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ABSTRACT

According to a conditioning analysis of the orientation~contingent colour aftereffect
(McCollough effect, ME), orientation stimuli (grids) become associated with colour.
Challenges to this interpretation include the suggestion that specific patterned stimuli are
required to elicit the effect, that the effect is not influenced by manipulations of the grid-
colour correlation, and that some colour aftereffects appear to be elicited by stimuli that are
never paired with colour (i.e. the indirect ME). The present results indicate: (a)
nonpatterned stimuli — the lightness of a frame surrounding a coloured area - can
contingently elicit colour aftereffects; (b) this frame lightness contingent-colour aftereffect
can be used to demonstrate that correlational manipulations affect the ME; and (c) that the
indirect ME is elicited by form and frame stimuli that have been previously paired with
colour. Thus the present results support a conditioning analysis of both the ME and the
indirect ME.



ACKNOWLEDGEMENTS

Dr. Lorraine Allan and Dr. Shepard Siegel provided much more than supervision of
this work — they gave constant encouragement, support, and inspiration. I thank both of
them for this help. I would also like to offer special thanks to Drs. Allan and Siegel for
giving me two excellent examples of academe at its finest. If imitation is the sincerest form
of flattery, than I hope they are flattered as I atternpt to emulate their finely-honed
pedagogical skills and their high empirical standards.

Dr. Harvey Weingarten and Dr. Steven Tipper also provided guidance. I thank
them both for their helpful criticism, as well as for their good humour.

My McMaster colleagnes during the past five years have also provided constant
support. In particular, I thank Dr. Glenn Regehr for his help with computers, statistics,
and baseball; Jim Debner for his argumentative style and keen competitive edge; and Mike
Smith for his lively form of expression. 1also thank all those early morning people at the
McMaster gym, especially the New Generation workout crew (Bruce and Paul) and Mike
Li Chin. Every day, in every way, you guys kept me sane by helping me to concentrate,
for two hours at least, on something that hard work CAN change (Fo-cusssss).

I also owe an immense debt to my parents, who have provided me with the basis
for everything I have. Ican never repay what you have given so freely, but, Mom and
Dag, thank you for everything,.

Last, and most important, I thank Penny for putting up with me through all of the
last 2 years, and promising o continue to put up with me through the rest of my years.

Without Penny, I might have finished, but I would never have finished happy.

iv



TABLE OF CONTENTS

A D SITAC . et vtvraceaeumcaeesuenencarsusrsasstatossessssssasesasasssssacssnsarsnsustasssssnsnssasnnaen il
AcCKNOWIEAZEMENTS...euiiuiimiiiiirriiemnimneeiiean et sraeraersressaaresnssansanatsans iv
List Of FigUIeS. ..ottt crtese s rsas s s vi
List Of T ableS.iuiiiierrrammnaaeerienecttisiirtsssnsrrasrrssnnssaassansasnessrneessasssorssnsaasonse X
32 43 - (o] - PP PSPPSRI xi
) §118 0 15 L) Lo 6 1o ) + DO SO P U T O RO VPSP PP 1
The Associative Basis of Contingent Color Aftereffects......ceveievenvnneiniecrensnnns 12
Experiments 1A and IB . 13
EXPETiMENt 2..ciiiiimmmmmniciissssisiinerseesessesasaserenenssssasssssaasesessronnasssaenns 15
EXPEriment 3. .o iiiiiiriciiimemnireeciieieeceessresssassssssitttrasssssesenres 16
EXPEriMent .. ...cccccriireremmmnninsremnssiaiisanenssrnsnmssssssrtsstiiiisstessasssssses 18
EXPEriMENt S...ccceeremmeriisiessenereeriseansisseiasesnrassssssssitsssssssnssssssensannns 21
General DiSCUSSION..cieeiiemrereiriittiitttstanrsannsenererartssesinsesssensssassses 24
R IO S iruiireriiarererrensessmasrertussssssssesssrssnsssensensssnasenssossansssansasss 26
An Associative Interpretation of the Indirect McCollough Effect......ccovmemeicccncunee. 28
EXPEriment l..coeceoiiiiiienierianerernmmeseeiaeiineciiissssesenannaaaneesesseasnsaes 35
EXPEriment 2....cceecieiiereenmseestiimnmimmeceemoreetssosessinssssissiassassesassnanns 39
Experiments 3A and 3B e 44
EXPETIMENt 4uueicerrircceencrssisiiissssinssnissanasssnsassessasassansssnsssssesssnnorases 47
EXPEriment S.....cccciceeeieiiiiisssissasmanmaeaeeennititietteemissmrmennannasnssssseaaaes 51
EXPEriment G...cciieeerrrmeeimememnniacisiiissieiiieeniemnnmemmeeeenntetistsissssssssasanes 53



Experiment 7........ceeeeet teavreaeeronaerrberaararnnas emeeeniereesseeeseireeenrnnens 56
Experiment 8...... ceveneeenteerareaennaes errrrrnrennateeeeaes verrerrrreseresnnesess 80
General Discussion............. veeraresseerereerasesassasannnn eeeenresrasesresnacrnans 65
References..cooeeennen. Cretrrsrenreeessesseasesentaranns reeeereeetseceseecncesecnanacne 72

References for the Introduction............... eeatesiesasanantennatssenensaransanan SUUTRRPUR * [}



LIST OF FIGURES

The Associative Basis of Contingent Color Aftereffects

Figure 1:

Figure 2:

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Stimuli used in Experiment l.......mmrvonmmmmiicceene, 14

Pre-and postinduction psychometric functions

obtained in Experiment 1A and IB......ciiiiiiennnininnnnnees 14

Pre-and postinduction psychometric functions

obtained in EXperiment 3....iiiiinniiinnnnisssanens 16

Preinduction psychometric functions obtained
from each group in Experiment 3 when assessed with
the black frame and the white frame........cccoivnriiinniersrnniane 18

Pre- and postinduction psychometric functions
obtained in Experiment 3 when subjects were assessed

with black and white frames......ccccccrirerrersesrersscensaccosasnssssssans 19

Mean aftereffect scores of all groups in Experiment 3.................... 20



Figure 7: Pre- and postinduction psychometric functions
obtained from subjects in the 0-hour group in

Experiment 4 when assessed with the black and

000 STTE § 2 11T TP PPN 20
Figure 8: Mean Aftereffect scores for groups in Experiment 4.......cccvevenuens 2]
Figure 9: Stimuli used in EXPeriment S......oomminieniniinecnnnnne. 23

Figure 10: Pre- and posunduction psychometric functions
for each grid orientation for high-correlation and low

correlation subjects In Experiment S.....covmeiemiiiicinicinnninnns 24

An Associative Interpretation of the Indirect McCollough Effect

Figure 1: Pre- and postinduction psychometric functions

for EXperiment I........ceeeiiiimiiiiiemommenmemeeee, 80

Figure 2: An example of the induction and assessment

stimuli for each group in Experiment 2....ccoomnnrncniiiccciens 81

Figure 3: Pre- and postinduction psychometric functions
for Group IME and Group ME of Experiment 2........cccevierecenee. 82



Figure 4.

Figure 5:

Figure 6:

Figure 7:

Figure 8:

Figure 9:

Figure 10:

Pre- and postinduction psychometric functions

for Experiment 3A and 3B, 83
An example of the induction and assessment
stimuli for the irrelevant frames induction procedure

in EXPEriment 4....c.ccccccriieenroninitieninnsnencessnsntteseseaannsins 84

Pre- and postinduction psychometric functions

for EXperiment 4...ccociecieiimosicmenmeemiisissinnieneninenseseans 85

Pre- and postinduction psychometric functions

for EXPeriment S....cccccccececiriertiiessmensssssinensiiissnnsinnanneees 86

Pre- and postinduction number of green

responses, by assessment compound, for Experiment 6................. 87

Pre- and postinduction number of green

responses, by assessment compound, for Experiment 7................ 88

Mean aftereffect ratics by group for Experiment 8.....cccooveeieceenes 89



LIST OF TABLES

The Associative Basis of Contingent Color Aftereffects

Table 1: Red, green, and blue values for assessment stimuli

-------------------------



PREFACE

This thesis is divided into two distinct sections. Each section represents either
published material (Siegel, Allan, & Eissenberg, 1992), or material submitted for
publication (Eissenberg, Allan. Siegel, & Petrov, submitted). Because these articles have
multiple authorship, my contribution to each is explained here.

Siegel, Allan, and Eissenberg (1992) report five experiments. Experiments 3-5
represent my contribution to the paper, and thus are the relevant experiments for this thesis.
Experiments 3 and 4 describe a novel contingent colour aftereffect, the frame-lightness
colour aftereffect, that I suggested should occur based upon the conditioning analysis of
contingent colour aftereffects. Experiment 5 uses this novel aftereffect to demonstrate the
previously unobserved effects of correlational manipulations of grid and colour upon
aftereffect magnitude. As such, all three experiments are original contributions to this
work.

Eissenberg, Allan, Siegel, and Petrov (submitted) report eight experiments. All
eight experiments represent my contributions to the paper, and thus all are relevant for this
thesis. These eight experiments support a novel associative account of a colour aftereffect

known as the indirect McCollough effect.



INTRODUCTION

This thesis is divided into two distinct sections. Each section represents either
published material (Siegel, Allan, & Eissenberg, 1992), or material submitted for
publication (Eissenberg, Allan, Siegel, & Petrov, submitted). The following introduction
is intended to set the context for the two sections that follow.

Whenever two events are related, such as when one event reliably predicts another,
there is an opportunity for an organism to learn about that relationship. Researchers within
the field of classical conditioning study the rules that govern such learning. Typically,
learning researchers explore associations involving so-called "biologically significant
events,"” but organisms also appear capable of associating two "neutral” events. The study
of learned relationships between paired neutral, or sensory, events is not new (e.g.
Brogden, 1939), and it continues to-be of interest to learning researchers (e.g. Rescorla &
Durlach, 1981). Presentations of paired sensory events result in phenomena that have long
interested perceptual researchers. One type of phenomenon resulting from such pairings is
the contingent colour aftereffect.

The prototypic contingent aftereffect is an orientation-contingent colour aftereffect
known as the McCollough effect (ME), after the investigator who first reported the
phenomenon (McCollough, 1965). The ME can be observed following an induction period
where two sensory events, orientation and colour, are paired. For example, subjects might
be presented with a grid made of green and black horizontal bars alternating with another
grid made of magenta and black vertical bars. The ME is observed when subjects report
that grids made up of white and black bars appear coloured, and that the colour depends
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upon the orientation of the bars that make up the grid. In the above example, the white
horizontal bars would appear pinkish, and the white vertical bars would appear greenish.
There has been much recent debate regarding the mechanism that underlies the ME (Allan &
Siegel, 1993; Dodwell & Humphrey, 1990; 1993; Siegel & Allan, 1992). This debate has
been stimulated by reports of a closely related phenomenon: the indirect ME (e.g., Allan &
Siegel, 1991; Bumphrey, Dodwell, & Emerson, 1989; Shute, 1979; Stromeyer, 1969).

The indirect ME can be observed following an induction perio where, for
example, 2 green horizontal grid is alternated with a magenta (gridless) square. Following
such an induction period, subjects report that achromatic (white) horizontal grids (the
inducéd grid in this example) appear pink, and achromatic vertical grids (the noninduced
orthogonal grid) appear green. The aftereffect reported on the induced grid is the ME, the
aftereffect reported on the noninduced orthogonal grid is the indirect ME. The indirect ME
has been taken as evidence for an underlying, (nonassociative) orthogonally organized
visual processing system (e.g. Dodwell, 1992; Humprey et al, 1989).

The experiments that follow were designed to determine the nature of the
mechanism that underlies contingent colour aftereffects like the ME and the indirect ME. In
order to make this report more cohesive, this introduction briefly reviews research
concerning mechanisms underlying the ME, with particular attention to the questions
addressed by the current research. Following this review, the indirect ME is described in
more detail, and an associative analysis of the mechanism underlying this aftereffect is
presented. The experiments follow, in the form of two papers (Siegel, et al, 1992;
Eissenberg et al, submitted). Note that the relevant experiments in the first paper (Siegel et
al, 1992) are Experiments 3-5.



The ME has typically been interpreted in 2 non-associative manner (€.g.,
McCollough's [1965] suggestion that her findings resulted from chromatic adaptation of
orientation-specific detectors), but some investigators have suggested that the phenomenon
may be best understood as an instance of Paviovian conditioning (see review by Siegel &
Allan, 1992). According to this associative analysis of the ME, the grid acts as a
conditioned stimulus (CS) that reliably predicts the colour unconditioned stimulus (UCS)
during induction. Because of this predictive relationship between grid CS and colour
UCS, the grid, when presented without colour, elicits a conditioned response (CR) — the
colour aftereffect (e.g. Murch, 1976). While there is empirical support for this
conditioning analysis of the ME (e.g. Allan & Siegel, 1986; Siegel & Allan, 1992), the
analysis has its detractors (e.g. Dodwell & Humphrey, 1990; Skowbo, 1984, 1986).

Conditioning Phenomena and the ME. There is a great deal of evidence supporting
a conditioning account of the ME, drawn primarily from demonstrations that the ME can be
used to observe many conditioning-like effects. Thus ME magnitude is weakened
following repeated presentations of the grid CS following induction (extinction; e.g. Riggs,
White & Eimas, 1974), but displays some recovery after a rest period following these
extinction trials (spontaneous recovery; e.g. Skowbo, 1988). Also, if subjects are exposed
to non-coloured grid stimuli prior to induction, ME magnitude is decreased, a phenomenon
known as latent inhibition (Skowbo, 1988).

Even more evidence for the conditioning account of the ME can be found when the
results of induction periods containing compound stimuli are considered. For example, in
the conditioning literature, prior training with one CS (CSA for example) is said to block
leamning about another CS (CSB) when CSA and CSB are compounded and paired with a



UCS (Kamin, 1969). That is, following pre-training with CS A, subjects fail to learn about
CSg when the two are compounded. Importantly, subjects do learn about CSB during
compound trials if there has been no pre-training with CSa. While Kamin (1969) used a
light and a noise as CS A and CSB. and a shock as the UCS, the blocking effect has been
demonstrated using ME induction procedures (Siegel & Allan, 1985). Prior training with
diagonal patterns (CSA) attenuated the magnitude of the ME reported on vertical-horizontal
patterns (CSB) when the diagonals were superimposed upon the vertical-horizontal patterns
and these compounds were paired with colour (Siegel & Allan, 1985). Blocking of the ME
has been replicated and the similarity between the ME and conditioning has been extended
10 include the Pavlovian phenomena of unblocking and overprediction (e.g. Brand,
Holding, & Jones, 1987; Sloane, Ost, Etheriedge, & Henderlite, 1989).
Patterns that Elicit the ME. One reason for continued skepticism concerning the
contributior of conditioning to the ME was the widely-asserted belief that only a few,
special patterns (like horizontal and vertical grids) could be effective ME induction stimuli.
Some investigators suggested that such limitations on effective ME patterns compromise
the conditioning account (e.g., Dodwell & Humphrey, 1990; Skowbo, 1984). However,
results of recent experiments demonstrate that a variety of forms (e.g., crosses and
squares) are effective elicitors of colour aftereffects (e.g. Siegel et al, 1992, Expts 1 & 2).
Successful demonstrations of form-contingent colour aftereffects led to the suggestion that
nonpatterned stimuli might also contingently elicit colour aftereffects. Specifically, the
lightness of a background, or frame, surrounding a coloured square might elicita coldur
aftereffect following an induction period where colour is made contingent upon frame
lightness. According to this hypothesis, following induction consisting of alternating

presentations of a green square surrounded by a white frame and a magenta square



surrounded by 2 black frame, colourless, framed assessment squares should appear
coloured. That is, squares presented in the white frame should appear pinkish, and squares
presented in the black frame should appear greenish. This frame lightness contingent
colour aftereffect is demonstrated in the first two experiments of this thesis. Siegel et al
(1992, Experiment 3) demonstrated that following an induction period where
complementarily coloured "pictures” were presented such that colour was contingent on
frame lightness (e.g. a black-framed green picture alternated with a white-framed magenta
picture) subjects reported that framed achromatic stimuli appeared coloured, and the colour
depended upon the lightness of the surrounding frame (e.g. black-framed horizontal grids
appeared pink, white-framed horizontal grids appeared green). This frame lightness
contingent colour aftereffect occurred when induction pictures contained only horizontal
grids, horizontal or vertical grids that were randomly presented with respect to colour, or
no grid stimulus (i.e. a framed gridless square). The frame lightness contingent colour
aftereffect can also be demonstrated when both induction and assessment stiruli are
composed of framed, gridless squares (Siegel et al, Experiment 4). Moreover, the frame
lightness contingent colour aftereffect, like the ME elicited by grid stimuli, is long-lived
(i.e. detectable 24 hours after the induction period; Siegel et al, Experiment 4).

The ME and the CS-UCS Correlation. Another criticism of the associative
interpretation of the ME is that ME magnitude, unlike Pavlovian CRs, is not sensitive to
manipulations of the correlation between the putative CS (grid) and the putative UCS
(colour; e.g. Skowbo, 1986). In the Pavlovian conditioning literature, decreases in CS-
UCS cormrelation are typically effected by introducing UCS presentations in the absence of
the CS. Such interpolated UCS-alone presentations weaken the magnitude of the resulting
CR, possibly because when a UCS is presented in the absence of the CS, that UCSis



associated with the experimental context. Context-UCS associations compete with CS-
UCS associations, thus decreasing the magnitude of CS-elicited CRs (Rescorla & Wagner,
1972). Previous attempts to demonstrate the influence of CS-UCS correlation on ME
magnitude have failed. These attempts included reduction of the temporal correlation, via
presentations of interpolated chromatic gridless squares (e.g. Siegel & Allan, 1987;
Skowbo & Forster, 1983), as well as reduction of the spatial correlation, by extending the
chromatic siimulus beyond the grid stimulus (Siegel, Allan, Roberts, & Eissenberg, 1990).
These correlational manipulations might have failed to affect ME magnitude because no
distinctive experimental context was provided, thus no context-UCS associations could
develop (Siegel & Allan, 1987).

