, 206) = 21,37, p < .00l. The overall mean laté;cy for discriminating

crossed-disparity pulses for all observers was 722.40 ms, compared to

781.10 ms for uncrossed-disparity puqug:\;?hese findihgs qre'illustréted
in Figure 7.

All of the observers discriminated pulses containing crossed
' 4
disparities above chance, all zs > 5.06, p <. .001, two-tailed, .but .only

one obaserver (i.e., Observer 1) was able to discriminate pulses with
uncrossed disparities consistently abo%e chance, 2z = 7.13, p < .001,
tvo-tailed. In other words, most observers performed better when the
depth plane of the RDS was pulsed in frgnt of tﬁe background rather than
behind it, but only in terms :f accuracy. The pooled within-gell

c rrelation between the PCR and the MRT data was found to be marginal,
= "0540

1
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L . . .
,,,g* _ disparity pulse duration, all Fs(5, 25) < 2.20, p > .05. }
L SN

‘Although the results obtained in this ¢ondition demonstrated that
: / . : .

the combined dependent variables were not affectéd by either the amount
. \ ,
of dispaTity in the RDS b the duratign for which the dispgity

i

pinfomati& vas pulsed. the univariate main effect of disparity pulse

3 duntzon was slgnlhcant for t:he l;CR data, F(5, 25) = 3.39, p < .025.

(The lack of a disp nty .and dura:mn main effect in the MANOVA but one
o .
4
fck{e ANOVAs. md:.cates that thé two dependen‘t measures did not
contn\bute equally to the observed sienificance of the multivariate

_ analysia). ' Furt:hermole,.post hoc comparisons indicated that, the 'mean .

accuracy with which depth discriminations were made was greatest when

. A
'€ diapariti& ~were pulsed for an "infinéte" duration than when they were
. ‘ .
pulsed for 33 ms, E(5, 25) = 13.87, p < .05. The MRT data, on the ci;:’pe;"
a8 . : . ‘ -
- -4 1 .
hand, did not reveal any systemdatic differences as a function of

T - The 'meac\a‘ta presented in Figures 8 and 9 ihustrate additional

pri"ncﬂipal findings 4f this cqnditlon. Figure 8 reveals that the mean

o

level of .performance for discriminating‘]flisparity pulses in both crossed
y ) ' '

and upcrossed directions was "ot aff’ectﬁl by manipulations of ~diéparity

mgnxtudeﬁﬂ%ftﬁer in tems of accuracy nox speed, a11 Fs(4, 20) < 6.99,

¢ o -
P> .05. Ho:eover, the pooled mean acturacy'scores for both directions.
, dld ‘hot differ from change at any disparity level, all zs < 1. 3% "?‘
’

Y o_g > .05, two-tailed. When each du‘ectmn vas evaluated sep@r,ate#y, !

ﬁquer. the dverall accuracy level for discriminating crosaed-dxsparxty ‘
1 1,

-

' pulses was found to be consi’s‘cently above cbance at each disparity

3

.-’.

o n\,agnitude, all gs > 1.97, p <*.05, two-tailed. By contrast, depth- ' /

discrimination perfprmance for uncrossed—disparity pulses did not differ

A v’ - . . .
» > M 9
' 3 IIO '
P : . v
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significantly from ghancelat ahy disparity level, all gs < 71.%0,\2 >
'.05. tvo-ti&led. Nevertheless, there was a consistent and reli;ble
éifference betve;q‘the mean accuracy of performance for croased.?nd
uncrossed disparities at every disparity 1e§e1, all Fs(l, 5) > 9.48, p <
«05, with crossed;dispariCy,pulsea being discriminated more accurately

than pulses with unctoased£§§;parity across :h?/pﬁfizz'range of

disparities tes’ed. The MRT data, on the other hand, did not reveal the
‘ Y -

presence of alsimilap difference in observers' ability to resolve between

crossed- and;uncrosaed-disparity‘pulses, all Fs(l, 5) < 6.44, P 1}105.

e

- Pigure 9 compares the overall level of performance for Faqh
direction as a functioq\gf dispatit; pulse duration, and it reveals a
similar pattern, of r;sults. Except for the-significant differences that
vere observed in the accuracy dats for uncrossed disparities between the
"ipfidite" pulse duration s%tuation and the other disparity pulse
duratﬁons, all~gs(5. 25) > 18.05, p < .023. the parametric c;rves clearly
demonstrate the lack of any reliable effect of dispa£ity pulse duration
on either the PCR or MRT scores, all Fs(5, 25) < 8.76, p > .05.‘ In fact,
the p?oled PCR scores for both directions did not differ from chance at
Ianz disparity pulse duration except-ai the "infinit;" pulse duration,

z = 2.7, 2 < .05, two-tailed. On the other hand, the bigher mean
accuracy of performange for crossed diséaéitiea Qver uncrossed
disparities vas clearly'evident at every disparity pulse durat}on tested,
except &t the "infinite" pulse duratiom, F(1, 5) = 1.90, p > .05.

Cro sed-disparity performince vas aignificanﬁly'above chance at every

U Bulse duration’tested, sxcept at 33 ms, £ = 1.46, p > .05, twvo-tailed.
. <+ '

‘J-‘

The ovorail-level_of performance for discriminating pulses qith,uncrossaq
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&ilpatitiel, on the other hand, did not differ from chance ;t any
dispn:&tx pulse duration, except at the "infinite" pulse duration, where
it was found to be significantly above chance, z = 1.99, é < .05;
two-tailed. ‘

rd

i The MRT data, shown in the lowex portion of this figure, revealed

a

similar but much smaller overall differences between the levels .of

«

performance for discriminating crossed- and uncrossed-disparity pulses.

! s

Significant differences were observed at every pulse duration, except at
}.

\ . ' . 33 mse, _F_(l. 5)—;? 2026, P «05.

In a subsequent analysis, the mean data for each-dependent variable

vere further %nalyzed as a function of disparity magnitude and disparity
. 1}

" " pulse duration, and the results are illustrated in Pigure 10. These data

revealed that the level of accuracy for discriminating diépariﬁy pulses

vith an "infinite" duration was initially high at the smallest disparity
levels when compared with performance for the other pulse durations, and

then decgtqged steadily as a function of increasing disparity.
i < r .

Furthermore, the PCR data showed a convergence toﬁard the highe
i . ‘e R :

. dieparity magnitude, but this trend was not significant, F(20,.400) =
1.68, p > .05, The MRT data did not show_ankaystematic variations in
performance, either with respect to disﬁirity magnitude or pulse

: duration, all Fs(5, 25) < 9.76, p >.05.
. .4
\ : / 3
The combined mean data of all observers in this condition are

i

presented in Abpendix c, Tablé Cf2., The mean data of each observer are

~
presented in Appendix D, Tables D-7 to D-12,

\ . ?
. B ' Y
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Analvsis of the RTL Data

\

The percentage'of trials di;carded from the analj;sis of the RT data

for each observer remained relatively low throughout the study, and

(N

ranged from 0.33% (Observer 6) to 17Z (Observer 2). -
None of the observers in this ‘conditien showed anyevidence of

i.mi:z;ovemgnt over sessions, &ll ;a(a. 12) < 2,69, p > .05. Although the

yd

. mean data suggested a trend toward better p.erformanﬁ.é over time, both 'in

- N . ‘ 3 -
Rerms of ‘increased accuracy and decreaséd latencies, this improvement wag

not..éound‘ to be. gignificant:. when evaluated in a WVA; F(8, 48) = 0.69,
'3%) .05. # Furthermore, this ma{n‘ effect was not found to be 'signific;n\;

fgi éither dependent variable: PCR, F(4, 25) = 0.12, p > .05; MRT,

F(4, 25) = 1.11, p > .05.

A" three-wvay HA!!OVA’* with repeated measures onx each factor, w\;s
performed on the mean data of this comdition, and produced s_ignificant
multivariate’ main effects Qf disparity direction, fnagnitude, and pulse
duration. An examina\tion‘of’ Wilks' lambda indicaﬁed -that there was a
high'degree of association betwe'ép _the dependent variables and the )

dilpu‘ity direction scores, with 12 = .89.YA somevhaé weaker asso_cia‘tion
wvas found between the combined dependent v;f’i.aples and the main effect of
disparity magnitude, ﬂz = ,70, but the. degree o-f ns;ociatign between the

‘main effect of pulse duration and the cohbined dependént variables wvas

very strong, n’ = .94, A detdiled summary table of this alialyéis is

°

3

' presented in Appendix A, Table A-3.

Figure 11 shows the percent correct .data and the corresponding MRTs

‘ [} « L3 ? ‘
to make correct depth discriminations as a fﬂnctiqn of thrh direction of
s R . ' ¢ ¥
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" “the disparity pulses. The-o!srall level of performance for

Sr

- - .

di-criéinating disparity pul;qg in the céossed direction was
significantly higher than that achieved in discriminating disparity
pulses in the uncrossed direction. Rot only were crossed-disparity
pulses dincriyinagzd(vith greatersaccuracy than uncrossed-disparity
pulses, (83.17% vs. 42.16Z), F(3, 15) = 19.88, p < .005, but they were
also discriminated more rapidly (M = 645.65 ms vs. 1023.48 ms), ; -
E(3, 15)‘- 13.64, p < .025. Moreover, eagh obsever's mean’data showed
this lupériority in pérformance for cr&saéﬁ—disparity pulses, all

Fs(3, 480) > 18.79, p < .001.° .

Overall mean discriﬁination ferfgrﬁancevfor crossed—disparity pulses
dia not differ iq any systematic way from performance for left or right
target displacements for either dependent measure, all Fs(3, 15) < O.iS.
P > .05. Responses to uncrgssed-disparity pulses, héﬁever, required
tigu?ficantly moie'tiye to make and were less accurate than reponses to
either left or right target displacements, ali Es(3, 15) > 10.46,

p € +05.. Ro left-right response aé;mmetries.vete observed for these data
for either dependent variable, both 39(3; 15) < 0.12; p > .05, indicating
that these digectiénal shifta were consistently localized at,or v;ry near
the plane of fi;:tion( Finally, as expected, there was a fair1§ high

negative correlation between the two dependent yariébles in this stimulus

éondition. r=- -+81., * 4 . “

)

——
°

Although the overall main efféct of disparity magnitude was found to)

be significant for each dependent variable, hdth Fs(4, 20) >.3.46,

~ »

.p < .05, nulgipie bni}wild comparisons using the Scheffé test failed to

~ -
detect any lignif{c.nt individual differences in the mean accuracy data

1 - )
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at any of the disparity levels, all Fs(4, 20) < 5.79, p > .05. The

results of these post hoc tests, however, did reveal the presence of a
rather sizeable and consistent difference between the discrimination
performance for crossed and uncrossed disparities at every disparity

level, but only in terms of the ;ccuracy of depth discriminations, all

Fs(3, 15) > 16.78,)p < .0l. The MRT data did not reveal any
.

créssed-uncrossed differences in performance as a function of the amount

of disparity present/ except at the smallest disparity level, F(3, 15) =
. 3 / 4 ~
11.35, p <.05. ‘

.

" No significant differences were found between observers' mean
performance for discrimfha;ing crossed-disparity pulses and their
a3 ) .
performance for discriminating left or right displacements of the central

( . . ' . .
target at any disparity level, neither with respect to mean accuracy nor

. speed, all Fs(3, 15) < l.44, p > .05. Their mean level of performance

for discriminating disparity pulBes it the uncrossed direction, however,
was significantly poorer than their discrimination perforéahoe for both

left and right displacements, but only with respect to accuracy, all
S A ]
Fs(3, 15) > 11.34, p < .05. The only differences detected in the MRT

o

data were found when comparing observers' discrimination performance for .

uncroaied—dispérity pulses with their‘performince fog left and right

N

displacemenuL/at 1.56' of arc, ZtB, 15) = 12,14, p < .05, and F(3, 15) =

14.78, p < .025, réppectively. These findin

s are presented in Figure :

-

120 ‘ 4
The dgta-in this figure also reveal the presence of'relntivaly flat

' "
depth discrimination functions with increasing disparity nngnitudo. The

only significant improvement in the accuracy data with respect to this
& H
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vafiable was found when comparing performance between the smallest and

-~ inid

the two largest disparity levels for uncrossed-disparity pulses, ~

F(4, 20) = 11.60, p < .05, and E(4, 20) = 17.01, p < .05; respectively.

