3

National Library

, of Canada du Canada

i

Canadiar_\ Theses Service

Ottawa, Canada
~ K1A ON4 7

CANADIAN THESES

NOTICE

The quality of this microfiche is heavily dependent upon the.

quality of the original thesis submitted for microfi iiming. Every
effort has been made to ensure the hnghest quality of reproduc,\
tion possnble

it pages are mlssmg contact the university which granted the

_degree

Some pages may have indistinct print especially if the original

pages were typed with a pc .1 ty ewriter ribbon or |f the univer- ,

sxty sent us an inferior ph. >copy.

©

Previously copyrighted materials (journal-articles, published
tests, etc.) are not filmed.

Reproduction in full or in part of this film is governed by the

Canadian Copyright Act, R.S.C. 1970, c. C-30. Please read

the authorization forms which accompany this thesis. .

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

Bibliothéque nationale \

Services des theéses canadiennes

v

THESES CANADIENNES

AVIS

La'qualité de catte microfiche dépend grandement de la qualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supéneure de reproduction.

§'il manque des pages, veuillez communiquer avec univer-

sité qui a conféré le grade
La qualité d'impression de certaines pages peut laisser a
désirer, surtout si‘les pages originales ont été dattylographiées
a 'aide d’'un ruban usé ou si 'université nous a fait parvemr»
une photocople de qualité inférieure:

\B

_ Les documents qui font déja Fobjet d'un droit d'auteur (articles

de revue, examens publiés, etc.) ne sont pas microfilmés.

La reproduction, méme partielle, de ce microfilm est soumise
3 la Loi canadienne sur le droit d'auteur, SRC 1970, ¢. C-30.
Veuillez prendre connaissance des formules d’autorisation qui
accompagnent cette thése

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L’AVONS REGUE -



#-315-26863-8

k)

l* National Library siuiothéque nationale
of Canada du Canada

L) N - N
Canadian Theses Division Division des‘theses canadiennes

Ottawa, Canada
K1A'ON4.

PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER

e Please print or type — Ecrire en lettres moulées-ou dactylographier

"Full Name of Author — Nom cofnpllet de l'auteur
JAMPAULO  MHORAGLIA

" Date of Birth — Date de naissance ’ _ Country of Birth — Lieu de naiséance

3= 03- 49 : ' T ALY

Permanent Address — Résidence fixe’ . t _ = A ) v
VA QUCA nEQL) ARRUZZT §F , |

Title of Thesis — Titre de la these

CoNTAACT - N EPENNENT INTE LACTIONS 1IN
THE NETEC(TieN oF. TWo-LINE ST (MUL/

s - . -

University — Universite

UNIVERSITY oF AlLRenrn TR/
Degree for which thes:s was presented — Grade pour lequel cette these fut présentée -
HASTEN  OF Sciedce

Year this degree conferred — Année d'obtention de ce grade - | Name of Supervisor — Nom du directeur de these

91% | | TERRY cCAELLI

Permissiori is hereby granted to the NATIONAL LIBRARY OF ) L autorisation est, par la présente, accofdee a la'BIBLIOTHE-
CANADA to microfilm this thesis and to lend or sell copies. of ~ QUE NATIONALE DU CANADA de micrgfilmer cette these et de
the film. . preter ou de vendre des exemplaires du film. :
The author reserves other publication nghts. gnd neither the L'aute_ur se réserve les autres droits de publication: m la these
thesis nor extensive extracts from it may be printed or other- ni 'de longs extraits de celle-c: ne doivent étre imprimeés ou
~‘wise reproduced without the author's written permission. autrement reproduits sans.|l'autorisation écnte de i'auteur.

Date/ ?// Z/g— ( Slgnature -~ / /
’ ! : ’ rD/u/” hY /, /




THE UNIVERSITY OF ALBERTA

CONTRAST DEPENDENT INTERACTIQNS IN THE DETECTION OF TWO-LINE

RS

STIMULI

by

Giampaolo Moraglia

A THESIS |
SUBMITTED TO THE FACULTY OF. GRADUATE STUDIES AND RESEARCH
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

OF MASTER OF SCIENCE - .

DE”ARTMEN" OF PSYCHOLOGY

EDMONTON, ALBERTA
h A oo SPRING 1984



THE UNIVERSITY OF ALBERTA

NAME OF AUTHOR

TITLE OF THESIS

RELEASE FORM

Giampaolo Moraglia

'CONTRAST DEPENDENT INTERACTIONS.IN THE

DETECTION OF TWO-LINE STIMULI

DEGREE FOR WHICé THESIS WAS PRESENTED MASTER OF SCIENCE

- YEAR THIS DEGREE GRANTED

s

PRING 1984

Permission is hereby granted to THE UNIVERSITY OF

ALBERTA LIBRARY to reproduce single copies of this

thesis and to lend or sell such copies for private,

séholarly or scientific résearéh-purposes only.

The author reserves other publication rights, and

neither the thesis nor extensive extracts from it may

be printed or otherwise reproduced without the author's

"written permission.

Qea&J‘r 2rd

®© ® 9 0 000 0" s a0 s

DATED

1975

N AL vttt A
-(‘-’:-'o"“o-‘o"ol"Qo o%?."a‘o\:‘}o‘oonnoa
1 -— —— -
i Nucd AN a2y I
600008 00000600000 PsSNse e
PEY - u -~ R N
1705 SANTEHe - 1 TAaL:
. . o/n



THE UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

-

The undersigned certify that they have read, and
recommend to the F%culty of Graduate. 'Studiesb and Research,
“for acceptance, a thesis entitled CONTRAST DEPENDENT .
INTERACTIONS IN THE DETECTION OF TWO-LINE STIMULI submitted
by Giampaolo Moraglia in partial fuifilment of the
requiréments for the degree of MASTE‘,R OF SCIENCE in

PSYCHOLOGY.

-

Trbacel

R R R I NI I A AN A S )

h Y

‘ = S?pérVisor

—12-19¢4
Date........Q..iz..'.q“?....'.‘.'...

?

-



Abstract

This study investigates how well the ldetecticn of
:v1sual ‘two-line stimuli as a functlon~'of -contrast.Jcen be
'accounted fot inr,tétme .of independent detectlon of  their
.1nd1v1dual components. The expected detect1on 'probabllltxes
of two-llne-st1mnll under the assumptlon of 1ndependence'
were deterﬁined by wey of a probabitlty _;ummat;on based
‘method developed by King-Smith and KUlikowSki (1581):

, Detection responses were cbtained from two observers by -
me;as of & two-alternative forced choice method; fiveﬂ
contraet levéls vere | empioyed - to obtain
probability-of-seeing curves for all‘stimuli.

In the experiment to be peported, six two-line stimulus
pairs were used. While line length“(zo min),and'interline
distance (30 min) were the same for all two-line stimuli,
the latter differed from one another in terms of p051t10n
and/or orientation of one member of the pair., l Th1s
artangement _alloved to test the hypothesis o: independence
over a domain of stimulus properties so far largelyytignoted
in this context. | |

Averaging over contfest,a close agreementnpdbetVeen
” expected and observed detection probabilities:wesvfound.
Also,effects attributable tc the orientational/positibnal'
characteristics of the stimuli did not reach signifidance.
'An analysis of the dete as a§~function of contrast,
novever,tevealed that about threehoid the obserVedldetection

probabilities were significantly greater than expected from



independence, while the opposite occurred at the highegt
contrast levels. ' |
These_déviations from probability summation are shown
to bé accountable for in terms of lateral inté;actions among .
(psy@hophysicélly defined) 'line_detectors".The relevance of
these findings is discussed in relation to the notions of

receptive/perceptive f.elds and probability summation.
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1. INTRODUCTION

The experiment here presented was suggested by'a series
of studies by King-Smith.and.Kulikowski (1975,1981).‘These
ragearcheas endeavoréd to show that the. detection of
composite stimuli could be explained in terms of indebendent
detectignwof their individual components. .

In‘“the oéionion'-of' the writer, this explanation of
their results could not be consxdered to hold in general
unless a w1der array of - st1mulus parameters were brought to.
experiﬁental investigation. King-Smith and Kullkowskl's
explaaatjon; in fact,applies to. that domain of spatiai
vision ,whefe interactive pheﬂomena among gisual-'detéctors
are expected to occur.

By testing King-Smith andv kulikbwski’s hypotheSis' of
independence over a larger set of stipuli, it";as possible
to pursuetwo closely relat;a ?objectivés Firstly, a ‘more
critical test of'.-their hypothe51s was- achieved.

Secondly some of the posszble condltlons of occurrence of

spatlal ' 1nteract1ons&@,ﬂ<mong visual ° elements - were

N

Fe
K

1nvest1gated.4f

The Jaktermlﬁa.ion of the nature of the relations among

v1sual elemeﬁts engaééd in the analysis of spatial patterns
1s,1t \5111 be argued later cr1t1cal to the understanding of
both perceptual coding and perceptual integration.

In thei-fol1owing"section,,the theoretical backgrbund_
that " motivated King-Smith and Kulikawski'S» studies

(1975,1981) 1is first discussed.Next,the lite}ature'aboﬁt

i



lateral intcractions in wvision is reviewed.A detailed
presentation o: King-Smith . and ¥ :likowski's  paper
(1981),together with é dfscuss;on of the signiffcance 6f the
notion cfi probdbility su;;;iion in the study of spatial

vision will finally help to introduce the experiment.

A. Feature analyzers. . \
"The ultimate,‘tggf of spatial vision i; ' the
recognition of visual scenes. Most visual scientists
operate on the assumption that this first requires
the - analysis of complexh patterns into discrete
. subunits of some form or other, withleach individual
cell 1in the geniculostriate pathway responding only
to certain attributes of the pattern whiéh‘ occur
vithiﬁ a delimited area ‘of the visual field.For
those who hold this view, the first task in studying
pattefn vision 18 to iaentify the attributes or
subunits into which a‘complex pattern is analyzed.”
IDé Valois and De Valois,lQBb,pp; 316-317)J |
This qﬁotation.reflects, and summarizes,#n approach to
"early"” visual perception that has been pursued dﬁring the
past twenty years, since "the dawn of thg neurophysiological
feature extraction\era'(Juslez and Schumer,1981,p.575).
An era,as it’ is commonly acknowledged,pioneered by the - now
classical discoveries of Hubel and Wiesel (1962,1965,1968).
on the receptive field organization of” visual Acbrticél

N\

cells.
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‘1)

VThese workers first reported the existence of "simple”

cells in area 17 of the cat's visual brain responsive to
quasinaturalistic features of visual stimuli such.as bars or
'slits. of specific widths and oriehtation or edges of
particular dire~tion. These cells were shown to feed
;complex" cells responding to these same stimuli in any
position and over a larger area.
Groups of eqmplex cells,in their turn, were assumedb to
geﬁerate the receptive fields of even more complex cells
responding to the proper stimulus configuration only if end-
stopped (hypercomplex I or to two bars combined to form
specific angles (hyper~omyp.ex II). )

These findings at “‘rst induced cxthusiestic hopes that
the basic elements of visual perceptibn had -been finally
idenqified. Furthermore, it was assumed,although less
explicitly, that a thorough knowledge of the receptive field
organizatibns of the retinogeniculate cortical pathway would
also lead to the soiution ef anoﬁher major problem of
pettern vision: that of perceptual integration.

The visual system ' ,it was conjectured,first breaks down a

‘It is customary, in many areas 'of vision research,to refer
to the phenomena under investigation as though they were the
" sole resultant of the functioning of the "visual system”
rather than the product of the activity of an observer
engaged in a visual task. This distinttion,if thoraughly
considered, may have far reaching consequences, which cannot
be evaluated here. In this work,where much attention is paid
to the neural bases of visual performance,ethe recourse to a
physicalistic language was found to be convenient,if not
entirely appropriate.This should not lead us to forget,
however,that any psychophysical task is carried out by an
observer in its entirety, rather than by a subsystem of
his/her brain alone.



scené into its elementafy ‘féatures. The hierarchical
organization of the cortical cells would then lead tc the
coding of progressively more complex patterns i(see e.g3.
Konorsky,1967,and Barlow, 1972). .