Demonstration of a frame lightness contingent colour aftereffect allowed
introduction of an experimental context. That is, the frame lightness element of a framed
grid could act as a distinctive experimental context in which interpolated chromatic gridless
squares could be presented. The formation of context-UCS (i.e. frame-colour)
associations should then compete with grid-colour associations, thus weakening ME
magnitude. Indeed, when subjects were induced with white-framed green horizontal grids
alternating with black-framed magenta vertical grids, interpolated white- and black-framed
(gridless) chromatic stimuli did weaken ME magnitude (Siegel et al, 1992, Expt 5). Thus,
contrary to previous reports (e.g. Skowbo & Forster, 1983) correlational manipulations,
accomplished with interpolated gridless chromatic stimuli, do affect ME magnitude.

Though a great deal of evidence supported the conditioning interpretation of the ME
(Siegel & Allan, 1992), criticism that only limited types of forms elicit the effect, and the
failure of correlational manipulations to reduce the magnitude of the effect, weakened the
conditionihg analysis. The frame lightness contingent colour aftereffect presented in the



first half of this report can be used to address both of these criticisms. First, as predicted
by a conditioning analysis, MEs can be elicited by a wide variety of stimuli, including those
that differ only in terms of their lightness. Moreover, when frame lightness elements ofa
stimulus act as an experimental context, correlational manipulations do effect ME
magnitude as predicted by the conditioning analysis. Thus, the frame lightness contingent
colour aftereffect is used to address two important criticisms of the conditioning analysis of
the ME. Similarly, the frame lightness contingent coiour aftereffect is central to an
associative interpretation of the indirect ME.

While there is much evidence in support of an associative account of the ME (Siegel
& Allan, 1992), the indirect ME presents a challenge to associative accounts because the
stimulus eliciting the aftereffect is apparently not present during induction. Recall that the
indirect ME can occur following induction with a coloured grid alternating with a
complementarily coloured homogeneous field: for example a green horizontal grid
alternating with a magenta square (e.g. Allan & Siegel, 1991). The indirect ME is
observed when subjects report that achromatic stimuli containing the noninduced
orthogonal grid orientation, vertical in this example, appear coloured. This effect presents
a challenge for a conditioning analysis because a putative CR (the colour aftereffect) is
elicited by a stimulus that has never been paired with the putative UCS (colour) during
induction. This challenge can be answered by a consideration of the variety of stimuli that
are paired with colour during indirect ME induction (and that subsequently may elicit colour
aftereffects), and an appreciation of data and theory concerning compound conditioning
effects. Consider one indirect ME induction procedure — a green horizontal grid alternating

with a magenta gridless square (e.g. Allan & Siegel, 1991). If these chromatic stimuli are



presented in the middle of an otherwise black video monitor (or on a projection screen in a
darkened room), they are both square figures surrounded by black frames. Thus, green-
horizontal grid presentations involve pairing of green with a variety of elements: the
horizontal grid, the black frame, and the square form of the picture. Similarly, magenta-
square presentations involve pairing of magenta with a black frame and square form.

It is likely that these various elements (orientation, frame lightness, and form) differ
in salience (other things being equal, CRs develop more rapidly to more salient stimuli).
Following training where a compound stimulus with elements of unequal salience is paired
with a UCS, organisms respond more to the stimulus element with the greater salience.
This phenomenon is known as overshadowing (Kamin, 1969; Pavlov, 1927, p. 143). For
example, Kamin constructed a compound CS of two elements differing in salience: a
relatively more salient light and a relatively less salient noise. Following training where
this compound CS was paired with shock, the light elicited the CR of greater magnitude,
and the noise elicited the CR of lesser magnitude -- the light overshadowed the noise.

Overshadowing has also been demonstrated during ME induction when the
induction stimuli paired with each complementary colour consist of compound grids. That
is, if induction consists of presentation of coloured grids with both diagonal and horizontal-
vertical components that differ in salience, the more salient grid component elicits a greater
ME than the less salient one (Siegel & Allan, 1985).

Like Siegel and Allan's (1985) induction procedure, the indirect ME induction
procedure pairs compound stimuli with complementary colours. The indirect ME can be
understood by explicit acknowledgment of the various elements of the induction stimuli (in

addition to grid orientation) that are paired with colour. The horizontal green gridisa
compound constructed of a horizontal grid (GRIDy,), a black frame (FRy,) and a square



(SQ). During indirect ME induction this green GRID+FRp,+SQ compound aiternates with

a magenta FR,+SQ compound.

Overshadowing may be important for understanding both the ME and the indirect
ME. Overshadowing would result if grid orientation is more salient than other elements
paired with colour during indirect ME induction. Following presentations of a green
GRID},+FRy,+SQ stimulus, subjects report horizontal grids appear pink; neither frame nor
form elicit an aftereffect. This green stimulus alternates with a stimulus that has no grid - 2

magenta FR+SQ stimulus. In this case, since no element of greater salience is present,

black frame and square form come to elicit a colour aftereffect.

When assessed for the ME with the achromatic GRIDy+FR+SQ, GRIDy, elicits
the colour aftereffect — horizontal bars appear pink. Subjects are assessed for an indirect
ME with an achromatic compound that includes a novel stimulus - the vertical grid
(GRID,)). When assessed for an indirect ME with the achromatic GRID+FR,+SQ, FR},
and SQ elicit the colour aftereffect; thus, this assessment stimuius appears green.

According to the associative view, the "indirect” ME is not indirect at all. Like the
ME, the indirect ME is elicited "directly” by stimuli that have been effectively paired with
colour during induction (the FR and SQ elements of the stimulus alternated with the
coloured grid). This associative view of the indirect ME is tested in the experiments
reported in the second part of this thesis (Eissenberg et al., submitted). Thatis, Eissenberg
et al (submitted) demonstrate that GRID does in fact overshadow FR and SQ elements
when these elements are compounded and paired with colour (Experiment 2) and that
FR+SQ compounds do elicit an aftereffect (following an induction period where they have
not been compounded with GRID; Experiments 2 and 3). Even more evidence in support
of the associative analysis of the indirect ME comes from the fact that, when FR is not a
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reliable predictor of colour during induction, the magnitude of the indirect ME is reduced
during assessment (Experiment 4). Indeed. noninduced grid stimuli are unnecessary in
order to observe the effects of an indirect ME induction period. Subjects demonstrate two
complementary aftereffects when they are assessed using only those compounds that were
paired with colour during induction (e.g. GRID+FR+SQ and FR+SQ: Experiment 5).
Further experiments test predictions made using the associative interpretation of the indirect
ME with regard to aftereffects elicited by nonorthogonal grid stimuli (Experiments 6-8).
Taken together, the 11 experiments that make up this thesis support a conditioning
interpretation of contingent colour aftereffects. Although much support for a conditioning
account of the ME already exists (Siegel & Allan, 1992), that account is strengthened by
reports of colour aftereffects contingent upon non-patterned stimuli, like frame lightness.
Further support comes from the demonstration that, contrary to previous reports,
correlational manipulations of CS and UCS (grid and colour, respectively) effect ME
magnitude in a manner predicted by the conditioning analysis, so long as an experimental
context (e.g. frame lightness) is provided. In contrast to the ME, the indirect ME posed a
challenge to an associative account of contingent colour aftereffects, because a stimulus that
did not predict colour during induction (the noninduced orthogonal grid) seemed to elicit a
colour aftereffect during assessment. This challenge was met by an associative analysis of
the indirect ME that describes indirect ME induction stimuli as stimulus compounds made
up of distinct elements: either a coloured GRID+FR+SQ or 2 colured FR+SQ. Whena
GRID element is present, subjects associate that GRID element with colour, but in the
absence of a GRID, subjects associate FR+SQ elements with colour. Demonstration of a

frame lightness contingent colour aftereffect played a major role in this elemental analysis



of indirect ME induction stimuli, as well as in testing predictions regarding noninduced

orthogonal grid effects, and noninduced. nonorthogonal grid effects.
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The Associative Basis of Contingent Color Aftereffects

Shepard Sicgel, Lorraine G. Allan, and Thomas Eissenberg
. McMaster Unwcrsxty
Hamilton, Ontanio, Canada

According 10 2 conditioning analysis of the orientation-contingent color aftereflect (MeCollough
effect, ME), orientation stimulus (grids) become associated with color. Contrary 1o this interpre-
tation are reports that simple forms ¢cannot be used 1o elicit illusory color and that the ME is not
degraded by decreasing the grid-color correlation. The present results indicates (2) Form stimuli
<an contingently elicit color aftereffects; (b) cven a nonpatierned stimulus—the lightness of a
frame surrounding a colored area—can contingently elicit color afiercffects; (¢) this frame
lightnesscontingent aftereffece, like the ME, persists for at least 24 hr; and (d) the frame lightness-
contingent aftereffect can be used 10 demonstrate that correlational manipulations affect the ME,

as they afleqt other types of conditional responses.

"Although the study of associations between two “neutral”™
events has a long histoxy (c.g.. Brogden, 1939), recently there
has been renewed interest in this area (eg, Rescorla & Dur-
lach, 1981): In such studies, both events are sensory, and
learning - rescarchers have developed special techniques to
study the association between neutral events (Mackintosh,
1974, pp. 19-21; Rescorla, 1981; Rescorla & Durlach, 1981).
The consequence of the pairing of sensory events is of interest
not only 1o learning researchers, but also to pereeptual re-
searchers. Paired sensory events are central to a well-known
perceptual phenomenon, the orientation-contingent color af-
tereflect.

The orientation-contingent color aftereffect has come to be
called the McCollough effect (ME), afier the investigator who
first described the phenomenon (McCollough, 1965). The ME
results from pairing grid orientation with color. For example,
during an induction. period the subject is presented with 2
grid constructed of black and green horizontal bars alternating
with a gnd of black and magenta vertical bars. Following such
induction, complementary color aftereflects contingent on
bar orientation are noted; black and white assessment grids
appear colored. In this example, the white space between
black horizontal bars appears pinkish, and the white space
between black vertical bars appears greenish,

A number of investigators have suggested that the ME isa
type of Paviovian conditioning (c.g., Allan & Siegel, 1986;
Brand, Holding, & Jones, 1987; Sicgel & Allan, 1985). Gen-
erally, these investigators have adopted the conditioning
analysts of the ME presented by Murch (1976):

The lined grid in inspection functions as 2 conditioned stimulus
{CS) while color functions as the unconditioned stimulus (UCS).
As a result of the pairing of the €S (lined grid) with the UCS
{color) a conditioned response (CR) develops so that the adaptive
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Institute of Mcnta! Health and the Natural Sciences Engineering
Rescarch Coundil of Canada. We gratefully acknowledge the assist-
ance of Siobhan Callagan, Melissa Cole, and Doreen Miitchell.
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cither Shepard Siegel or Lormine G. Atlan. Depantment of Psychol-
ogy. McMaster University, Hamilton, Ontanio, Canada L8S aK1,

" response of the visual system to the color is evoked by the lined
grid. (x 615)

This conditioning interpretation of the ME is supported by
demonstrations that manipulations of the putative CS (grid)
and UCS (color) have conditioninglike effects; thus, the ME,
like Paviovian conditioning, is subject to substantal retention,
generalization, extinction, spontancous recovery, “latent in-
hibition™ by CS preexpasure, overshadowing, blocking, and
unblocking (see Allan & Sicgel, 1986; Brand ct al, 1987).

. There are,-however, some findings that do not appear con-
“sistent with the conditioning interpretation of the ME

(Skowbao, 1984, 1986). The experiments we report were de-
signed 10 address two such findings: (2) Only a limited class
of pattemned stimuli, when paired with color, subsequently
contingently elicit aftereflects, and (b) decreasing the correla-
ton between grid and color does not degrade the ME.

Limited Class of Sumuh That Conungcmly Ehcu
Color Aftereffects

Several investigations have suggested that, on the basis of
the conditioning interpretation of the ME, elicitation of illu-
sory color should follow induction with virtually any pat-
temed stimulus, For example; Foreit and Ambler (1978)
reasoned that MEs should be demonstrable with form stimuli
as well as onentation stimuli. They attempted to induce a
contingent aftereffect by repeated presentations of a square
constructed from magenta line segments and a cross con-
structed from green line segments. They reported, however,
that thetr stimuli did not contingently elicit color aftereffects.
Recent summaries of the ME literature have concluded that
the aftereffect is not 2 Paviovian conditioning phenomenon
because, if it were, chromatic patterns of the sort used by
Foreit and Ambler (1978) should be cffective (see Skowbo,
1984); in contrast to this expectation, “MEs appear 10 be
fimited 10 a small class of rather special patterns™ (Dodwell &
Humphrey. 1990, p. 79).

Experiments 1—4 were designed to further examine stimuli
that, when paired with color, can contingently elicit coloi
aftereffects. In Experiment 1, stimuli very similar 10 thos
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evaluated by Foreit and Ambler (1978) were used. in Exper-
iment 2, different forms (triangics) were evaluated. In Exper-
iments 3 and 4, we report a new contingent color afterefTect:

illuserv color contingent on the lightness (black or white) of
a border (or frame) that, during induction, surrounds a chro-
matic area,

Correlation Between Grid and Color

As first discussed by Skowbo and Forster (1983), if the ME
represents an instance of Paviovizn conditioning, correla-
tional manipulations should affect the perccptual illusion
much as they affect other CRs. Generally, decreasing the
correlation® between 2 CS and UCS decreases the strength of
conditioning. Such 2 decrease in corrclation typically is f
fected by UCS presentations interpolated between paired CS-
UCS presentations (see Rescorla & Wagner, 1972). On the
basis of 2 conditioning analysis of the ME, then, presentation
of the putative UCS (homogeneous chromatic stimuli) be-
tween presentations of the putative CS (chromatic grids)
should degrade the perceptual ifllusion. Skowbo and Forster
(1983) reported that this manipulation did not influence the
magnitude of the ME and suggested that their results were
contrary 10 an associative account of the phenomenon.

Skowbo and Forster's (1983) results were subsequently
mpha:odbySmgclmdAllan(lSS’I).Slegd and Allan (1987)
suggested that the ME, although immune to degradation by
decreasing the temporal correlation between grid and color
(by presenting homogeneous chromatic stimuli between pres-
entations of chromatic grids), may be degraded by decreasing
thcspaualoondanonbctwecnthmmmuh(bycxmdmgthc
color beyond the confines of the grid). They were wrong. The
spatial correlation manipulation, like the temporal correlation
maniputation, did not decrease the illusion (Sicgel, Allan,
Roberts, & Eissenberg, 1950). E.xpcnmcnt 5 used the new
contingent color aftereffect described in Experiments 3and 4
to provide further evidence conoerning the contribution of
grid-color correlation to the ME.

Expeniments 1A and 1B

The purpose ol'Expmmcnt I was to further evaluate the
. claim that chromatic stimuli of the sort used by Foreit and
Ambler (1978) are ineffective in dliciting contingent color
afteseffects. The induction stimuli were forms constructed of
line segments. One form was 2 square and the other was 2
cross constructed by rearranging the four line segments that
formed the square. A different cross stimulus was used in
Experiments [A and 1B.

Although the induction stimuli were similar to those used
by Foreit and Ambler (1978), the assessment procedure was
different. Foreit and Ambler (1978) evaluated the aftereffect
by asking subjects to match the illusory color 10 Munsell
chips. We used a variant of the method of constant su:nuh,
whith we have demonstrated 10 be an effective procedure for
the measurement of contingent color aftereffects (Allan, Sie-
gel, Collins, & MacQueen, 1989; Allan, Siegel, Toppan, &
Lockhead, 1991; Siegel et al., 1990).

ALLAN,

AND 1. BISSENBERG

Meihod

Subjects

Adults from the McMaster University community with no previous
experience in contingent afiereffect tasks were each paid $5.00 for
their panicipation in the experiment. Twelve subjects participated in
Experiment LA, and 9 participated in Experiment 1B, They partici-
pated individually, with the experimenter present in the room
throughout the scssica.

Aftereffect Induction

The induction stimuli were coloned (magenta or green) geometric
forms (squares or crosscs) preseated on 2 black background in the
centerofa 27.5 am X 20.3 em (width X height) monitor screen. Each
form consisted of four line segments. The dimensions of cach segment
were 7.5 om X 0.5 an (length X width), subtending approximatcly
6.1" % 0.4° visua! angle.

The stimuli used in Experiments 1A and 1B are shown in Figure
1. In both experiments, onc of the induction forms was 2 square
(Figure 1A). The two experiments differed ia the shape of the ¢ross
used a5 the second induction form. In Experiment 1A, the line
scgments were rearranged (o form 2 stmple Greek aross (sec Figure
1B) of the sort usad by Foreit and Ambler (1978).

Although the squrare and the cross used in Experiment 1A (and by
Foreit 2nd Ambler, 1978) oocupy the same propoctica of the screen,
they vary in sizes the horizoatal and vertical extent of the cross was
twice that of the square. Because MacKay and MacKay (1975) have
shown that 2 color aftereffect c2n be contingent on size, a different
cross was used in Experiment 1B, The four Linc scgments were
arranged to form a tick-tack-toe cross (see Figure 1C). The cross was
constructed from the square by moving each 2dc 3 cm toward the
middie. In Experiment 1B, both the proportion of the screen occupied
by the segments and the extent of the two forms were the ame.

In Experiment 1A, the square was magenta and the ¢ross was green
for 5 subjects; for the remaining 7 subjects, the square was green and
the cross was magenta. In Experiment 1B, the square was magenta
and the cross was green for all 9 subjects,

The induction period lasted 2bout 20 min. The two colored forms
alternated every 3 s for a total of 200 presentations of each form.
Background music was presented during induction for Experiment
1A,

Aftereffect Measurerent

{llusory color was measured both before and after the induction
phase of the experiment (preinduction and postinduction assessment,
respectively). There wasa 2-min period, in normal room illumination,
between afiereflect induction and postinduction assessment of illu
sory color to-minimize the influcnce of Smple afterimages.

For both asscssments, there were 50 presentations of the squan
and 50 prescotations of the cross. On cach presentation, the form
ocould be one of five colors one of two shades of pale pink (P1 an<
P2, with P2 being more saturated than P1), one of two shades of pal
green (Gt and G2, with G2 being more saturated than Gl), ©

! In the leaming literature, CS-UCS correlation is often referred t
as CS-UCS contingency. In these experiments we use the tem
correlaiion 1o tefer to the statistical relationship between the CS an
UCS., 5o a5 not to confuse this relationship with the contingent colo
afterefTect.