A ‘similar pattern was also observed in tPeQQEE data; obuerve?s'
pegformance for di?criminating uncrossed-disparity puilea generally
improved as a function';f increasing disparity magnitude for all
digparity values tested, except from 4.68' to 6.24' of\érc, 1(4, 20) =
4.47, p > .05, vher; a reversal in the data was observed. '

- The results of the HAROVA'that wvas performed on the mean data of
this\condition‘rgvealed the péesence of a signifiéant Direction by
"Disparity interaction'when both dependent variables were considered ‘
;imultaneously, F(24, 118) = 1.9, p < .0l. This interaction was also
found to be significant for the PCR data, F(12, 60) = 2,15, p < .05. The
.data displayed in:Figure Y2 ﬁay shed some light on the source and nature
of this interaction. It can be seen that vhereas performance for

' .
uncrossed disparifiea improved wi;h increasing di;paricy magnitude,
corresponding levels of performance for the other directions tcnaiéid

:essentially stable. The different shapes Af the curves in this figure,
gogether with the different effects of dispagity magnitude on mean
accuracy performance, Qay repgesent the likely.aogtce of the.lignifican§ -
interaction observed fo£lthese data. The possible cantri‘ution of the
results obtained vith‘uncronsed Aiapnrities to ?he trend in these data,
hovéver. cannot be overlooked. -

?he data relating oéerali depth discrimination pérfornanco/faﬁ\

disparity pulse_duration denonntratedfthat similar to the other two

conditions, observers were most acégﬁgtc when §§pparity'in£or-‘tion vas

,’ | . ( ‘ .
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pulsed for an "infinite" duration than when it was pulsed for the
t;rie\t‘est pulse: duration, F(5, 25) = 21.07, p < .0l. Furthermore, ‘ralf
accuracy of performance was also found to be lowest vhen.disparity

information was pulsed for 33 ms as compared to longer duratiomns, such as

83 ms, F(5, 25) = 13.75, p < .05 and 100 ms, F(5, 25) = 15.77, p < .025.

Interestingly, like the data in the other two condiﬁions, éheyunivariate
main effect of disparity pulse duration was not.sigﬁificant for the MRT
data, 1(5.’25) = 2,38, p > .05, indicating that the speed with which
observers responded to disparity pulses in these stereograms did not vary
with respect to manipulations 3f this temporal parameter.

The question concerning whether there were any differences in the
level of performance for discriminating the direotion of disgarity as a
fundtioq of pulse duration was examined more closely in a series‘of
scheffe gests. and the mean data are represented in Figure 13. The data
éor both dependent variabf;; reflected the same asymmetric effeéﬁ of -
disparity direction; the mean accuracy with which obgéervers discriminated

disparity pulses in the crossed direction was superior to that with which

they discriminated disparity pulseqvin the uncrossed direction at every

pulsé¢ duration tested, all Fs(3, 15) > 10.76, p < .05, but not
. 'Q\ . -

lignificantly different from their performance for discriminating either

‘left or right d};ectional shifts of the disparate central target? all ;

Fs(3, 15) < 4.54, p > .05. The MRT &ata also revealed a similar

‘asymmetry between the level of perforﬁance’for each disparity direction,

The only exceptions to this pattern of results vere observed at the two

longest disparity pulse durations: .83 ms, F(3, 15) = 3,97, p > .05;

100 ms, F(3, 15) = 3.02, p > .05. The overall level of performance for

N
' . . -
e ‘ \
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Lo ' \ .
disc iminating‘pulses uﬁfh uncrohsejfitjparftiea was Bignificantly

inferior to performancg for discriminating left. and right displacements
~ : - B J )
of the central target at every pulse duration and for both Agpéndent

7

variables, all Fs(3, 15) > 10.26, p < .05; Finally, the overall level of
B ! ~

discrimination performance did not differ significantly for left/or right

N

. . ' '
target displacements at any time, neither lQ teﬂgs of accuracy nor speed,

AN !
all Fs(3, 15) < 0.41, p > .05. ~
L ¢

When the mean data for each .direction were examined as a function of

[

dispPrﬁty pulse duration, they“rgvealed that performancg for each
Mdisparit& direction was’affected differently by manipulations of this
femporai parameter (see Figure 13). In pa;ticular, petformanée'for
crossed disparities did not show any systematic variation with respect to
maniphlati:g& of disparjity pulse durationm, ngitheot in terms of zve}all
accuracy nor speed, both EE(S, 25) < 7.72, p > .05. Mean performa;;e fo;
uncrossed disparities, however: did show some improvement as a function '
of disparit§'pu15e duration. Disparity puises presented in the uncrossed
direction were discriminated wi gfeater accuracy when they were
presented for an "infinite" duration than when they’;erg.préaented for
thegthree shortest pulse durations, all Fs(5, 25) > 19.65;”2'< «.0l. The
v mean_level of accuracy for.discriminating left and right target

aiéplacementa Also showed a gradual imprdvement with increasing pulse
duration, but this improvement could be seen onlz vhen compat&ng the
level of performance at the longest pulse duratign vith that at the two
shortest/ ones: Lgfﬁ. both Fe(5, 25) > 13.19, p < .05;'Riéht. both \

£
. Es(5, 25) > 29.66, p < .001. Indeed, the relatively flat performance .

functions for crossed-disparity pulsés, coupled with the monotonic
.. ¢

a
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increases in ‘:ccuracy for the other directions as a fubction of dxspﬁ:;ty
pulle duzatxon‘ probably represent the, likely source of tbe ugn:.fn.cant
:.nt:erdct:.on betveen thege two. factors, F(15, 75) = 2, 33, P < .01, ¢

- When the mean data were plogted- as a function of‘dmparxtv magni:u&e
and pulse. duration; as it; Figu‘re. 14, they. revealed that observers
performed more 'accu‘rately vhen d'ia'parity pulses were p'::;.sented for an.

™infinite" duration than when they were presented for the shortest

duration of 33 ms. This pattern was. observed at qverly disparity level

<
except 4.68' of arc, E(5, 25) = 9.08, p > 05, - The MRT data, on the
other ‘hand, did not reveal any significant differences in performance
when they were analyzed in a similar manner, all Es(5, 25). < 112.17,
B> .95.

" The c‘ollapsed mean data of all observers in this condition at{e

" presented in Appendix C; Table (-3, and the mean data of each‘obaerve\r

are presented in Appendix D, Tables D-l13 to D-18.

Anglysis of the Mean Dgta from the Three Conditions ) .

N . .
.~ - In order to analyze the overall mean data obtdined from the three

o-tim()lua conc‘!itions\simul'tane’oﬁply, a final 3 x 2 x 5 x 6 mixed MANOVA
mas perfor‘med <;n the tw;a de'pe?:dent variables, without tﬁe influenée of
the left ;a;:‘:i.g—h;—diicnin:lingcion' dat‘a,‘ The data for'this analysis were
thus avercgedu ac‘rouabnly‘the,tjvo levels of disparity direction (i.e.,
crosbed and uncrossed) for each condiCi(;n. E In addition, the a\'reraged.

percent correct scores for all observers combined were converted to.

corresponding values of d' as a function of the number of alternatives,

~
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using the revised forced-choice éable of Hacker and Ratcliff (1979).

i 1 : .
These data vere converted to d' so that (a) ‘;he mean levels of accuracy

could be compared dir'ec_t_l(.y across the three conditions, and (b) chance
\ .

* ~Tevel of performance (i.e., d' = 0) for each .type of stereogram would

reflect zero depth' sensitivity,
When the overall mean data of the three conditioons were imalyzed\in'

ultivariate main effect

this manner, the ’re_sults indicated that the
stimulus condition was sxgnxflcaﬁg)_g(lj 28) = 4.30, p < 001

Furthermore, this main effect whs also s1gn1f1cant for the d' data when

‘ e

7
evaluated in a‘un:.ynnate ANOVA(, F(2, 15) = 5.55, 2 < .05. The three’

A

stimulus conditions, however, did not differ significantly with respect

. to overall MRT, F(2, 15) = 0,13, p > .05) Relevant data showing these

A \,
main éffects are presented. ,,i.‘n Figure 15.

Post hoc compansons of the d’ data, \rhlcb are shown in the upper "
portion of this f:.gure, revealed tha\“a*ep/h discrimination performance
vas better.for the line-contoured stereograms (i.e., Condit’ions TDL and
RTL) when compared to Codditio‘n RDS. Perfo;.-maucg in the TDL.condit/ion

was significantly better than performance in Condition~RDS, _1_7’.(2, 15) =

9.68, p < .025, but did not differ significantly from performance in

\t‘:c\pundition RTL, F(2, 15) = 0.30, p > ,05. In addition, performance in

T

s

Condition RDS was significantly depressed relative. to that of the RIL

condition, F(2, 15) = 7,57, p< .05. Finally, the overall level of

’

/"ﬁ?rfomance was significantly %Pove chance in each of the three stimulus

conditions, all gs > 4.43, p < «0l, two-tailed.
Both the d' and the MRT data were significantly affected by each of

the independent variables when these data vwere analyzed simultaneously:
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' interesting’ to note that similar to the results of Conditions TDL 'and

"found in Appendix A, Table A-4.

T : g
|
i .
Direction, F(2, 14) = 18.14, p < .001; stparzty, F(B, 118)|- 6.65,

@

p <.0013 Pulee Duration, F(10, 148) = 3.09, p < .0l. An examination of

.Wilks' criterion revealed that there was a strong aslocxatxoqdbetveen the

directiaon scores (i.e., crossed and uncrossed) and the combxned dependent -

variables, {f = ,92., The degree of association was less substantial

. between disparity magnitude and disparity pulge duration scores and the

, ot

combined dependent variables, Dfa? 52 and Qf = ,32, respectively. It is

g

_ RTL, there was no evidence:of a significant univariate main effect of

- & .
_disparity pulse duration for the MRT data, F(5, 75) = 1.12, p > .05. A

detailed summary of this analysis, including all interactions, can be

The overall values of d' -and the corresponding MRT data as a
fuectxon of stimulus condition ;nd dxsparxty direction are shown in
Figure 16, Irrespective of etxmulue condztxon, observere discriminated
disparity pulses presented in the crossed direetion more accurately than’
those ‘presented in the uncrossed directfen (d' = 1.61 vs, 0.47),‘
!(1. 15) = 32,11, p < .001, an®atgo responded more rapidly to
~ crossed~disparity pulses than'tegztlees of the opposite direction M =
675.60 ms vs. 907.73 ms).'F(l, 155 = 20.23, p < bo1. Post hoc Pairwise .

[ ‘ o~
comparisons performed on these data indicated that the mean: level pf‘\v
/

performance for discriminating crossed-disparity pulses was lignificaﬁtly
v' \

higher than that for discriminating uncrossed-disparity pulse; in evety)

) o 1' ! \_/V

cage except far 'the MRT data ipn Condition RDS, F(1, 15) = 0.39, p > .05. :

‘Results of statistical analyses comparing the overall values of g'4ecfoas

the three conditions revealed that performance for the TDL atereogrems -

F o
—

-
\ , . s ’ . ',
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vasrliénificantly better than performance for RDS for both disparity
_ directions, both Fs(2, 15) > 13.92, 2 < 01, Performance for th; TDL
stereograms, hovever, was oot lxgnxfléantly different from performance
for the RTL stereogram; for either dxsparlty dxrectlon. both Fs(2, 15) <
1.82, p > .05. In ‘agdition, the overall levgl of performance for -RDS i;s
significaﬁtly lower than performance for the RTL atiguli for both Erossgd
and uncrossed directions, both Fs(2, 15) > 7.81,‘2 < +05. Finally, tge
MRT data did not aho&ﬁhny siggificapt @igferences among any of the

-

stimulus conditions, all Fs(2, 15) < 4.63, 2?) .05,

When tge overail values of d' were further analygzed to ‘see 'if they
differed f;om chance,‘performanée vas found to be si n:i.lfit’:antly‘abv.'we:~
chance for both dlsparlty directions 1n both Conditions TDL and RTL, all
z8 > 5.31, p € .01, two-tailed. The overall data for the RDS cond1t1on,
hoveveg. showed above-chance performance’ levels only for the crosged
disparity direction, 2z = IQ.AQ, p < .001, two-tailed. H;an performance
for discriminating disparity'pulses in the uncrossed direcfion did mnot-
differ from chance for these stimuli, z = 1.92, p > .05, tvo—taéléd.

Finally, a step-down analysis {Roy & Bargmann, 1958) vas'performéd‘
in order to assess the influence of each ma;ﬁ effect and ineeraption on.
the individpal depende;t variab{ep. A step—~down analysis is a form of
analysis of covariance, in which the dependent variables are eqteréd in a -

v

specified order in order to test the relative contribution of successive
measures. The PCR data (converted to d' in this final analysis) were
- tested first, with apptopr}ate.adjustment of. the alpha level in a

univariate AROVA since the results of the individual anslysis of each

stimulus condition suggested that, thesspatio-temporal manipulations used
'4':?: i

~ 5 < "\.
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. fact that some of the MRT data showed significant pnivai‘iate but no

o - ’4\? . Sl . . Y l' i . ‘. : ’«
5 . . . ' “‘:‘.*.«_"'._",. .
in this study affected observers' mean accuracy to a grester extent than

their mean latency performance. Using the d' data as the covariate, the

-

MRT data vere ﬁhen tested in the step-down vanai)ui‘s_'to see if these dats

» ,/ . ) h -
added significantly to the overall values of d'. The results of this

»

--'anélysis are presented in Appendix B, Table B-l. A comparison of the :

results bbtained from this analysis with those of overall univariate

ANOVAs on each dependent variable is shown in Table 1. Because/ there

-

were omnly two dependent v’alﬁ'i.ables,y individual alpha {evels weare set at

+025 each, while keeping the overall egé;}@rxo: rate at ,
. . 3 - . , &

) appr.:oxﬁi.mately .049,

| | . . —
The results of the step-down analysis indicated that the mean '/ f
’ . ‘ ;! ./
accuracy data made a significantly grester contribution to the main \./

-

effects being- investigated than the MRT data. The fact that none of the

step-down F-ratios for the MRT data exceeded the critical values required.

at an alpha level of '.025, suggests that most, if not all- of the
significant results that were observed in the origingl MAROVAs were due ’
mainly to changes 'in the mean level of accuracy, with lit&le or no

additional change being uniquely represented by the MRT data.  Also, the
) PO . .