‘With the progress of research,hovever,the appealing
simpiicity of this model came to be seriously questicnéd on
séverél grounds. -

: The hope _of'solving the problem of percep:ual crgan‘:ation
receded following increased evidence that the hierarchical
ofganization of area 17 1is gar iess moncolitical than
Eoriginally assumed by Hubel and Wiesel (.1862).

éekﬁler(1974) énd De Valois and be Vélois (1S80) review
h#ny'physiological data iﬁ this regard. Among them,the
discovery that simplé and complex <cells both receive
.monosynaptic input Erom. the LGN;that complex cells have
_reéponse properties unseen in simple éeIls;that.the.latter
_segm'very“similar'to retinal and geniculate X celis,vhile
complex cells resemble Y cells,thus suggésting the eiisience
of parallel projections of two systems. :
Zeiki (1978) summarizes d;ny studies about the anatomical.
and physiological properties of cells in "later®” visual
areas (V2<V4  and the superior temporal sulcus) pointing to
the existence of parallel processing of different dimensions
of the visual s*imuli in such reéions,as opposed to the
assured serial ordering of neurons in terms of increasing
complexity of response characteristics.

Hughes (1982) argues - that the attempts to account for



pattern vision in terms of serial,hierarchical processing
strategies beginning with feature analysis have been most
directly threathened by behavioral evidénce of scbstantial
abilities for complex ‘spatial vision in destriate animals
sampled from severail mammalian species (Spear and
Braun, 1363;Dcty, 1871; _Rillackey et . al,1971;Pasik and
Pasik,18771; wipans,1971;Humphrey,1974:xeating,1975;
Hughes, 1877;Sprague et al.,!S77;Dineen, and Keating, 1979).
While these studies, by disclosing the compleiities of
:hé neurél organization of ,the' visual cortex, have
guestioned the hope of achieving a straigthforvard sclution
tc the problem of pefceptual in;egration by means of
serial,hierarchical modéls of receptive fields organization,
the feature detectors approach ~ turned out to Dbe
problematical also with regard to delimiting detector

properties in human psychophysics.

B. Spatial frequency filtets4

Some of the ideas. underlying what has come to be known
as the 'spatia; frequenéy filter model” aré not recent (see
Schade, 1956) .Truly influenti#l in the promotion of this line
of research,however, were the compelling.érguments presented
by Campbell and * Robson (1968) about the existence,in the
visual systém, of multiple spatiai ‘ffequency cﬁannels‘
_(phySiologically interpretable-as receptive fields of given
Sizgs and types)tuned to narrow frequency ranges.

The fertile conjecture advanced by these workers is that the



visual system, rather than.being tuned to Hubel and Wiesel's
naturalistic features of visual scenes, éan be betﬁer
described as a kind of Fourier-like analyzing
dévice,operating over complex stimull by decombosing them in
specific~spatiai frequency ch;nnels (spectral regions). |
Sekuler (1974) r:v.ewed, many of . the earlier
psychophysical' findings in ‘support of th;s' hypothesis.
Several physiological studies (reviewed by De Valois and De
Valois,I980),also point to the existen;e of cortical cells
respoﬁsive to narrow spatial frequency ranges (Maffei and
Fiorentini, 1973;Ik§da and Wright,1975;Schiller et
al.,1976;Albrecht, 1978; Movshon et al.,197§).
" The interest. raised by these findings induced ség;ral
researchers to try and compare dirgctly the feature detector
model with the spatial filter model!Schiller‘et al.(1976) ,De
Valois et al.(1978), Glezer and Cboﬁerman (1977) ,vere able
to show that cells in area 17 of the striate cortex are more
selectively tuned to spati;l frequency than to bar width.
Adaptation studies with one dimensional patterns revealed
that the effects of adaptation to 'bars‘ and sinusdidal
g;étings. could be' better pfeaicted by an analysis of the.
Fourier components of the .stimuli rather than by their
widths or luminance profile per se (Blakemore and
Campbell,f969,Sullivan‘;t al.,1972,De Valoig et al.,1978)
Several .other. experimental paradigms were utilized to
compare\the two models.Am;ng them are the ﬁetacontrast

studies of Weisstein's et al.(1972,1977),while May and



Mattheson(1976) and Green et al.(1976) employed color

aftereffects.

Upon reviewing much of this literature, De Valois and
De Valois conc..aded #hat
"Both ;psyéhophysical and physiological evidence is
conveféihg on the posiiion that. the wvisual system
(at least up to early cortical 1levels) 1s not
* analyzing éétterns into bar and edges,but rather is
passing the information in <cam aspa;ial region
through a set of two-dimensional frequency
filters™.(1980,p.327).
Sekuler (1974) and Julesz and Schumer (1981) seem less
williné to adopt,dn this same 1issue, such perentory a-
verdict.
| Tﬁe De Va;ois choée to characterize this problem in
onto'»~gical terms.A different,perhaps more ~profitable
alternative,lies 1in the reformulation of this same problem
in (meta)linguistical terms. In this way,the conflict
between the feature detector§_and spatial frequency channe:s
models might dissolve,or assume a different perspective.
Such an alternative has been pursued by King-Smith and
Rulikowski: | -
"For any visual element which perform a linear
spatial integratibn of the intensity distribution of
the object,a description of its spatial properties
in terms of sengitivity {(amplitude and phase) to

different spatial frequencies is entirely equivalent



to a description in direct spatial terms,i.e.
spatial weighting functions.Thus, from this
theoretical viewpoint,a description of the visual
system in terms of Fourier analysis,may be neither
hore nor less 'valid' than a description in direct
spatial terms".(1981,p.235)

The choice of one épproéch over the other;theﬁ, may be
reduced to a Qquestion ‘Sf finguistic convenienée in the
description of the responée of visual élementsAto different
stimuli:the direct spatial appfoach may be more adeguate
when dealing with spatially localized stimuli,while a
Fourier-like analysis is more suitable for the
charaqteri;ation of respohses to periodic stimuli.

Caelli (in press) also denies the existence of a
necessaty opposition between the trigger feature and the
frequency analyzer views of spatiél'coding :

“ "Narrow-band two-dimensional filter p;ofiles do, by
defihition,detect spatially\ . delimited
orientation/size specific conf:astg.They do—
correspond to speciféc spatial features of an
image.Eor this reason the only possibig distinction
may be in terms of whether the filterg are bfoad- or

narrow banded." - ‘ -

\

That the rdal issue at stake here concerns 2ls’

bandwidth 1is evident in a recent series of papé;s \wuapley

and . Tolhurst, 1973;King-Smith ' and

Kulikowski, 1975,1981;Glezer, 1977 ;Graham, 1977, 1989).
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Shapley and Télhurst (1973) ,and Kulikowski and
King-Smiéh (1973),1in a ' series of treshold-summation
experimenﬁs in which = a combination of na?rowband
'I(sinUSOidal) and broadband (aperiodic) stimili were wused,
argued for the exiﬁténce of two major classes of
channels,narrowband channels (or ‘spatial frequency
detectors') and broadband channels (or 'line-edge
detectors',as one might still want to call them).\

Graham (1977,1980),however,objected that FQese two major
claéses of detectors were inferred under the., assumption of
no variability in the responses of different cﬁannels to the
‘stimuli. By : postulating independent variability (or
pfobability summation) among channels, these_same data can
be accounted for in terms of one class only of relatively
narrow band channels. |
Speéifiéally,this result is obtained by by ;ésuming a) that
a stimulus is detected whenever at least one of the muléiple
channels detects it, and b) that the. variabili;y in
different channels .is uncorrelated.
Formally,if P(Stim) is the probability that the observer
detects the stimulus,. P;(Stim) the probability that the ith
channel detects the stimulus, and N the total number of
channels, probability summation among multiple channels is

defined as

-

ir4

P(St:m) = 4-[1“ A- R (St(yn)]
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In a successive paper, King-Smith and Kulikovski
(1975)shoved that the detection and recognition of multiple
iine stimuli (rectangular gratings) could be understood in
terms of  responses of indepéndent localized detectors to
“individual lihes. As Shown by Gfaham (1977,{980), to explain
satisfactorily thése finding;,it is sufficieqﬁ to postulate
only one class of channels, together with the assumption of
probability summation both among channels and within -
channels (i.e, over space).

Graham( 1977, 1980) “intefprets the channel structure of
multiple-channels modeig as consisting of a set. of
two-dimensional arrays of receptive fields which, within a
channel;a;e identical in all respects but for position in
the visual field (obviously,the characteristics of reéeptf#e&{
fields - size,orientation tuning etc. - vary from c_:hgn\r!gl__;o~
ch;nnel). | ‘

In a model which includes probability summation across the,
spatial extent of a channel, the channel's respohse
variability 'is assumed to céme from the uncorrelated
fluctuation qf the response magnitudes at different poihts
of the channel. 1In »other words,a stimulus will be at»
threshold whenever é critical  peak response 1is reached
"anywhere within the‘ channel. Composite stimuli such as
narrowly spaced lines will activate the channel at different
locations, thus increasing the probability of a .response.
The fcharactetisfics of_tpis response would depend upon the

weighting functions of the the channel,or egquivalently, upon
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the channel's impulse response fﬂnc;ion; /

King-Smith and Kulikowski eiaim that -this bgndwidth
respone function is broader':than previous}y assumed, and
that the detection and recognition of a set of parallel
‘lines could be understoodjin terms ‘0f independent detection
of their individual components,when rhe spacing of these
stimuli is }4‘min. of arc or 'mOre:Thisl éistance suggests
that the weighting functions ofwthe,éetecting mechanisms
cannot be ' broad,or multi-peaked Since the width ~of tne
welghtxng funct1on is 1nversely proport1onal to the width of
the spat1al frequency -curves (modulatlng ©  transfer
functzon) thls, 1n turn suggesrs the existence of relatively‘
broad frequency. tun1ng curves,the ones to be expected from
local1zed detectors. ‘ |
| The preceeding discussion éill have achieved its
 purpose’ if it will have nade clear the following points.y
The d;spute 5ver two apﬁarentl} conflicting views about~ the
.nature i .of the peréeptual " code can be largely
reformulated and thus part1ally dissolved,at a. linguisﬁic
level.The language of. Fourier analysis is a powerful and
unifying toqi_;hich,however,by no means should be eonsidered
as antagonisric téi or preclude,the direct spatial approach.'
Within the Fourier-based paradigm,the above dlspute reduces
to. the problem of channels bandwidth.

The idea of spatial frequency channels,from the \first

rudlmentary single-channel model to the more sophisticated

multiple-channels models has thus been expanded up to 'tne
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consideration of spatial arrangements within individual
channels.King-Smith and' Rulikowski have proposed that
individual channels‘be regarded as cénsisting of spatial
subunits. o '

The way in which these spatial subunits relate to each
other, whether by probability summation alone, or by~Q5y of
more complex interactive processes in the spatial domain,
adds a further dimension to this development.

Whether one should regard the evolution of the idea of
spatiai frequency channels as a successful articulation of a
simple psychophysical idea,or whether one should rather
interpret - this development as a threat to the explanatory
validity of this construct,is an open question.

(3

C Visual spat1a1 interactions
“-  Lateral interactions in human vision ‘have ° been
psychophysically determined with the methodrof'subtreshold
summation (Fiorentini and Mazzantini,1966;Ku1ikowski and
King-Smith, 1973;Rentschler’ and'Fiorentini 1974°King-Smi£h
and A Kulxkovski 1975 Hines, 1976; Rentschler and
Hilz, 1976; W1lson 1978; Wilson et al.,1979).

This method consists .of determining the 'increment
threshold for a test;line displayed against a hombgeneous
background as a function of the distance of . a
subliminal,inducing 11ne parallel to the flrst Decrement -in

threshold for the test l1ne are taken to reflect the effects

of facilitatory 1nterat10ns between the two lines,while the



opposite holds true for threshold elevation.