CONTINGENT COLOR AFTERLEITECTS

AT

A B C
Figure I, Sumuli used in Experiment 1, (Experiment A used the

square [panel A and Greck cress [panel B]. Experiment 1B used the
square [panel A) and tick-tack-toe cross {pandd C).)

achromatic (0). Form (square or cross) and color (P1, P2, Gi1, G2,

and 0) were mndomly ordered, with the restriction that each form’

was presented in cach color 10 times. On cich of the 100 peesenta-
tions, the subsect had to make a binary response, “green™ or “pink.”
The form remained on the screen until the subject responded. In
_Experiment 1A, after the subject responded the screen was black for
. ls:ndzhcnthcncxtmncmmmuluswspmwd.!:or&pa
- iment 1B, there was no black period between prssentations ol'thc
assm-ncntmmuh.
iz Experiment 1A, subjects were familiarized with the color judg-
ment task prior to the start of the experiment. Before preinduction
aftereffect assessment, subjects reccived 16 practice trials. For cach
practice trial, either a square or 2 Cross was preseated, and the form
was onc of the four unsaturated colors (G, G2, P1, o P2). Each of
he cight form-color combXnations was preseated twice (in random
order). In contrast to the peetnduction and postinduction assessments,
feedback was provided on these practice trizls, Immediately after
making 2 “green” or "pink™ response, the correct color of the grid
(the word green or pink) appeared on the computer monitor. These
practice data were ignored. There were no practice trials in Expeni-
ment 1B.

Apparatus

Temporal parameters, stimulus presentation, and recording of
responses were coatrolled by a Tandy 3000 computer, equipped with
2 video graphics adaptor (VGA) display card. The stimuli were
displayed on a Zenith flat screen monitor (Model 1490) located about
70 cm from the subject, The color on the moaitor is the combination
of red (R), green (G), and blue (B). When ezch input isat its maximum
valoe (R = G = B = 63), the result is white, When cach input is at
its mimmum valve (R = G = B = 0), the result is black, Changing
the relative propoctions of R, G, and B peoduces various hucs ot
different saturations. The RGB and illuminance values for all the
chromaticstimuli used in Experiments 1A and 1B have been reported
clsewhere (Allan et al | 1991).

Results”

The psychometric function relating the probability of the
subject reporting that the grid appeared green, F{(G), to the
physical characteristics of the assessment stimulus (ranging
from P2 to G2) was determined. Figure 2A° displays the
preinduction and postinduction functions for cach configu-

- ration for Experiment 1A. For simplicity in presentation, the
functions were collapsed across form—color pairing; the ma-

genta functions icpresent the assessment duty o the form
induced in magenta, and the preen functions represent the
assessment data for the form induced in green. Fipure 20
displays the pre- and postinduction psychometric functions
obtained in Expcnmcm 1B.

As can be seen in Figure 2, the preinduction functions,
obtained prior 1o exposure to chromatic induction stirauli,
were similar for both configurations of the four line segments.
The preinduction functions span the full mnge from 0 to
1.00, indicating that subjects were sensitive to the physical
differences used., These functions moved apart after induction.
Relative to preinduction, the form that was magenta in in-
duction was more Likely to clicit a “green™ response in post-
induction, and the form that was green in induction was less
likely to elicit 2 green response,

For purposes of statistical analysis, the difference between
the mean number of green responses to the two forms, over,
the five assessment colors, was determined for both preinduc-
tion and postinduction measurements for cach subject. In
pranduction, this measure of illusory color should approach
zero. A contingent aftereffect would result in a positive illu-

0.0

F

Y T g

0 G1 G2
Color
Figure 2, Pre- and postinduction psychometric functions oblaina
in Experiment 1A (Pand A) and Experiment 1B (pane! B). (P = pink
G = green.)

2

)
P-4



S. SIEGEL,

sorv ¢olor measurement on the postnduction assessment;
that is, more “green™ responses 1o the magenta induction
form than 10 the green induction form. For cach subject, a
comingent aftercfect score was computed—ihe difference be-
tween postinduction and preinduction measures of illusory
color. The presence of an aftereffect is indicated by 2 positive
contingent aftereffect score. The magnitude of the aftereffect
is indicated by the size of this score.

To illustrate the computation of the aftereflect score, con-
sider a subject induced with a magenta square and green ¢ross.
Before induction, it would be expected that the subject would
judge about half of the 10 presentations of the square and of
the cross over cach of the five assessment colors as being
green. For example, the square and cmss might elicit means
of 6 and 5 “green™ responses, respectively. The illusory color
soore is computed by subtracting the mean number of “green”
responses made to the green induction stimutus (the cross)
from the mean number of “green™ responses made to the
magenta induction stimulus (the square) in thisexample, the
preinduction scoce is 1. If induction is effective in inducing
an aftereffect, during postinduction assessment this subject
would judge the square as being more green (8., the square
assessment stimuli might elicit 2 mean of ¢ght “green™ re-
sponses) and the cross as being less green (eg., the cross
assessment stimuli might elicita mean of 3 “green™ responses).
The postinduction illusory color score is 5. The aftereffect
seore (the change in illusory color score from pre- to pos:.in-
duction) for this mbjcct 4.

Of the 12 subjects in Experiment 1A, 11 displayed a con-
tingent afiereffect (i.c., they had positive contingent aftereffect
seores, p < 003, onc-tailed binomial test). Of the 9 subjects
in Experiment 1B, 8 displayed 2 contingent aftereffect (p <
02). '

Discussion

In Experiment 1A, we demonsrated a contingent color
afiereffect with forms similar to those used by Foreit and
Ambler (1978). In Experiment 1B, we further demonstrated
such a form-contingent aftereflect using forms that were the
same with respect to horizontal and vertical extent. Foreit
and Ambler (1978) concluded, “the McCollough effect is
sensitive to line ofientation but not to form (line configura-
tions)™ (p. 301). The results of Experiments 1A and LB arein
marked contrast to their conclusion. It could be that the color-
matching procedure used by Foreit and Ambler was not
sensitive enough to demonstrate the aftereffect.

The Foreit and Ambler (1978) findings have been inter-
preted, by Foreit and Ambler and by others (Skowbo, 1984),
as evidence contrary 10 a conditioning interpretation of the
ME. The present report that such stimuli can contingently
clicit aftereffects thus provides evidence supporting a condi-
tioning analysis of the ME. )

The purpose of the next experiment was to further evaluate
the effectiveness of different forms as contingent elicitors of
illusory colors. Rather than. forms based on those described
by Foreit and Ambler (1978), iwa novel forms were arbitrarily
selected—an upright and an inverted triangle.

L. ALLAN, AND T,

EISSENBERG

Experiment 2

Each of the chromatic stimuli used in Experiment 2 were
constructed from three ling segments, positioned 50 as to form
an isosceles triangle. During aftereffect induction, these tri-
angles were alternately upright (base on bottom) and inverted
(base on top). The line segments that formed the triangle were
green when the triangle pointed in one direction and magenta
when it pointed in the other direction.

Method

Subjects, Apparafzfs. and Stimnudi

The subjects were 9 students with 1o previous expernence in
contingent afiereffect tasks. They were enrolled in Introductory Psy-
chology at McMaster University 2od received course credit foc their
participation. Four subjects reecived induction with 2 green upeaght
trianglc and a magenta inverted triangle. The remaining 5 subjects
received induction with 2 magenta upaght triangle and 2 green
inverted triangle.

Temporal paameters, stimulus presentation, and recording of
responses were controlled by 2 Macintesh tlex computer equipped
with an §-bit video display card. This system enabled 65,936 grada-
tions of saturation of each hue {ranging from O 10 65,535), i contrast
to the 64 gradations in the previous experiments, The triangles were
dispiayed in the middic of 2 23.5 cm X 17.5 cm Appic color monitor
(Moda MO401PA), located about 70 em from the subject. The line
segmenty that formed the sides of the triangle were § cm long X 0.8
<m thick, The line segroent that focmed the base of the triangic was
12 cm long X 0.5 cn thack. The entire triangle subtended appraxi-
mately 9.8° % 4.9" of visual angle.

Fordnmmdmnum@e,k-B-OandG-dS.ﬁS for
the magenta induction triangle, R = B = §5,535 and'G = . The
illuminance valoes foe the green and magenta triangles were 45 and
20 lux, respectively. The RGB values for the assessment triangles are
shown in Table 1. The flluminance values for these various pale
assessment stimuli manged Trom 52 10 58 lux.

Procedure

Afiereffect induction. The induction period lasted 20 min. The
wo colored triangies alternated every 2 s for a total of 300 presenta-

Table 1 .
Red, Green, and Blue Values for Assessment Stimuldi
Assessnent stimulus _
Color P2 Pl ¢ Gl G2
Experiments 2 & 3
Red 65,535 65535 65535 62965 61,166
Green 61,166 62965 65535 65535 65535
Blue 61,166 62965 65535 62965 61,166
Experiment 4

Red 65535 65535 65535 65021 64507
Green 64507 65021 65535 65535 65,535
Blue 64,507 65021 65535 65021 64507

Note. P2 and Pl are two shades of pale pink, P2 being mon
s2turated than P1.G1 and G2 are two shades of pale green, G2 beiny
more saturated than GL. 0 is achromatic. The red, green, and blw
valucs arc those displayed in the color picker dialog box of the
Macintosh Hex computer,
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tions cach, Depending on group assignmical, the trianple constructed
of green sepments was upngh: and the triangle consiructed ol magenta
segments was inverted, or Vice versa.

Aftercffect measurement.  The triangle direction-contingent aficr-
effect was evaluated with the method of constant stimuli described in
Experiment 1. Both before and after induction, subjects received 50
preseatations of an upright triangle and 50 preseatations of an in-
verted triangle. For cach assessment presentation, the line scgments
used 10 form the triangle were P2, P1, 0, GI, or G2, and the subject
had 1o judge the triangle as cither pink or green. Each triangle
remained oa the serecnuntil the subject responded, After 2 response
1he screen was black for 1 5, and then the next assessment ftimulus
was presented.

As was the case in Experiment 1A, subjects were familiarized with
the color judgment task prior 1o the start of the experiment. They
wene presented with 16 practice trials; each of the eight combinations
ofunng!cdimon(upmhtorm)andmngkcolots(?l P2,
Gi, andGZ)‘nsmwdmin:hxsmmmem.mwm
informed that their resposs was “correct™ or was an “error™ via the
speech synthests capalility of the computer. These practics data were
ignored. .

Results

) Figurc3 displays the mean pre- and postinduction psycho-

metric functions obtained in this experiment For simplicity
in preseritation, the functions are collapsed across the two,
counterbalanced groups; the magenta functions represent the
assessment data for the trizngle orientation (upright or ia-
verted) that was magentz during induction, and the green
functions represent the assessment data for the triangle on-
entation that was green during induction.

As is apparent in Figure 3, the preinduction functions were
similar, These functions moved apart afterinduction. Relative
1o preinduction, the triangle direction that was magenta in
induction was more likely to elicit 2 “green™ response in
pomnducuon.andthcmnglcdxrccuon:hztwasgecnm
induction was less likely to dlicit 2 “green™ response. A con-
tingent aftereffect score was computed for each sub;ect as
described in Experiment 1. Eig,ht of the 9 subjects in this

1.07
o‘s-
0.6
P(G)
04"
—O— Pre-Magena
a2 —O— PreGreen
—&— Poa-Magmn
—#— Poa-Groen
0.0 L] T L] T T
P2 Pl ] Gl G2
Color
Figure 3. Pre- and postinduction psychomeutc {uncuons obtained
mExpcmncan.(P-pml:G-m)

experiment displayed & triangle direction-cantingent color
afterefieet (p < 02).

Discussion

The results of Experiment 2 are similar to those of Experi-
ments 1A and 1B. Arbitrarily selected forms can be used 10
contingently elicit color aftereflfects. The results of Experi-
ments 1 and 2 should be 22ded 1o other demonstrations of
eolar aftereffects contingent on dimensions other than orien-
tation; for example, spatial frequency (Breitmeyer & Cooper,
1972; Leppmana, 1973; Lovegrove & Qver, 1972), movement
direction (Hepler, 1968; Mayhew & Anstis, 1972; Stromeyer
& Mansfield, 1970), and dot size (MacKay & MacKay, 1975).
Although the existence of such ME “cousins™ (Meyer, Jack-
son, & Yang, 1979) might be interpreted as evidence for 2
conditioning interpretation of contingent color afiereffects
(Allan & Siegel, 1986), ME cousins have 2150 been interpreted
mwaysthatdonotadmowhd.geanyoonuibuuononurmng
(see Harris, 1980).

The original report that color aﬁcrdfects caanot be contin-
geatly elicited by forms coastructed of the same components
was seen as clear evidence contrary 1o a ¢onditioning inter-
pretation of the phenomenon (Foreit & Ambler, 1978). The
present results indicating that such formns can contingently
elicit color aftereflects would thus appearto provide evidence
for a conditioning interpeetation. It 15 possible, however, that
the creative skeptic might construct some nonassociative ac-
count of the contingent color aftereffect that, although lacking
in parsimony, might nevertheless incorporate the results of
Experiments 1 and 2 in 2 nonassociative manner (see Haris,
1980).

Experiment 3

The various form stimuli used in Experiments [ and 2, and
the other stimuli that have been reported, 10 support the
fllusion, are patterns. In Experiment 3 we report a new
contingent color aftereffect. During-induction of this new
aftereffect, complementary colors are paired with a nonpat-
terned feature of the induction stimulus—the lightness of a
frame surrounding the colored area.

Metkod

Design

Dum:ﬁaeﬂ'oamducoon.wwmdywthcmb;mw
ceived allcrmating presentations of 2 mageata “picture” (2 square
stimulus in the middie of the computer monitor) surrounded by a
Black “frame™ and a groen picture surrounded by a white frame
(BIKFr-Mg/WiFr-Gn). For the remaining subjects, the relationship
between frame lightness and picture color was reversed (WiFr-Mg/
mkﬁcnlﬂwdfmmtmbwmmdmm
pomnducuoamdmcntsofuacoolorofmpmm-
rounded by black and by white frames. All zssessment pictures,
regardiess of oolor (P2, P1, 0, G1, or G2) or frame lightness (black or
wh:lc).mmpmmposedwnhahomﬂlmd.Amtmm
contained horizontal grids so that the area of coloc to be judged
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would be similar 1o that in Experiment 2, as well as in our prior
experiments with this computer system (c.g.. Allan & Stegel, 19913
Siege! ¢t al., 1990). This cnabled use of the assessment paleute {i.c..
the values of P2, P1, 0, G1, and G2) that previously had been
demonsirated 10 be appropriate for generating psychometac func-
tons. If subjects had 1o judge the ¢olor of the entire picture, rather
than the space between the black horizontal bars, these saturation
values would be 100 great {see Dunlap, Marriss, Fritchic, Linnctt, &
Curran, 1990; and Experiment & of this articic).

During induction, frame lightness—not grid oricntation—was 35~
sociated with color. Nevertheless, because the zssessment picturcs
contained horizontal gride, it was considered potentially important
10 have the eolored induction pictures contain grids 50 25 10 Maximize
similarity between induction and asscssment stimull Various groups
differed with respect to the grids superimposed on the induction
picturcs. For some subjects the pacture used in indluction contained

assessment: all pictures consisted of alternating chromatic and black
harizontal bars {vielding two groups, Groups }kBlkFr-}ngWth-Gn
and H:WiFr-Mg/BIkFr-Gn). For other subjects the giid orientation
was randomly determined for cach induction stimalus presentation;
the grid was hotizoatal or vertical (Groups R:BIkFr-Mg/WIEFr-Gn

_ and ReWtFr-Mg/BikFr-Gn) equally often. Forthe remaining subjects,
no grid was presented in conjunction with the picture during indue-
tion; the picture was 3 homogeneous square {Groups N:BlkFr-Mg/
WiFr-Gn and N:WtFr-Mz/BlkFr-Ga). '

In summary, subjects were randomly assigned 10 groups in accord-
ance with a 3 % 2 factocial design: three levels of grid orientation
during induction (H, R, or N) and two levels of frame lightness—
picture color relationship during induction (BIkFr-Mg/WiFr-Gn 2nd
WiFr-Mg/BikFr-Ga). Forall subjects, the afiereffects elicited by both
black and white frames were assessed on a horizontal-grid picture.

Subjects

The subjects were from the same population as that used m
Experiment 1. Eleven subjects were assigned 10 ¢ach of Groups
H:BIkFr-Mg/W1Fr-Gnaad N:BIkFr-Mg/WiFr-Go. Ten subjocts were
assigned w0 aach of Groups R:BIkFr-MgIWiFr-Gn, N:WiFr-Mg/
BIKFr-Gn, and R:WtFr-Mg/BlkFr-Gn. Eight subjects were assigned
10 Group H:WiFr-Mg/BlkFr-Gn.

Apparatus and Stimuli K

Temporal parameters, stimulus presentation, and recording of
responses were controlled with the Macintosh llcx computer system
used in Experiment 2. The pictures were 5.8 cm? (subtending about
4.8° visual angle). The picture was centered on the 233 cm X 175
cmmonitgrmﬁthﬂnmoﬁbemcomimﬁnatbefm
The picture was surrounded by a thin black outline (I pixel wide).
With this outling, the separation between the picture and the white
frame was clear during 2ftereffect assessment, when the subject had
10 name the color of very pale or achromatic pictures, If the picture
contined a grid, the grid was composed of 20 bars (10 black bars
alternating with 10 colored bars).

Procedure

Afiereffect induction.  All subjects received alternate presentations
of white-framed and black-framed pictures. Each stimulus was pre-
scnted 376 times, and the duration of each presentation was 2 5; thus
the induction phase of the experiment required about 25 min. The
picture in the black frame was either magenta (for subjects assigned

10 BIkFr-Mp/WiFr-Gn groups) or greent (for subiects assigned to
WiFr-Mg/BIkFr-Gn groups). The alternative color was used for the
picture in the white frame.

Aftereffect mecsurement.  The frame lightness-contingent afteref-
fect was evaluated with the method of constant stimuli described
earlier. Both before and aficr afiereffect induction, subjects received
50 presentations of a black-framed picture and S0 presentations of a
white-framed picture, For all six groups, assessment pictures always
had the same horizontal bar pattern as that wsed during induction for
H groups. For each assessment presentation, the space between the
black bars was P2, P1,0, G1, or G2, and the subject had to judge the
picture a5 cither pink or green. The RGB and lluminanee values for
these assessment hues were the sarne 25 those used in Experiment 2.
Each stimulus remained on the sereen untl the subject respoaded,
and | < later the next assessment stimulus was pessented. During this
1-s period, the eatine monitor sereen was the same hightness (white or
black) as the frame of the Last assessment figure,

Aswas the case in Experiments 1A and 2, subjects were familirized
with the color Judgment sk peior to the sart of the experiment.
They were presented with 16 practice trials; sach of the eight combi-
patioas of frame lightness (lack or white) and picture colos (P1, P2,
G1, and G2) was presented twice. As in Experiment 2, subjects were
informed that their response was COmect Or was an error via the
speech synthesis capability of the computer. These practice data were
ignored.