!

significant ‘corresponding step-down F-ratios, further indicates that .

these data made no unique _contribu‘t\ion to the between-group differences: ‘\ -

-

beyond those found in the mean accuracy data.

p +

.
.
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Table 1 * - . *} L S
MQMMMMM(M' L
Apslyses of the Mean Data ‘of .the Three Stimulus Conditions OO ‘
. 9 . ~ g. M ) . -~ " ‘ R 13 «
. , ) »\a .3
Independent Deperident Univariate = Df Step~Dowmn Df Alpha
‘ Variable Variable - F ‘ . F 7 oL ‘
8 COBGR .. 5.85%  2/15  S.55% /15 L -
et % 0.13 2/15 1.06 2/14 - o ‘
A o UBCR .. - 44.20%k% 3415 44.20%%% | 1/15 DY
: MRT | 20.23%%  ¥/15°. 0,01 114 . //\;
AxsCc:! PR’ V.54 2/15 156 o o2/15 . T
o). 3.22 0 2/15 3.8 T 2/ - S
B pc\R '12.98%kk - 4/60  12,98%%%  4/60 .
. MRT ., 5.60%%%  £4/60 2.53% 4/59 oA .
Bx8C .. - PCR | 6.40%KE  BJ6D . 6.40%*%  B/6D
' MRT 1.38 8/60 0.81 -.8/59 o e
, y . . - °_\» R
cC ‘¢ . . PCR 6.08%k*  5/75  6,08%%% 5/75
.- MRT 1.12 5/7571.33 5/79 Cl
: \ ’ ! ' . Tt
Cx SC PCR 1.08 _ 10/75  1.08 10/75 o
© MRT 1.56  -10/75  1.69 ° 10/74 R
AR, PCR 0.99.  4/60  0.99 4160 - e
w T ; HRT— 0074 4760 0081 '4/59 R . "
AB x'SC. PCR . 0.58 8/60. 0.58  8/60  °°
~  MRT 0.70 ,  8/60 0.57 . 8/59 '
AC : PR - .2.58% - 5/75  2.58%  5/15
o MRT " 0.66 5/75  0.30 5/74
AC x §C PCR .~ 0.07  10/75. 0.07  10/15 * -
MRT ‘1.2 10/75  -1.18 10/14 *
T —— T ‘ . a7 ‘ N ) . ' *
S < ‘(table continues) -
_— -
~ ; 1
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Independent Dependent Univariate Df Step-Pown Df LLKhna
Variable Variable F F : .
. - )
BC . PCR 2.64%*%  20/300 2.64%** 20/300 : :
. MRT 1.57 20/%0 1.17 5 20/299
’ BC.x SC PCR - 0.86 40/300 0.86 # 60/360
MRT 0.85 40/300 0.91 40/299
ABC PCR . 0.70 . 20/300 0.70  20/300 :
' MRT ’ 0.91 20/300 '0.80 20/299 -
ABC x' SC  PCR 0.54  40/300 0.54  40/300
MRT . 1.13 40/300 1.19 - 40/299
Note. These analyses were performed on the mean data of all oiuervern '
in t:hs three conditions and averaged over crossed and uncrqssed . ’ \
disparit); responses only. The medn accuracy data (i.e., PCR) were
converted to corresponding values of d' prior to being sub jected )
f”to the analyses,
aAlpha = ,025 for eacheffect being tested.
All values éhave been rounded to the nearest two decimal places.
SC represents stimulus condition. A, B, and C represent disparity.
~direction, disparity magnitude', and pulse durationm, respecti:vely.
PCR = Percent correct responses; MRT = mean reaction time. ~ P

¥P < .05, #kp < D25, wkkp <_.001.

t,
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Discussion

The interpretation of the results of thisfstudy requires some

qualification. 8pecifically, since fixation disparity was not controlled

——

or measured, and given that fixation disparities are known to occur in  °

Lal . f

the range of disparity mggnitudés that were used (bgle, 1950), there is a
difficulty of knowing precisely for any given trial whether the gdisparity

*
pulse was "absolutely! crossed or uncrossed or omly "relatively" crossed

12

precisely converged on the fixation plane prior to the initiation of a H-i:;;//(f Z

trial. Consequently, for any'giﬁen trial, both the target and the
4 . . . . \_.

background may have been slightly in front of or behind the plane of . .

]

.fixation wvhen the target disparities were presented in the uncrossed or

A L]

crossed direction, respectively. Although fixation disparities have

%

generally been found to decrease with reductions in exposure duration

(e.ge, Schor, 1979), and were hopefull{;pinimized by suitable alignment '

_—

of the stimuli in this study, their presence cannot be entirely ruled

-~
out. Therefore, the present results are discussed in terms of the

relative™direction of the disparity puilses rather than in terms of

)
absolufe crossed and uncrossed disparities per se.

The overall findings reported in this study are generally consistent

vith previous results, and extend them in a number of ways. First, in

agreement with past experiments, the results revealed the existence of a

large and consistent difference between the accuracy of depth /”E, '

discrimination performance for crossed armd uncrossed disparity

.

Tem—— . o -~ ﬁ
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information (e.g., Grabowska, 1983; Bar:erth & Boltz, 1'9791, 1979b;

Lasley et al., 1984). "Sq fact, 17 of the 18 observers who were tested
* ' R 0
inmated disparity pulses more accurately when they were presented

in the crossed direction than when they were presented in the uncrossed
irection (binomisl test, p = .0002, two-tailed). A similar but less

j\ consistent difﬁe\;ence in performance was also observed for the HRT‘%:::;
;o -

. 13 out of t:hé 18 observers responded more rapidly to pulses co_)uung
o

crossed dxs?’ér1t1es than they did to pulses containing dncronsed
disparities ‘(’b;.uomial test, p = .0964. two-taiied), and ‘&{18 patt&erﬁ of
results was observed over the full range of disparity m&gni\;:ugea/and

-~ pulse durations tested. As such, these findings are consingent with

. . S
J those reported by Alexander (1979/1981). 4 \_( G !

?f s Second, with the exception of the results obtained in Condition RDS,
depth discrimination performance, both in terms 6f accuracy and speed,
improved with increases in the amount of disparity for both crossed and

. yncrossed directions. The results are thus in general agreement with . -
' t

those repokted by Grabowska (1983), Harwerth and Boltz (1979a,:1979b) and

’

Uttal et al. (1975). Despite this ilqpr'c;v:zment with increasing disparity,

hovewer, the data continued to show a consistent dxfference between the.

level of\perfomanem for crossed and uncrossed ,diapatitiea, both for PCR

and MRT responses. .o
The data of the present study akse demonstrated that overn'll depth

discrimi\n;tion pei’fomance declined as a function of: decreasing disparity

pulse duratiﬁ;(n‘%when both dependent measures were considered Y
‘ 4

simultaneously, and when the data for crossed and uncrossed disparities

were combined. (This main effect vas not observed in Condition RDS). x'

v
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When ':ch dependent measure vas considered separately} however, only the
o o~ e . . .

‘ M N g ' . » ! - :
mean accuracy data were found to‘'vary in this manner for each stimulus

1t <

1?gondition. ‘Furthermore,; when the data of‘;he two disparity directions

rd K3

were. examined separately, only the level of performance for uncrossed

. .

diéphrities varied with respect to manipulations in disparity pulse

Cab

. duration. Tentatively, these findings suggest that although pulsing

N s

,disparity information for various durations appears to have a similar

' * - . . ' .
effect on the accuracy of depth disqflmxnatlog-performance as varying

..

stimulus. exposure doration, this effect is different for crossed and ~

uncrossed disparities. This unique effect, however, may be due to the
" fact that the mechanisms mediating che processing of dxsparltxes in the
crossed d1redt10n may be sensitive to temporal manxpulatlons, but at

) o \ . .
temporal intervals not used in the present study.
. pe

In each condition, the overall level of accuracy was highest when
' ' »

' [
disparities were pulsed for an "infinite" duration and lowest when they

wvere pulsed for the shortest dure;ion (33 ms), indicating that obs®rvers

v
»

- L1
benefited from prolonged exposure time. No Buch advantage, however, was
‘ ' L 4
. . , '
observed for the MRT data in any condition, suggesting that this index of
. \

performance was largely unafﬁzﬁ;ed by{m‘hipuladions of this temporal

L o4

.
parameter«* Nevertheless, significant differences in MRT petfonngncé“

BPetween crossed and uncrossed disparitigk were still observed.’ The only

~ [ .
exception to these findings vas’ found in Condition RDS,
N . 4 \

It is alsoc intergsting to note that nmeither mean accuracy nor MRT -
\ £

performance for d13¢r1m1nat1ng disparity pulses in the crossed direction

verq?sxgnxflcantly different g{?m performance for discriminating lef///f ’

rﬁght target displacements in either condition vhere such performance was
. - . R
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o asaessede "This suggests that depth discrimination performance for pulses

\ 3 ST : o .
i contgyhlng crossed disparities was as accurate and as immediate as
. . ,

) ’ (‘ ) - . k3 . . .
- perfo{&éqce for discriminating simple .lateral shifts of the target on the
oy . - r ,

plane of fixation. .Observars' perfbrmance for discriminating pulses

5, - v

cbntaining uncrossed di%parities,”on the other hand, was always poorer
] , 4
2 .

than their performance for.discriminating left or right displacements of

“ " the central target, both with respect to accuracy and speed. ‘ j;
T - .

Y

In both Conditions TDL and RTL, the mean level of performqncé for

discriminating left and right target displacements did not differ for

v

. ‘ . .
either, of these directions, indicating that. observers consistently and
reliably perceivei;;hese shifts at or near the plane“of fixation., 'This
» - ! g

. - . , .
~ finding is consistent with one reported by Beverley and Regag/ﬂl974). and
) - a

. « ¢ .
suggests that the asymmetry in performance that was observed between. </

“ pulges with qgosaéé and unp;ogfed‘di§ﬂfrities ¢ould not be attributed to
monocqlarly defiﬁed directional cues.

. ‘fo consi{stent improvements in pegformancé with practice were
observed attany"tzﬂﬁ.during ghe éod‘ge of the atqu for most obsérvers.‘ .
neither in t;rma of aééﬁracy nor speed. The lack of impravement vith

“ - \
practice is probably attributable to the practice trials that preceded
" . ' every test sessipn. Although there have been reporﬁd of the existence of
a stereoscopic learning effecE“(i.;.. a-decreased latency to resolve
depth in RDS) with practice (e.g., Frisby & Clatworthy, 1975; MacCracken
& Hayes, 1976; MacCracken, Bourne, & Bg§es, 1977); the evidence has come
from studies usimg relatively large-disparity RDS of varying complexity

and a very small number of trial presentationms. For ids{ance. Frisby and

Clatworthy (1975) found a progressive reduction in the latency to
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’pteaented.

perceive stereoscopic depth in a complex RDS (i.e., a steéreogram

o,

depicting a spiral staircase) when the same stereogram was presented a {
!
number of times to naive observers within a single session. -Not

surprisingly, these invgstigqtofs found that subsequent presentations

produced substantially less improvement. ﬁgcerc}en and Hayes (1976)

also .reported the presence of a similar stereoscopic leatning effect

across five trials when the same RDS was presented to a naive observer in

a gingle session. Finally, Chung and Berbaum (1984) fqund evidence of a
\

reduction in RT with practice but no evidence of an accompanying

X

improvement in the accuracy of depth discrimination performance. This

LY

led them to question what was really being learned. ’Pdrthermore, their
A 0

finding of a practice effect:for RT blit none for accuracy, casts doubt on

~

the validiGy and usefulness of using RT measures to infer learning—like

effects in étereopsis with practice.