The aforementioned.studies consistently indicated that
the threshold fof the test line is lowest when the two lines
are superimposed,and then decreases as the distance between
the two stimuli increases up to a point wﬁere it becomes
greater than .it would be without the presence of the
inducing line.

Under the (most problematical) assumption of a
parallelism | between electrophysiologically and
psych;physically determihed response profile characteristics
of 'visual detectors,the well-known shape of these functions
(fLine-sp:ead functions') is taken to reflect the internal
properties of receptive/perceptive fields organization.
This érganization is generally regarded as consisting bf_ a
central  summative excitatory region flanked by two
antagonistic inhibitory bands. '

_The extent of -these bands sgg;s ‘to depend upon the
orientat{on,tqning of a Adetecﬁor:inhibitory interaﬁtions
vere found{ to be veaker for obliqug lines than for
horizontal and vertical ones (Rentschler | and
Fiorentini,1976).?hié organizationAreseﬁbles tha? of siﬁple.
corticai'cells as revealed by neufophygiological me%hods
{see e.g.Bishop et al. 1971,1973). -

Rentschler and Hilz (1976) alsotshdwed that,as the distance
of the flanking line exceedes the extent of thé inhibitory
region, a facilitatory effect on the detection of the test

line may 6ccur.This effect- is strongest at twice the
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distance for maximum inhibition. Rentschler and Hilz argue
that this facilitatory effect mightrbe’aﬁﬁribUtable to the
inhibition  of the inhibitory effect of backgr?Und
illumination in the vicinity of the test liﬁsithat is to
disinhibition,*»in a way Similaf to that modeled by'Hartline'
and Ratliff (t958) for 'thé Limulus’ eye.Evidence for
disinhibition in the cat's LGN cells was found by ﬁaffei and
Fiorentini. (1972) and  Hammond .X1973),;£ . is  to be
noted,however, that in order for the facilitatory effect to
occur, the conﬁrast of the inducing line has to be at least
70% of that of the test line.In addition, the facilitatory
effect becomes more substantial as the contrast of the
~flanking line is increased to a lével équal to,or -greater
‘than,that of the test line.- |
Wilson et al (1979) noticed that the conditions for the
;Ppéatance of this effect closely resemble those in which
probability summation among indepeﬁdent detectors is likely
to operate,and asked whether the latter 'couldl account for
Rentschler and Hinz';vfindinqs.
To test this hypothesis, they -arranged two . diffe:énf
experimental Icoﬁditions- In one of them, the“suijCt'wasrto
deteft three'pargllel lines of Qarying contrast supérimposed :
over a fbackground of uniform mean luminance.Ihlthevother,‘
thé subject's task was to feépond'only to a single central
.teét ~line discarding possibly visible inducing lines. The
dataw from the. detection _taski were - foﬁnd to be wéil'

predictable in terms of a model in which independent simple-
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center-surround visual élements summate probabilistically
over spéce. In the discr&mination expériment,thg Aspatial
arrangement =~ of ~ test and flanking lines affected
"djffergntially the response.Discrimination was found to be
significantly vorse wheb the test liﬁe was flanked by the
inducing lines on both sides of it thar when the indﬁcihg
lines were positioned on the same side of the test line. The
‘latter configuration obviously satisfies’ the .dishinibition
model:if thé test line ig inﬁibitea by the neighboring
flanking lineé,and the latter is - inhibited by 1its twin
line,then the first is fréed from inhibition.These same two
stimulus configurations}ngvever,vere; found to be equally
visible inAthe.detection task,and well predicted in terms of
probability summ&tipn. |
While both wilgon and Rentschler agree that probability
summation did likely occurr, the latter also reiterated that
disinhibition was present ,and ~ becomes . manifest; . in
discrimination tasks.The experiment did not allow to
distinguis;\nmong theseﬁhyﬁotheses.

.The kind of spatial interactipns so far considered. are
_supbosedly takiﬁg ‘place within the response area of
individual visual defectors.What about spatial interactiéqsﬁ,,
between .visuai elements? To rephrase this guestibn in terms
more specifically related to the previously discussed
literature: do line détectors (or line—spreadlfunctions,,or
subunits within spatial frequency channels) interact with

each other,and if this is the case, under what conditions?

\
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This question has been experimentally addressed in this
work. A recent paper.by King-Smith and Kulikowski (1981)

is,in particular,at the origin of the research presented.

D. King-Smith and Kﬁlikowski S experiments. _
King-Smith and Kulikowski(1981) performed their study
in ordér to establish how wéll\>the detection and the
'récognition of a two-line stimulus could be ascribed to
independent detection of each line. |
fn their first experiment,two vertical bright lines of
varying length (135 or 40 min of arc) were generated on the
screen of an oscilloscope with mean luminance of 40 cd/m .
_ A two alternative forced choice meéthod was used in which‘the
stimuli were ptesehted in one of two 40—m§ec_intervals.0n
each trial,a single line was presented either to Ithe riéht
or to the left of the center of the displaj area,or both
lines were simulténeously éresented ,interline distance
being varied between 3 and 30 min.
Aftef each trial,the observer had to .perform both é
detection response, by indicating. in which‘ of the two
intervals the stimulus was presented, and ‘a"recognition"” ?
responsé,by telling whether one 6r; two lines_ had been
displayed. All types of trials were presented at five

different contrast  levels,the four lower ones being

* It is very dubious whether the term "recognition”, as used.
by Ring-Smith and Kulikowski and other vision o '
researchers,correctly applies to this and similar
tasks:"identification” might be a better descriptor for this
-kind of responses. . : .
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0.1,0.2,0.3, and”O.S log units below the highest contrast.
The authers analyzed their results first in terms of
the following: 1ndependent detection model
'Let P(d/1) and P(d/2) represent the .probability of
detecting, (:hat is of ch0051ng the correct interval) one and’
two lines respectlvely. The model assumes that there 1is a
probability p of an all-or-none response to a line by an
appropriate detector,while there 1is no probability of
response‘wpen”no line is presented. ‘
Acdor%ingly a single line Qill be detected if either'
‘1) a v1sua1 response w1th probablllty p occurs in presence
‘of the l1ne or .
2) no response? occurs (prbbability 1-p),buttthe observer
makes a correct guess (prebabiIityv1-p/2).
Thue}the overall prebability of detecting a single line is
pfovided by the equation: | |
P(d/1)= p+(1-p)/2 = 1/2+p/2 o - (1)
vThe probability of a visual response,then,is: | »
p= 2p(a/1)-1 : : (2)
A two—llne stimulus assumlng 1ndependent detection at
each stimulus locatlon, will be detected if either
1)a response to both llnes occur(probab111ty p*),or
2) e left line,but not the rlght 11ne is responded to,or
viceversa (prqbability 2p (1-p)),or
3) no visual response occurs (probability (i*p)z, but the
observer makes a.correct guess (probability 1/2‘(1-p)2). |
The overall probability of detection is thus: |
@
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P(d/2)=pl+2p(1-p)+1/2(1-p):
=1/2+p-1/2 pL
=1-1/2 q:L | j (3)

where g=1-p
Thus, the model allows to predict P(d/2) from P(d/1) by using
equations 2 and 3.

The results supported this basic independent detection
formulation. In partial agreement with earlier
findings, (King-Smith and Ku.ikowski, 1975),the
’ingependence-of—encoding hypothesis was found =:=o hold for
liﬁes with spacihg of 14 min or more. This distance is taken
by the authors to represent the minimum spacing needga to
ensure that each line is outside the receptive field of the.
other line detector,and thus représents a pre;ondiﬁion Yﬁor
the applicability of;the model .

The probébility of detection and recognition of . two
line;,predicted by means of a quite straightforward
extension of the basic independent detectioh model,was found
‘to sligthly exceed the predictions.An overall fit to the
data was obtained throﬁgh a modification of the basic
independent detection/recognition model in which variations
of senéiﬁivity, false positives;and responses from detectors
responding to both 1lines ("bidete;torsf) were taken into
account. .

Substantially similar results were obtained froﬁ e
related experiméntyin which the lines were presented in two

orientations,vertical and oblique. The subject's task was to

/
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indiéate on each trial the orientation of the stimulus (a
respdhse shown to be equivalent to the deétection response of
the previous experiment),and to estabilish whether one or
two linés had been presented.
This latter experiment is,and was meant to be, substantially
similar to those carried out by Glezer et al.(1977). These
w?rkers found that the probability of correctly responding
t; two lines was significantly higher than the theoretical
probabilities predicted by the assumptibn of independence.
This differenée was gfeater when the distance between the
lines was in the range 19-30 min,although it was noticeable
also in the 4-12 min interval.When the spacing between the _
lines exceeded 30 mih, expected and observed probabilities
were found to coincide.Glezer et al. (1977) concluded that
the recognition of two line stimuli must be attributed to
the involvement of new funétional mechanisms responding to
coﬁposite stimuli. '
These mechanisms vere identified with 'gr%tiﬁg
detectors',since the ‘critical spacing for the observed
facilitations waé found to be consistent with the estimated;
diameter of the receptive fields of units responsive to
gratings of differing spétial frequencies (Glezer and
Kostelyanets, 1975).

It will be noted that in both interpretations no appeal
is‘made to spatial inferactionS»between visual detectors.The
notion of probability summation,as  said before;postulates

independent ,uncorrelated responses of visual elements to
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composite stimuli. When,as 1in the cose of‘recognition,the
results appear to exceed the predictiors, this discrepancy
is explained away in terms of the independent activation of
new units (Glezer et al),and/or in terms of the observer's
fluctuations in sensitivity (King-Smith and Kulikowski).
While these assumptions may seem tenable,they'might lead to
the overiooking of important phenomena.In fact,an entirely
reasonable alternative to these assumptions )lies in the
postulation of facilitatory spatial interactions between
visual detectors. |

This alternative is also theoretically far more
appealing for the followi-g reasons.
By virtue of their explanations, King-Smith and Kulikowski
are bound to the assumption that the encoding _of spatial
stimuli is ‘achieved,at least in its early phases,by
independent mechanisms operating in parallel.If this is the.
case, It would be difficult to envisage how ,on-this basis,a
credible solution to the problem of perceptual
integration,that musg/,underlié the proceés of pattern
recognition,could ever be achieved.

In fact,as Dodwell.noted,

"The major problem,if one égrégs that f;;ture

detection 1is an 1important first step in visual

processing,lis oQ‘feature information is integrated.

into pérceé;;:1 units - the old problem of

perceptual Gestalt".(1982,p.801).
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Many apprééches to the problem of perceptual
integration have been pursued throughout the years (see
Dodwell, 1970,1978,1982,and Zusne, 1970, for feviews). Still,as
noted by Caelli and Dodwell(in press), what has been so far
conspicuously lacking is a concerted effort to relate the
issue of pattern coding to that of perceptual integration.

By virtue of the above considerations,studies like
those of King-Smith and Rulikowski (1975,1981) thus acquire
a theoretical significance which goes beyond the spatial
frequency filters vs, feature detectors dispute previously
considefed.

The search for the nature and conditions ofvoccurrence
of spatial interactions between visual detectors represents
a preliminary step toward an integrated treatment of the
problem of pattern perception. | . |

According to Julesz and SchUmer(1981,p.581), the

heuristic value of the notion of probability summation lies
‘in the possibility it offers of di;tinguishing -purely
statistical pooling effects from othef,physiologically"based
pooling prgperties.
That this may not always (or.even often)be the case is shown
by Wilson's et cl. study previously discussed (1979).The
' problem with probability summation  lies in ‘its
non-linearity,which is also expeéted from ‘physiological
pooling effects, or neural connectivities (see e.g. Leake
and Ann?nds,1976;Grossberg,1978).

The independence-of-encoding assumption,therefore,even when
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it seems confirmed by data that fit a probability summation
model,cannot be unambigquously demonstrated.In their
two-interval experiment, which provided the best-fitting
data,King-Smith and Kulikowski measured probability of
detection for only one kind of stimuli  in fixed
configurations:straight 1lines of identical length,width and
brightness, equidistant from the center of%;he display and
presented together always parallel to each other in
perfectly symmetrical positions.