Results
Preinduction Assessment :

Figure 4 displays the mean preinduction psychometric
functions obtained from each of the six groups whén assessed
with the black frame (Figure 4A)and the white frame (Figure
4B). As would be expected, these functions, obtained prier 10
differential treatment, are similar for the six groups. However,
as is apparent in Figure 4, frame lightness affected the func-
tions. Assessment stimuli were seen as being greener when
evaluated with the white frame than when evaluated with the
black frame.® '

For purposes of statistical analysis, the difference between
the mean number of “green™ responsss to the picture in the
black frame and to the picture in the white frame (over the
five assessment colors) was determined. A 3 X 2 X 2 mixed
design analysis of variance (ANOVA) was performed on the
preinduction values, with induction grid orientation (H, R,
and N) and frame lightness-picture color relationship (BlkFr-
Mg/WtFr-Gn and WtFr-Mg/BIkFr-Gn) as the between-sub-
ject factors and frame lightness in 2ssessment (black and

white) as the within-subject factor. Qnly the main cffect of

*The reason why frame lightness affects judged picture color is
unclear. Onc possibility is simultaneous brightness contrast. It would
be expected that such contrast would cause the picture within the
black frame 10 be seen 2s Lighter than the picture within the white
frame. Dusing asscssment, the spaces between the black horizontal
bars of the picture are ¢ither white or very pale colors, The response
options offered 1o the subject are “pink™ and “green.” Pink connotes
a pale stimulus (a5 well as one of 2 certain color) more than doss
green. Thus, subjects may be biased toward identifying the subjec-
tively lighter stimulus (in the black frame) as pinker than the subjec-
tively darker stimulus {in the white frame).
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Figure4. Preinduction psychometric functions obtainad from cach
group in Experiment 3 when assessed with the black frame (panel A)
and the white fame (pand-B). (P = pink: G = green; H = horizontal
grid; N = no grid; R = random horizontal and vertical gridst BIkFr
= black frame; WiFr = white frame; Gn = green; Mg = magenta.)

frame lightness in assessment was significant, K1, 54) =
32.91, p < 001, confirming the pattern seen in Figure 4. As
discussed elsewhere (Allan et al, 1989), such information
about bizs in responding during preassessment is not usually
available in contingent color aftereffect studies.

Frame Lightness-Contingent Aftereffect

Figure S depicts the mean pre- and postinduction psycho-
" metric functions obtained during assessment with black and
white frames in the BlkFr-Mg/WtFr-Gn (Figure SA and 5B)
and WtFr-Mg/BIkEr-Gn (Figure 5C and 5D) groups. For

simplicity in presentation, the functions presented in Figure

5 were collapsed across the dimension of induction-grid ori-
entation (H, R, and N), as similar results were obtained in all
three groups for both frame lightness-picture color relation-
ships.

As can be seen in Figure S, after BlkFr-Mg/WtFr-Gu in-
duction, psychometric functions shifted in the direction of 2
frame lightness-contingent color aftereffect. After induction,

pictures seen in the black frume appeared preencr (Figure SA),
and pictures seen in the white frame appeared pinker (Figure
5B), than they did before induction. As can also be scen in
Figure 5, there was a similar (although smaller) frame light-
ness-contingent, color aftereffect following WiFr-Mg/BIkFr-
Gn induction, For these subjects, pictures seen in the black
frame appeared pinker (Figure 3C), and pictures seen in the
white frame appeared greener (Figure 5D), than they did
before induction.

As cxpected, the contingent aftereflects were greater in
situations in which there is more psychometric space w0
demonstrate a shift between the pre- and postinduction func-
tions. That is, bigger aftereflects were seen following BikFr-
Mg/WtFr-Gn induction than following WiFr-Mg/BlkFr-Gn
induction (because of the bias in the preinduction functions;
sec Figure 4).

A contingent aftereffect score was computed for each sub-
ject as described earlier. Of the 32 subjects assigned to BlkFr-
Mg/WtEFr-Gn groups, 29 (90.6%) demonstrated a frame light-
ness-contingent color aftereffect (p < .001). Ol the 28 subjects
assigned 10 WiFr-Mg/BIkFr-Gn groups, 23 (82.1%) displayed
the contingent color aftereflect (p < .001).

The mean aftereflect scores obtaiged in all six groups in
this experiment are shown in Figure 6. A 3 X,2 ANOVA was
performed on these aftereffect scores, with induction grid
orientation (H, R, and N) and {rame lightness—picture color
relationship (BlkFr-Mg/WtFr-Gn and WitFr-Mg/BlkFr-Gn)
as between-subject factors. Only the main effect of fame
lightness-picture color relationship was significant, F(1, 54)
= 8 39, p < .006. Subjects in the BlkFr-Mg/WtFr-Gn groups
showed a significantly greater afiereffect than subjects in the -
WitFr-Mg/BIkFr-Gn groups. Grid orientation during induc-
tion, however, did not affect the size of the aftereffect.

Discussion

The feature that contingently elicited the illusory color in
this experiment, framne lightness, does not have the character-
istics of a pauern (like grid orientation) or a form (like the
cross and square arrangements used in Experiment 1 or the
triangle direction in Experiment 2). It would seem that, as
expected on the basts of a conditioning analysis of contingent
color aftereflects, 2 considerable vaniety of stimuli (other than
orientation) are effective.

Experiment 4

Results of the previous experiment demonstrated a new
contingent color aftereffect. Although this aftereffect was not
contingent on the pattern of the stimulus associated with the
color during induction, the afterefiect was assessed on 2
patterned stimulus. That is, 2l assessment stimuli consisted
of horizontal-grid pictures. One purpose of Experiment 4 was
to determine if the frame lightness-contingent aftereffect re-
quires a grid pattern during assessment. In this experiment,
during both aftereffect induction and assessment phases, the
picture portion of the display consisted of 2 homogencous
square.
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Another purpose of Experiment 4 was to evaluate retention
of the lightness-contingent color aftereffect. One dfamatic
characteristic of the orientation-contingent aftereflect is its
fongevity. There are reports that the ME lasts for minutes,
days, and ¢ven longer (eg. Jones & Holding, 1975). This
longevity hasbeen interpreted asevidence for the conditioning
interpretation of the ME (c.g., Allan & Sicgel, 1986; Murch,
1976).

Method

Aftereffect induction was similar to that preseated to BlkFr-Mg)
WiEr-Gn subjects in Experiment 3. However, unlike Experiment 3
the pictures used both in induction and asscssment contained nc
bars—they were simply homogencous squares.

Thirty-five subjects (introductory psychology students who hx
never participated in contingent aftereffoct vescarch) were dividet
into three groups. Group O-hr subjects (2 = 9) ‘were treated 2s th
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Figure 6. Mean afiereflect scores of all groups in Experiment 3. (H
= horizonul grid: N = no grid; R = random horizontal and venical
grids: BlkFr = black frame; WiFr = white frame; Mg = magentat Gn
= green.)

-

subjects in the prior experiments, in that postinduction assessment
occurred immediately after induction (after the 2-min period in the
light). For Group 1-hr subjects (n = 16), postinduction assessment
occurred 1 hre after the end of induction. For Group 24-hr subjects
(n = 10), postinduction assessment occurred 24 hr after the end of
induction.

During assessment, subjects had 10 judge the color of a larger area
in the present experiment than in the previous experiment (i.e., they
had .10 indicatc whether the entire picture, rather than the spaces
bctween:bcblackhminmcpiuum.mpinkorm).Asdiswmd
in Experiment 3, the color discrimination was easier for the relatively
large aésessment area of the present experiment (the cntire, homoge-
neompﬁu:c).oompamdtothcsmallcrm;udpdmthcprmom
coxperiment (the spaces between horizontal black bars). The assess-
mtedoumednnunmmomupmmmtmuldbcmdm
nablcmpumuobsamonofwcbomfuncuonshnﬁsmd:m
of color aftercffects. Thus, in the present experiment the saturation
of these asscssment colors was decreased from the levels used in the
previous experiment. The RGB valucs are shown in Table 1 Gllumi-
pance levels were similar to those reported in Experiment 2). In
unspecified details, the procedure of this experiment was the same as
that used in Experiment 3.

Results

The treatment of subjects in the 0-hr group in this cxpcri-
ment was similar to that of subjects in the BlkFr-Mg/Wt
Gn greaps of the previous experiment. Figure 7 summarizes
the pre- and postinduction psychometric functions obtained
in this group when assessed with the black (Figure 7A) and

- white (Figure 7B) frames.

The assessment palette used in the present experiment was

different from the palette used in the prior experiment, thus

complicating intereaperiment compansons. However, exam-
ination of Figure 7 indicates that frame lightness aflected
color judgment in this experiment as it did in the prior
experiment. That is, there is an overall bias for black-framed
pictures 10 be judged as pink more often than white-framed
pictures. With the asscssment palette used in the present
experiment, {rame lightness clearly affected color discrimin-
ability. The flatter slope of the psychometnic functions seen
with black-framed pictures (Figure 7A) than with white-
framed pictures (Figure 7B) indicates that the colors were less
discriminable in the black frame than in the white frame,
With both black and white frames, however, the postinduction
functions shifted in the direction of 2 frame lightness-contin-
gent aftereffect. The black frame (which contained 2 magenta
picture during induction) elicited 2 green aftereffect, and the
white frame (which contzined 2 green picture during tndue-
tion) elicited a pink aftereffect.

Figure 8 displays the mean aftereffect scores for all three
delay groups. As indicated in Figure 8, the magnitude of the
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Figure 7. Pre-and postinduction psychometric functions obiained
from subjects in the 0-hr group in Experiment 4 when assessed with
the black (panel A) and white (panc] B) frames. (P = pink; G =
green.)
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Figure 8. Mean afterefect scores for groups in Experiment 4.

aftereffect decreased with increasing delays between induction
and postinduction assessment. The data summarized in Fig-
ure § were analyzed with the method of contrasts using the
maximum solution for an ordinal hypothesis (Abelson’ &
Tukey, 1963). There was a significant decrease in the size of
the afterefTect as the interval between induction and postin-
duction assessment increased, F{1, 32) = 6.11, p<.02.

Contingent color aftereffects were displayed by all 9 subjects
in the 0-hr group (100%, p < .002), by 13 of the 16 subjects
in the 1-hr group (812%, p < .008), and by 7 of the 10
subjects in the 24-br group (70%, p > 05). Although the
proportion of subjects in the 24-hr group that displayed the
afiereffect did not differ significantly from chance, the after-
dft;ctwasne\mhelessdmblcatmn this longest retention
interval. A  test indicated that the mean aftereffect score of
subjects in this group was significantly greater than zcro, u9)
=202, p<.05.

Discussion

Results of Experiment 4 are consistent with the results of
Experiment 3 and further demonstrate that the lightness of 2
frame can contingently elicit 2 color aftereflect. In the prior
experiment, this aftereifect was demonstrated On an assess-
ment picture that contained horizontal bars. The preseat
results indicate that such bars are not necessary to demon-
strate the aftereffect. These results 2lso indicate that this new
afterefTect is still detectable 2t least 24 hr after induction,

“ Thws, the frame lightness-contingent color aftereffect, in com-
mon with contingent aftereffects induced with patterned chro-
matic stimuli, displays substantial retention.

Experiment 5

The ME is seen when orientation stimuli, previously paired
with color, clicit illusory color. The results of Experiments 1-
4 illusteate that color aftereffects may also be seen with
noaorientation stimuli. The fact that such arbitrary compo-
nents of 2 chromatic display may subsequently contingently
clicit color afterefTects supports 2 Paviovian conditioning
analysis of such aftereffects.

Based on 2 conditioning analysis, the ME, like other CRs,
should be attenuated by decreasing the correlation between
the conditioning stimuli, Thus, preseatation of homogenous
chromatic stimuli between chromatic gnd presentations
should decrease the magnitude of the aftereffect. In experi-
ments specifically designed 10 evaluate this prediction, the
additional chromatic stimuli did not affect the size of the ME

'(Sicgel & Allan, 1987; Skowbo & Forster, 1983). The failure

of correlational manipulations to affect the ME may argue
against 2 conditioning explanation of the phenomenon
(Skowbo, 1984; Skowbo & Forster, 1983}, but there isanother
interpretation (Allan & Siegel, 1986; Sicgel & Allan, 1987).
In the present experiment, the frame lightness-contingent
aftereffect was used 1o evaluate this alternative,

The alternative explanation for the failure of correlational
manipulations to affect the ME is inspired by an influential
theoretical analysis of CS-UCS corvelation in Paviovian con-
ditioning—the Rescoria-Wagner miodel (Rescoria & Wagner,
1972). According t0 this moddl, associations between the
experimerital context and interpolated UCSs develop in par
allel with CS-UCS associations. The reason interpolate
UCSs decrease the strength of conditioning is that the con
text-UCS association competes with, and “blocks™ (Kamin
1969), the CS-UCS association (scc Rescorla & Wagnex
1972). In the typical ME preparation, presentations of th
putative UCS (homogeneous chromatic stimuli) betwee:
presentations of colored grids would not promote the devel
opment of context-color associations that would compet
with the grid—color association. There is no distinctive cor
text; both interpotated homogeneous chromatic stimuli, gree
and magenta, are simply presented in the middle of a blac
screen. As summarized by Siegel and Allan (1987), “tb
inability of experimental context cues to become associate
with chromatic stimuli would render the contingency [oom
lation] manipulation ineffective™ (p. 284).

Recently, Tiffany, Maude-Griffin, and Drobes (1991) sin
ilarly discussed the importance of a “superordinate expe!
mental context” (p. 58) in experiments evaluating the effec
of CS-UCS correlation in conditioning. The frame lightne:
contingent aftereffect demonstrated in Experiments 3~4 su
gests a technique for presenting such a “superordinate exp
imental context™ during ME induction. Grid-color patrin
can be preseated in the context provided by the lightness
the frame surrounding the chromatic grid. Thus, both t
context in which induction is conducted and the orientath
stimulus specifically paired with color are effective as elicit
of Musory color.

In the present experiment, all subjects received green-he
zontal and magenta-vertical grids appearing 2s piclures it
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frame. As is the ¢ase in 2 typical conditioning experiment,
the UCS (i.c., color) was paired with both the nominat CS
(i.c., grid orientation) and the context (i.c., frame lightness).
[a addition, subjects assigned to the low-correlation group
received further presentations of the chromatic stimulus in
this context; that is, they reccived extra homogeneous colored
stimuli paired with the saine contextual cues present during
grid-color pairings.

Method

Subjects

Subjects from the same population as that used in Experiment 4
were divided into two groups that differed with respect to the corme-

lation between grid oticatation and colorduring aftereffect induction,

For high-correlation (HC) subjects (2 = 14), orientstion stimuli were
colored, and chromatic stimuli were not presented in the absence of
orientation stimuli For low-correlation (LC) subjects {r = 12), ori-
entation stimuli were colored; in addition, nonodentation chromatic
stimuli were presented,

Design

Theinduction session, which lasted foralmost 22 min, was divided
into 650 consccutive 2-5 intervals, A framed picture was presented
during cach of these intervals. The first interval, and every 13th
interval thereafter, were designated trials; thus, of the 650 intervals,
50 were trials. The 12 intervals between cach trial were designated
tntertrial intervals, The stimulf presented during trials 2nd intertial
intervals are depicted in Figure 9 (top and middle pands, respee-
twely). |

On cach trizl, subjects were presented with 2 chromatic framed
grid. On alternate triaks, subjects were presented with a grid of green
and black horizontal bars surrounded by 2 white frame and 2 grid of
magentz and biack vertical bars surrounded by 2 black fame. The 12
intervals between each trial (intertrial intervals) consisted of alternate
presentations of black- and white-framed unpatterned pictuses.
Groups differed with respect 10 the color of the picture within the
frames presented during the intertrial intervals. As indicated in the
middle panel of Figure 9, for HC subjects the picture was gray. That
is, HC subjects received six presentations of 2 black-framed gray
square, alternating with six preseatations of a white-framed gray
square, between trials. For LC subjects, intertrisl-interval pictures
were ¢olored, with the relationship between picture color and fiame
lightness the same as during trials, That is, LC subjects received six
presentations of a black-framed magenta square, alternating with six
presentations of a white-framed green square, between trials.

Procedure

Subjects received pre- and postinduction 2ssessment of contingent
aftereflects, 25 in the previous experiments. In this experiment, how
ever, illusory color dlicited both by fame lightaess (black and white)
and by crientation (horizontal and vertical) was assessed. The four
assessment timuli werea black-framed homogencous square, a white-
framed homogencous square, a gray-framed horizontal grid, and a
gray-framed vertical grid (see Figure 9, bottom). For each assessment
stimulus, the picture could be one of five colors (P2, PI, 0, Gi, or
G2). if the picture contained an oricntation stimulus, the assessment
colors were the same as those used in Experiment 3 (in which the

assessmicnt picture contained honzontal bars). If the Mctuie was a
homogencous square, the assessment colors were the same as those
used in Experiment 4 (in which there were no bars on the assessment
stimulus). The four assessment stimuli and five assessment colors
resulied in 20 combinations. Each combination was presented on
seven occasions, for a total of 140 color determinations in both pre-
and postinduction assessment {in contrast 10 the 100 determinations
in the prior experiments).

Apparaue and Stimudi

All stimult were presented with the Madintesh llex computer
system. The dimensions of the picture and fame components of the
stimuli used in this experiment were the same as those used in
Experiments 3 and 4. Similarly, the chancieristics of the colors used
for the trial pictures, and intertrial-interval pictures for LC subjects,
were 23 described in the previous experiments. The horizontal and
vertical grids used ia this experiment were the same as those used in
Expertment 3.

Onc huc in the present experiment, gray, was not used in the prior
experiments. The same gray (R = G = B = 30,000, and illuminance
= 13 lux) was used for the intertrial-interval picture for HC subjects
and the fame surrounding the grid pictures during assessment.

Results

Both frame lightness- and orentation-contingent afteref-
fects were evaluated.

Frame Lightness-Contingent Aftereffect

Pre- and postinduction assessment of frame lightness-con-
tingent Blusory color yielded psychometric functions that were

- similar to those obtained in Experiments 3 and 4. In prein-

duction, pictures surrounded by black frames appeared pinker
than pictures surrounded by white frames. After induction,
the functions moved apart in the direction of contingent
afterefTects.