.. In this study, the large number of practié¢e trials and the use of

o

small dioparities: are the most likely factgrs that contributed to the

»

stable and reliable performance levels. A close examination of the data

obtained during the practice trials did reveal, however, that 9bservers
. . .
improved iritially. This is neither surprising nmor inCerestinEZ given

that all of the obsethrs were initially unfamiliar with the experimental

task and naive with respect to the types of stereoscopic stimuli being

L&

-

Another notevorthy aspect of the data in this study concerns the

finding that most. of the parametric manipulations performed on the

~ stimuli had a pronounced effect on the mean accuracy with which depth

discriminations were made, but considerably less effect on the speed with

Y
”,
)
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which depth was resolved in the various stimulus conditions. For
example, although a significant uniYariate main effect of disparity pulse
duration waé'fOphd for the PCR.data in both'ConQitioAs‘IDL and RTL, the
presence of this main effect wvas not observed in the MRT data in'oitber .
. of these:conditions. Similarly, the mean data in Condition RDS revealed
the presence of a ;ignifiqank‘multivariatg main effect oﬁ.disparity |
direction when Bth dependent measures were analyzed simultaneously, but
subsequent univariate analyses showed this main effect to be present only
for the mean accuracy‘dat%. In other words, most observers discriminated
disparity pulses inore accuratel& in RDS when the pulses were directed.,
‘toward them than when they were directed avay from them. This pattern of

- Al ,A
.results, however, was not observed for the MRT data. Furthermore,

differences in the overall levels of performance for crossed and ‘
& ; 7

uncro;sed digparities with respect to manipulations of disparity
: e

magnitude and pulse duration were observed mostly for the iccutacy,data;
’finally, the results of the step—down analysis performed on the combined
mean data from the three stimulua'coqditions, indicated igat the ng?urncy
data made a significantly greater contribution to the observed effects in
the present study than the MRT data. Taken together, these findings
tentatively suggest that RT performance may Eﬁ less sensitive or. |
sugceptible to direct disparity manipulations fhan accuracy of
performance. The lack of such latency effects, on the ogher hand, may ',
"algo be due to possible baseline djfferences in RT pgrfgrmihc;, which may '«
have existed for the observer% tested in thia‘atudy.‘

In their study, Chung and, Berbaum (1984, Experiment 3fhrbp0tted that

the addition of monocular contours that delineated‘qheldilﬁarata'tutget

. c—— : ‘ \ * o



100

€

in static RDS interfered with the resolution of depth in these
stereograms when both were presented at the same time. That is,

observers required a aignificantly\iongpr time to respond to RDS '

’

containing monocularly juxtaposed contours of the target than they did to
,BDS alone. Previously, Saye and Frisby (1975) also demonstrated that the.

introduction of monocular features could interfere with the speed of

resolving depth in RDS, but Ehey.nq;ed that such interference effects

were found only when they were dissimilar to the disparate region or were

.

{
presented in large-disparity RDS. . T p

In the present study, no detrimental effects of momocular comtour

-

information were observed on the mean latency ddata in Condition RTL,
. B .

neither for the crossed nor the uncrossed disparity direction,: and-as °*

“
such, these findings are consistent with ‘those of Saye and Frisby (1975

*

and Saye (1976). Not only did the presence of monocular outliﬁes of the

N
-

central square not seem to interfere with the amount of time observers

réquired to make their depth responses to the RDS, but the addition of
K [ ]

such information actually led to more accurate discrimination performance

,in"Condition RTL, as compared to the RDS condition where such information

vas absent. The finding o@ a kignifieant improvement in the accuracy of
depth disc?iminations when mopocular c;ntoués were added to the diaparaté
ih;get, is th&s in agreemént ;;th a éi;iléf‘finding-reported by Richards
‘11977}. Puf co;flicts with the results of Chung‘aﬁd‘Berbgum (1984).

What aré the possible reasons for the discrepancies in the results?:
One potential explanation may be related to the existence of

methodological differences between this study and that of Chung and

Berbaum. For instance, the stimuli “in their study were continuously

Yo
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exposed until observers made a response, whereas in the present study,
R > — :
the durations for which the stimuli were available to the observers vere

, , ; ‘ 'y

‘systematicklly varied and controlled. It‘is'ggfsihle that in their '

study, the effect of continuous, viewing caused observers to become "

‘distracted by the presence of the momocular contours that enclosed the

ﬂ disParate'térget. "The fact that the ouflined targets were pulsed once in.

this study rather than exposed continuously as in their study, may have -
" .

prevented this occurrence. It is not immediately apparent whether there

are other reasons might account for the observed differences.

G

On a different note, it might be.argued that the use of monocular

. outlines of the central target in-Condition RTL that always coineided

with the, direction of:the dispdrity pulses may coastitu;é a possible

artifact in this study. In other words, the possibility e;ista“that some —
—, - \l\‘

‘observers may have responded to the direction of disparity pulses in this

stimulus condition that were aCtually based on the depth associated with
the monocular contours. and not Vlth the’ random-dot port1on of the
stereograms. On this point, Chung and Berbaum (1984) recently found that

-

whether a«monopular contour was congruent or incongruent with the

- perceived depth of the RDS target, made little or. no difference on the

accuracy or speed with which depth was resolved in these stimuli. The

finding in this study that there vere no significant dlfferences betveen
4

the overall results of Conditions TDL and RTL suggests, however, that

some observers may have based thexr depth Judgmenta on the presence of -

N

the monocular outline of the target. That is, when the monocular outline
of the target was present, it may have allowed observers to quickly

direct their search near it in depth.

‘.
—T
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Classical line stereograms and stereograms containing some monocular

.

cues have generally been found to be solved more quickly than RDS (e.g.,
vJulenz et al., 1976; Staller et al.. /1975). In this study, no

olgnxflcant differences were noted among observers' mean latency

3

performance for discriminating the direction of the disparity pulses in

.

the different typé{.of stereograms. 'Aﬁﬁit\xodzhe source of this negatlve
\\

finding? The most ;\kﬂ\y reasoﬂ for the lack of a signifitant difference
e S
in MRT performance between Conditions TDL and RTL, and Condition RDS, may
be due to the presence of large amounts of variability aeen:in these
data., The presence of a great deal of variability vould/;ngvitably make
it less likely to find significant differences. ”Furthe;§ore, the level
of latency performance varied considerably from omne obser§fr to the next.
l An examination of observers' MRT data in each condition, presented in

1 \

Appendix D, Tables D-1 to D-18, would seem to support these suggestions.

The most .unexpected finding tovémerge from this study, and onme that -

.

deserves special consideration, concerns the existence of the different
results obtained for Condition RDS as compared to the other two
conditions. In this condition, no significant multivariate main effects

of disparity magnitude or dioparity pulse duration were found, and

overall depth discrimination performance was substantially poorer than in

both conditions éontaining monocular cues. iet. the main effect of
{

disparity direction vas stafistically reliable and robust for the mean
accuracy data. The presence of a main effect for direction implies that
this spatial parameter affected observers'’ accuracy for discriminating
disparity pulses, and indeed, their discrimination performance was found

-

to be significantly better for disparity pulses in the crossed direction

-

-
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than/for‘those‘in the uﬁ%rossed direction. The lagk of mhgnitudé and

dyratxon main. effects suggests that once drrectxon Lnformatxon had b

extracted, there may not have been sufflcxent time left within the

v

duration of the brief dxaparxty pulses to extract information about

ﬁagnituae and duration.
v i

The major finding of a crossed-uncrossed asymmetry in performance
for RDS is in’ agreement with previous findings.  The lack of magnitude-
° T
and duration-dependent,effects on performance, however, is not. For

example, Barwerth and Boltz (1979a, 1979b) used d1spar1ty,stepa of 6' of

arc in static: RDS, and found signiticant maxn effects of dxaparxty and

W
P

N t’

dlsparlty steps of 6°' of arc in static RDS displays, and reported that

s

the accuracy with vhlch these stlmulx vere detected improved as a Z .
B

functlon of dlsparlty, although she' did note that the function relatz
[ v

this variable to d}scrimination performance was not monotonic. Uttal et '
al. (1975) varied disparities between 5;60' (cryssed) and 5.60'
(un;rossed) in 1.12' steps in dynamic RDS)'an? still observed the
presence of éagni;ude and duratiou~efferts., fﬂg‘findipgé of these .
studies thus suggest that the size or magunitude of the disparity ltep

cannot account for the differences in the results. It appears more

likely that the differences may be. due to the manner in which the

durat;on of dxsparxty information was manipulated in thll lcudy, ngen

that previous studies used flashed presentations and the present study &

-3

used pulsed disparity presentatiois.

*,
§

There are several other observations from this ntudy'that may be

related directlp to this methodologicél difference. \For example, -

duration for these atimuli. Similarly, Grabowska (19835 alf? used A
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although most observers' pooled performance levels (crossed and
uncrossed) in Condition aﬁs were significantly above chance with a
disparity pulse duration of 50 me or more, 4 of the 6 observers were
nevertheless able to discriminate éulses containing crossed disparities

with a pulse duration of 33 ms (i.e., the briefest pulse duration us%F in
this study), all zs > 2.71, p < .05, two-tailed. In addition, one
observer discriminated disparity pulses in the uncrossed direction above

chance with a pulse duration of 33 ms, z = 4.13, p < .001, two-tailed

(Observer 4). Eight out of the 12 observers who participated in the

"other two stimulus conditions were able to identify the direction of

taréet pulses‘containing crossed and uncrossed disparities above chance
at the briefest pulse duration, all zs > 3.38, p < .01, two-tailed.

These findings lead to the suggestion that previous estimates of the time
requirea to process disparity information in stereopsis may be inflated.

* It is generally accepted, for instance, that human observers require
aéproximate{} 50 ms to pergeive deptﬁ in RDS (e.g., Julesz, 1964; Uttal
et al., 1975). fhis value, however, is based on results obtained with
f}ashed pregentations\of these stereoscopic ;timuli. Flashing disparity
inforpation in RDS invofVves the brief s;multaneous presentation of a
disparate central region and its accompanying surround. As such, this
mode of presentation represents a situation in which the total processing

time required to resolve depth in these stereograms is measured rather

-

than the time requiredlgp)process disparity information per se. Because

the two_retinal images are not initially registered, the image in each
eye must first be fused at the time of presentation or shortly

thereafter, and then encoded to extract the depth information. Pulsed

N r

i
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presentations, on the other hand{'presumagly dffpot require this'
two-stage proceés béecause ghe.imagés ;ré already initially fused. All
that they regu%ré is that the dii%arity cantained in the .tereégrnmnjge
e%tr;cteq. Therefore, the finding in the present study that some

observers were able to correctly perceive the direction of disparity
A ‘

-

pulses in RDS with a pulse duration as brief as 33 ms, suggests that this

mode of presentation may reflect the "true" time required for the

L3

extraction of binocular disparity information in RDS more accurately than

4

flashed presentations.

Whether or not the resolution of depth in RDS in fact requires two

different stages, with each stage requiring a different amount of

:

processing time, remains an empirical question. The idea_ that stereopsis

may involve at least two basic steps, namely: image registration and
disparity extraction, however, forms a céntral part of Marr and Poggio's
(1979) computational theory of human stereopsis. Uﬂdgrtunatelyg their
*hqfdgl does not éddreés the teq;oral‘proéeﬁfing requiFemeqts of each step.
Oﬁ the basis of such a podél and . gjwen the findings of this study,
_one posaiblé experiment'that might bé#@ropoaed could be to compare ®
.performance in static and dynamic RDS using both flashed and pulsed
presentation qodes. One hypothesis thgf could be tes‘ge is that iﬁ?
observers should be able E%*perform better with pulsed preae;tations than
vith flashed presentations of the same duration; Furthermore, if Marr
a;d Poggio's (1979) proposal that stereépsis requires two’basic steps is
correct, & systematic comparison of these.two &ifferent modes of .

i presentation might be  used to assess the minimum time required to extract

5

disparity information in RDS. Alternatively, the differences between
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flashed and pulsed presentations of the same stimulus might be used to

~

estimate the time required for sensory fusion. In any event, future

rgscirch should carefully explore these two modes of presenfation. The

existence of fundamental differences between flashed and pulsed Y

.

presentations may ultimately lead to possibly significant insights about‘
the encoding of disparity information in stereopsis.

‘ Intere;éingly, the overall levellgf(performan;e for discriminating
,gidparity pulses i; the crossed dirébti?? was consistently found not to
vafy as a function of pulse du;ation in the present study, neither in
tétms of overall ac:’racf nor mean latency. In each conditiom, the
psychophysical functions relating ovérall performance to this vagiable

‘remained relatively flat with respect ﬁincreaaeq} in disparity pulse

" duration. This finding suggests that the extraction of such information .

- may take place very early im stereoscopic visual processing.

" Purthermore, it also sﬁggests that the extraction of disparity
information in the crossed direction may be very rapid, requiring little
additional time once sensory fusion has taken place. This finding,
howev;r. may be peculiar to the paradigm and stimulus configurations used
in the‘present stddy. Nevertheless, it is an interesting result that
needs to be a%idied in much greater detail in future experiﬁen;a.