The only spatial variable to be manipulated was distance,and
a spacing of 14' or more was required to fit the basic
independent detection behavior.While this model may seem
appeaijng because of its simplicity,it 1is worth repeating
that King-Smith and Kulikowski's data cannot distinguish
between different kinds of = non-linearities.To be
- persuasive,a probability summation model ought to be shown
to be valid over a wider range of spatial variables. To
wit,in order to be confident ﬁhat the assumbtion of
probability summation over space does éot actually mask
complex interactive phenomena in the spatial domain,it ought
to be showrn to be applicable irrespectively of different
stimulus ﬁ?opertieslana configurations.

In the following chapter,aha experiment is presented
that is meant to bring to stricter experimental test the
independgnce-of-encodiﬁg hYpothesis. In order to make the
results comparable to thosebof King-Smith and Kulikowski, the

experimental paradigm was chosen so as to closely resemble
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their two interval detection task.

As such, the following experiment can be seen as a
replication and an extensibh of their study.The spacing
between the stimuli has been kept fixed and at é §alue
(d=30') that fully satisfies the conditions of applicability
of King-Smith and Kulikowski's model,thus allowing a correct
te;t of the latter.

In order to distinguish between probability summation
ovér space and other kinds of spatial non-linearities, two
important spatial properties of the stimuli to be detected
are introduced: orientation and position.

Probability summation per se is not related to the various
configurations that two stimuli vafying in both orientation
and position might generate. However,tﬁese configurations
may well induce spatial interactions‘among visual detectors,
thus giving rise to differences in sensitivity as indexed by
detection measures.

It might be argued that, so far as Gestalt-like,"top-down"”
processes are allowed to play a significant role within the

: ¢

particular experimental conditions and parameter values of
the following experiment,sensitivity ought to improve as a
function of the structure of the stimuli kdefingble}e.g.,in
terms of orientation/position correlation, see Caelli and
Dodwell, 1982,in press; Dodwell and Caelli,in press).

Oon the other hand,inhibitory interactions between detectors
tuned to similar orientations,like those postulated by

Carpenter and Blakemore (1973)could instead play a role,thus
<
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originating results of opposite sign.A more detailed

discussion of this issue will be attempted later.



I1I1. THE EXPERIMENT.

A. Hethoc
Subjects
Two observers, the author and - MMH, .with

correcte -to-normal vision, participated to all experimental

sessions.

Apparatus and stinuii

The stimuli were presented on a Hewlett;Paqkard 1333a
cathode-ray tube equipped with P15 phosphor.
A PDP11/34 compufer executed all display, timing and scoring
‘functions. |

The observers sat in an wacoustically controlled
chamber ,and faced the display‘surface atAa distance of 40
cm., set by a headrest.,
An overhead light illuminated the chamber,and generated a
background luminance,as measured from the screen,at 10 cd/mf
The constancy, from day to day,of the luminous \intensity of
the cathode-tay- tube, given a constant z-axis voltage, was
insured by means of the following calibration procedure. A
tést patch consisting_of a matrix of 81 evenly sp&ced dots,
covering an area of 2.0 square mm. on the oscilloscope's
screen, was plotted at a given z-valué, and refreshed at a
rate of 1 KHz. The luminance of the patch wés meagured with

a Photo Research Spotmeter digital photometer (éperturea1

25
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deg). The photometer was positioned at its minimal focal
disténce within a frame th?t hooked onto the face of the
&scilloscope.The intensity gain of the ‘point plotter was
adjusted so‘'as to give a.constant reading of 18 cd/mz.Daily
calibration procedures were accomplished on the basis of
readings from a digital voltmeter connected to the last
stage of the oscilloscope'§ z-amplifier. — ’

The display was initializéd by pressing a hand-held
buttop, two other buttons beihg used for -responses.

The stimuli were assembled'from 12 closely spaced dots,
and plotted aﬁ the center of_a-square afea outlined prior to
the onset of a display by four dots and subtending 2.0 deg
of visual anglé. _

The stimuli were lines of identical leﬁgth (20" of arc)
presented either indiyidually or in pairs.In the latter
condition,one of the ﬁwo lines was always présented_in the -
same orientation (vertical) - and‘ in the géme
position.Specifically,this line always appeared at a
distance of 15' to the left of the center of the display
area,with its middle point aligned along the horizontal axis
with the geometrical centre of the displé§.

The middle point df all the lines presented to the right of
the centré_of the display area was always at a distance of
30' from the middle point of the left line.

These lines were displayed in one ‘of thfee orientations:
vertical,horiiontal,énd oblique iQ0,0,and -45 deg), and in

two positiohs.in one of:these,theit middle point was aligned
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along thé-horizontal axis with the céntre. of the display
area, and thus with the middle point of the left line when
both were presented.ln the other,the middl#_point of these
lines was displaced upvards in such &5way”that.a diagonal
" line connecting this point with the centre of the left 1line
was inclined at an angle of 30 deg ( Figi1;Fig.2 shows all

_the stimuli used and their grouping).

Experimental task

On éll_experiméntal trials the.sequenée of events was
the followiné:‘ upon pushing a button,the four d{mly
illuminated dots outlining a square appeared in the surround
of the display area, to aid focussing aﬁd'convergence.
By pressing the same buttoﬁ a second time,the four dots
disappeared,to be immedia;ely followed by a second 40msec
dispiay, The end of this intervai ;ﬁas' signaled by thé
reappearance of the four fixation dots. Bf pressing the same
button another time,a second 40msec diéplay ensued.

The observer next to 1indicate 1in which of the two

intervals a stimulus een displayed by pressing one of
two nqugred' buttons corresponding ﬁd each of the
intervals.Following this response,ﬁhe_ reappearance of the -
fixation doté signalled the sta;t of anothe;‘ttial..

- On each block of trials, the same thre; stimuli were
each raﬁddmly presented ten times at each of five contrast

levels,for a total of 150 trials. For all biocks,one of the




Figure 1. Representation of position and orientation of all
the lines displayed at the right of the fixation point,and
of the way they are related to the midpoint of the left

vertical line.All two-line.stimuli were composed of the left

v
v

. line together with one of -the right lines. 4
A=B=30 min of arc.f=30 deg.
Line length=20 min of.arc.

Scale: 1 min=1 mm.
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Figure 2. Illustration of the six triads of stimuli used in
.'thev experiment.A block of trials consisted of the
present&tion of one of the triads of stimuli shown in the
figqure. Bach member of the triad vas'randoﬁly_ presented‘vlo
times at each of the five confrast»ievels. This procedure‘

' was repeated ten times for each triad of stimuli.The 60

b}dcks of trials were delivered in random order.
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stimuli was always the left vertical line presented alone.
Within each block,a right line was .also always presented:
alone,and then together with the left line. | o
The factorial combination of orientation and position of the
right lines yielded 3x2=6 triads of stimuli. Each block of
trials was repeated:10 times,and order of block presentation
was randomized.Each observer had Y thus to complete
'3x5x10x10x6=9000 trials, and each stimulus was presented 500
mes.

number of correct responses to each stimulus at each
.ontrast level was recorded at the end of each block of
trials;

In order to select a set of contrast values that could
yleld a fange of detection percentages spanning from near
chance (50% in this two-élternative, forced choice patadigm)
to near errcr free performance,;he obsefvers first undertook
a series of pilot runs which are described in the following

section.

B. Pilot runs

One observer,the author,was primarily involved 1in the
task oé selecting a suitable range of contrast values to be
used i&wyxhe experiment. To begin with,only individual
vertical lines were used 1in the attempt of determining a
contrast level which woulé yield approximately 50% correct
detection responses. Relatively few trials were sufficient

to identify this level,and to verify its relative
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stability.This value (0.05) was taken as the one
o

corresponding to the trheshold for detection.Next, six other
'valﬁes (0.06,0.08,0.09,0.1,0.12,0.13) were chosen to be used
in further preiiminary runs to determine whethef
sgtisfactory probability-of-seeing curves -could thus be
obtained. In these runs vertical oneJand tvo-line stimuli
were uséd.

Given txe requirements of the model that was to be tested,
these values were =0 be chosen so that differences in
detec >ility between individual and composite stimuli, if
existing,could emerge.This requires that detection for
single lines at each ;ontrast level be.made difficult enough
so as to leave room for significant impfovement in detection
when tvo . lines are presented, while at the same time
allowing substantial and vell-ofderea detection values for
individual stimuli.

The results of this part of the pilot study are
presented in fig.3. As it can bg-séen,detection.spans from a
near-chance level to virtually perfect performance,and. the
visibility of two lines is, as expected, greater than the
visibility of single stimuli at most contrast levels.

Further consideration of the>data,however,revealed that
iﬁ the last portion of these ‘runs performance had noticeably
improved.In ordér to avoid practice effect,.itAwas4dec%ﬁed
to protract the preliminary runs until a stable ieyg{/ of

performance was achieved.



Figure 3.Percentage of correct detection responses in
preliminary runs plotted as a function of contrast. Open
circles represent the data for a single vertical line
displayed at the 1left of the fixation point. Solid circle

are data for two vertical lines.
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In " this phase,all the stimuli to 'be used during the
experiment were used. The results are presented in fig.4. As
it can be noticed, a largeridifference between single and
composite stimuli was found in comparison with the data from
the previous runs. Although detection improved remarkably
for both single and double lines,detection of the latter
improved more substantially than that of the former,thus
aécounting for the difference above mentioned.

More importantly,particplarly in the case of double lines,
near perfect,asymptotic performance was a&hieved at a
contrast level of 0.09 (see fig.4).

As a consequence,this value was finally selected as the
uppermost level to be used in the experiment. Although a
noticeable overall increase in detectability at the lowest
contrast level was also found, it was decided ﬁo maintain
‘the latter as the one corresponding to threshold,since this
was indeed the case for some of the stimuli. Given the
substantial narrowing of the contrast range thus aéhieved,it
vas also decided to reduce the number of contrast levels to
five,the previods number being too large for the new
restripted range. The final selected contrast values were
0.05,0.06,0.07,0.08.0.09.

As mentioned before, one observer only was primarily
involved ih this preliminary phasg. The second observer,
MMH,was also successively exposed to a large number of
preexperimental trials, during which the range of contrast

values was progressively reduced until she provided evidence



Figure 4.Percentage of correct detection responses in the
second half of the pilot runs.In this phasé,all single and
two-line stimuli to be used in the experiment proper were
employed. Open circlesuare data for the set of single lines,

solid circles ére data for the set of two-line stimuli.
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of being able to perform satisfactorily at the contrast
~ levels selected for the experiment.

LY

C. Results

The F distribution 1is relatively not affected by
deviations from the assumption of homogeneity of
variance,and‘ the resulting positive bias in teéting
treatment effec@s is of small magpitude (Kirk, 1968).
Nonetheless,since a slight tendency toward proportionality
of means and standard deviétions was suspected in some
~ cases, the data were sﬁbjecﬁed to a logarithmic
transformation,and the ANOVAs described below were carried
‘out over bothyvtfansformed and untransformed scores.The
resulting F tests yielded fully compatible results;
Detection of One-line and Htvo-line stimuli was first
separately analyzed by way of repeated measureﬁ'ANOVAs'( a
Subjects (2) X Orientation (90,0,-45 deg) X Position ( = 0
and 30 deg) - X Contrast (5)design). For
one-line,right-positioned stimuli (éverage detection= 64 %),
the factor contrast yielded a strongly significant main
~effect (F(4,4)-94.43,p < 0.01)}the overall psychometric
function for individual lines relating detection to contrast
is plofted in fig.S. The other factor closely approaching

significanée was orientation (F(2,2)=16.79, p(0.06).

3 This result appears to be the only one to be potentlally
affected by the loss of pover result1ng from the small
number of subjects used in the experiment. In all other
cases,the results were either strongly 51gn1f1cant or
equally strongly non significant.