Frame lightnesscontingent color aftcreffects were displayed
by 11 of the 12 LC subjects (91.7%, p < .003), but only 7 of
the 14 HC subjects (50%, p > .05). The mean contingent
afterefect scores for the LC and HC groups were, respectively,
25 and 0.6. The frame lightness-contingent afiereffect was
significantly greater in the LC group than in the HC group,
1(24) = 2.85, p < .009.

Orientation-Contingent Aftereffect

Figure 10 presents the pre- and postinduction psychometric
functions for each grid orientation for HC (Figure 9A) and
LC (Figure 9B) subjects. As is apparent in Figure 9, the
preinduction functions were similar, and they moved apart
after induction in the direction of 2 contingent color afteref-
fect. That is, after induction the horizontal grid (which was
green during induction) was perceived as being less green:
similarly, the vertical grid (which was magenta during induc-
tion) was perceived as being more green,

All subjects displayed 2n orientation-contingent color after-
effect; however, the magnitude of the aftereflect differed in
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Figure 9. Stimuli used in Experiment S. (During induction. all subjects received trials with the same
stimuli (top panel): a green hodizontal grid surrounded by a white frame, aliernating with a magenta
vertical grid surroundad by a black frame. Groups differed with respect 10 the stimuli presented during
intertrial intervals. Subjects in the Jow-correlation [LC] group were exposed 10 presentations of framed
homogencous colors, and subjects in the high-correlation: (HC] group were exposed to framed gray
pictures [middle panel]. During afiercficct asscssment, all subjects judged the color of each of four
picture-frame combinations [bottom panel], enabling evaluation of the afiereffects contingently elicited
by grid onientation and by frame lightness, CCAE s contingent-color aftereflect.)

the two groups. The mean contingent aftereffect scores for
the LCand HC groups were, respectively, 1.8 and 3.6. The
orientation-contingent color aftereffect was significantly

smaller in the LC group than in the HC group, 1(24) = 3.67,

p<.002

Discussion

The results of this experiment indicate that correlational
manipulations affect the strength of the ME. Both groups had
the same grid-color pairings: they differed only with respect

10 whether chromatic stimuli were presented in the absence
of the grid. Subjects in the LC group, who were exposed to
intertrial chromatic stimuli, displayed smaller orientation-
contingent color afiereffects than subjects in the HC group.
Decreasing the CS-UCS correlation in Paviovian condi-
toning is hypothesized 1o retard learning because the intertnal
UCSs become associated with background cues, and these
background-UCS associations compete with the simuliane-
ously forming CS-UCS associations (Rescorla & Wagner,
1972). This analysis of the decremental effects of decreasing
CS-UCS correlation has been supported by the resulis of
experiments in which the association between background
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Figure 10. Pre-2nd postinduction psychometric functions for cach
grid orientation for high-correlation (Figure 9A) and low-corrclation
(Figure 9B) subjects in Experiment S. (P w pinlc G = green: Horiz =
horizontal; Vert = vertical) - : .

cues and the UCS was monitored, 2s well as the CS-UCS
association. Increases in the former were associated with
decreases in the latter {eg, Kremer, 1974; Odling-Smee,
1975). Similar results were obtained in the present experi-
ment. A second cue, analogous to the contextual cues of the
Paviovian conditioning experiment, was provided by the
frame. Just as the background, as well as the nominal CS, is
paired with the UCS for LC subjects in Paviovian condition-
ing, so the frame, as well as the grid, was paired with the UCS
for the LC subjects in this ME experiment. As in other
Paviovian conditioning preparations, there was an inverse
relationship between the background-UCS association and
the CS-UCS association. That is, HC subjects, who showed a
relatively strong orientation-contingent color aftereffect, evi-
denced a relatively weak frame lightness-contingent color
aftereffect. Subjects in the LC group displayed weaker orien-
tation-contingent color aftereflects and stronger frame light-
ness-contingent color aftereffects.

Generul Discussion

‘The ME is seen after pairing of grids differing in orientation
with different colors. One account of the ME emphasizes
Pavlovian conditioning. As claborated by Murch (1976), the
color aftereffect represents a CR, elicited by the color-paired
cue (2 grid of a certain orientation in McCollough's original
demonstration), Generally, most theorists have not adopted
Murch’s analysis and subscribe 10 2 nonassociative interpre-
tagon of the phenomenon. Mast such nonassociative inter-
pretations are elaborations of McCollough’s (1965) suggestion
that the ME provides psychophysical evidence for neural units
that are both color and oricntation specific. The relevant
effect of ME induction is to adapt these units: thus, for
example, after induction with a green-horizontal grid, an
achromatic horizontal grid appears pinkish because the fa-
tigued green-horizontal detectors do not contribute to visual
processing (see reviews by Dodwell & Humphrey, 1990; Har-
ris, 1980). ‘ ‘ :

The results of the present experiments support Murch's
(1976) conditioning interpretation of the ME. Such support
is provided by demonstrations that the ME is one of 2 more
general class of contingent color aftereffects (i.c., stimuli other
than line orientation are cffective) and by the demonstration
that the ME is attenuated by decreasing the correlation be-
tween grid orientation and color, despite consistent grid-color
pairings (ie., homogeneous chromatic stimuli presented be-
tween chromatic grid presentations degrade the ME).

Range of Stimuli That Can Contingently Elicit Color
Aftereffects

Form Stimuli

Nonassocidtive interpretations of the ME have emphasized

" the limited class of stimuli that, following pairing with color,

can contingently elicit illusory color. Thus, Foreitand Ambler
(1978) concluded that line configurations, in contrast with
line orientation, are not effective. In Experiment 1A, thecross
2nd square were constructed with the configuration of line
segments used by Foreit and Ambler. In Experiment 1B, the
line segmeats of the cross were rearranged so that its horizon-
tal and vertical dimensions were the same as those of the
square. In both experiments, a color afiereffect contingent on
line configuration was induced, .

The results of Experiment 2 demonstrated yet another
form-contingent color aftereffect. Line segments configured
in the shape of a triangle were presented in one color (green
or magenta) when the triangle was pointing up and the other
color when the triangle was pointing down. Color aftereffects
were subsequently seen, contingent on the direction of the

triangle,

Lightness of Frame Surrounding Color

Demonstrations of 2 frame lightness-contingent color after-
cffect (Experiments 3 and 4) further extend the range of
stimuli that, following pairing with color, can contingently
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clicit afiereffects. In the induction phase of these experiments,
green and magenta colors were paired with different light-
nesses of a frame (black or whitc) surrounding the color.
Frame lightness subsequently contingently elicited a color
aftereflect, and this aftereffect (in common with the onienta-
tion-contingent color aftereflect} demonstrated substantial re-
tenuon.

Conclusions Concerning the Range of Stimudi That
Can Contingently Elicit Color Aftereffects

Various color aftereffects contingent on dimensions other
than orientation have been demonstrated previously. Gener-
ally, the stimuli that have been used have been “simple,
repetitive, redundant, and highly predictable patterns™ (Dod-
well & Humphrey, 1990, p. 83). The fact that the simple
geometric forms constructed from the same componeants (Ex-
periments 1 and 2) and even stimuli possessing neither form
nor onentation (Experiments 3 and 4) are effective suggests
that contingent color afiereffects are very general phenomena
indeed.

Correlational Manipulations and the ME

. On the basts of nonassociative interpretations of the ME,
mere exposure 10 the grid and color should induce the after-
effect (e.g., for McCollough, 1965, such exposure would adapt
the orientation-specific color detectors). In contrast, Murch’s
(1976) conditioning tnterpretation of the ME suggests that
the phenomenon depends not only on grid-color pairings but
also on cofor presentations that occur in the absence of the
grid (see Skowbo, 1984). That is, the ME, like other CRs,
should be decreased by presentations of the chromatic UCS
at times other than when the CS is presented.

Although some reports suggest that such manipulations do
not affect the ME (Sicgel & Allan, 1987; Skowbo & Forster,
1983), it is likely that these earlier experiments were not
appropriately designed to evaluale the associative conse-
quences of decreasing the correlation between the onéntation
CS and chromatic UCS, Tha is, correlational manipulations
work because the extra UCSs become associated with contex-
tual, background cues (Rescoria & Wagner, 1972). When such
a context for the ME was provided by frame lightness, de-
creasing the correlation between grid and oolor decreased the
magnitude of the orientation-contingent color aftereffect (Ex-
periment 5), )

In a conditioning experiment, contextual cues become
more strongly associated with the UCS in LC subjects than
they do in HC subjects because there are more pairings of the
UCS with the context in the former case than in the latter
case (see Rescorla & Wagner, 1972). A paraliel result was
obtained in Experiment S. Subjects in the LC group, who
displayed an attenuated orientation-contingent aftereffect,
displayed an enhanced frame lightness-contingent aftereffect.

Conclusions Concerning the Associative Basis of the
ME and Other Contingent Color Aftereffects

Our results would be very difficult to reconcile with a
nonassociative interpretation of contingent aftereffects. Such

an analvsis would not readily explain why forms constructed
of the same components, or indecd nonpatterned stimuli, can
contingently clicit color afterefTects. In addition, 2s empha-
sized both by cntics {c.g., Skowbo, 1984) and by advocates
(c.2.. Allan & Siegel, 1986) of an associative analysis of the
ME, the associative analvsts suggests that the ME should be
affected by manipulations of the grid-color correlation (while
keeping grid-color pairing coastant). Such 2 correlational
effect does prevail with the ME.

Recently, Dodwell and Humphrey (1990) presanted 2 new
interpretation of the ME. According to their view, duting ME
induction there is adjustment of the adzptation level (Helson,
1964), or neutral point, by error-correcting devices (ECDs:
Andrews, 1964). Normally, the correlation between color and
oricntation is zero. This correlation is violated during ME

- induction, and the ECD biases the system 10 recstablish the

2er0 cormrelation by moving the neutral point. For example, if
green-horizontal is presented in induction, then the neutral
potnt for green in the presence of horizontals is shifted by the
ECD toward the overrepresented end of the color continuum
(green). in postinduction assessment, when an achromatic
horizontal grid is presented, whitg light, which was neutral
before induction, is now on the red side of the neutral point,
and the assessment figure will appear pinkish.

Dodwell and Humphrey's (1990) model of the ME is asso-
ciative, ta the extent that subjects leamn a new relationship
between grid and color during induction.? Thus, anything that
will decrease this acquisition, such as the LC maripulation in
Experiment 5, might be expected to decrease the ME. How-
ever, the model would require elaborztion to explain why
decreasing the grid-color correlation decreases the ME when
effective context cues are provided (Experiment 5), but not
when there are no such context cues (Sicgel & Allan, 1987;
Skowbo & Forster, 1983). In contrast, context cues are pivotal
to influential models of Paviovian conditioning (Rescorda &
Wagner, 1972),

According to Dodwell and Humphrey (1990), the ECDs
responsible for maintaining color=pattern neutrality do so
with respect 10 a well-specified class of processors, the global
vectorfields specified in the Lie transformation group theory
of visual perception. This might sugpest that Dodwell and
Humphrey would not expect the form-contingent and frame
lightnesscontingent color aftereffects reported here, However,
they also stated, “We do not claim that all MEs. . . fall neatly
into the scparate vectorfield channels hypothesis™ (Dodwell
& Humphrey, 1950, p. §7). Indeed, Dodwell and colleagues
have demonstrated contingent color aftereffects that are not
readily interpretable by their model (Dodwell & O°Shea, 1987,
se¢ note added in proof, p. 579).

Although our findings that forms and frame lightness ar¢
cffective stimuli are consistent with the conditioning interpre:
tation, this interpretation does not require that all stimuli be
equivalent in their ability to act as CSs. With contingen:

>The issue of whether Paviovian conditioning establishes new
associations 2s 2 result of contiguous CS-UCS presentations or rathe
involves “leamning relations between stimulus events™ (Estes, 1969, p
165) s 3 matter of spirited debate among leaming theordsts (Mack
intosh, 1977; Papini & Bitterman, 1990), .
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afiereflects, as with other CRs, some stimuli are probably
better than others in becoming assoctated with color. Such
sclective associability is characteristic of many conditioning
preparations (c.g.. flavor stimutli, but not extroceptive stimuli,
are readily - associated with gastrointestinal distress; sce
Domjanr, 1983). Several investigators have suggested that con-
tingent color aftereffects are yet another manifestation of this
phenomenon {Allan & Sicgel, 1986; Harris, 1980; Siegel &
Allan, 1987; Westbrook & Harrison, 1984). Indeed, there is
some evidence that contingent color afiereffects display selec-
tive associability. Recently, Allan et al. (1989) reported that
words can contingently elicit color afiereffects (following ex-
posure 1o one word composed of green letters and another
word composed of magenta letiers, achromatic versions of
these words elicit illusory chromatic aftereffects). However,
when exposed 10 these same chromatic letter strings in a
different order, such that they do not form words, no contin-
gent color aftereffects ame induced. If associative processes
contribute to this text-contingent color aftercffect, the results
suggest that people selectively associate words, but not non-
words (even though they are constructed from the same
components as the wards), with color.

In summary, the results of the present experiments strongly
implicate learning in contingent color aftereffects. An espe-
cially clear learning account of the phenomenon is Murch's
(1976) Pavigvian conditioning interpretation. Some prior evi-
dence asserted to be contrary 10 this interpretation is likely
the result of insensitive afterefiect assessment procedures (For-
¢it & Ambler, 1978), or inappropriate and uareflective a2ppli-

cation of CS-UCS correlation manipulations (Siegel & Allan,’

1987; Skowbo & Forster, 1983).
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Abstract
Following an induction procedure in which a colored grid is alternated witha
complementarily-colored square, subjects report color aftereffects on both the grid
orientation present during induction and the orthogonal noninduced grid. The aftereffect
reported on the induced grid orientation is called the McCollough effect (ME). The
aftereffect reported on the noninduced grid orientation is called the "indirect” ME. There is
evidence that the ME represents an instance of Pavlovian conditioning. The present results
support a conditioning interpretation of the indirect ME. According to this interpretation,
the indirect ME results from an association between a compound stimulus (made up of
lightness and form elements) and color. These results are not consistent with
interpretations of the indirect ME that attribute the phenomenon to special orthogonal
coding mechanisms within the visual system.
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An Associative Interpretation of the Indirect McCollough Effect

Both perception and leamning researchers have studied the effects of paired
presentations of sensory events (see Hall, 1991). Generally, the procedure has been used
by perception researchers to understand the organization of the visual system (e.g..
Dodwell & Humghrey, 1990; McCollough, 1965), and by learning researchers to
understand associative processes (e.g., Brogden, 1939; Rescorla & Duriach, 1981). One
phenomenon resulting from such sensory pairings has attracted the interest of both
perception and learning researchers — the orientation-contingent color aftereffect, first
reported by McCollough in 1965 and usually known as the McCollough effect (ME). The
ME traditionally has been interpreted in a nonassociative manner (e.g., McCollough's
suggestion that her findings resuited from chromatic adaptation of orientation-specific
detectors), but some investigators have suggested that the phenomenon may be understood
as an instance of Pavlovian conditioning (see reviews by Harris, 1980; Siegel & Allan,
1992). The experiments reported here are 2 further demonstration of the utility of
incorporating conditioning principles in understanding contingent color aftereffects.

The ME and the Indirect ME

McCollough (1965) demonstrated that exposure to colored vertical and horizontal
lines results in 2 complementary color aftereffect contingent upon line orientation. For
example, after an induction period consisting of presentations of a grid made of green and
black horizontal lines alternating with another grid made of magenta and black vertical
lines, subjects report color aftereffects contingent upon grid line orientation. That is,
subjects repcrt that achromatic horizontal grids appear pink, and achromatic vertical grids
appear green.



31

Interestingly, several investigators have demonstrated that induction with only one
chromatic grid results in contingent aftereffects on both that grid orientation and the
orthogonal, noninduced grid orientation (e.g.. Allan & Siegel, 1991: Ambler & Foreit,
1978; Humphrey, Dodwell, & Emerson, 1989; Shute, 1979; Stromeyer, 1969, 1984). For
example, following presentation of 2 green horizontal grid alternating with a2 homogeneous
magenta square with no grid (a "gridless" stimulus), achromatic horizontal grids appear
pink, but also achromatic vertical grids appear green, even though vertical grids were not
presented in induction (Allan & Siegel, 1991). This color aftereffect observed on the
noninduced orthogonal orientation has been termed the "indirect ME."

As with the ME, most interpretations of the indirect ME do not emphasize learning
principles (e.g., Ambler & Foreit, 1978; Humphrey et al., 1989). The experiments
reported here evaluate a Pavlovian corditioning interpretation of the indirect ME. This
associative analysis of the indirect ME is presented after a description of the associative
interpretation of the ME.

jativ sis

The similarity in the pairing operations involved in ME induction and Pavlovian
conditioning was recognized soon after the ME was reported, and several investigators
suggested that leaming principles may be relevant to understanding the perceptual
phenomenon (see review by Siegel & Allan, 1992). For example, Murch (1976) argued
that:

"The lined grid in inspection functions as a conditioned stimulus (CS) while

color functions as the unconditioned stimulus (UCS). As a result of the

pairing of the CS (lined grid) with the UCS (color) a conditioned response

(CR) develops so that the adaptive response of the visual system to the color

is evoked by the lined grid.” (p. 615)



The associative interpretation of the ME is controversial, with some investigators having
found the case compelling (e.g., Allan & Siegel, 1986, 1993; Brand, Holding. & Jones.
1987; Murch, 1976: Siegel & Allan, 1992; Westbrook & Harrison, 1984), and others less
so (e.g., Dodwell & Humphrey, 1990, 1993; McCarter & Silver, 1977; Skowbo, 1984,
1986).

Conditioning Phenomena and the ME. There is a great deal of evidence supporting
a conditioning account of the ME. This support comes primarily from research
demonstrating that the ME can be used to observe many conditioning-like effects. Thus
ME magnitude is weakened following repeated presentations of the grid CS alone after
induction (extinction; e.g., Riggs, White & Eimas, 1974), and displays some recovery
after a rest period following these extinction trials (spontaneous recovery; €.g., Skowbo,
1988). Also, if subjects are exposed to non-colored grid stimuli prior to induction, ME
magnitude is decreased (latent inhibition; e.g., Skowbo, 1988). Compound conditioning
effects have also been documented: blocking (Brand et al., 1987; Siegel & Allan, 1985,
Sloane, Ost, Etheriedge, & Henderlite, 1989; Westbrook & Harrison; 19835), unblocking
(Brand et al., 1987), overshadowing (Brand et al., 1987; Siegel & Allan, 1985), and
overprediction (Sloane et al., 1989).