Finally, several of the observers who were tested in the RDS ..
condition remarked that when disparity pulses were presented in these
lte;eograms, they dG;etime; appeared as slight horizontal movements
ragher than as clearly perceivable, discrete disparity jumps. This might

possibly help éxplain vhy depth discrimination performance in Condition

RDS was poorer than originally expected. On the basis of these personal

//\x
/

n , ( b

+
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observations, it might be worthwhile to replicate this study with dynamic

RDS., Perhaps, the continuously dynamic motion of Ehe dots in such

~

. +di:splays might be effective in masking the afparent motion of the target,

4
o pd

and therefore result in generally better overall depth discrimination
kT

. - PR
}erfomance. b

AL
R o)

In conclusion, the findings of this study provide new empirical data

concerning the spatio-temporal processing crossed and uncrossed
"disparity information in human stereopsis.\.There are, however, several

questions that remain unanswered. The first concerns the question of
- L]

fixation disparity. Since fixation &isparity was not controlled or
f\/‘

measured in this study, this potential artifact makes it difficult to °
1 Q . : e
discuss the results in terms of "absolute" crossed and uncroesed

’
¢

disparities. A related question concerns the range of disparity -

——

magnitudes used in this study. ‘Given that fixation dieparities are T
generally on the order of +5' of arc (e.g., Ogle, 1950), future

g experiments should make it a point to use a larger range of disparities.
M ‘ ’ [y <
More importantly, fixation disparity should be measured, and if not

possible, properly controlled for. This would allow much itrongor

statements to be made uabout the manner in which crossed and uncrossed
A

disparity information may be processed by the visual system.

k3

o «

Conclusion

Taken together, the results of the present study suggest that the

2

human visual system is differentially semsitive to the direction of

binocular disparity information when this information is presented in the

T
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in the uncrossed directiqn.
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o form of brief pulses. Specifically, human observers appear to be more

)

) .en.it;we to disparity information in the crossed direction than to
. 3

disparity information in the uncrossed direction. In addition, this

1

difference in performance appears to be a fundamental one, given that it

’

can be obsé¥v€9 with both the presence and absean of monocular outlines
that enclose a disparate target. As such, the results are consistent
with the idea, first préposed by Richards 21970, 1971la), that tpere exist
at least two stereoscopic mechanisms in the visual system—-one mechanism
that is selectively tuned to disparity information, in the crossed

<

direction, and another that is selectively tuned to disparity information

- -

.

In this study, pulses that.containéd crossed disparities wére
disc;iminated-aignificanfly better than those that contained uncrossed
dispaéitiea, both in terms of thg accuracyqef performance an speed of
resolution. Specifically, disparities t%?t vere pul’ed toward the -

T el

observer were discriminated with consistently greatef accuracy and speed

z
+

than those pulsed awvay from the obsérver.. Furthermore, t@is asymmetry in

depth discrimination performance was observed across an entire ranée of .

small diaparitieg and Sver a number of brief pulse durations. .
What is the origin of this crossed—uncrossed asiﬁmetry, and what

possible value can it have in everyday life? There is no doubt that

_ disparity relationships between ikages convey important information for

lpatiﬁb'viaion. On ecological grounds, ohe might speculate that an

object that is perceived in fromnt of another and closer to an pbserver
. . - !

might have a greoater saliency or primacy than one that lies in a more

' , o
remote region of the visual world. Accore}ngly, an object in the natural
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environ;ént, say, a predator.or prey, that ii seen first (either with
Tespect to space or time) would most likely be given the greatest ampunt
of ;ttention and receive the most immediatetresponse; the;eby ensuring
its survival and that of the specieé as a whole. The visual system's
natural bias for a stereoscopically viewed object lying in front of the
plane of fixation (i.e., in the crossed disparity direction) may i
therefore play an important survival role in the detection of stimuli
(e:g., brey or predators{i particularly in situations where they elude
imhedi;te detection or are momocularly camouflaged, and thus require

[

'steteoscopic vision,

Another line of reasoning tgat might account in part. for some of the
ohserved superiority of crossed ovér uncrossed performance, may be basedb
" on geowetfical c;nsiderations. Recent work by Fox and his colleagues
(Co}mgck glFox, 1985, in press; Fo;:“borksck, & Patterson, 1985) has
begun to-show that on geometrical grounds, there is a inherent difference

betwéen crossed and mncrossed disparity. For instance, for targets -

containing crossed disparities, the magnitude of peréQfVed depth can

v

never exceed the diﬁrance between the observer and the fixation plane,
and it increases linearly as & function of viewing distance, as predicted
from the geometry of stereopsis. For identical targets containing
‘uncrossed disparities,. however, the magnitude of perceived depth  is
boﬁndless, and it increases as a posi;ively accelerating function of
viewing distance. In fact, the depth interval for uncrossed disparities
becomes asymptotic or infinite with relatively moéest increases in
viewing distance or retinal disparity. These demonstrations indicate

$¥hat manipulations of crossed and uncrossed disparities cam produce quite
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jdifferent perceptual results, particularly in cases where f%ﬁaaibn

4

distance or disparity are sufficiently large. In such Eaaes, the depth
intervals cu}culaé%d for crossed disparities follow the rules of
geoyetry; vhereas those computed for uncrossed dispirities show gross

- -

departures from the geometry underlying stereopsis.
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‘pr&babiliéiea'are used to approximate binomial probabilities. A better

.

Endnotes

. . . ; ‘
1Althougb there is some. support for Richaﬂgs' (1970) original

estimate of the incidence and distribution oflatereoanoﬂa;iea in the

general populatioﬁ (e.g., Herring & Bechtoldt, 1981; Jonei.vl97?),

“

several recent studies have raised doubts about the accuracy of his

>

\ .
estimate (e.g., Francis, Fox, & Patterson, 1984; Patterson & Fox, 1984).

- .

The principal finding of these studies is that the detection of
stereoanomalies is highly dependent on the method used to assess them,

and particularly on the stimulus exposure durations used. These studies

f

have shown that the majority of individuals classified as being
stereoanomalous under brief viewing conditions, can respond quite

normally when presented with the same stimuli under continuous viewing
conditions. -In addition, Newhouse and Uttal (1982) have suggested that

n -

T
the previously reported high incidence of such impairments in
stereoscopic- vision may also be due to other fictors. such as strategy or

sequence effects. ‘ . ..

o _ »

“

izwhen P = .5, the standard normal distribution provides a good -

. . )
approximation to the binomial distribution. When p.-# ,5, however, the St

%

A
binomial distribution is asymmetric. Revertheless, if the sample size }

(N) is sufficiently large, the asymmetry will be small and the
» ' r -

normal-cufye approximation can be used. As a general rule, most

statisticians recommend that Sp or Bg be 5 or greater if normal -
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approximation is obtained if the products Np or Ng are >10. fndeed, if"

"N is lnfge ehbugh. the"hotmal distribution can always Pe used to
approximate the binomial diséribution. irrespective of the value of gp -

(Bays & Winkler, 1971).1

It is clear that these criteria were'met in this atudX? and

therefore, the use of the normal-curve approximation was theoretically
A . : i .

justified. e S .

. . ' ¥
3The Type I error rate, alpha, for a’atep-down analysis is based op
N '\ N co- .
the error rate for testing each dependent variable in successiog -

-

&

according to some 'a priori ordering. The'overall level of signifiéance
. can be found by considering onme minus the product of (1 - a(i))'s where

a(i) is the level of significance for test ie.. Symbolically, this can be
. -’ - . , /

¢ . ]
expressed as: . - : - ~ —

P
alpha = 1 ~II (1 .~ a(i)) (1)
-~ is}_ -

A Pt

’

»

)

there [l represents the’prodqct over p dependent variables (Barcikowski,
1983). |

) . This computatjional proced;re thus allows one to set each alpha at '

. the desired level.| In the present study, the individualualphas ; re set
at tre same level (.025) for é;ch dependent variable ainc;\lhere vere

~ only two such variables. This resulted in an overall alpha level of

.049375. .
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Table A-1 <o - L
a
Detailed Univariate-Multivariate Analysis of Varignce
+ -Source Table for Condition TDL ’ .
Source Wilks' Lambda $§5 Df .MS F
A 0.243530 6 28 4,79k
_(PCR) ‘ 136482 .88 3 45494,29 7.70%%
ERROR 88672,33 15 '5911.49 e
(MRT) 7714472.69 3 257149.90 5.23% .
_ERROR 7381812.89 15 492120.86
po 0085182 8 38 11.52%%%
(PCR) : ‘ 31618.40 4 7940.60 - 46 ,57%kw
ERROR b 339, 20 169.75 :
(MRT) 2016703.29 4 504175.82 10, 92%#%
ERROR 923568.97 20 46178.45
c - © 0.228366 , 10 48 : 5o 24k
(PCR) , 15965.59 5 3913.12 12,01%k%
ERROR - 6646.70 25 265.87 '
(MRT) 171994.74 5 34398.95 1.58
ERROR 545683.66 25 121827.35
AB 0.565901 24 118 1.62%
(PCR) 3797.15 12 316.43 1.02
ERROR 18536.18 60 308.94 .
(MRT) , 715092.68 12 ,59591 .06 2.,98%%
ERROR 1199126.13 60 19985.44 -
AC 0.642759 30 148" . ™22
(PCR) 10138.99 15 675.93 1.34
ROR 37894.55 75 505.26
(MRT) 189626.99° 15 12641.80 1.04
ERROR 909039.31 75”7 12120.52 :
BC 0.586424 oo 40 198 1.5
(PCR) 5064.10 20 253.20 2, J0%kw
ERROR 9385.07 100 93.85 W
© (MRT) - 225244.16 20 11262.21 0.98
ERROR™ 1152358.07 100 11523,58 n
(table continyesh
o

&
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Source  Wilks' Lambda ss f Ms F
ABC 0.628572 v 120 598 1.30%
© ' (PCR) ; 6407.01 60 106.78 1.34
ERROR 23877.15 300 79.59
(MBT) 954797 . 90 60 15913.30  1.53%.

ERROR’ ‘ '3112741.40 300 10375.80

3

Note. 'Thiq table and thé,other tables in this appendix were prepared
! ~/

from the output listings prov{ded by. BMDP4V. Additional tests

availahle from the output of this program, such as conservative tests

for the within' factors (e:g.; Greenhousefce{aser hdjSZted Dfs,\
Huynh-Feldt Adjuste& Dfs) have been omitted for the sake of clarity. -+
AE}ﬁvalues have been rounded to the nearest two decimal places.
. A represents gispatity iytection. B and C represent disparity

magnitude and pulse duration, respectively. PCR = percent correct 2

responses; MRT = mean reaction time,
P .

*p < .05, **p E.005. wwkp <001,
W, .
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Table A-2
! °
Detailed Univariate-Multivarjate Analysis of Variance

Source Table for Condition RDS . -
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L3

Source Wilks' Lambda S8 pf MS F
r4
A 0.017056 2 4 13.310%
(PCR) 65098.00 1 65098.00 30.86%%+*
ERROR , 10546 .85 5 2109.37
{MRT) 269089.58 1 269089.58 4.34
-ERROR 3?9804.58 5 61960.92
B . 0.779415 \ 8 38 - 0.63
(PCR) 719.77 4 179.94 0.58
ERROR ;" 6165.77 20° .308.29
(MRT) 129845.47 4 32461 .36 0.72
ERROR 898494528 20° 46924.71
c . 0.505258 10\ 48 . 1,95
~ (PCR) 5677 .23 5 1135.45 3.39%%
ERROR 8378.76 25 335.15
(MRT) 282078.85 5 56415.71 1.28
ERROR 1100968.59 25 44038.74
AB 0.811153 , 8 38 . 0.52
(PCR) '2085.18 4 521.29 0.86
ERROR 12137.56 20 606 .88
(MRT) - 58247,83 4 14561 .96 0.74
ERROR 395275,33 200~ 19763.77
AC » 0.664643 , 10 48 < 1.09
(PCR) , ,Q; . 6258.25 5 1251.65:* 0.75
ERROR 41669.60 25 1666.787,
(MRT) 460719.02 5 92143.80 2.37
ERROR 971601.78 25 38864 .07
BC 0.797709 . 40 198 0.59
(PCR) 2818.90 , 20 140.95 1.68
ERROR 8413.37 100 . 84.13° :
(MRT) 403441 .44 20 " 20172.07 1.37 -
ERROR 1467531.17 100 14675.31 ‘@i
// ~

(gable coptinues)
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Source Wilks' L&qua 58 Df MS F
ABC : 0.8202a4 © 40 198 0.52
(PCR) 1391,.82 20 69.59 0.48
ERROR _14537.24 100 145,37 .
(MRT) 341215.59 20 17060.78 1.04
ERROR 1635664.67 100 16356.64

-3 : [ K
Note. ~ All valued® have been rounded to the nearest two decima places.

A represents disparity direction. B and C represent disparity

magnitude and pulse duration, respectively. PCR = percent correct

-

responses; MRT = mean xeaction time. .

*p < .05, W < L025. wkp < L005.