Figure 5.Percentage of correct detection responses to single
lines plotted'as a funption of contrast.Bach data point has
been obtained by averaging over 1,200 trials,in which two
observers responded to individual lines displayed in all the
orientaticns'and positions shown in the second column of

fig.z{
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Individual vertical stimuli were detected better than
horizontal on;s,while ‘oblique stimuli yielded the worst
detection percentages ,ﬁhe latter result‘ being hardly
surpri§ing_,since this orientagionél aniso:ropi? has been
known for a iqng time (see Apelle,1972,for a review of the
extensive litgrature about the "oblique effect").

The positiéﬁ factor was not significant.This is true both
foF the two'positions in which right-positiéne& lines were
presented as well as for the right/léft pdgition in which-
‘vertical lines were displayed. (the latter condition was

4

tested by means of a separate Subjects(z);. X
Position(left,right) X contrast(5) ANOVA). | )
| The only siénificant"effeCt in the case of two-line
stimuli(average - detection=74.9%) _ was contrast
(F(4,4)=49.28,p <0.01) (see Fig.s)\While the positioﬁ factor
appeared to be irrelevant,é slight\efféct of orientation was
found that ?epliqated,on a,smalier scale ,the anisotropias
found in the case of single lines. -

Ring-Smith and Kuiikowski's expeéted probabilities of
"detecting two line; under the a;suﬁption of independent
detection ét' each component line were computed. A slight
médification,however,b had .to be intrﬁduced. . In this 
experiment, ~ the - orientation and positipn of one of thé\;go
paired lines were varied.As a consequence,the probability of
detection of each ”pair of lines had to be calculated by

taking into account the specific”probability (p) of a Qiéual

response asséciated to each of the two lines when presented



- Figure 6.Percentage of‘corfect detection responses to two
linés'-plotted as é function of contrast.EBach data point has
been obtained by averaging over i200 trials,¥n which two'
observers responded to the compbsite stimuli shown in figure

2.
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alone.In King-Smith and Kulikowski's experiment separated
detection‘ﬁrdbabilities for each individﬁal ling 'wefe not
calcula%edf since the lines were.always vertical, parallel
to each other, and it was assumed that their - being
positioned to the right or to the left of tr ‘enter of the
display area did not make anyﬁi difference. In‘~ thisﬂ_.
experiment, the’ prbbability of léstecting each two-line
rstiﬁuli was deduced from ﬁhe pfébability of a visual
response (p) to each of the componént stimuli by means of
 the following equations. |

Let p, and,p represent the probabilities of a visual response
to the components'of a two-line stimulus,when the former are-
presented alone. Then: - |

p,= 2pP(d/1)-1 - ) (1a)
"bls 2p(d/1)-1 : p | - - (1Ib)
A twg line'§timulus will be'détected, under the assumption
ofbindependence,-if .

(i) There is a response to bbth'linés (probability p.X p,),or k
(ii) there 1is a responsé to only one of the two lines u
(probabflity pJ+p¢—2 p,Xp),or

(iii)there_ is no visual response, but the subject guesses
the correct interval (probability 1/2 (1+p,X p,~(p,*p, ).

A ‘little algebré_ shows that The oVerall_prqbgbility of
detection is thus: P(d/2)= 1/2(1+p,*+p,~ P.XpP,) (II*.

The predicted probabilitieé of detection for all two-line
stimuli,at each contrast 1evei,were 'thus calculated from

equations (I) and (II).
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The overall expected probability of detection of
composite stimuli was obtained by summating all the expécted
probabilities for all sugh stimuli at all contrast levels
and for both observers.The results were:obtained number of
detection responses:74.9% (4495/6000);expecteé number 74.1%
(4444/6000). Calculations were also carried out separately’
for each observer:for MMH,the observed overéll detection

‘
percentage was 69.8,the expécted 69.1.For the other subject,
the observed overall detection percentage was B80,the
predicted 79.1. Expected and observed detection
probabilities were in closer agreement than in King-Smit!
and RKulikowski's study: :hef founéd observed and predicted
probabilities of 74.4% and 76 % respec: vely.. |

Clearly,such a close overall <£fit between predictions
and results cannot by“itself be taken as conclusive evidence
of the substantial validity of Ring-Smith and RKulikowski's
model:large discrepancies of gpposite sign between observed
and predicted vaiues might just produce an overall fis o34
cancelling each other c¢=. Conséquen:ly,gegression analyses
were computed ior éach of ~he two étimuii at each ccntrass
level. That 1is, for each tvc;line :imulf, the expec:ed
~detection probabilities at each contras: level weras cictted
‘against the  corresponding cbtained - Zetectizr

probabilities,and the line cf pe it was determined. ..

In order to increase the reliak
(Harnett,1975), the latter was determined cn  the &tasis cf

the scores from both observers.
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If King-Smith and Kulikowski's model is cérrect,then
the expected detection probabilities for each stimulus at
each contrast level should agree,within experimental
error,vith the corresponding detection probabilities. As a
consequence,the.bést fitting line should have zero intercept

and a slope of one.The null hypothesis that the slope of the

regression line relating observed and expecﬁed values is

i
N .

equal to one was then tested against a two-sided alternétive
hypothesis by means  of-  a t-test on the slope
(Harnett,3975).A similar statistics was used as a test on
the igtercepts.

None of these tests produced Significant results,thﬁs
suggesting that ;he differences in the
sgatial/configuratiodal aspects of the two-line stimuli
played no iﬁpcrtant part in their detection.

In order to investigate the presence of deviations from
che model at a more molar level,Chi sthre tests for
gcodress cf fit vere performeéd for each stimulus at each

1trast level,with subjects considered as independent

cen
repiicaticens cf the same experiment (30 Chi sguare tests).
whenever several Jtests are carried out, the problem arises

cf zcw tc set the errcr rate,the latter decision depending

Tpen severa. facters, {see, e.c.,Kirk, 1968, and
Mvers,'STS! . The decision was made here o set algha=(0.C! for

eacz individual. compariscn.This choice is consistent with
tZe ccntexporary c-ractice In the Dbehavioral sciences fcr

-

crthcgonal compariscns(Rirk,1568,p.78),and with the growing
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concern for Type two errors. A further motivation for
setting the error rate independently for each comparison
comes from the modest power-efficiency of Chi square tests.
Seven out of 30 tests were significant at the selected
alpha level,thus revealing the presence of c@nsistent
"local™ deviations from King-Smith and Kulikowski's model.
W-at about the direction of the deviations from the
expected values? For both observers, in 17 oﬁt of the 30
blocks of runé.(56.7%),the obtained detection probabilities
exceeded the expected probabilities .
An interesting question is whether any trend occurred in the
distribution bf these deviations. Il will be remembered that
6 two-line stimuli were presented at each of five contrast
~ levels to two obsetvers.Thérefore,at each contrast level 12
blocks of 100 trials were used, and for each of these blocks
expected and predicted probabilities were determined. In
Fig.7,the number of block of trials in which the observed
probabilities exceeded the expected probabilities is giotted
as a function of contrast. ‘
Overall,a positiv-~ deviation from the 'predictions was
observed in 34 out of 60 blocks of trials (56.7%).
The> solid horizontal 1line  1in Fig.7 reéresents the
theoretical distribution of positive deviations from the
model urder the'asfumption of iﬁdependa@héb’from contrast.

The actual distributions of these deviations is quite .

N



figdre' 7. Theoretical (horizontal solid line) and actual
(filled circles) distributions of _.he positive deviations

from the expected detection probabilities for two-line

(\7

stimuli calculated from King-Smith and Kulikowski's
model.The abscissa represents contrast,and the ordinate the
number of blocks of 100 trials that the two observers

compieted by responding to all the composite stimuli.
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different:at the lowest contrast levels positive deviations
from the predictions outnumbered the negative ones,and the
opposite occurred at near treshold levels.

An Anova carri;d out over the differences between
observed and expected results (factors  of
subjects,orientation,position, and contrast) amply confirmed
the existence of a sizable effect due to luminance
'(F=34.17,p(0.01);no other effect reached significance.

‘Additional differénces were noted.The size of the
deviations from the predictions waS‘greatervfor some stimuli
than for others (see fig.8,9,and 1b),neither the
éiétribution of positive and negative deviations was always
consistent (see Fig.}I), a

However,no cleérly defined relationshié between
stimulus contrast and spatial characteristics of the stimuli
beyond the general trend already discussed (Fig.12) could.be

-~

seen. o
D. Summary of the results

Averaging over contrast, the ongrved probaﬁility of-
detection of two-line stimuli spaced 30 min was found to be
in very close agreement with the predictions Based upon a
model that postulates independent detection of the single
lines;in even closer agreement, in Fact,than in the case. of
King-Smith and Kulikowski's experiment (1981); |
_The‘ influences of the spatial variables-were not strong
’enqudh ;o'yield signfficant deviations from the prédictions

3



Figure 8. Comparison of the observed and expected

G

probability—of—seeing—éurves for composite stimulus A.°

Observer :GM.
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Figure 9. Comparison . of the observed and expected
probabiliyt-of-seeing, ‘curves for composite stimulus D.

Observer :GM,
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Figure 10. Comparison of the observed and  expected

probability of seeing curves for composite stimulus B.

-

Obéerven:GM.
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Figure 11. Comparison of the observed and expected
probability-of—seeing curves for composite. stimulus F.

Observer :GM. R
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Figure 12.0bserved and expected probability of-seeing curves

for observer MMH;obtained by averaging over all double

¢

stimuli.
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based upon the assumption of independence.

Deviations from King-Smith‘ahd RKulikowskil's model, however,
emerged when the focus of the analysis was br?ugh: tc  oear
upon &he effects of contrast. Chi square tests revealed the
presence of consistent deviations at a more molar ‘level
across all stimuluk’types and contrast ievgls.Ah analyéis of
the distribution of these deviations revealed that for both
observers at the lower contrast levels the observed results
were sizeébly higher than expected,while at the 'highest"
contrast levels the opposite occurred.

Thus the apparent agreement between predictions and data on
averages turned out to be cduc to systematic dewiations of
opposite direction determined oy contrast and cancelling

each other out.



I11. DISCUSSION OF THE RESULTS.

35wt

!
;

A. A comparison of results. (

Any attempt toO account %or the results of this
experiment must consider ¢two main findings: a) that the
detection of two-line stimuli appearéd to be not affected by
the spatial characteristics of the stimulil used
(orlentation,positidn};fg) ghat the degectability'~of these

same \stimuli was gené;ally lower than expected at low
contrast levels,énd.generally higher than é;pected- at hiqh
contrast levels. -

The latter result is not incompatible with the close

agreement = between predictions:and data aQerages reported by
Ring-Smith and Kulikowski (1981).
These authors also proceeded to an analyﬁis of their data'as
a function of contrast. They did not do so,however,by means
of a straighforward applicatiou of their basic detection
nodel,as it has been done ' beﬁh;Rather, they accomplished
cheir analysis within Eﬂbwggontext of éheir model for
detection-and-recoghition’Ef comp051te stimuli.

The analyses they performed  thus.iinvolved complex
aQerééihg procedures  among 'the.AAsifa;gﬁi?gﬁ nvarious
experlments and equally complex“assumpf1onségs;§ £n§g§ved in
the determination of the expe;ted - probabilities (see
King-Smith and Kullkowskl 1981 P 242 ££). Fér example, the
detecti;n ' prgbabllltles ' estlmates uerei obtained
"indirectly,by pooling ~ “ daka frém the

63
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detection-and-recognition of two-line stimuli (which
underestimated the results) and the detection-without
recognition of twg line étimuli (which overestimated the
reéults). | | R

« >
Consequently, no independent assessment of. the fit between
observed and expected detectién probabilities as a function
of contrast in terms of ‘their basic detection model was
carried out. ‘ ‘

In an eariie: study, King-Smith and Kulikowski ({975)
analyzed detection of composite stimuli in terms of an
algorithm based upon the nétion ‘of probability summation
that was substantially similar to the basic model employedq
in their later stﬁdy.