Patterns that Elicit the ME. One reason for continued skepticism concerning the
contribution of conditioning to the ME is the widely-asserted belief that only a few, special
patterns can be effective ME induction stimuli. Some investigators suggested that such
limitations on effective ME patterns compromise the conditioning account (e.g., Broerse &
Grimbeck, in press; Dodwell & Humphrey, 1990; Humphrey, Herbert, Symons, & Kara,
in press; Skowbo, 1984). However, results of recent experiments demonstrate that a wide
range of stimuli can, following pairing with color, contingently elicit color aftereffects

(Siegel et al., 1992; Siegel, Allan, & Eissenberg, in press). Thus, a variety of forms (e.g.,
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crosses and squares) are effective. Similarly, the lightness of a frame surrounding a
colored square can contingently elicit 2 color aftereffect. For example, following induction
consisting of alternating presentations of a green square surrounded by a white frame and 2
magenta square surrounded by a black frame, colorless, framed assessment squares appear
colored; that is, squares presented in the white frame appear pinkish, and squares presented
in the black frame appear greenish. The fact that form and frame-lightness stimuli, in
addition to orientation stimuli, are effective in ME induction s of special relevance to
understanding the conditioning interpretation of the indirect ME.

While there is much evidence in support of an associative account of the ME, the
indirect ME presents a challenge to associative accounts because the stimulus eliciting the
aftereffect is apparently not present during induction. This challenge can be answered by a
consideration of the variety of stimuli that are paired with color during indirect ME
induction (and that subsequently may elicit color aftereffects), and an appreciation of data
and theory concerning compound conditioning effects. Consider one indirect ME induction
procedure -- a green horizontal grid alternating with a magenta gridless square (e.g., Allan
& Siegel, 1991). If these chromatic stimuli are presented in the middle of an otherwise
black video monitor (or on a projection screen in a darkened room), they are both square
figures surrounded by black frames. Thus, green-horizontal grid presentations involve
pairing of green with a variety of elements: a horizontal grid, a black frame, and a square
form. Similarly, magenta-square presentations involve pairing of magenta with a black
frame and a square form.

It is likely that these various elements (orientation, frame lightness, and form) differ
in salience (other things being equal, CRs develop more rapidly to more salient stimuli).

Following training where a compound stimulus with elements of unequal salience is paired



with a UCS, organisms respond more to the stimulus element with the greater salience.
This phenomenon is known as overshadowing (Kamin, 1969; Pavlov, 1927, p. 143). For
example, Kamin constructed a compound CS of two elements differing in salience: a
relatively more salient light and a relatively less salient noise. Following training where
this compound CS was paired with shock, the light elicited the CR of greater magnitude,
and the noise elicited the CR of lesser magnitude -- the light overshadowed the noise.
Siegel and Allan (1985) demonstrated overshadowing of the ME with compounds
composed of two orientations: for example, one compound consisted of a 45° grid
superimposed on a horizontal grid and the other of a 135° grid superimposed on a vertical
grid. They showed that the more salient diagonal orientation overshadowed the less salient
horizontal-vertical orientation. Like Siegel and Allan's (1985) induction procedure, the

indirect ME induction procedure pairs compound stimuli with complementary colors. The
horizontal green grid is a compound constructed of a horizontal grid (GRIDy,), a black

frame (FRy,) and a square (SQ). If grid orientation is more salient than frame lightness and
square form, grid orientation would overshadow these less salient elements. During
indirect ME induction, the green GRID+FRp+SQ compound alternates with a stimulus
that has no grid — a magenta FRy;+SQ stimulus. In this case, since no element of greater
salience is present, black frame and square are not overshadowed. (For simplicity, it is
assumed that the salience of FRy, and SQ is equivalent).

When assessed for the ME with the achromatic GRID;+FR,+5Q, GRIDy, elicits

the color aftereffect — horizontal bars appear pink. Subjects are assessed for an indirect

ME with an achromatic compound that includes a novel stimulus - the vertical grid
(GRID,)). When assessed for an indirect ME with the achromatic GRID+FR+5Q, FRy,

and SQ elicit the color aftereffect; thus, this assessment stimulus appears green.
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According to the associative view, the "indirect” ME is not indirect at all. Like the
ME, the indirect ME is elicited "directly” by stimuli {the FR and SQ elements) that have
been effectively paired with color during induction. For consistency with general usage,
the term "indirect ME" will continue to refer to the effects seen after an indirect ME
induction procedure, e.g., a grid stimulus alternating with a gridless stimulus.

Subjects and Apparatus

Subijects. The subjects in all 8 experiments reported here were male and female
students with no previous experience in contingent aftereffect tasks. They were enrolled in
introductory psychology at Mount Allison University (Experiment 2) or at McMaster
University (all other Experiments), and received course credit for their participation. The
subjects participated in the experiment individually, with the experimenter present in the
room throughout the session.

Apparatus. In all experiments, temporal parameters, stimulus presentation,
stimulus color, and recording of responses were controlled by a Macintosh Ilcx computer
equipped with an 8-bit video display card. Stimuli were displayed on an Apple color
monitor (Model MO401PA). Color values for the specific colored stimuli used in this
experiment are presented elsewhere (Allan & Siegel, 1991).

Experiment 1

The associative interpretation of the indirect ME is assessed in Experiments 2-8.
Experiment 1 was designed to show that the indirect ME is demonstrable with the apparatus
and procedures of these subsequent experiments. Following induction with a green grid
(either horizontal or vertical) and a gridless magenta square, the extent to which both grid

orientations contingently elicited color aftereffects was evaluated.
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Aftereffect Induction. Ir one induction condition, subjects (p=5) observed a green
horizontal grid alternating with a magenta square. In the other induction condition, subjects
(n=5) observed a green vertical grid alternating with a magenta square. Induction stimuli
were both approximately 5.9 em square, and subtended approximately 2.7° of visual
angle. These stimuli were presented in the center of the monitor screen (27.5 cm x 20.3
cm, subtending approximately 11.6° x 8.9° of visual angle). The remainder of the monitor
screen was black.

The grids were composed of 20 bars (10 black bars alternating with 10 green bars);
the spatial frequency of each grid was 3.7 cpd. Each stimulus was presented for 2 sec, and
each was presented 176 times. The induction period lasted approximately 13 min.
Background music was presented during induction.

Aftereffect Measurement. Color aftereffects were measured before (preinduction)
and after (postinduction) the induction phase of the experiment using 2 variant of the
method of constant stimuli (Allan, Siegel, Toppan, & Lockhead, 1991). Room lights were
turned on for 2 min between induction and postinduction assessment to minimize the
influence of simple afterimages. During both assessments there were 50 presentations each
of the hoiizontal and vertical grids. Assessment grids were identical to induction grids in
all respects except for the color of the alternate (non-black) bars. On each presentation the
assessment stimulus could be one of five colors: one of two shades of pale pink (P1 and
P2, with P2 being more saturated than P1), one of two shades of pale green (G1 and G2,
with G2 being more saturated than G1), or achromatic (00). Figures and colors were
randomly ordered in both assessment phases, with the restriction that each figure be
presented in each color 10 times. For each of the 100 stimulus presentations, the subject

had to make a binary response, "pink"” or "green.” The assessment stimulus remained on
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the screen until the subject responded. The next stimulus was presented 1 sec after the
experimenter entered the subject's response on the computer keyboard.

Prior to the start of the experiment subjects were given practice with the color
judgment task. For each practice trial, the grid was one of the four unsaturated colors (G1,
G2, P1, or P2) and was either horizontal or vertical. Each of the eight color-orientation
combinations was presented twice (in random order). In contrast to the preinduction and
postinduction assessments, feedback was provided on these practice trials. Immediately
after making a "green” or "pink" response, subjects were informed that their response was
"correct” or "error” via the speech synthesis capability of the computer used to control the
experiment. These practice data were ignored.

Instructions to Subjects. Before the practice, preinduction, and postinduction
phases, subjects were told that they were participating in a color discrimination task where
they would be asked to determine whether figures were pink or green. They were
instructed to be as accurate as possible, but to guess if they were unsure of the color. They
were further instructed to keep their head upright throughout the experiment. Before the
induction period, subjects were informed that their task was to focus on the alternating
figures that were presented.

Results

The psychometric function relating the probability of the subject reporting that an
assessment grid appeared green, P(G), to the physical characteristics of the assessment
stimulus (ranging from P2 to G2) was determined. Figure 1 displays the mean pre- and
postinduction assessment functions for the induced and noninduced grid orientations. For
simplicity of presentation, the data are collapsed across the dimension of induction
q'rientation (horizontal or vertical). As is apparent from Figure 1, subjects showed similar

psychometric functions for the induced and noninduced orientations prior to the induction



period. These functions moved apart after induction. Orientation stimuli which were green
during induction were less likely to elicit a "green” response in postinduction. This
decreased probability is illustrated by a downward shift in the postinduction psychometric
function for the induced orientation. In contrast, noninduced orientation stimuli were more
likely to elicit a "green” response following induction, illustrated by an upward shift in

psychometric function.

Insert Figure 1 about here

For purposes of statistical analysis, the sum of the pre- and postindﬁction green responses
across the five assessment colors was determined for eacu: subject separately for both the
induced and noninduced orientations. These data were analyzed for differences from pre-
to postinduction using the Wilcoxon signed-rank test.! The number of green responses to
the induced orientation was significantly decreased (T =0, N =9, p < .05) from pre- to
postinduction, indicating that subjects reported the induced figure as less green, or more
pink, after the induction pericd. In contrast, the number of green responses to the
noninduced orientation was significantly increased (T = 7.5, N = 10, p < .05) from pre- to
postinduction, indicating that subjects reported the noninduced orientation as more green
after the induction period.
.Qiggss ion

This experiment provides a further demonstration of the indirect ME. Following an
induction procedure where a green grid was alternated with a mag.cnta gridless square, the
induced grid orientation appeared pink (the ME), and the orthogonal nonindﬁccd grid
orientation appeared green (the indirect ME). According to the associative interpretation of
the indirect ME, the color aftereffect reported on the noninduced grid was elicited by
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components of the figure that were, in fact, paired with color. That is, induction consisted
of presentations of a green GRID+FR,+SQ compound alternating with a2 magenta FRy+SQ
compound. The direct ME is elicited by the more-salient GRID element. and the indirect
ME is elicited by the less-salient FR and SQ components.

Experiment 2

An assumption of the associative view of the indirect ME is that the GRID element
is more salient than either the FR or SQ elements of a GRID+FR+SQ compound. This
assumption is critical because it can be used to explain why FR and SQ elicit an aftereffect
even though they are paired with complementary colors during indirect ME induction. The
purpose of Experiment 2 was to provide evidence in support of this critical assumption by
demonstrating a conditioning phenomenon attributed to salience differences:
overshadowing (Kamin, 1969; Pavlov, 1927). Overshadowing can be observed following
conditioning trials where a UCS is paired with a compound stimulus made up of elements
of unequal salience. Although subjects might demonstrate strong CRs to either element if
trained with each element separately, when presented as a compound the CR elicited by the
more-salient clemcni is strengthened at the expense of the CR elicited by the less-salient
element.

The salience assumption regarding elements of indirect ME induction compounds
yield clear overshadowing predictions. First, when FR and SQ elements are paired with
color in the absence of a GRID element, these less-salient elements should elicit a color
aftereffect. Second, a more-salient GRID element should overshadow the FR and SQ
elements if compounded with them during aftereffect induction. Thus an effective elicitor
of a color aftereffect (FR+SQ compound) should become less effective when compounded
with a more salient GRID element (GRID+FR+SQ); the GRID should overshadow FR and

SQ elements.
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The procedure for demonstrating overshadowing is shown in Figure 2.
Independent groups of subjects were induced with either an indirect ME induction
procedure (Group IME) or 2 ME induction procedure (Group ME). Asin Experiment 1,
the induced grid was counterbalanced with respect to orientation, so Figure 2 shows only

one of the two induction procedures used in Experiment 2. As can be seen from Figure 2,

the two groups differed only in that group IME observed a magenta FRy+SQ. whereas
group ME observed a magenta GRID+FR,+SQ. All subjects were assessed using three
stimulus compounds: GRIDy+FRp+SQ. GRID,+FRp+3Q. and FR,+SQ. The critical
overshadowing comparison involves the aftereffect elicited by the FR,+SQ assessment
compound. The FRy+SQ compound should elicit an aftereffect following indirect ME
induction because these two elements are paired with color (magenta) during induction: for
subjects in group IME, FR,+SQ assessment compounds should appear green. If GRID
overshadow FRy, and SQ, the FRp+5Q aftereffect should be attenuated in group ME. That
is, elements (FR,+SQ) that effectively elicit an aftereffect would be less effective at

eliciting an aftereffect following induction where they are compounded with another, more-

salient element (GRID): for subjects in group ME, FR,+SQ assessment compounds should

appear relatively desaturated.

Insert Figure 2 about here

Method

Aftereffect induction. The induction compounds that subjects observed defined
group membership. For group IME, subjects observed a green grid alternating with a
magenta square (see Figure 2). As in Experiment 1, grid orientation was counterbalanced.
Some subjects (n=5) observed a green horizontal grid, while others (n=5) observed a green
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vertical grid. For group ME. subjects observed 2 green grid alternating with 2 magenta
square upon which an orthogonal grid was superimposed (see Figure 2). Again. grid
orientation was counterbalanced such that some subjects (n=5) observed a green horizontal
grid. and others (n=5) observed a green vertical grid. In other details. the induction phase
was as described in Experiment 1.

Aftereffect measurement. In Experiment 1. the indirect ME was evaluated in the
typical manner. Two types of assessment stimuli were presented: black-framed
compounds contzining an induction-orientation grid (1o evaluate the ME) and black-framed
compounds containing a noninduction-orientation grid (to evaluate the indirect ME). In
Experiment 2, for all subjects, aftereffects were assessed using these two stimuli, as well
as 2 third stimulus — a black-framed square that did not contain a grid (see Figure 2).
Black-framsd assessment squares were identical in all respects to other assessment sumuli,
except that they contained no grid. For both pre- and postinduction assessment phases
there were 45 presentations of the three types of assessment compounds. Each compound
was thus presented in eack: of the five assessment colors 9 times. During practice, each of
the 12 color-orientation combinations (four colors and three assessment compounds) was
presented twice (in random order).

Results

Figure 3A displays the mean psychometric functions (collapsed across induction
grid orientation) for the three assessment compounds in the pre- and postinduction
assessment phases for Group IME, and Figure 3B dispiays the functions for Group ME.
For purposes of statistical analysis, as in Experimert 1, the sum of the pre- and
postinduction green responses over the five assessment colors was determined for each of
the three assessment compounds.



Group IME replicates the induction procedure of Experiment 1, and. as in
Experiment 1. subjects demonstrated the ME (assessment compounds containing the
induced grid appeared less green following induction, T=0. N = 10, p <.01), and the
indirect ME (assessment compounds containing the noninduced grid appeared more green,
(T=4.N=9,p<.05). Subjects were also assessed using gridless compounds (made up
FR,+SQ). For group IME, these gridless assessment compounds appeared more green
following induction (T =0, N = 10, p < .01). In fact. as may be seen in Figure 3A. the
afiereffect to the gridless compound was greater than the aftereffect to the noninduced gnid.
In order to compare the magnitude of these aftereffects, the difference between the pre- and
postinduction number of green responses to the gridless square and to the noninduced grid
was calculated, resulting in an "aftereffect score” for each subject to each compound. The
magnitude of the score is proportional to the strength of the aftereffect and the sign of the
score (negative or positive) reveals the reported color (pink or green, respectively). For
example, if a subject said "green" 20 times to an FR,+5Q compound in preinduction, and
30 times to the same compound in postinduction, that subject received an aftereffect score
of +10 on that compound, indicating that the subject saw this stimulus as more green after
the induction period. The mean aftereffect score for the gridless compound was 10.4, and
the mean aftereffect score for the noninduced grid was 5.0 — a statistically significant

difference (T = 3, N =10, p < .05).

Insert Figure 3 about here

Group ME represents an ME induction procedure where orthogonal grids are
presented in complementary colors (e.g., McCollough, 1965). As expecied, subjects
demonstrated the ME. That is, assessment compounds containing 2 grid that was paired
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with green during induction appeared less green after induction (T =0, N = 10, p <.01).
and assessment compounds containing a grid that was paired with magenta during
induction appeared more green after induction (T=0,N=10,p< .01). Subjects were
also assessed using gridless compounds (made up of FRy+5Q). For group ME, these
gridless assessment compounds did not appear more green following induction (T=12, N =
9, p > .05).

The critical comparison in this experiment involves the magnitude of the aftereffect
elicited by the gridless assessment compounds for the two groups. Group IME should
display aftereffects of greater magnitude to the gridless compound, since no GRID element
was present during induction to overshadow the less salient FR and SQ elements. The
mean aftereffect score for the gridless compound was 10.5 for group IME and 2.1 for
group ME. This difference was statistically significant (Mann-Whitney U = 10, p < .01).
Discussi

The results of Experiment 2 support the assumption that GRID overshadows FR
and SQ. Color aftereffects elicited by FR+SQ compounds were assessed following
induction where an FR+SQ compound was paired with color without 2 GRID (group IME)
or compounded with 2 GRID (group ME). When paired with color, and in the absence ofa
GRID, FR+SQ compounds elicit a color aftereffect. When paired with color, and when
compounded with a GRID, FR+SQ corpounds do not elicit a significant color aftereffect.
Thus GRID elements overshadow FR and SQ elements during aftereffect induction.

Interestingly, after indirect ME induction, the aftereffect elicited by the gridless
assessment stimulus was greater than that elicited by the assessment stimulus containing the
noninduced grid. That is, the introduction of a novel grid element within the square
clement attenuated the aftereffect elicited by that square element. Such a finding is
congenial with the associative interpretation of the indirect ME. According to this



interpretation, the so-called indirect ME is actually directly elicited by the FR and SQ
elements that have been paired with a homogeneous colored field during induction. If a
novel orientation stimulus is added to this compound during assessment, the assessment
SQ element is very different than the induction SQ element. It is no longer a homogenecus
square, but rather is a pattern constructed of adjacent black bars. Thus, following indirect
ME induction the gridless square elicits a green aftereffect because boch the FR and SQ
components have been paired with color during induction. Compared to this gridless
stimulus, the noninduced orientation stimulus elicits a relatively small green aftereffect
because it contains only the FR element that was paired with color during induction: the SQ
element of the induction compound is substantially altered in this noninduced assessment
stimulus.
Experiments 3A and 3B

Inasmuch as Experiment 2 is the first demonstration of an aftereffect elicited by a
gridless FR+SQ compound following indirect ME induction, the procedure is replicated,
with more subjects, in Experiment 3A. In addition, another induction procedure that has
been used to demonstrate the indirect ME is used to demonstrate the FR+SQ aftereffect in
Experiment 3B.