3



Table A-3

Detailed Univariate-Multivariate Analysis of m

Source Table for Condition RTL

»
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@
Source Wilks' Lambda S Df MS . F
A - 0.107785 ) 6 28 9., 55%wik
(PCR) 243254.39 3 81084 .80 13.14%%kk
ERROR G 92555.96 15 6170.40
(MRT) - 16350920.35 3 5450306 .78 6.76%k%k
ERROR ) 12089614.39 15 805974.29
B : 0.302708 8 38 3.88%k% .
. Réf?ca) 7034.91 4 1758.73 4.30%
ERAOR 8177.96 20 408.90
(MRT) : 2309262.29 4 . 577315.57 3.46%
ERROR 3335027.21 20 166751 .36
c 0.056952 10 48 15,31 k&%,
{PCR) 17393.84 5 3478.77 28.04%kk¥
ERROR 3101.70 25 124.07 ~
(MRT) . + 688583.92 5 137716.78 2.38
ERROR 1447447 .05 25 57897.88 .
AB 0.513909 24 118 1.94%%
"(PCR) 5866.67 12 488.89 2.15%
ERROR , 13638.93 60 227.32 -
«(MRT) 1692713.30 12 141059.44 0.86
\§5,zaaoa 9873238.53 60 164553.98
AC 0.489162 , 30 148 3 ,2.12**:7
(PCR) 12238.97 - 15 815.93 2.33%%
ERROR ° 26220.33 75 349.60
(MRT) 747665.01 15 49844.33 1.39
ERROR 2699082.96 75 35987.77
BC , 0.729529 40 198 0.85
(PCR) \ . 1640.29 20 82.01 1.00
ERROR . 8213.54 100 82.14
(MRT) 1115319,.85 20 55765.99 1.29
ERROR 4320565.06 100 43205.65

(table contindee)
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Source Wilks' Lambda SS Df MS F
ABC 0.724304 120 598 0.87
(PCR) ' 4932.60 60 82.21 0.89
Error 27627.90 300 92.09
(MRT) 2672331.17 60 44538.85 0.89
14984430,72 300 49948.10

ERRDP

1

Note. All values have been rounded to the nearest two decimal places.

A represents disparity direction. B and C represent disparity

magnitude and pulse duration, respectively.

responses; MRT = mean reaction time.

*B < .05, **2 < .01, ***_2 < ,005. ****B < -001.

~

g

PCR = percent correct



Table A-4

Detailed Univariate~Myltivariate Analysis of Variance

‘

]

Source Table for All Three Stimulus Conditions
- 8
Source ' Wilks' Lambda 58§ Df MS F
 sC 0.384053 . 4 28 4,30%%%
(PCR) 448,42 2 224.21 5.55%%
ERROR 06.45 15 40.43
(MRT) 9¢9724.69 2 484862.35 0.13
ERROR . 57678331.51 15 3845222.10
A w 0.077512 ) 2 14 ) 18, 14%%%w%
(PCR) - 483.04 1 483.04 44, 20%kkk
ERROR 163.93 15 10.93
(MRT) 13851371.94 1 13851371.94 20,23 %kkk
ERROR 1026 9269,43 15  684617.96
A x SC 0.589787 g 4 28 2.11 -
(PCR) - : 33.71 . 2 16.86 1.54
ERROR' . 163.93 15 10.93
(MRT) 4403754.99 ) 2201877.50 3.22
ERROR 1026 9269.43 15 684617.96
B " . 0.475010 8 118 6 .6 Skhkk
(PCR) 47.80 4 11.95 12,98k kuk
ERROR 55.23 60 0.92 / .
(MRT) 3740783,93 4 935195.98 5.60%kk*
ERROR 10012732.25 60 166878.87
B x SC 0.482816 < 16 118 3 24k hkw
(PCR) 47,16 8 5.89 6 L0WHRK
ERROR 55.23 60 '0.92
(MRT) 1848370.49 8 231046.31 1.38
ERROR 10012732.25 60 166878.87 :
c ' 0.684225 . 10 148 3.,09%k*
(PCR) 23.19 5 4,64 6 .0 BhAk
ERROR 57.25 75 -~ 0.76
(MRT) .282020.29 5 56404 .06 1.12
. ERROR \ 3763948,07, 75 50185 .97

(table coptinues)
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Source Wilks' Lambda 8§ Df MS F .
Cx 6C . 0.752937 , 20 148 1.13
(PCR) 8.25 10 0.83 1.08
ERROR ‘ 57.25 75 0.76
(MRT) 784481 .89 10 78448.19 1.56
ERROR 3763948.07 75 50185.97
AB 0.928735 R 8 118 ‘ 0.56
(PCR) /3.8 4 0.98 0.99
ERROR 59,24 60 0.99 )
(MRT) 277586.92 4 69396.72 0.74
ERROR 5622818.01 60 93713.63
. . . e
AB x SC 0.860619 _ 16 118 577
* (PCR) 4.59 8 0.57 58 ¢
ERROR 59.24 60 0.99
(MRT) 523363.79 8 65420.35 0.70
ERROR 5622818.01 60 93713.63 .
AC 0.730895 S 10 148 2, 51 dkk
(PCR) 31.65 5 6.33 2.58%
ERROR 189.90 75 © 2.45
(MRT) 128668.17 5 25733.63 0.66
ERROR 2937596 .22 75 39167.95
AC x SC 0.758536 20 148 1.1p
(PCR) 1.82 10 0.18 0.07
ERROR 189.90 75 2.45
(MRT) 440396 .49 10 44039.65 1.12
ERROR 2937596.22 75 39167.95
' &
BC . 0.821873 40 598 1.54%
(PCR) 12.94 20 0.65 2 . 6hkkk
ERROR 73.45 300 0.24
(MRT) 1301754.91 20 65087.75 . 1.57
ERROR - 12460804.70 300 41536 .02
BC x §C- 0.750181 80 598 : _ 1.16
(PCR) 8.46 * 40 ' 0.21 0.86
ERROR 73.45 - 300 0.24
(MRT) 1412718.27 40 35317.96 0.85
'ERROR 12460804.70 300 41536.02
(table contjnuesg)
b

5\
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Source Wilks' Lambda Y Df MS ¥
ABC ' 0.866324 ‘ 40 598 1.11
(PCR) 4.34 20 0.22 0.70
ERROR 92.57 300 0.31
(MRT) 673949.40 20 33697 .47 0.91
ERROR 11156395.16 300 - 37187.98
ABC x SC 0.837462 80 598 0.69
(PCR) 6.71 40 0.17 0.54
ERROR 92,57 300 . 0.31
(MRT) 1673596 .41 . 40 41839.91 1.13
ERBOR 11156395.16 300 37187.98

Al

Note. This analysis wvas performed on the mean data of ull observers

in the three conditions, and averaged over crossed and uncrossed

Fald

dilsparity responses only. The mean accuracy data (i.e., PCR) were

v
converted to corresponding values of d' prior to being subjected

to ithe analysis.

All| values have been rounded to thé nearest two decimal plkﬁy.

.SC represents stimulus condition. A, B, and C represent disparity

dire\\ction, disparity magnitude, and pulse duration, respectively.

(-3

*p < .05. **p < .025. %*kp < LOl. *wwkp < .00,

4 7 .
PCR =* percent correct responses; MRT = mean reaction time.
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Table B~-1 .

-
.

94184.82

'

- ¢
4 , H
Variate Hypothesis Error , Step-Down Hypothesis  Error
MS MS ~-F Df Df .
sC
PCR 224,21 40,43 5. 55kw- 2 15 -
MRT  2489065.67 2341459.20 1.06 2 . 14
i \ PCR 483.04 10.93 44,20%%% 1 15
""MRT 2541.0 370882.78 0.01 1 14
A x 5C : A
PCR 16.86 10.93 1.54 2 15
MRT® 1326701.07 370882.78 3.58 2. 14 -
B N . . o
PCR 11.95 0.92 12. 98k 4 : 6‘0\\
MRT 421815.78 166741.29 2.53% 4 59
B x SC . .
PCR 5.89 0.92 I L 8 60
MRT 135383f76' 166?‘1.29 0.81 8 59
c . :
PCR 4.64 0.76 6 . Q8% ** 5 75
MRT 63095.70 47497.86 1.33 5 74
Cx 5C ) ; K
PCR 0.83 0.76 1.08 10 75
MRT 80123.00 47497.86 1.69 10 ] 714
« . B BN
- AB
PCR .98 0.99 0.99 4 TN
MRT 75885.70 94184.82 0.81 4 59
AB x 5C : .
PCR 0.57 0.99 0.58 8 60
MRT 54044.40 - 0.57 8 59 »

(table contigues)
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; -
Variate Hypothesis Exrror Step-Down H&pothesis Eiior
Ms MS F Df Df
AC T
PCR 6.33% 2,45 2.58*u 5 75
MRT 11277.30 37151.10 0.30 5 74 -
AC x SC , v
.PCR 0.18 . 2.45 0.07 10 75
' HRE 43838.30.. 37151.10° 1.18 10 4
‘BC
» ", PCR 0.65 0.24 P 2.64%%% 20 300
: MRT _ 94207.50 80796.53 1,17 20 299
BC x SC™ _ . .
PCR 0.21 0.24 . 0.86 .40 . 300
MRT - 73687.05 - 80796.53 0.91 40 299
ABC . ~
PCR 0.22 0.31 0.70 20 300
MRT 87498.74 109845.25 0.80 20 299
. A , .
~ ABC x SC ‘ .
PCR 0.17 v 0431 0.54 N 40 300
MRT . 130614.06 ~109845.25 1.19 40 299
\' . ’ ’
"

"Note. This andlyéis
the three cogditions

responses Qn¥y. The

21
A

All zalues have been

1

£

mean accuracy da
¢

and averaged over crossed and uncrossed disparity

ta (PCR) were converted to
a4

rounded to the nearest two decimal places.

A represents disparity direction. B and C represent disparity

o
magnitude ané pulse duration, respectively. PCR = percent ccx

responses; MRT = mean reaqtion time.

4

*-2 < .05, **_E < .025.. ***£<‘ 0'001.

'

o

/

.

' cétfeaponding values of d' prior to being subjected tp the analysis.

rect
» .

was performed on the mean data of all .observers in
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Table C-! _ , : 4
] - A
. b -
Combined Mean Data of All Ubservers in Condjtion TDL
Independent ‘ \4, " Dependent L

Variable s Variable '

i

. ~ | PCR ' .Y OMRT (msY T

Direction i Crossed 83.11 (5.35) 656,95 (60.58)

Uncrossed 57.19 (10-17) 918.62 (132.65).
) Left 92,00 (4.31) 694.30 (43.30)
Right 89.22 (3.37) 705.22 (57.86)
Disparity (mim),  1.56 . 67.92° $3.59) 820.92 (72.93)
: 3.12 79.38 (3.61) 744,02 (58.29)
4,68 83.58 (3.88) 699.57 (54.78)
6.24 85.24 4.16) 706.47 (64.01)
7.80 85.72 (3.82) 671,65 (52.18)
Pulse 33 . 71.7 (3.92)¢ 755.58 (64.80)
Duration (ms) + 50 78.17 (3.86) 733.75 (56.78)
67 80.96 (3.92) 731.95 (63.31)

83 82.42 (4.21) 730.38 (63.27) )

100 ' 84.04 (4.04) 714.28 (54.86) N
IPD , 85.54 (3.59) 707.16 (56.57)
<
LS . \

Note. Values inside the parentheses represent the 952 co;fidence
interv&is of the means. The data for each variable were averaged
across all the other variables and across all observers. .
PCR = ﬁercent correct responses; MRT =ftnean ieactioﬂ timé;

_IPD = "jnfinite" pulse duration,

—r "K\h\;‘_)/,//;\ /f
. ‘ )|

.
/ 2

/4/” o
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 Table C-2 ‘ - -
Combined Mean Data of All Observers ipn Conditjom RDS
Yy . '
Independent Dependent
Variable Variable
; ¥  per MRT (ms)
) 0 A}
' \\ b
Direction Crossed 70.1 (7.21) 722.40 (74.93)
. Uncrossed 43,22 (8.08) 781.10 (80.12)
Disparity, (minf>  1.56 58.77 (5.14) 769.60 (90.96)
3.12 56.83 (7.49) 718.70 (75.7
4.68 56.31 ~(5.51) 734.20 (75.15
A 7.80 57.09 (4.88) 761 60 (77.54)
Pulse 33 52.19 (3.90) 751.50 (86.24)
Duration (ms) 50 55,08 (6.51) 705.30 (65.78)
: 67 54,30 (6.02) 724.50 (74.03)
83 57.20 (5.66) 749.10 (75.99)
100 56.80 " (4.76) 753.00 (76%40) °
5 IPD 64.64 (13.62) 793.60 (104.31)

"
¥

Note. Values inside the parentheses represent the 952 confidﬁnce

intervals of the means. The data for each variable were averaged

.

ach‘g all, the other variables and across all observers.

PCR =-percent correct responses; MRT = mean }eacﬁion time;

IPD = "infinite" pulse durationm.

.