Their findings about the detection of t;o—line stimuli
spaced 15 min apart were found to be compatible with
probability summation._.They did not,however,excluded the
pbssibility of facilitatory  interactions between the
stimuli.In faét, the probability of seeing curves for two
lines presented in that paper (fig.la,p.242) reveals  that,
at contrast levels which yiglded detection percentages in
the 50-80% range, consistent deviations in excess from their
médél'were pbserved.' =

Very similar results iﬁ the same contrast range. were found
by comparing the probabili;jioﬁfgéeing>a reétangular grating

with 15 min periods with ifﬁ;”’brobability ‘of .. seeing two

rectangﬁlar gratings of 30‘minﬁp§¢j¢divhich”weté interlaced
together to form the 15min period 'gféfihé ’(kihQ-Smith and

>
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Kulikowski, 1975,fig.3).

When they compared the visibility of a rectangular grating
with the visibility of the composing lines, they again found
\that,éarticularly for 1ines}spaced 15 and 30 min, contrast
ﬁlevels yielding detection percentages in the 50-80% range
often produced positive deviations frqﬁ the assumption of
independence (King-Smith and Kulikowski, 1975,fig.4). It thus
appears that these results are quite similar to those
obtained in the .experiment here presented. As fig. 14
shows,the positive deviations from the model occurred at
éonﬁrast level yielding detection percentages around the
50-75% range.éurthermore,small negative deviations from the

model at the highest contrast levels also occurred infgimﬂ

Ring~Smith and Kﬁliiobski’s‘earlier_Study (1975).

B. False positiées,bidetactors,vatiations in. sensitivity?
In their 1981 - study, the observed probabilities of
detecting~and-recognizing'compdsite-stimuli were higher. than
~ expected. King-Smithléhd Rulikovski'conseguentiy introduced .
some modifications in their model to account for the
~ observed discrepancies. | |

45 f¥rst,they noted that their basic model implies the

eiistenCe "~ of "high ‘threshold"” :processes. Their model
assumes, in other words,that the line detecting mechanisms
have sufficiently high thresholds to prevent transmission of

"visual noise"” to a significant degree.
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Problems with this assumption have been repeatedly
noted (see,e.g.,Swets,1961,and Krantz, 1969), and general
psycﬁophysical evidencence (ibid.) seems to be more
consistent with the notion of lower threshold processes
which allow the occasional‘transmission of ﬁéise bursts. 1if
this is true,then iﬁcréased false positives should occur,and
so affect the independent-detection model in the following
ways. | | | ° “

It wili be remembered thaﬁ,according tO'.the model, the
' observed detection of a single line iS-sﬁpposed to be the
outcome of two mutually exclusive events;the probability of
a visual response (p),and  the probability of a correct
guess.Thé estimatioﬁ .of p,which will enter - into the
determinafign: of the expéctéd probabilities of detection of
two-line s;iﬁuli,is; thus inferred from the observed

detection probabilities of a single line after co;féctingg‘

Aaad

for guesses.
The above assumption implies that, when there is no response .
from a line detecting mechanism,the océurrence of a response
from an unstimulated detector will haye a similar effect to
guesses.When,however,there is a response from a stimulated
detector,the influence of a false positive will have a
different effect on the detection résponsg depending upoﬁ
the temggral occurrence of ﬁhe latter event. If-a false
positive occurs inlthe_SameAinterval in which the .stimulps.,
'is displayed and is responded td bj' the stidulatea:

detector,the former event should have no effect on the
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detection respoﬁse, sihce,by definition,a stimulus is
detected whenever a response from a line detector occurs.
1f, however,the false positive occurs in the interval other
from the one in which the stimulus 1is presented and
responded to,then the detection response is reduced to
guessing, despite the presence of a response from a line
detecting mechanism.
As a conseduence, the estimation of p by means of the basic
independent detection model may lead to an~ underestimation
of the actual probabilities 'of a visual response. Since
these probabilities enter 1into the determination of the
predicted detection probabilities for two line stimuli; the
uncorrected model would lead to an underestimation of the
latteri

Could such a modificatioq,if introduced in the model,
better account for thecdiga obtained in this experiégﬁt;-

The answer is negative. Greater p values,in fact,by
leading to greater E(P d4/2),could provide a better fit for
the data from the lowest‘contrast levels. At the highest
contrast levels, where the observed detection values were
Iower than expected these gceater values would further
increment the observed discrepancies. |
; The correct detectxon of . two l1ne-st1mu11, accord1ng to
the ba51c model,is due to visual responses to both l1nes or
to one line only (and to guesses).It is plauszble t°"35539§§{

cthat the relative weight of these components in the process

’ of detectlon ofﬂtwo 11ne stimuli varxes as a function of

g re

a
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contrast. It might. be argued,ﬁhen;that at low conitast
levels more one-line than two-line responses from stimulated
detectors occur,while at high contrast levels the occurrence
of visual responses to both stimuli should ihcrease.'The
lattér’event would correspondingly decrease the effect of
false positives on detection.Thus, at the highest’coﬁtras:
leveis, no increase in the expected detection probabilities
would haveﬁto be introduced.Even this consideratidn,however,
cannot account for the negative'deviations from the model
observed at the highest contrastfieveis} In conclusion,;it
seems that no satisfactory ageount of the data of the
present experiment can be achieved by the ¢onsiderati§n-of
false pos1t1ves. v ‘ -

K1ng Smith and Kullkowskl (1981) propbsed a second
modlfzcatxon to their basxc detect1on-and-recogn1tlon model.
They ‘suggest‘ that,in addition to the localised detectors
postulated by their basic model,the possibility should be
taken into account of detectors responding to both lines (or
"bidetectors”).

Bgsides,the obvious ad hoc nature of this hypotheéis,iﬁ
is.also clear that this modificatién cannot account for the

findings of the present experiment.

This is the caée because the responsg from bidetectors would -

increase the expe{f}d probab111t1es of detection espec1ally

[}

at the highest contrast levels (see Klng-Smlth - and .

" Kulikowski, 1981, fig.6 and 7).

e
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 Finally,an overall decrease in the expected detection
probabilities in comparison with the predictions from their
basic detection model was achieved by king;émith “and
Kulikowski by considering the possible effécts of general
variations of visual sensitivity from trial to trial.
This modification cannot satisfactorily account for our

findings,since it does not consider contrast modulating
effects.. |
For the above congide tions, it séems plausible to conclude
that the modification to thefr bcsic independent /detection
model proposed by King-Smith and Kulikowski(1981) to account
for the deviations_‘from the predictions - based upon the
éssumption of independent detection of comﬁosite stimpli can
hardly account for the findings of this experiment..
‘ : @’
C. Probasility s;-lation and spatial interactidns

“ Indeed, .Kingfsﬁith - and Kulikowski*";(1981,5.2435
5cknowlédged that;were the hypothé@%@? of -spatial"
interactions taken into account,a good‘~fit for daté
otherwise aeviating from the basic independent detection
"model could be achieved. Theée modifiéations,howéver,would
'seem to have a different  impact upon the model than the
others previously considered. - | \ |

In fact,once Fhe hypothesis of independehce and the

additional assumption of spatial \4interactions were
combin;d,the uncomﬁgrtable cpnélusion would have to be

reached that the model assumes the independeht functioning

¢
jv



70

of non independent detectors,or ﬁhat there are independent
line detectors which are not ihdepepdent l§ne detectors !
| In an eaflief bapef,King-Smith and Kulikowski
exemplified this approach:
"We can explain abéué 75-80% of the 1increased
sensitivity to a grating relative. a to aJline from
.probability s®imation from the detectors respoqaing
to indfvidﬁal component of the grating; the
remaining 20-25% of the iqprovemeﬁt m;y correspond
tb some facilitatqry intéraétions between the
detectors responding to the= different components,

i

e.g. disinhibition."(1975,p.248) _;.

-~
S

g

Similar assgr;ions,it éeems, 'aéquire Significande by
takiné;into.accéunt the problem they are addressing: whether
the detection..of ‘composite stimuli such as rectangulaf
gratinQS’éhoul&.be explained by -assuming the existence of
sharply tuned grating detecto:s,or; gpether more brpadly
tuned line deteCtérs acting tqgethér couid achieve the same
end.

TQe» calculations based upon the notion of probability
summation can therefore Lbe properly used as a guideline
against ihicﬁ to test the fprmef hypothesiﬁ. Small
deviations from ~ the predictions can then reasonably
accountéd¥for by maintaining the basic assumption about the
detection of cpmpoéite stimuli by means of localized units

at different spatial positions.
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The latter approach,hoﬁever,does not reguire the
assumption of independence. And th:r a:sumptién canﬁot be
combined with that bf interaction wit: ut rdnniqg intp a
contradiction.As a consequence,whenever the additional
hypothesis of sbatial interactions is resorted té to acéount
for experimental findings,the notion of independence sﬁoui

__/be rejected. | |
“All that 1is néeded, is‘ that the detection of composite
- stimulli be achgeved by meaﬁé of differeht localized units at
diffe}eht 'spatial positions acting simultaneously in the

detection process.

If the preceeding analysi§ is correct, it follows that

} even.j§/~_}b§e fit Dbetveen predictions from probability
3 n based alngithms' does7hot neéessariiy iﬁblies a
)gfue independence between visual detectogs.‘
Rather,this fit should be interpreted as reflecting a
pafticuiar' state of activity along the continuum of
interactive processes . among visual elements bounded at the
opposite ends byv the émergencg of inh{bition‘ aﬁd
v facilitation. :
This approach is consistgnt with <;ormulations of the

functioning of visual detectors ‘that are generally

representable by by equations of the form :
¢C = " 4-25.-6-‘3 RJ .

where (¢) is théyoutput of cell i, (m) is the external input“

to cell“i Rj is the ave firing rate of cell j,and Cij

R . T
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N .
'is the connectivity matrix ‘between cells i and j
representing complex dendritic processes between tne cells
(see .Leake and Anninos, 1976,Sejnowski,1976,Caelli et

al, 1978, Caelli,1981).

. This type of formulation implies that the response of a

cell is always jointly determined by a retinotopic component

[ . R Ty g

(qJ and by its connections w1th the functioning of other -

I

,vcells (a positive Cij corresponds to excitatory gains while
a negative Cij corresponds to 1nh1b1tory “gains).
The latter component was unformally commented upon early by

'Hub;l : ' o
_"A single_ cell may‘receive several excitatory and
inhibitory impulses at onée,with the result that,éit
will respond 'according to the net efﬁegt of thege
inputs."(1963,p.151)
It is poseible thafﬁthe agreement‘between probability
summation and - data could evolve from conditions  of
eddilibrihm between,\(osychoohysically defined)detectors,

which are not due to independent functioning of these

units,out,rather, to the outcome of complex weightings of

excitatory and inhibitory gains among these. units.

The\\deviations from "independence” would then correspond to

the breaking down of equ1libr1um conditions as a function of -

‘changes in the 1input to these units which would alter the

overall value of Cij.




D. I

nhibition and facilitation.
"Mach . wasf: the first to“suggest that mutual

interactions among the elements of the retinal

network ~in the retina were responsible for the

maxima and the minima in the subjective appearance

of an edge.He supposed that the response of a'single

receptive unit of the retina was determined in part ~ -

by the luminance of the light impinging on it,and in
part by the signals sent from neighboring cells to

that unit.Mach's mathematical model can be

" interpreted in terms of excitatory and. inhibitory

‘components,in which the inhibitory effects are

assumed to increase both with the stimulus luminance

‘to - the ' inhibiting .cell} and to decrease with

‘function that describes the response of each element

1

increasing distance betwen iéég?%teracting cells.The
inhibitory effects off different cells on the same
units are supposed to summate, and ithe response of
the first elemenf to be relatedifo!;he’sum of the
inhibitory influences ...Several 6thetlzmodels havé
been proposed m;re.recently,each éf which e~~ounts
for the Mach cheriomenon at least in some respects...
All the theoretical formulations can be ultimately

4

reduced to the ’following basic 'assumption:the

of t@e neural network has an  excitatory

~

component ,which depends on the luminance of the

stimulus to that - element,and an inhibitory

73
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component, that depends on® the ~lum:irance of’

stimuli to <+«he surround:in:z
: . :

distance of each ¢f them from

'(Fiorentini,7977,p.197?]98).