Experiment 3A

The purpose of Experiment 3A was to replicate the findings obtained in the IME
group in Experiment 2.
Method

Aftereffect induction and measurement. As in Experiment 2, there were two
induction conditions, counterbalanced with respect to induction grid orientation. In one
induction condition, subjects (n=15) observed a green horizontal grid alternating with a

magenta square. In the other induction condition, subjects (n=15) observed a green vertical
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grid alternating with a magenta square. Aftereffects were assessed as reported in
Experiment 2: Three types of assessment stimuli were preserted; a black-framed,
induction-orientation grid (to evaluate the ME), a black-framed, noninduction-orientation
grid (to evaluaie the indirect ME), and a black-framed square that did not contain 2 grid.
Results

Figure 4A displays the mean psychometric functions (collapsed across induction
grid orientation) for the three assessment compounds in the pre- and postinduction
assessment phases of Experiment 3A. The results are similar to those seen for the IME
group in Experiment 2. Assessment compounds contzining the induced grid appeared less
green following induction, the ME, (T = 1, N = 30, p < .01), assessment compounds
containing the noninduced grid appeared more green, the indirect ME, (T = 18, N =30, p
< .01), and the gridless assessment compound 2lso appeared more green (T = 4.5, N =29,
p <..01). Again, the green aftereffect to the gridless compound was greater than the green
aftereffect to the noninduced grid (T = 86.5, N =29, p<.01).

Insert Figure 4 about here

Experiment 3B

Experiment 3B, like Experiment 3A, evaluated the role of the gridiess square in
eliciting the indirect ME. As in Experiment 3A, subjects were assessed with grids and
gridless squares. To assess the generality of the results of Experiment 3A, a different
indirect ME induction procedure was used in Experiment 3B.

In experiments reported thus far, the indirect ME was induced by altemating a green
grid with a magenta square. Other induction procedures are also effective in producing the
indirect ME. For example, the indirect ME is demonstrable following an induction
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procedure where a colored grid alternates with an achromatic (white or black) field (e.g..
Allan & Siegel, 1991; Stromeyer, 1969; Yasuda, 1978). Several researchers have
suggested that, with such an induction procedure, the complementarily colored afterimage
that follows chromatic grid presentation substitutes for the an actual complementarily
colored field (e.g.. Humphrey et al., 1989; Shute, 1979). In Experiment 3B, a green grid
alternated with a white square. According to the associative interpretation of the indirect
ME, the afterimage produced by the just-terminated chromatic GRID+FR,+SQ is paired
with FRy+5Q.
Method

Where unspecified, the methods of this experiment were the same as those in
Experiment 3A. There were 32 subjects, and they were run in one of two counterbalanced
conditions. In one induction condition, subjects (n=16) observed a green horizontal grid
alternating with a white square. In the other induction condition subjects (n=16) observed
a green vertical grid alternating with a white square.
Results

Figure 4B displays the mean psychometric functions (collapsed across induced grid
orientation) for the three assessment compounds in the pre- and postinduction assessment
phases of Experiment 3B. The results are similar to those seen in Experiment 3A, except
no indirect ME was observed. Assessment compounds containing the induced grid
appeared less green following induction, the ME, (T =0, N = 32, p <.01), assessment
compounds containing the noninduced grid did not appear more colored following
induction (T = 175, N =29, p >.05), and the gridless assessment compound did appear
more green (T = 15, N = 31, p<.01). Again, the green aftereffect to the gridless
compound was greater than the green aftereffect to the noninduced grid (T =51.5,N=32,
p <.0l).
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Discussi

As expected on the basis of the associative interpretation of the indirect ME, there
was a color aftereffect elicited by the FR+SQ stimulus which did not include the
noninduced grid. This result mirrors that reported for group IME in Experiment 2.
Indeed, the aftereffect elicited by this gridless assessment stimulus was greater than that
elicited by the one containing the noninduced grid. Thus, the addition of the orthogonal
orientation component to the black-framed square is not only unnecessary for the indirect
ME, but actually attenuates the phenomenon (presumably because the novel GRID
decreases the similarity between the induction and assessment SQ elements).

Experiment 4

According to the associative interpretation of the indirect ME, frame lightness is one
elicitor of the indirect ME. One way to decrease the magnitude of a CR elicited by aCS is
to decrease the correlation between the CS and the UCS (see Rescorla, 1988). Such a
procedure affects the magnitude of the ME, as it does other CRs (Siegel et al,, 1992).
Thus, by reducing the correlation between frame lightness and color during induction, the
indirect ME should be attennated. This prediction was evaluated in Experiment 4 using an
*irrelevant frames induction procedure.”
The Irrelevant Frames Induction Procedure

This procedure is like the indirect ME induction procedure used in previous
experiments (¢.g., the green grid alternating with 2 magenta square), except that the
induction stimuli are not always presented in black frames. Rather, they are equally often
presented in black and white frames.

Experiment 4 used counterbalanced conditions of irrelevant frames induction. To
illustrate the procedure, one such condition is presented in Figure 5. For the condition

depicted in Figure 5, during induction subjects are presented with four stimuli: a green
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GRIDp+FRy,+SQ, a magenta FR,+SQ. a green GRID+FR,,+SQ, and a magenta
FR,+5Q. Since FRy and FR,, are paired equally often with green and magenta during
induction, there is no correlation between frame lightness and color. As in the previous

experiments. all assessment stimuli are presented in black frames.

Insert Figure 5 about here

The irrelevant frames induction procedure causes only one element, FR, to be an
unreliable predictor of color. As may be seen in Figure 5, the horizontal grid is always
green, and the gridless square is always magenta. Since GRID overshadows the other

elements, and since GRIDy, is green in induction, the GRIDy,+FR,+SQ assessment

compound should appear pink. Any aftereffects seen on the other two assessment
compounds (GRID,+FRy,+5Q and FRy,+SQ) should be elicited by the square form (since
FR was not consistently paired with color). The gridless square assessment compound
should appear green (since the gridless square was magenta during induction). Based on
the results of Experiments 2 and 3, the so-called indirect ME (i.e., the aftereffect elicited by
the noninduced orientation compound, GRID,+FR,+8Q), should be greaty attenuated by
the irrelevant frames induction procedure. As is the case with the other assessment
compounds, FR was uncorrelated with color during induction; furthermore, this
noninduced compound contains only a very degraded version of the square form that was
paired with color during induction. In summary, on the basis of the associative
interpretation of the indirect ME, the irrelevant frames induction procedure should

profoundly attenuate the phenomenon.
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Method

This experiment was run concurrently with Experiment 3A. As m Experiment 3A,
subjects were run in one of two induction conditions, counterbalanced with respect to
induction grid orientation. In one induction condition, subjects (n=15) observed a green
horizontal grid alternating with 2 magenta square. In the other induction condition, subjects
(n=15) observed a green vertical grid alternating with a magenta square. However, the
induction procedure in Experiment 4 differed from that reported previously. Induction
consisted of 176 presentations each of a green grid and a gridless magenta square, but half
of these presentations were compounded with FRy, and half with FRy, (see Figure 5).
Results

Figure 6 displays the mean psychometric functions (collapsed across induced grid
orientation) for the three assessment compounds in the pre- and postinduction assessment
phases. Assessment compounds containing the induced grid appeared less green following
induction, the ME, (T =0, N = 30, p < .01), assessment compounds containing the
noninduced grid appeared more green, the indirect ME, (T = 104, N =29, p < .05}, and
the gridless assessment compound also appeared more green (T = 6, N =30, p <.01).

Insert Figure 6 about here

The irrelevant frames induction procedure should not affect the magnitude of the
aftereffects elicited by induced grid and gridless square, but should reduce the magnitude of
the aftereffect elicited by the noninduced grid. Experiment 3A was used as a basis of
comparison in order to test these predictions. Experiment 3A and the present experiment
were run concurrently. (Experiment 3A is a more appropriate basis for comparison than
Experiment 3B, because while both Experiments 3A and 4 used a magenta gridless
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induction stimulus, Experiment 3B used an achromatic gridless stimulus). The magnitude
of the aftereffects elicited by the three assessment compounds in Experiment 3A were
compared to those reported in the present experiment using the Mann-Whitney U test.
Neither the aftereffects elicited by the induced orientation compound, nor the aftereffects
elicited by the gridless compound, differed between the two experiments (ps > .05). In
contrast, the aftereffects elicited by the noninduced orientation compound did significantly
differ between experiments (Experiment 3A, mean aftereffect score = 4.8; Experiment 4,
mean aftereffect score = 1.9; U = 296.5, p <.05). Thus the irrelevant frames procedure
did reduce the magnitude of the aftereffect elicited by the assessment compound containing
the noninduced grid orientation.

iscussi

The irrelevant frames induction procedure was designed to make frame lightness an
unreliable predictor of color, while maintaining the induction grid orientation and the square
form as reliable predictors of color. Frame lightness was made irrelevant by presenting
induction compounds with two different frame lightness (FR}, and FR,y). The results of
this procedure were as predicted: the magnitude of the color aftereffect elicited by
compounds containing the induced grid orientation (i.., the ME), and that elicited by the
gridless square, were not significantly affected by the irrelevant frames manipulation. In
contrast, the magnitude of the aftereffect elicited by compounds containing the orthogonal
grid orientation (i.c., the usual indirect ME) was significantly reduced.

Although the irrelevant frames induc£ion procedure attenuated the indirect ME, it did
not eliminate the phenomenon. That is, a small but reliable aftereffect was elicited by the
compound (mean aftereffect score = 1.9). This aftereffect likely results because the
induction procedure, although rendering FR an unreliable predictor for color, does not
affect the reliability of SQ as a predictor of color. There is some similarity between the
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square form on the noninduced assessment compound (constructed of adjacent black bars)
and that of the homogeneous square used in induction - that is, the square aftereffect
generalizes to square-like noninduced assessment compound.

The resuits of Experiment 4 suggest that, with multiple predictors of color during
induction (e.g., FR and SQ), alterations in frame lightness attenuate (but do not eliminate)
the indirect ME. Humphrey et al. (1989) employed procedures that involved induction
with black-framed stimuli and assessment with white-framed stimuli, and reported the color
afiereffects on orthogonal assessment stimuli that define the indirect ME. Such a finding is
not contradictory to our findings, however, the results of this experiment suggest that the
so-called indirect ME reported by Humphrey et al. (1989) would be enhanced if induction
and assessment stimuli were contained in frames of the same lightness.

Experiment 5

The indirect ME is assessed by evaluating the aftereffect seen on a stimulus that
contains the noninduced grid orientation. Most theorists have assumed that this grid elicits
the indirect ME (e.g., Allan & Siegel, 1991; Humphrey et al., 1989), but the results of the
prior experiments in this report indicate that the grid is pot the elicitor of the indirect ME —
in fact, the novel grid serves to decrease the magnitude of the phenomenon. Rather, the FR
and SQ elements of the assessment compound are responsible for the phenomenon. If this
view is correct, assessment compounds that include the noninduced grid are not necessary
to reveal the results of the induction procedure. Rather, assessment need only contain the
elements that reliably predict color.

The results of Experiments 2, 3, and 4 did reveal a color aftereffect on gridless
assessment figures, but these experiments differed from the typical indirect ME experiment
in that there were three, rather than two, assessment stimuli. That is, the indirect ME is
typically demonstrated by assessment with the induced and noninduced grids. This was



the procedure followed in Experiment 1, where the current induction and assessment
procedures effectively produced the phenomenon. The present experiment is the same as
that of Experiment 1, except that the two assessment stimuli consist of the induced grid and
a gridless square.
Method

Aftereffect induction, including counterbalancing of induction grid orientation
(p=5S/counterbalanced condition), was identical to that of Experiment 1. Aftereffect
assessment was the same as that reported in Experiment 1, except that the two types of
compounds were the induced grid orientation and the gridless square.

ts and Discussion

Figure 7 displays the mean pre- and postinduction psychometric functions
(collapsed across induction grid orientation) for the induced grid and the gridless square.
As is apparent from Figure 7, the grid and gridless assessment compounds yielded similar
preinduction psychometric functions. After induction, however, there was a marked shift
in psychometric function, depending upon the type of assessment compound. The grid
appeared more pink (downward shift), while the gridless square appeared more green
(upward shift).

Insert Figure 7 about here

The preinduction and postinduction number of green responses were computed as
described in Experiment 1. As expected, the grid compound showed a significant decrease
in the number of green responses from pre- to postinduction (T =0, N =10, p<.Cl),
indicating that subjects reported these induced grid compounds as less green, or more pink,
following the induction period. Also, and again as expected, the square compound showed
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a significant increase in the number of green responses from pre- to postinduction (T = 1,
N = 10, p <.05) indicating that subjects reported these square compounds as more green
following the induction period.

The results demonstrate that, following indirect ME induction, there is no need to
present an orthogonal grid to demonstrate the effects of the procedure. Rather, the
phenomenon may be seen on a gridiess assessment stimulus that contains the FR and SQ
elerents that were paired with color during induction.

Experiment 6

According to the associative interpretation of the indirect ME, FR and SQ elemexts
(not the noninduced orthogonal grid) elicit the indirect ME. Based on this associative
interpretation, and on the results presented thus far, the IME might be expected to occur

regardless of the content of the assessment display that is surrounded by the appropriate FR
and SQ elements. For example, following induction with green GRID+FR,+5Q and

magenta FRy+SQ, 2 FRy,+SQ assessment stimulus should elicit an aftereffect if it is
compounded with a nonorthogonal grid orientation (e.g., 135° diagonal grid, GRID; 35).

There are reports, however, that subjects do not report color aftereffects when assessed
with nonorthogonal stimulus compounds (e.g., Allan & Siegel, 1991; Humphrey et al.,
1989). Although these findings appear contrary to the associative analysis of the indirect
ME, there is another interpretation. The failure to observe aftereffects elicited by a
nonorthogonal stimulus compound might result because the elements of such compounds
simultaneously elicit complementary aftereffects (i.e., both pink and green aftereffects are
clicited), the resuit being that the assessment compound appears colorless. Orientation
elements of the nonorthogonal assessment compound elicit aftereffects of one color due to

stimulus generalization from the induction orientation (see Ellis, 1977); in the example
described above (induction with green GRIDy, +FR,+SQ and magenta FRy,+5Q), the



diagonal grids elicit a pinkish aftereffect as a result of generalization from the horizontal
induction orientation. These aftereffects are opposed by the green aftereffect elicited by the
FRy, and SQ elements. Because of these simultaneously elicited pink and green
aftereffects, the diagonal assessment compound fails to elicit a measurable color aftereffect.

Experiment 6 was designed to provide another demonstration that subjects report no
color aftereffects on noninduced, nonorthogonal grid stimuli (diagonal grids) following
indirect ME induction (e.g., Siegel & Allan, 1991). In Experiment 6, subjects were
induced with a black-framed green grid aiternating with a black-framed magenta square.
However, subjects were then assessed for color aftereffects using four assessment
compounds: Individual black-framed compounds contained either the induced grid (e.g..
horizontal), the noninduced orthogonal grid (vertical, in this example), the gridless square,
or a noninduced nonorthogonal grid (i.e.,, diagonal).
Method

Aftereffect induction, including counterbalancing of induction grid orientation, was
identical to that of Experiment 1, except that subjects observed 200 presentations each of a
green grid and a magenta gridless square. In one induction condition, subjects (n=6)
observed a green horizontal grid alternating with a magenta square. In the other induction
condition, subjects (n=6) observed 2 green ventcal grid alternating with a magenta square.
Aftereffect assessment was the same as that reported in Experiment 2, except that four
types of compounds were presented during each assessment phase: subjects were
presented with black-framed compounds including the induced grid orientation, the
noninduced orthogonal grid orientation, no grid, or 2 nonorthogonal grid orientation (a
1359 diagonal grid). The 135° diagonal assessment grids were composed of 29 bars (15
black bars alternating with 14 non-black bars) of the same width as the horizontal and
vertical bars. Diagonal grids were the same size and shape as the vertical and horizontal
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grids. Each of the four types of stimulus compound (horizontal, vertical, grnidless. and
diagonal) was presented in each assessment color 7 umes, for a total of 140 stimulus
presentations during each assessment phase. During practice, each of the 16 color-
orientation combinations (four colors and four assessment compounds) was presented
rwice (in random order).
Results

For ease of visual display, results of experiments using four assessment figures are
presented in 2 manner consistent with the accompanying analysis. The sum of the pre- and
postinduction green responses across the five assessment colors was determined for each
subject separately for each of the four assessment compounds. Figure 8 displays the mean
pre- and postinduction number of green responses for each of the four assessment
compounds collapsed across the five levels of assessment color. These data were analyzed
for differences from pre- to postinduction using the Wilcoxon signed-rank test. The
number of green responses to the induced orientation was significantly decreased (T=0,N
= 12, p < .01) from pre- to postinduction, indicating that subjects reported the induced
figure as less green. or more pink, after the induction period. In contrast, the number of
green responses to the noninduced orthogonal orientation was significantly increased (T =
0.N = 11, p < .01) from pre- to postinduction. indicating that subjects reported the
noninduced orthogonal assessment compound as more green after the induction period.
Similarly, the number of green responses to the square assessment compound was
significantly increased (T =0, N = 12, p < .01) from pre- to postinduction, indicating that
subjects reported the square assessment compound as more green after the induction
period. Finally, the number of green responses to the nonorthogonal (diagonal) grid was
not significantly changed (T = 16.5, N = 11, p >.05) from pre- to postinduction,
indicating that subjects’ reported perception of these stimuli had not changed following the
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induction period.

Insert Figure 8 about here

Discussion

This experiment reproduces the results reported in prior expertments in the present
report, as well as those previously reported by others (e.g.. Allan & Siegel. 1591:
Humphrey et al., 1989). That is, following an induction period where a colored grid
alternates with a colored gridless square, subjects demonstrate the ME (aftereffects are
reported on the induced grid) and the indirect ME (aftereffects are reported on the
noninduced orthogonal grid). but subjects also report that the gridless square assessment
compound appears colored. Moreover, Experiment 6 also reproduces results relating to
noninduced nonorthogonal stimuli (e.g., Allan & Siegel, 1991; Humphrey et al., 1989).
That is, following an indirect ME induction procedure, noninduced nonorthogonal
(diagonal) stimuli elicit no measurable color aftereffect.