\
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Table C-3
¢
Cogbiped Mean Data of All Obgervers in Condition RIL
Independent Dépendent
Variable Variable
[ ]
PCR 5 MRT (ms)
N o
/”/Di,rection Crossed 83./17 (11.51) 645.65 (78.91)
) Uncrossed 42016 (18,42) 1023.48 (103.23) .
Left 84.53 (9.72) 692.38 (76.22)
Right 86.72 (8.72) 641.36 (59.41),
Disparity (min) 1.56. 68.64 (6.53) 803.50 (115.23)
‘ 3.12 73.79 (6.45) '692.80 (72.64)
. 4.68 75.76 (6.08) 663.90 (67.99)
- 6.24 77.47  (5.47) 698.40 (83:01)
' 7.80 75.21 (5,72) - 699.90 (70.13)
. ¢
"Pulse ~ 33 65.46' (5.64) 770%00 (96.63)
Duration (ms) 50 69.92 (6.23) 700.50 (79.79)
67 76.04 (5.57) . - 695.00 (74.79) .
83 77.06 (6.13) 691.50 (75.87) ‘ :
100 76.62 (6.27) 680.60 (69.42)
IPD 79.79 (5.86) 728,50 (88.38) -~

Note. Values inside the parentheses represent the 95X confidence

intervals of the means. The data for each variable were avetkged -

acrou&l the other variables and across dll bbservers.

{

PCR = percent correct responses; MRT = mean reactidn time;

IPD = "infinite" pulse‘t duration.

o
2
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Table D-1 . ‘ ¥

Mean Data of Observer 1 in Conditjon IDL

Independent \ , Dependent

Variable Variable
]
PCR . MRT (ms)
; / -
Direction ’ Crossed 72.17 (5.64) 833.20 (48.43)
© Uncrossed  58.00 (5.92) 931.60 (71.79)
Left 96.00 (2.37). 678.90 (35.28)
Right~ - 94,33 (2.86) 640.80 (26.40)
Disparity (min)  T.56 67.71 (6.29) 900.60 (79.56)
3.12 76.67 (6.27) 830.00 (60.98)
4.68 82.71 (5.47) 743.50 (49.55)
6.24 86.04 (5.02) . 686,70 " (39.04)
7.80 87.05 (5.00) 622.10 (26.28)
Pulse 33 76.50 (6.61) 843.00 (60.70)
Duration  (ms) 50 77.75 (6.35) 763.20 (52.68)
. 83 84.00 (5.23) 748.20 (59.00)
© 100 86.50 (5.47) 750,10 (67.95)
IPD ’ 78.50 (7.53) 682.60 (41.89)

Y

Note. Values inside the parentheses represent the 952 confidence
intervals of the means. The data for each variable were averaged

across all the other variables for this observer. PCR = percent

o

carrecg/xeaponaes; MRT = meanifeacti?:\ij7ié IPD = "infinite" pulse

duration.



: . " . . 145
'ﬁ -
Table D-2
Mean Data of Observer 2. in Condjtjon TDL
v ’
Independent Dependent
Variable - Variable
PCR | " MRT (ms)
Direction Crossed 81.00 (3.53) 722.40 (23.05) -
Uncrossed i 32.33 (4012) 988040 (49.69)
Right 83.67 (4.29) 805.50 (26.42)
L -’
Disparity {ain) 1.56 63.96 (5.94) 816.40 (34.77)
' 3.12 69.79 (6.19) 836.30 (46.96)
4,68 73.33 (5.72) 803.90 (33.46)
6.24 70.83 (6.17) 791.40 . (44,.75)
‘ ‘ - 7.80 72.50 (6.10) 78.70 (33.63)
Pulse 33 60.25 (6.08) &%oo (53.35)
Duration (ms) 50 69.75 (6.35) 775.20 (33.77)
. Y 68.00 * (6.61) . 804.20 (40.10)
83 71.00 -(6.62) - 813.60 (43.61)
100 74.25 (6.62) .. 801.70 (45.22)
- IPD 77.25 (7.00) 793.30 (38.55)
1
Note. Values inside the parentheses represent the 952 confidence .
intervals of the means. The data for each variable were averaged
across all the other variables fo} this observer. PCR = percent
correct responses; MRT = mean reaction time; IPD = "infinite" pulse
duration. ‘
.l [
- ¢ | 3
. \
1
| A
: ), Al
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Table D-3
Mesn Datg of Observer 3 in Condition IDL .
Independent | ) 'Dependent
Variable . Variable
L3
’ PCR ' MRT (ms)
Direction ’ Crossed ' 80.00 (4.49) 780.30 (39.59)
Uncrossed 14.83 (2.74) 1547.00 (124,.64)
Left 96.67 (2.21) 867.00 (26.83)
Right 85.67 (4.08) 956 .30 (3.39)
‘ Di:sparity“mi..n) 1.56 57.71  (6.62) 1155.00 (90.51)
: T 3.12 7{.25 (6.55) 950.90 (55.68)
6.24 73.54 (6.92) 933.40 (87.91)
7.80 o 713.54 (7.13) 900.50 (60.78)
Pulse 33 65.75 (7.33) - 1015.00 (83.54)
uration (ms) 50 68.50 (7.35) 996.50 (80.32)
L 67 71.75 (7.39) 1002.00 (93.34)
. 83 ‘ 66.75 (7.86) 968.60 (105.72)
- \ 100 ‘ 69.50 (8.23) 910.60 (56.19)
. " IPD 73.50 (7.49) " 928.40 (70.42)°

, : /

Note. Values inside the parentheses represent the 95Z confidence
intervals of the means. The data for each variable were averaged
across all the other variables for this observer. PCR = percent .

correct responses; MRT = mean reaction time; IPD = "infinite" pulse

duration.
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Table.D-4
Mean Data of Observer 4 in Condjtion IDL '
. - AN
Q‘
Independent Dependent Q
Variable % . Variable - )
PCR E MRT (ms)
- 1
Direction " Crossed 87.67 (3.47)  608.30 (46.49)
Uncrossed 88.67 (3.16) 645.20 (50.67)
- ‘ Left 93.67 (2.98) 601.40 (15.64)
; Right 86.00 (4.82) 551.60 (16.82)
Disparity (min) 1.56 74.79 (5.45) 705.20 (53.35)
3.12 85.21 (4.80) 614.80 (46.18)
4.68 . 93.33 (3.27) 565.60 (22.46)
6.24 95.83 (2.35) 595.20 (49.76)
7.80 95.83 (2.55) 536.40 (16.90)
Pulse 33 ~7~75.00 (6.23) 609.80 (42.81)
Duration (ms) - 50 84,25  (5.15) 612.90 (49.35)
) ; 67 90.25 (4.61) 575.50 (25.54)
. 83 93.00 (3.35) 636.00 (72.21)
, IPD 96.75 (1.92) 585.50 (29.67)
| \

/

Rote. Values inside the parentheses represent the 952 confidence
intervals of the means. The data for each variable wvere averaged
across all the other variables for this observer. PCR ™ percent

correct responses; MRT = mean reaction-time; IPD = "infinite" pulse

"duration. . }

)
4
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Table D-5 T, ¢ \ ~
Mean Dats of Observer 5 inm Condition IDL - L ¢
Independent ‘ -7 Dependent
Variable ’ Variable
PCR . MRT ¥bme)__
o o
A T
Direction - Crossed 89.83 (2.78) /483,60 (14.43)
Uncrossed  68.67 (4.80) [ 736,10 (19.33)
Left - 89.00 (3.80) ;. 616.80 (19.97)
. Right 91.33 (3.43) . 623,10 (15.33)
Disparity (min) 1.56 70.83 (6.12) | 667.70 (29.32)
3.12 83.54. (4.27) | 636.60 (22.99)
4.68 87.71 (3.88) , 587.10 (21.29)
~ 6.24 89.79 (3.65) 610.80 (26.93)
7.80 .. 91.67 (3.19) , 570,20  (22.29)
Pulse - 33 67.50 (6.84) \Eis,zo (31.67)
Duration (ms) 50 82.50 (5.23) 659.30 (34.08)
: 67 87.50 (3.98) 608.60 (27.20)
83 87.75 (4.55) 601.30 (23.83)
100 ‘ 88.00 (3.84) 598.50 (20.97)
IPD 95.00 (2.61) 595,70 (25.70)
[

Note. Vhlu?a inside the parentheses represent the 952 confidence
inteérvals of the m;ans. The data for each variable were averaged
across all the other vqriables for this observer. PCRL- percent '
correct responses; MRT = mean reaction time; IPD = "infinite" pulse

2
duration.



Table D-6

Megn Data of Observer & in Condition IDL

. ‘@”‘ » ' M f
Independent : Dependent
Variable . . Variable
.
v PCR * MRT (ms)
R —
Direction Crossed 88.00 (2.80) 513.90 (19.89)
‘ Uncrossed 80.67: (3.96) 663.40 (50.12)
Disparity (min) 1.56 72.50 (5.51) . 680.60 (42.65)
3.12 89.79 (3.35) 636.50 (61.92)
Q 4,68 93.96 (2.39) 587.40 (31.56)
a 6.24 95.42 (2.10) 621.30 (35.lﬁk
7.80 93,75 (2.61) 582.00 (18.66)
Pulse 33 84.00 (5.10) 602.50 (31.14)
Duration (ms) 50 86.25 (5.04) ' 595.40  (27.75)
67 88.75 (4.02) 615.40 (35.83)
. 83 92,00 (3.10) 614.60 (41.73)
- 100 . o 91.25 (3.65) 638.40 (76.36)
IPD 92.25 (2.94) 657.40 (35.97)

4

-

Note. Values inside the parentheses represent the 952 confidence

intervals of the means. The data for each-variable were averaged
. -
across all the other variables for this observer. PCR = percent

q

correct responses; MRT = mean reaction time; IPD = "infinite" pulse
: =

duration. 4
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" Table D-7
Meap Data of Observer 1 in Condition RDS
) W R
T .
Independent Al Dependent -
Variable . . i Variable
. . /
< PCR - MRT (ms)
- - . . ’ ,/
Direction ’ Crossed 76.66 (3.14) 910.60 (43.94)
Co @ Uncrossed 61.89 (4.27) 901.90 (32.54)
Disparity (min) - ' 1.56 - _ 63.88 (5.B8) 993.60 (74.54)
3.12 70.00 (5.43) 866.40 (42.69)
o : o _4.68 ’ 66.94 (6.04) 919.40 (56.35)
47 6424 66.94 (7.55) , 875.30 (59.86)
" 7.80 78.61 (5.39) 875.40 (63.25)
L,
Pulse ‘ 33 55.86 (7.33) 851.30 (45.22)
Duration (ms) '50 70-33. (7-80) 835050 (46030)
67 ¢ . 66.66 (6.19) 859.30 (38.53)
S : 100 68.32 (5.76) 890.60 (49.90)
: " IPD . .84.33 (6.68) 1119.00 (109.74)
7

le, T
Note. Values inside the parentheses represent the 952 confidence
intervals of the means. The data for each variasble were averaged
across all the other variables for this observer. plg = percent

correct responses; MRT = mean reaction time; IPD = "infinite"'pg;se

duration,

-

-~
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Table D-8 .

Héan'Datg of Observer 2 in Condition RDS ‘.

. Independent ‘ Dependent
Variable . Va;iable
o : -
( K PCR . MRT (ms)

b b ¢ , f\ 16  (4.27) | ‘( 32)
irection rossed 8. 4,27 753.40 38.
< Uncrossed  41.55 (4.98) ~  B87.00 (5L.12)

. _ Disparity (min) 1.56 59.95 (6.78) 886.20 (85.06)
: 3.2 61.10 (9.73) 800.50 (71.23)

4,68 48.29 (8.17) 749.00 (46.20)

7.80 ‘ 54,69 (6.72) 869.60 (74.32)

Pulse - 33 56.29 (8.54) 844,90 (105.47)

Duration (ms) .50 - 50.64 (8.51) 743.60 (50.53)

67 " 51.64 (7.64) 817.80 (59.9%)

8 50.64 (8.49) 880.00 (86.20)

100, . 53.63 (7.37) 829.20 (75.83)

’ | I 66.30 {10.98) 774.40 (49.25)

.o _
Noté. Values inside the pienthe&es’ represent the 952 confidence
: R
intervals of the m&ms. The data for each variable were averaged

across all the other &riable;?_o?'aiis observer. PCR = percent

correct responses; MRT = mean rpactign time; IPD = "infinite" pulgﬁ

. ' i - .
.duration. k
. . \
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Table D-9 : \ )
Meap'Dgta of Observer 3 in Conditjon RDS p
- 4
Independent Dependent )
Variable Variable 5
* —N
PCR MRT (ms)
Direction Crossed 83.78 (2.98) (63.94)
Uncrossed 39.660 (5.10) ~ (40.06)
Disparity (min) 1.56 63.89% (9.33) (39.77)
3.12 61.94 (8.51) (30.05)
- 4,68 62.22 (8.90) (64.25)
6.24 56.66 (8776) (150.74)
7.80 63.89 (7.94) (84.89)
- Ty
Pulse . 33 Q\\\\\_‘y 56.00 (10.80) 716,80 (50.57)
Duration (ms)/” 50 57.33 (9.84) 760.90 (65.60)
67 55.33 (%.68) 751.00 (37.48)
) .83 59.66 (8.92) 769.50 (52.90)
3 100 57.66  (7.82) . 816.60 (61.68)
2 1PD 83.33 (7.02) 976.20 (124.01)

N

S

v ~

M " Values inside the parentheses represent the 952 confidence

intervals of the means.