(See Ratliff,1965,, for.a discussiom gfy vagious thecret:cal -

accounts of Mach's bands) .

:

The above guotatio® ig relevant rc the’ “current

discussion for a number of ‘reascns. It firs: shows .ti

v

BTV

interpretation of the response of visual elemeg;sf”" \

v 3 o . .... ) .
. X . Lo St . t. ' oeds e

of network models 1is neither recent no*.soxe-@ aue,:c;-ne

‘ o . Ceowos L s

influence of cybernetics (see,e.g. .Dodwel ;x 197 O) o -

It. also exempllfles the ilpredominant *ole asstgned JneA; f%?

recently to 1nh1b1tory galns 1n the détermznatxon‘ of the

value ofH Cij,the connectlvity ‘matrix - indexing ' the.

communication factor between the units constitutive of the

network. ' ' Lo - .
R . o . Ly -

Finally,it contains suggestlons of  value for " the’

‘\\

1nterpretat10n of the results of the present experlment fi» e

Mach' 'S model, in fact predlcts that the st:ength~ of Lot

lateral‘ 1nh1b1t1on betweenanelghborlng un1ts is a functlon

5

of lumlnance qgre precxsely, Lit; pﬁealéts t*at_‘FLatetal

e % ~
3, - Pl

“

1nh1b1t10n .is strongest ot, weakest at . p ts where the

§ )
second der1vat1ve of the retlnal 1llum1nat10n is L«

W u.,‘-vv f:’

e el
the occurrerice of Machfs‘bends 1s thus.taken to Egrrespond

to  the level at which the .inhibitory. cdmponent of the’

! : N " ) 'lf‘m'f

detecting unit is reduced or ineffective.’ ' S
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This important relation between luminance and "strength

of inhibi:iggtseems toibe oI general validity see Haber and
Ty o ey
gHe:sheqson,’978},and :he_La:teé can De-brought to bear upon
‘the results of this_exper;ment.ituseems :eascnable‘tc assume
gthat"he negat ve deviat 'hns ffom the pre@ic;tions 'qbsetved 7vh"‘f

“in ' this exper;ment correspond tc¢ the  buildinfg« up of
. ' PRV .

. . " . . ) ) ] B ) I . i L
ingreasingly strong latera. inhiblition Detween e .ine

- : . . . . o - v &
detectors at the highest ;umlnance,leve‘s.?~ . _
. . : S F
Before <commenting .:in gJreater det%.¢’ Aabout this
o Ak

- oy tl’
2 T ot R
conjecture, it may be 'asked whether the latte' can accountw

by itself, for all the’results cf the exoeﬁlmentiﬂ“he‘amsger Y,

LS nega'tive. ‘/,_L_, J ‘ ) : ’ - A \ Lo Y ) ’ - Sy -,

~in

By correcting the:basic detecticn’mgdeIQer,iﬁhibition as ¢

R O

. . RS ‘ . ) ‘ . . ;:J-
. function of luminance,in fact, only the ﬂegatlve devxatlpnt

. from the former at,the'highest= lumlnance" levels\ would be
' ' Au

accounted for not the deviations 1n ex;ess from the model o o

-

vt ':7»;?' _'

¥
kA
7 NS

iobserved at the lowest luminance legels.

It -thus 'appears-gthat,if'*?he results of the present

T

e ! . ey

expefiment‘jare be. explalned 'iﬁ terms _of . spatlal
interactions among llne detectlng mechanisms,a more general
1nterpretatlon of the connect1v1ty matrlx would have -to. be

. accepted which llncludes ”not['cnly 1nh1b1tory but alsao

iﬂexcitatory gains,
The point where the observed and -xpected probablllty-

7.3 , 3

9°f seeing ct

(2

(89

i Lo L e . o
meet;mlght_ then 1nterpreted as . - 1

4

f-correspondingh @y condltlon of 1br1um betWeEnt

v T
Lo detect1ng§ ¥

»
3 . .
Lol . : "
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2 s

mechanlsms resemfl\ng a condition of 1ndependence.l

A

‘component would become predominant,whlle at the lowest

luminance levels,where inhibition is very weak, facilitatory

O
2 ‘r

gaihs'woul play a. predomlnant role,.the latter assumption
. . - By

' been also consistent. v1th neurophysiological measures

suggestzng Lhat facilitatory synapses hawe a lower treshold
than inhibitcory ones (Haber and Hershenson, 1978).
What is the  nature of ' these facflitatory

inweractions?The most pa -'monlous assumpclon to account for

the' results of ,;his,.experlment“—is té  postulate the

Ol . MERETN
2 .

~ B /A ~ . . . > . .
occurrence of direct facilitation between line detecting.

mechanisms of similar type. . ) . e e
According to .this hypothesis, .the stimulaﬁion of a line
detector ﬁay lead to - the lowering of. the »treshold for

similar surround1ngs detegtors.

Ey not tak1ng into account this p0551b111ty, Dlng Smith

¢

]and Kullkowskl s' basic. 1ndependent detect1on model (1981)

|,.

would' lead, to an underestlmatlon of Vﬁthéﬂ -detection

o

probabilities ffgr,{two line stimuli at low levels of

luminahce. ‘ _ ’ _ Vi P

B

4 %

jIn‘:i973;K1§%~Sm1tﬁ*and Kullkowskl found that the Vrslblllty

4

.of a Efst linef? wag not mproved by plac1ng two subtreshold_

- ' o .
llnes (12 mln onﬂeltper side of it. When howéker the two 11nes

PR ,?n H R -rx

were: just supratreshold the test llne treshold contrast was

A ‘ L A

'Sqmef}-ditectf\psygophysihal. evidence for thé above .

At the  highest luminance levels the 1nh1b1tory_.

4l
N
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lowered. A direct facilitation between nearby line detectors

-
N

was suggested as a more plausible explanation of these
findings than the hypothesis of disinhibition within a line
detector.

As noted before,the hypothesis of facilitation between

7

detecting mechanisms was also resorted to by King-Smith and

' . ' r— . . . r
Kul;kowskl (1975}M&o account for deviations 1n excess from

their probablllty summation based detection model for two
line stimuli,multiple line st1mu11 and rectangular gratings.
The exlstence - of -distal facjlitation gwas clearly

demonstrated by Hllz and Rentschler (1975).In that study,it

was“‘shovn”‘that,whlle the detectlon of a* line may be even -

3 4T

‘inhibited by too bright 1nduc1ng ’llnes at" 1ntermed1ate{*:

intensities the inducing line has- a fac111tatory effect onﬁ

" the testiﬂine.HBeltel (1936) obtalned cqnparablgigresuLts

o Co v

bt . . : a‘”"\h

' with square shaped stimuli. S e o e

’ . ° . ¢ . ' l. v % ?
In agreement with the interpretation of the response

1

.characteriSticsi of 11%% detectors prevxously presented
-

. Rentschler ‘and Hilz (1976) also . found ev1dence w1th1n the

subthreshold summatlon paradlgm that fac111tat10n determlned
Tk
. by“ihe 1nduc1ng l1nes 1s in fact ‘the 'netf'outcome of both

‘fdﬁilitatrnn and 1nh1b1t1on. C s _ v 'rn“

,idns between lines wlth 'p ‘to 2 4 degree " of

'separaticn are reported by %yantson (1981) .He utilized the
Q% faqt thatf steadlly - fxxated lines, undeg ¥ certaln
E , AT . ’ - Sav )
condltﬁons undergo' perxodlc dlsappearances~ (resembllng as,
1= ¢ . L - ~
Macxlnnon et al. ‘showed in 1979%% the v151b111ty~ cycies
- . u‘v _/ ’ : _,~ : R ,&:' .. )
. m‘ " . ; o B ¢

2

» o<

]
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afterimages and optically stabilized images) to determine

how the wvisibility of a steadily fixated bright vertical

\

line was modified by the presence,separation and distance,of

a likely oriented iiné displayed: together with the test
line.

- ) . - et - L
The - disappearance of the tes: ne was found:tg be markedly
‘reduced by the presence ofwyhe second line at separations of

. .8 and 2.4 degree (no.othérﬁkepafétions were investigated).

The stabilization of the test lne,however,only occurred when

~the s-cond line was dié?layed at the same luminance as the

test line no such stabilizations occured when the inducing

line was either brighterxor dimmer than the test line.

All of the above findings cle&¥ly point to the critical

-

effect that luminance seems to have in determining nature

fgnd ..extent. oqf * lateral interactions in  visual
_ _ ‘ AL St

phenomena,effects that combine in complex ways with

) «

e .
A e

those of Rehtschlér_and-Hilz (191é)in-yhich

the distance where facilitatory 1nteracxions occur was found

to be. smaller for higher 1uminances, suggest that the

effects of the former should not be considered independently

v

:from'theilatter's.

e

This appgars to be the. casei’also with'"respéCt ‘to’ the
ingerpretatfonf \f _ the nature of. fac1lita:”gy 1nteract10ns.

An example o‘k this _js »prov1ded by 3Egntschler and Hilz

\»

1nteractions due to- spbtresheld 1nduc1ng lines ‘is amenable

s
g

g

(1976) They ;-showed that QQV1dence df fac111tatory A




79
&)
to an explanation in terms of disinhibition within a line
detecting mechanism.Facilitatory effects induced by just

fshpratrgshold induce lines make , more plausible,instead, the

57N
2

hypothesis of facilitation between detectors.
The experimental conditions arranged 1in the present
experiment ‘are,both in terms of luminance and distance,more

compatible with the latter_hypothesis.

C

fﬂh;t} Spatial interactions and stimulug properties.
To this 'stage,nO-.analysis of the role of spatial

variables (orientation/position)in tgéfexperiment has been
presented. L L

A AR . ' o ) ) .
The reason for this is simple: no significant effects were

v

found;

" Possibly, the set of values of the spéfial variable
used in the experiment were not extreme -extreme enough to

allow the ehergence of such a relationship. -
" ) .

~

While this may well be the ase,the present findings'

force the conclusion ‘that, insofar as the deviations from
. » L
‘the assumption , of independence - here  reported are

[l

attributable to lateral interactions between.line detectors,

‘ t?ese . interactions were not - orientation/position o

T

¥specific.This conclusion,in its turn,suggests two.possible
. . X ) ti . . (22 N h . 3
reasons for these findings.

X ' x B S

First,it might be suggested that these ‘interactions
M NN : : . o o S R

??occurreﬂ_‘at the lower levels of - the visual system
N - 3 ; . - .
: @3‘(;et1na,LGN),wh1ch do not code_for:

.é;d'a_ . . Q T an,t
. e Y g

;;gial”chéfactéristitgg

:‘?):' ) L
fim
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of the stimuli such as orientation.
This suggestion is also consistent with an argument by

Glezer et al.(1977) which,commenting upon the requirements

of detection tasks which simply require to signal the-

appearance of stimuli,claimed that the observer's responses
could be made on the basis of signals from the lower
stations of the'visuaL system. |

While this suggest;on cannot be discounted,rwo related
observatiOns'place some constraints upon its validity.
First, at the highest lumlnance levels,the orientation of the
stimuli  was clearly / perce1ved second ©a 151gn1£1cant
orientation effect was -found for: one- 11ne stimul1 both these
f1nd1ngs,thus,clear1y point to. at leas;,an»12yolvemen§_of

orientation detectors in detection tasks.

If th1s second assumption is to be favored however At~

remains unexplazned why no or1entatlon spec1f1c 1nteract1ons:

emerged Tor rephrase thls questlon° does at fol%ow from the*%'

s {

The answer 'is negatlve Of course, or1entat1on specific
- .
interactions would& help to prove that thelr origin is
-

1ntracort1cal and in fact a number of psychophy51cal studles
.l

"x

‘aimed @t thlS prohlem tproved wlthé%varlous success that

A
e
-’

&
Kullkowsk1

Klng Sm1th 19733 Rentschler‘and F1orent1n1 1974)

<

@,/.-'

e - Y - T e
. X et PR . ‘ e 4
SR o R . o - =

and_-' ~

_fact that , 'interactlons '~ occur: - ﬁ&ong ‘ nor1entat1on-a

indeed ’occurr'

RN
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AN

" The search for lnteractive events ambng cortical cells
has also been exten51vely pursued withAneuﬁhysiological
methods(Blakemore et i : al.,1970;:Jones, 1970;

-Benevento,Creutzfeld }'and Kuhnt, 1972; Bishop,Coombs;ahd

Henry, 1971,1973; Blakemore ¥ end‘ Tobin,{§72;
‘Creutzfeld,Innoéenti ~ and -Brooks,1974;Creutzfeld,Kuhn,and
Benevento, 1974;Heﬂry,Dreher and. . Bishop,1974;Hess,
Negishi,and Creutzfeld, 1975;Maffei and_ Fiorentini,1976;
Nelson and Frost,197é).

The méthoé generally followed in theSeainvestigatibns

" vconsisted of recordlng the response of hnd1v1dual cells in

~area 17 and 18 ‘of the cat visual cort“v'

5w

&

R

s
e

ER

e ——

stimuli (bars,edges,etc.)so as to- ﬂéﬁifiyl

ja’(ﬁt‘
character1st1cs of thezr recept1ve

A ai v-
st1mp;at1ng thexr recept1ve field ,was 3Lﬁ§ﬂtaneously

displayed was then determined. . . o ‘(

All of the above'mentioned‘.tudy were able td

'fﬁresence of ‘powerful interactive phenomena. These _fﬁects'.

-

‘were found to occurr - in most cells, and were found to be

ﬁesffyeinhibf%ory for some cells, mostly facilitatory fori
w
others and a comblnatlon of - the two for Stlll others.

| I“hlbltOfY interactlons appeared to be non orlentationéff”

= B \)

soec1f1c (Maffex: qnd F1orent1n1 1976) or due to both
orLentatlon spec1f1cv,and noh.'spec1f1c “1nh1b1tory input-

(Nelson and‘Frost 1978)

’9 ]
Lnp

Fac111tatory 1nteract1ons were sometlmes found to _be more

O I £ s
o 2 a, :

-0 " - ' BRI
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orientation specific than inhibitory ones (see e.g Blakemore

and Tobin, 1972, and Maffei and Fiorentini,1976);but more

data are needed before any conclusion can be reached on this

issue (see ﬁelson and Frost,1978). .
Importantly,Maffei and Fiorentini (i976) failed to find

any evidence about the existence of either facilitatory, or

inhibitory regions extending beyond the °1@§§§C receptive

field area of lateral geniculate cells.

The above findings should make clear the following'

p01nt while the absence of orientation specific 1nteractions
does not require to assume thap-the latter occurred‘ among
peripheral units,the assugption of spatial 'interactions
emongnorientatiqg detectorSﬂdoesfno; require thatgfhe latter
oggofiinc?tional in nature. - ;. ) | i |
It is thus felt that thegslatter hypothesis can be
. ¥ . . .
endorsed in this context for ‘the reasons oreyiously
mentioned |

An attempt to account for the findings of the-present

3

'experiment oé;the ba51s of spatial 1nteractions among visual

detectors - is thus consistent with electrophy51ological

findings which point to the existe&ce of strong facilitatory

Iand'inhibitory events occurring among'caftgcal detectors and

;;mainly bu1lt 1n w1th1n the cortex. The additional assumption

‘}that is requ1red is that fac111tatory 1nteract10ns may be

’proportxonally ‘ strongest and | "1nh1b1tory 5{ 1nteractions

;ijyﬁ%waﬁ

weakest at lo lumlnance levels, while the opp051te occurs
T ‘X 'if'i .

at high luminances. ThlS assumpt*on?has not been tested “in”T
& e

1 P e

-
W
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thé preViously mentioﬁed(studies ,and should 1indeed be.As
noted before,however, the latter is fully compatible with
what is generally known about the different ﬁemporal and
energy 'rgquirements for the buil?ing up of facilitation and

inhibition.



Iv. CONCLUSION
In - this experiment, the probablllty " of Seeing
4indiv@dual lines as a function of contrast was first
determined. o ' "l"

Next,the probability of- seeing two lines was obtained.The

two lines were positioned at a distance (30 min)
l v |
that,according to - a well-substantiated body of

2 ] _
psychophysicafﬁnv1dence, ensured that the two llnes would
fall . within the perceptive field of tyo~different line

detectors.

" The results indicated ‘that, at 1low contrast levels,

observed yalues were . hlgher than expected while the opp051te

trend wa observed for the h1ghest contrastﬂglevels. These

resultéﬁggwere ~ not apprec1ably affected by spaﬁlal

characteristics of the - stimuli such as orlentatlon and

2

position.v
It was -shownn that auxiliary 'assumptions snch. as those.
'proposed,‘by King-Smith_ and Kulikowski (1981) could not
satlsfactorlly account for the results of this. experlment

A Instead the hypothe51s§‘of lég?nance dependent spatlal

1nteractlons among line detectors was found to’ be compatlble‘

- with the” results, as well as with a substantial body of

:neu:oph§siological evidence. b

P . ] i . ". RS i . R

~
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An 1mportant questlon remains: While the assumptlon of

neural 1nteract1ons may be considered sufficient to ~explain’

fhe results of thlS experlment,ls it also necessary?

NI . .
While no sharp answer can be provided to'- this.

question,the way in which the latter may be related to an

1mportant issue in vision research should “be con51dered ‘The

“1ssue¢15 guite 51mply-what is a "receptive field?"
e ol

' "We have reported that around the receptive field of y'd
the simple and complex cells of ﬁhe striate ...,
‘oortex,tbereh.‘ exist regions  that .although_

\5“horespohsive to moving or flashidg'bbe;s - when

stimulated in isolation have dramatic effects oﬁ the

) . ' i
cell responsiveness.The effects on the uncesponsive
.regzons can be either facilitatory or
1dﬁ1b1tory...The inhibitory -~ unresponsive'

o : anee

;eéionsiﬁhen suitably Sfiguiated,' ‘can  be  so
effeotiVewas to suppress or drastically decrease the’
cell's response to an_appropriate stimulatioh of its
receptive field."(Maffei and Fiorentini,1976,o.11§8)

The above 'quotation reflects,in my opinion, the

problematicity - surrounding the notion "qgceptlve

field".It . clearly points to . the fact that the

‘characterization' of receptlve f1e1ds is a funct:on of the ™~

methodology used“wh1ch in turn reflect the

“_/

options -of a glven research paradlgm.

. %
A clea: presentatlon of the approach constitutive of

e R | e .
this pat@d;gm. was . provrded, by the De Valois' (see




as
Introduction,p.2).
The understanding of how the visual syster ~ognizes visual
scenes,according' to this approach nd foremost
requires the identification of the "disc sunits™ that

analyze the scene "by responding only to certain attributes

~

}of‘fhe pattern which occur within a delimited area of. the
visyal field". - e

The single cell recording methddology,andt its

psychophysiéal equivalents,seem to reflect the atomistic

roach.
approac . S
The ideas B lying .the. development of the notion of
<, . ) W2 . .- , . <
M on-are consistent with this approach:upon
, o :

probability
‘ete subunits. that the visual

i
* identificatiof

system is made.of ,the next stlep/is to calgulate how ‘they

‘summate with each othér;A. éurther step is to explain the

. deviations from'ﬁhis modgl.Wh/le éeneral prope;tiés of ,the

| Avisual  system . (variations in sensitivity,treshold
flhctuations etc.) seem tO'be.preferred,aséumétiéns in terms
of . lateral - interactions between  detectors laré"aléo'
acceptable,parﬁiqularry when their effect;'ig' simply to U
enhance or decréase - the responsivegps .

N , b‘;

#tield .organization

- without altering the fixed pergepti¥

-
-,

" previously determined.

In this experiment,by choosing to evaluate its résultg,zg
. L . R . " .
BRI : L . : el < R
- in terms of probability summation,. the’ conclusions that- .
- e Z N : N . '
could be reached . were obviously constrained by all the
Lo : o, X c N o

';3"{’1: -
CER A

: e o0 o . :
agsumptions implicit inrthe design-of the experiment.

““" . ) i N . ety 7

2 [

LT
*
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by .
The particular solution proposed seems warranted by the

results better than others;thus,in a weak sense, the former

3 ‘
is "necessary”. ' '

Maffei and Fiorentini's (1976) "Unresponsive regions
[that] have: dramﬁtic'inflnence on the cell responsiveness”
(1976,p.1131),on “the other hand,reflect  some of the

diificulties and ambiguities that are affecting the

atomistic approach and point to the need for "a Arastical
w,:
revision of time ﬁonored not1ons.
L,IW .
Agaln Maffelfand F1orent1n1 (1976) offer a good example
e

of this: . | ;o

L}

"All the cells we analyzed were within'5 degree of

the: area centralis.In this'partvogkthe visual field

n.

the inhibitory and facilitatory unresponsive regions
" were at least three times as large as the’ receptive

field, and their influence on the cell response and

v . e . ..
on its propertles ~of  response were surprisingly- -

~\

r1gorous In the llght of this ev1dence we fear‘ that

the cla551cal concept of receptive fleld shpcgd be

, -

"revised. Thls concept "can suggest the;;m1d}ead1ng 4
idea that 1nd1v1dual visual ce}ls‘at.the various

‘“levels *of- the‘ v1sual 'péthway elaborate certain_

c?aracther1st1cs', of the cyisual_ stimglus  in

1solat10n On the contrary, -as- the Qémidence ~already

fvsuggests - ,at " the - fetinal . levelyt

u

"cr A (Y

(McIlwaln 1964 1966) and even mcre. so 1§%%ne 'cortggc
‘; an,gassembl%§ c' {cells,fmlght work toge fof the

P - o.- ;
B T T . »

R L)
.
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analysis of a relatively large region\(S—IO\deg) of
visual space.The concept of a hypercoiumn recently
put | forward by Hubel and Wiesel: (1974,a,b)
strengthens this - hypothesis.The model in  which
cortical receptive fields are built up froﬁ
genicula{e 6nes'fh'a sort of geometrical way are
certainly attrgctive,because of thei; simpiiciﬁy.One
can get excited in learning hoﬁ_ simpleﬁ' the
organization of the central nervous system cah
be.Their usefulness is not disputed provided - that

they_ do not sidetrack the understanding of the

function of ‘a given class of cells or the planning

of new experiments.We must  take care,
therefore,while —we simplify connection$ and

functions in order to build a model which can

_account at best in part for the experimental

results, that we do not oversimpl:‘v,and end up with

"what can only be referred to as a simple-miﬁded

model.'(TS?Q,p.1139).

Previously,a simple,informal intérpretation of
the meaning of probability summation was suggested.
In h:.s inferpreﬁation, thé‘ptedictions based upon

the latter are taken to correspond to conditions of

- 13 - . : ’ . - P - 4 - ‘
equilibrium in a network of communicating units,and

the deviations from this equilibrium are interpreted

88

as net gains of different sign which emerge . from

compiex weighting processes.

A



This ‘sﬁggestioﬁ was meant .to combine the
euristic value so far displayed Ly the . notion gf
pfbba; Tiew suﬁmafion . withr a  more dynamic
. interpretacion ofvthe pheno;éna it addresses.

It would not be surérising,thopghn if in the
near ﬁu#ure this notion,by virtue of its close
kinship' to the' classic single-cell approach,will
" also reveal itself too "simple minded”™ to be longer
ansidered as a valuable tool for the understanding
of the functioning of a system thqﬁ more énd more
revealé . an integfated level of funqtioning that can

‘no longer be ignored even when dealing with its

simplest manifestations.

89
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