The data for each variable were averaged

across all the other variables for this observer. PCR = percent

Y t .
correcty responses; MRT = mean reaction time;YIPD = "infinite" pulse

duration.
A

L

o —

£
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Table D-10 . -
. . . - /7
Mean Data of Observer 4 in Condjtion RDS -
A -* -
LI : . . . , . _
Independent ' / Dependent
Variable ) Varable
PCR MRT (me)
Direction Crossed 64.13 (4.06) '626.80 (65.11)
Uncrosged 44.37 (4.23) 682.60 (26.91)
Disparity (min) . 1.56 55.20 (5.86) 694.90 (78.58)
. 3.12 54,37 (7.15) . 626.20 (19.91).
4.68 53.25 (3.45) 614,50 (19.47)
6.24 . 53.25 (3.81) 635.80 (20.77)
7.80 . 55,19 (4.01) 696.50 .46)
Pulse | 33 52,57  (3.94) 747 60M"(45.29)
Duration (ms) 50 53.24 (2.85) 630.90 {22.63)
67 " 57.92 (3.16) 637.88. (24,18)
83 54,92 (3.24), 658.70 (22.347
100 54,89 (3.93) 641,20 (22.34)
_IPD 51.96 (5.77) 591.90 (23.87)
% . N \‘ - . N .‘ ) e N e

[

Note. - Values‘inside thg;parenthesgs'repreaent the 952 confidence
' . ' . )
intervals oft the means. The data for eagh vétiable were averaged

across all the otbler variables for this observer. PCR = percent

r

correct responses; MRT = mean reaction time; IPD = "infinite" pulse

* duration. "




Table D-11 ; - . .
Mean Dats of Observer 5 in Condition RDS
, LY
' z - —
Independent " Dependent
Variable Variable . s
, fd
> PCR " MRT (ms)
Direction Crossed . 69.99 (4.00) . 878.10 (38.02)
. . Uncrosged 31,55 (4.45) ' 999.80 (35.63)
_ Disparity (min) 156 62.21 (6.49) 937.70 * (69.36)
3.12 4B16 (6.43) 4 963.90 (46.06)
4.68 52.77 (8.51) 945.40 (55.41)
6.24 46.39 (9.49) 938.70 (56.17)
‘ 7.80 43.30 . (9.35) 859.90 (56.94)
Pulse 33 "48.99 (8.41) 968.60 (81.77)
Duration (ms) 50 47.66 (8.96) 881.30 (58.56)
, 67 45.30  (8.04) 916.90 (69.36)
83 54.33  (9.33) 934.80 (58.21)
100 . 54.33 (9.13) 966.70 (109.96)
IPD 54,00 (10.41) 914.30 (77.48)
§o-
/i

Note. Values inside the parentheses represent the §sz'confidence

-

intervals of the means. The data for each variable were averaged

- across all the other variables for this observer.

PCR ‘= "percent

correct responses; MRT = mean reaction time; IPD = "infinite" pulse

duration.

)

.
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Table D=-12
Mean Data of Observer 6 in Condjtjon RDS ¢ '
Independent Dependenﬁ -
Variable - -Variable
; ) PCR MRT (ms)
[ - :
"Direction Crossed 58.33 (3.39) 389.70 (16.78) °
- Uncrossed 40.27 (3.72) 378.40 (17.03)
Digparity (min) 1.56 47.47 (5.37) 385.80 (32.22)
3.12 44,42 (6.94) 385.60 (34.77)
4.68 54.40 (5.88) 378.00 (23.87)
- 6.24 53.58 (6.17) 376.30 (18.50)
Pulse . 33 43.65 (6.66) . ".392.40 (25.87)
Duration (ms) 50 - 51.29 (7.59) 389.40 (39.10)"
67 48.97 (6.43) 369.20 (22,07)
- 83 53.31 (6.80) 377.50 (18.01)
< 100 ' 51.95 (6.17) 380.90 (23.79)
1PD 46.94 (6.12) 396.10 (39.08)
AN

\\Lﬂygg; Values inside the parentheses represent the 95% confidence .

intervals of the wmeans. The data for each variable were averaged

across all the other variables for this observer.

PCR = percent

correct responses; MRT = mean reaction time; IPD = "infinite" pulse

duration, .

&»
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Table D-13 -
Mean Data of Observer 1 ip Comdition RIL .
. - ) ’
Independernt bependent
Variable — 'Vatiable.
,‘ t ° hed . .
' PCR " MRT (ms)
Direction Crossed 94.50 (2.18) 5. 531.30 (14.99)
? Uncrossed  37.67 (4.96) ‘v 898.40 (68.23)
Left o 97.00 (2.12) 528.80 (17.46)
Right 5  94.67 (2.65) 525.20 (18.25)
Disparity (min) 1.56 75.42 (6.37) 680.70 (69.56)
’ 3.12 80.63 (5.96) 587.40 (41.51)
4,68 81.88 (5.80) . 567.80 (32.59)
6.24 82.92 (5.35) 580.80 (33.75)
7.80 83.96 (5.02) 586.70 (30,52)
Pulse 33 74,50 (7.17) " #583.40 (32,99
Duration (ms) 50 v 75.75 (7.11) 592.60 (40.30)
o 67 78.00 (6.98) 560.10 (36.77)
Ve 83 83.50 (5.96) 591.00 (37.20)
= .100 85.25 (5.49) 612.20 (49.14)
— IPD 88.75 (3.90) - 652.00 (71.09)
A 3
Note. Values inside the parenthedes represent the 9534confidence
intervals of the means. The data for each variable were averaged
——across all the other variables for this obseiver. PCR = percent
correct responses; MRT = mean reaction time; IPD = "infinite" pulse
duration. P \
\- ' . |
/- \\_‘\)
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Table D-14
Mean Data of Observer 2 in Condjtjon RIL
Independent } ’ Dependent
Variable : -Variable
PCR MRT (ms)
Direction : Crossed 68.83 (3.88) - 698.90 (55.76)
. ' Uncrossed 9.33 ((2.72) 897.60 (76.11)
_ Left 70.50 5.27) 637.60 (22,.68)
Right 72.33 (5.37) 699.10 (41.10)
Disparity (min) _ 1.56 56.04 (6.59) %14.70 (47.47)
3.12 54.58 (6.78) 671.00 (45.37)
4,68 °  56.25 (6.82) 701.20 (62.66)
6.24 57.29 (6.92) 670.20 (37.40)
7.80 52.08 (7.27) 747.20 (75.66)
. o t . .
Pulse ig ' 46.75 (7.25) 739.30 (65.13)
Duration (ms) 50 49.00 (6.86) 703000 (70.64)
N 67 . 59.75 (7.53) 708%.20 (67.95)
83 56.00 (7.51) . 685.20 (50.82)
100 57.25 (7.66) 705.50 (61.98)
" IPD . 62.75 (7096)\.‘ il .661.90\ (39.89)

Id

-

[N .

Note. Values inside the parentheses represent the 952 confidence

intervals of the means. The data for each variable were averaged

Ny

across all the' other variables for this observer. PCR = percent

correct responses; MRT = mean reaction time; IPD = "infinite" pulse

~ ”
,A
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Table D-15

a

Mean Data of Observer 3 in Condjtion RTL

<

o

Z
/ e s
Independent Dependent N o
Variable ) Variable
PCR MBT (ms)
Direction Crossed 65.83 (4.16) 823.30 (50.41)
. Uncrossed . 11.17 (3.02) 718.00 (187.79)
Left 87.67 (3.70) 751.30 (84.42)
Right. 73.67 (5.63) ° 714.70 (33.10)
Disparity, (min) 1.56 55.21 (7.00) 1071.00 (186.93)
: ¢ 3,12 60.00 (6.94) -835.70 (87.02)
4,68 58.33 (7.21) 747210 (46.96) <;,/\¢
6.24 63.33 (7.06) 852.50 (119.32)
7.80 61.04 (6.94) 837.20 (132.14)
Pulsge . 33 - 54.25 (7.51) 1072.00 (178.58) B
Duration (ms) 50 57.00 (7.47) 831.40 (175.09)
. 67 63. (7.82) 860.50 (131.75)
83 .25 (7.82) - ’, 781.70 (65.93)
100 ‘ 61.00 (7.92) 726.10 (44.43)
IPD. 61.25 (7.64) . 934.00 (158.98)

- T

AN

L 4

Note. Value; inside the parentheses represent the 952 confidence

s 2
§\§ intervals of the means. The data for each variable were averaged

.- "

across all the other variables for this observer. PCR = percent

correct responses; MRT = mean reaction time; IPD = "infinite" pulse
" .

duration.




Table D-16

Mean Data of Obsexver 4 il Conditjon RTL

159

Independent‘ . — Dependent o
Variable Variable
- W
PCR MRT (ms)
, .
Direction Crossed 76.83 (4.35) ¢ 907.90 (44.88)
Uncrossed 22.83 (4.17) - 1403.00 (107.74)
Left 68.33 (5.82) 1050.00 (62.19)
Right 89.33 (3.55) 801.40 (41.08)
Disparity (min) 1.56 48.13 (6.98) 1138.00 (102.25)
3.12° 58.96 (6.98) 1003.00 (64.54)
6.24 74.38 (6.27) 990.20 (88.81)
7.80 70.00 (6.21) 937.40 (55.64)
Pulse 33 53.75 (6.84) 1063.00 (85.81)
Duration (ms) 50 60.00 (7.17) 989.50 (101.92)»
: 67 65.50 (7.78) 947.90 (71.91)
83 70.50 (7.35) © 1015.00 (70.78)
T 100 65.75 (7.47) 935.40 (67.29)
1PD 70.50 (7.55Y 1013.00 (106.08)
%

_ Note. Values inside the parentheses represent the 952 confidence ¢

Iy
intervals of the means.

The data for each variable were averaged
across all the other ;k?iables for this observer. PCR = percent
correct responses; MRT = mean reaction time; IPD = "infinite" pulse

~ duratién.

* '
* {
,
; ‘ il :



Table D-17
?

Mean Datg of Observer 5 in Condjition RTL

»

Independent .Dependent
Variable Variable .
PCR MRT (ms)
Direction Crossed “95.17 (2.06) 583.60 (26.71}
Uncrossed 86.33 (3,45) 778.80 (43.04
I Left 90.00 (3.82) 710.40 (33.61)
Disparity (min)* 1.56 85.21 (4.12) 806.40 (47.94)
) 3.12 95.42 (2.25) 665.50 (32.73)
4.68 95.83 (2.49) 638.80 (31.67)
6.24 93.33 (3.37) 657.90 (36.87)
7.80 90.42 (4.23) 694.70 (42.77)
-Pulge ) 33 78.25 (6.17) 744.70 (52.76)
Duration (ms) 50 88.00 (4.49) 676.90 (38.22)
i 67 94,75 (2.55) 681.70 (45.49)
83 ‘96,00 (2.18) 662,90 (34.85)
100 96,50 (1.98) 694.40 (43.02)
IPD - 985 (1.27) 698.80 (47.69).

Note. Vhluep inside the parentheses tepreae'!btbe 95Z2 confidence

intervals of the means.

The data for each variable were averaged
. L]

across all the other variables for tgia observer. PCR = percent

correct responses; MRT = mean reaction time; IPD = "infinite" pulse

duration.

a«
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Table D-18
. Mean Data of Observer 6 in Cor{c_l‘igigg 5_1?
Independent ‘ Dependent =
Variable Variable
PCR MRT (ms)
Direction Crossed 97.83 (1.22) 328,90 (4.80) -
. - Uncrossed 85.67 (3.19) 445.10 (9.11)
Left 93.67 (2.82) 476.20 (14.41)
Right 93.67 (2.67) 408.80 (14.48)
. Disparity (min)* 1:56 91.04 (3.59) . 414,90 (12.35)
3.12 93.13 (2.86) 417.70 (15.39)
4.68 92.08 (3.04) 404.80 (15.03)
6.24 93.54 (2.69) 420.80 (16.46)
7.80 93.75 (2.67) 414.80 (15.46)
Pulsey a3 85.25 14.72) 423.10 (19.01)
Duration (ms) 50 89.75 (3.88) 418.50 (17.29)
67 94.50 (2.47) 415.50 (19.27)
83 96.00 (2.47) 410.00 (14.35)
. 100 94.00 (2.80) 408.10 (14.80)
IPD - 96.75 (2.16) 412.60 (13.15)

. b
Note. Values inside the parenthdges represent the 95X confidence

. intervals of the means. The data for each variable were averaged

-

across all the other variables for this observer. PCR = percent
correct responses; MRT = mean reaction time; IPD = "infinite" pulse

duration.
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