Experiment 7

Experiment 6 demonstrated that noninduced nonorthogonai grid compounds do not
elicit measurable color aftereffects following an induction period where a green grid is
alternated with a magenta square. According to the associative interpretation of color
aftereffects presented here, noninduced nonorthogonal grid compounds simultaneously
elicit complementary aftereffects (i.e., both pink and green aftereffects are elicited), the
result being that the assessment compound appears colorless. Orientation elements of the
nonorthogonal assessment compound elicit aftereffects of one color due to stimulus

generalization from the induction orientation (see Ellis, 1977); in the example described
above, (induction with green GRID,+FRy,+SQ and magenta FRy,+SQ), the diagonal grids



elicit a pinkish aftereffect as a result of generalization from the horizontal induction
orientation. This aftereffect is opposed by the green aftereffect elicited by the FRy, and SQ
elements. Because of these simultaneously elicited pink and green aftereffects, the diagonal
assessment compound fails to elicit a measurable color aftereffect.

If either the grid or the frame element that elicit the opposing color aftereffects failed
10 elicit that aftereffect, the other element's aftereffect should be observable. That is, if
FRy, no longer elicited the green aftereffect in the example above, then diagonal grids
should appear pink. because there is no green aftereffect to cancel out the aftereffect elicited
by the diagonal grid. In Experiment 4 an induction procedure was introduced that reduces
the aftereffect elicited by frame lightness elements: the irrelevant frames induction
procedure. The irrelevant frames induction procedure is again used here, in order to
determine if, when frame lightness is made irrelevant during induction, nonorthogonal
grids elicit color aftereffects during assessment.

Using the irrelevant frames induction procedure, frame lightness is not 2 reliable
predictor of color during induction. Thus FR should fail to elicit an aftereffect dunng
assessment (see Experiment 4). Although the FR element should not elicit color
aftereffects, other elements remain reliable predictors of color. As may be seen in the
example irrelevant frames induction procedure diagrammed in Figure 5, GRIDp+5Q is
always green, and SQ is always magenta. The aftereffect elicited by the elements of the

GRIDy,+SQ compound is determined by the overshadowing phenomenon demonstrated in

Experiment 2. That is, subjects will less strongly associate color with SQ when 3Q is
compounded with GRIDy, than whea SQ is presented in the gridless figure. In the latter

case, subjects will associate SQ with color. Thus the irrelevant frames induction procedure
diagrammed in Figure 4 favors two associations: GRIDy, is associated with green, and SQ

is associated with magenta.
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Like Experiment 6, The present experiment is designed to reproduce results
reported in previous experiments, as well as testing predictions regarding noninduced

nonorthogonal grid effects. As in Experiment 6, subjects are assessed with four

assessment compounds: GRID+FRy+SQ, GRID,+FR+SQ. FRy,+SQ. and
GRID35+FR+SQ. When presented with the GRIDy, +FRp+SQ assessment compound.
GRIDy, should elicit a color aftereffect, since FR was made irrelevant during induction and
GRIDy, overshadows SQ - the GRID,+FRy+5Q assessment compound should appear
pink. When presented with the FRy+SQ assessment compound, SQ should elicit a color
aftereffect since FR was made irrelevant — the FR,+SQ compound should appear green.
When presented with the GRID, +FR,+SQ assessment compound, SQ is the only element

that is a reliable predictor of color, since FR was made irrelevant and GRID,, was never

paired with color. However, the aftereffect elicited by the SQ element is attenuated by the
novel GRID element, thus the magnitude of the aftereffect elicited by the SQ element of a

GRID,+FRp,+SQ assessment compound following an irrelevant frames induction
procedure should be small. Finally, when presented with a GRID | 35+FRp+SQ
assessment compound, both GRID 35 and SQ might be expected to elicit color
aftereffects, while FRy, should not. While GRID 35 was never paired with color, this
element is expected to elicit a color aftereffect (pink) due to stimulus generalization from the
induced GRID (GRIDy,). While the SQ element was paired with color during induction,
the aftereffect elicited by the SQ element is attenuated by the novel GRID element as above.
Thus to the extent that generalization from the induced GRID element is greater than the
artenuated SQ aftereffect, GRID 35+FR,+SQ assessment compounds should appear pink.
Method

Subjects were run in one of two induction conditions, counterbalanced with respect

to induction grid orientation. In one induction condition, subjects (n=10) observed a green
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horizontal grid alternating with a magenta square. In the other induction condition, subjects
(p=10) observed a green vertical grid alternating with 2 magenta square. As in Experiment
6. subjects observed 200 presentations each of a green grid and a gridless magenta square.
However, in the current experiment, half of these presentations were compounded with
FRy, and half with FR,y (see Figure 5 for an example of this irrelevant frames induction
procedure).
Results

Figure 9 displays the mean pre- and postinduction number of green responses for
each of the four types of assessment figures. These data were analyzed for differences
from pre- to postinduction using the Wilcoxon signed-rank test. The number of green
responses to the induced orientation was significantly decreased (T =0, N=20,p <.01)
from pre- to postinduction, indicating that subjects reported the induced figure as less
green, or more pink, after the induction period. In contrast, the number of green responses
to the noninduced orthogonal orientation was not significantly changed (T =59.5,N=17,
p > .05) from pre- to postinduction. However, the number of green responses to the
square assessment compound was significantly increased (T =0, N=20,p<.01) from
pre- to postinduction, indicating that subjects reported the square assessment compound as
more green after the induction period. Finally, the number of green responses to the
diagonal grid was significantly decreased (T =0, N = 19, p <.01) from pre- to
postinduction, indicating that subjects reported the noninduced nonorthogonal assessment

compound as less green, or more pink, after the induction period.

Insert Figure 9 about here




Both the induced orientation assessment compound and the diagonal grid appeared
more pink after induction. The magnitude of the aftereffect elicited by assessment
compounds containing the induced grid was significantly greater than that elicited by those
containing the diagonal grid (mean induced grid aftereffect score = -13.5; mean diagonal
grid aftereffect score =-6.5: T =0, N =20, p <.0l).

Discussion

According to the associative analysis of the indirect ME, noninduced nonorthogonal
grid stimuli should elicit color aftereffects following indirect ME induction. These
aftereffects have not been observable (e.g., Allan & Siegel, 1991) because the aftereffect
elicited by the noninduced nonorthogonal grid element is opposed by the complementarily
colored aftereffect elicited by the frame that surrounds the grid element. The grid element
elicits color due to stimulus generalization from the induced grid, and the frame element
elicits color because it reliably predicted color during induction.

The results reported here support this associative analysis. When frame lightness is
no longer a reliable predictor of color, as in an irrelevant frames induction procedure, the
frame element of an assessment corpound no longer elicits a color aftereffect (see
Experiment 4). Because there is no frame-elicited aftereffect, assessment compounds
containing noninduced nonorthogonal grids do elicit an observable color afiereffect.
Following an irrelevant frames induction procedure, subjects report that noninduced
nonorthogonal grid stimuli appear to be the same color as the induced grid, but the
magnitude of this aftereffect is significantly less than that elicited by the induced grid.

Experiment 8

The results of Experiment 7 demonstrated that, when frame is made irrelevant with

respect to color during induction, noninduced nonorthogonal grid stimuli elicit a color

aftereffect. This nonorthogonal grid aftereffect is of the same color as, but of lesser
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magnitude than the aftereffect elicited by the induced grid. According to the associative
anaiysis of the indirect ME, the aftereffect elicited by assessment compounds containing
nonorthogonal grids is due to stimulus generalization from the induction orientation. The
fact that, after an imrelevant frames induction procedure, compounds containing a
nonorthogonal grid elicit an aftereffect the same color as, but of lesser magnitude than, the
induced grid aftereffect supports this associative analysis. This support would be
strengthened by a demonstration that the magnitude of the nonorthogonal grid aftereffect
depends upon the degree of similarity to the induced grid orientation. As the orientation of
the nonorthogonal grid approaches the orientation of the induced grid, the magnitude of the
aftereffect elicited by the nonorthogonal grid should increase. Thus, if the induced grid is a
horizontal grid (1800 bars), and an irrelevant frames induction procedure is used, a 1129
grid should elicit an aftereffect of lesser magnitude than a 135° grid, which in turn should
elicit an aftereffect of lesser magnitude than a 157° grid. Experiment 8 was designed to test
this prediction. All subjects were induced with an irrelevant frames induction procedure,
but three independent groups of subjects differed with respect to the orientation of the
nonorthogonal grid used during assessment.
Method

Apparats. In the present experiment, subjects' head orientation was maintained
throughout the experiment by the use of a head restraint equipped with chin rest, forehead
rest, and orientation stabilizers (Applied Scientific Laboratories, Model 819-2150).

Aftereffect induction. During induction, all subjects observed a green horizontal
grid alternating with a magenta square. As in Experiment 7, subjects observed an irrelevant

frames induction procedure consisting of 200 presentations each of the green grid and the
gridless magenta square, with half of these presentations compounded with FRy,, and half

with FR,, (see Figure 5).



Aftereffect measurement. In general, aftereffect measurement was the same as in
Experiment 7. Subjects were assessed using compounds that contained the induced grid,
the noninduced orthogonal grid, no gnd. and 2 noninduced nonorthogonal grid. Subjects
were assigned to one of three groups (n=10/ group) that differed with respect to the
orientation of the nonorthogonal grid bars during both pre- and postinduction assessment.
One group (Group 135) was assessed with the nonorthogonal grid made up of 29, 135°
grid bars (15 black bars alternating with 14 non-black bars) that was used in Experiments 6
and 7. This group was therefore induced and assessed identically to the subjects in
Experiment 7, with the addition of the head restraint. Another group (Group 112) was
assessed with the nonorthogonal grid made up of 26, 1120 grid bars (13 black bars
alternating with 13 non-black bars). The third group (Group 157) was assessed with the
nonorthogonal grid made up of 26, 157° grid bars (13 black bars alternating with 13 non-
black bars).

Results

Group 135 of the present experiment represents assessment and induction
procedures identical to those used in Experiment 7 (except for the use of the head restraint
in the present experiment). Accordingly, pre- and postinduction number of green
responses for assessment compounds from Group 135 were analyzed (Wilcoxon signed-
ranks test) to determnine if the subjects demonstrated a similar pattern of results to those
reported in Experiment 7. In fact, the pattern of results for Group 135 was identical to
those reported in Experiment 7. That is, the number of green responses to the induced
orientation was significantly decreased (T =0, N = 10, p <.01) from pre- to
postinduction, indicating that subjects in Group 135 reported the induced figure as less
green, or more pink, after the induction period. In contrast, the number of green responses
to the noninduced orthogonal orientation was not significantly changed (T = 15.5, N = 10,
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p > .05) from pre- to postinduction, indicating that subjects’ reported perception of these
stimuli had not changed following the induction period. However, the number of green
responses to the square assessment compound was significantly increased (T=0,N=9,p
<.01) from pre- to postinduction, indicating that subjects reported the square assessment
compound as more green after the induction period. Finally, the number of green
responses to the dizgonal grid was significantly decreased (T =0, N = 10, p <.01) from
pre- to postinduction, indicating that subjects reported the noninduced nonorthogonal
assessment compound as less green, or more pink, after the induction period. As in
Experiment 7, the magnitude of the aftereffect elicited by assessment compounds
containing the induced grid was significantly greater than that elicited by those containing
the diagonal grid (mean induced grid aftereffect score = -14.6; mean diagonal grid
aftereffect score = -6.9; T=0, N =10, p < .01).

Group 157 displayed a pattern of results similar to Group 135. That is, the number
of green responses to the induced orientation was significantly decreased (T =0, N= 10, p
< .01), the number of green responses to the noninduced orthogonal orientation was not
significantly changed (T = 11.5, N = 9, p > .05), the number of green responses to the
square assessment compound was significantly increased (T =0, N = 10, p < .01), and the
number of green responses to the diagonal grid (157°) was significantly decreased (T =
2.5, N =9, p <.05) from pre- to postinduction,

Group 112 displayed a similar pattern of results with respect to the induced grid,
orthogonal grid, and gridless square compounds, but differed with respect to the
nonorthogonal (112°) grid compounds. That is, the number of green responses to the
induced orientation was again significantly decreased (T =0, N = 10, p <.01), the number
of green responses to the noninduced orthogonal orientation was not significantly changed
(T=22,N=9, p>.05), and the number of green responses to the square assessment



compound was significantly increased (T =0, N =8, p < .01). However, the number of
green responses to the diagonal grid was not significantly altered (T=11,N=9, p > .05)
from pre- to postinduction, indicating that subjects had not altered their perceived color of
these compounds from pre- to postinduction.

The present experiment was designed to test a prediction made using an associative
interpretation of the indirect ME: As the orientation of the nonorthogonal grid approaches
the orientation of the induced grid, the magnitude of the aftereffect elicited by the
nonorthogonal grid should increase. In the present experiment the induced grid was a
horizontal grid (180°). Therefore, a 112° grid should elicit an aftereffect of lesser
magnitude than a 1359 grid, which in turn should elicit an aftereffect of lesser magnitude
than a 157° grid. In order to gain a relative measure of generalization from the induced
grid compound to the diagonal grid compound, a ratio of diagonal aftereffect magnitude to
induced grid aftereffect magnitude was determined. First, aftereffect scores were calculated
for all subjects for both stimulus compounds. The ratio of the nonorthogonal aftereffect
over the induced grid aftereffect was then calculated, resulting in an "aftereffect ratio” for
each subject. This ratio reflects the proportion of the induced grid aftereffect that
generalized to the nonorthogonal grid. For instance, if a subject in Group 135
demonstrated an induced grid aftereffect score of -12 (the negative sign indicates this
compound was seen as pink, with an aftereffect magnitude of 12), and a nonorthogonal
grid aftereffect score of -6, that subject received an aftereffect ratio of .50.

According to an associative interpretation, then, subjects in Group 112 should
demonstrate aftereffect ratios smaller than those demonstrated by subjects in Group 135,
who in tum should demonstrate aftereffect ratids smaller than those received by subjects in
Group 157. The average aftereffect ratio is plotted by group in Figure 10. As is apparent
from the figure, Group 112 showed the smallest mean aftereffect ratio and Group 157
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showed the highest mean aftereffect ratio. These data were statistically analyzed using a
nonparametric trend test (the Terpstra-Jonckheere test of ordered alternatives, Neave &
Worthington, 1988). All tied scores in this analysis were counted as evidence against the
ordered alternative hypothesis. This analysis revealed a significant trend (W =62, p<
.01), indicating that aftereffect ratios were ordered as predicted by an associative

interpretation of color aftereffects.

Insert Figure 10 about here

Discussion

The present experiment provides further suppert for an associative account of color
aftereffects that incorporates stimulus generalization. That is, this experiment demonstrated
that, when frame is made irrelevant with respect to color during indirect ME induction,
noninduced nonorthogonal grid compounds elicit aftereffects with a magnitude that is
dependent upon the nonorthogonal grid's degree of similarity to the induced grid.

General Discussion

The results of these experiments support an associative interpretation of the indirect
ME. Indirect ME induction stimuli are conceptualized as compound stimuli with elements
of unequal salience. Following an induction period where a GRID+FR+SQ compound is
paired with color, the GRID element elicits a color aftereffect. The GRID overshadows the
other elements of the compound because it is the most salient element. When no grid is
present during induction, for instance when a FR+SQ compound is paired with color, the
less salient FR and SQ elements come to elicit color aftereffects. The indirect ME
demonstrated in Experiment 1 can be interpreted as the result of an association between an

FR+SQ compound stimulus and color. That is, color aftereffects reported on noninduced
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grid stimuli are elicited by frame-lightness and form elements, not orientation.

Experiment 1 replicated the indirect ME as reported, for example, by Allan and
Siegel (1991) and by Humphrey st al. (1939). The results of Experiment 2 supported the
primary assumption of the associative view of the indirect ME: FR+SQ compounds are
effective elicitors of color aftereffects when presented without a GRID during induction,
but fail to elicit aftereffects when compounded with a GRID during induction. That is,
GRID overshadows FR and SQ. Experiment 3 provided another demonstration that
gridless FR+SQ assessment compounds elicit color aftereffects, and also demonstrated that
these aftereffects are greater in magnitude than aftereffects on compounds that contain the
noninduced grid. Experiment 4 demonstrated that reducing the correlation between FR and
color during induction decreases the magnitude of the aftereffect elicited by the noninduced
grid. In Experiment 5, the indirect ME procedure demonstrated to be effective in
Experiment 1 was modified. Rather than assessing the indirect ME on a stimulus that
contains the orthogonally-oriented grid, the aftereffect was assessed on a stimulus that
contained no grid. The results of Experiment 5 indicated that the noninduced gnid is not
necessary for observation of the effects of an indirect ME induction procedure. Taken
together, these results suggest that the indirect ME can be conceptualized within an
associative framework that already provides important insight into the mechanism
underlying the ME.

Experiment 6 replicated earlier findings (e.g., Allan & Siegel, 1991) of no
aftereffect on a noninduced nonorthogonal grid. According to the associative interpretation
presented here, noninduced nonorthogonal stimuli elicit two complementary color
aftereffects following a typical indirect ME induction procedure. The grid element elicits a
color aftereffect due to stimulus generalization from the induced GRID, and the FR and SQ

elements elicit a complementary aftereffect because they were associated with color during
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induction. Noninduced nonorthogonal stimuli appear noncolored because these two
complementary color aftereffects oppose one another. The results of Experiments 7 and 8
support this interpretation of the failure of compounds containing nonorthogonal grids to
elicit color aftereffects. When frame is made irrelevant with respect to color during
induction, a nonorthogonal grid compound does elicit color (Experiment 7). In fact, the
nonorthogonal compound appears the same color as the induced GRID compound, but the
magnitude of this nonorthogonal aftereffect is less than that elicited by the induced GRID.
Moreover, as the degree of orientation of the nonorthogonal grid approaches that of the
induced GRID, the magnitude of the aftereffect elicited by the nonorthogonal grid increases
(Experiment 8).

It is important to note that previous studies that have addressed stimulus
generalization and color aftereffects have been primarily limited to the ME (e.g., Ellis,
1977; McCollough, 1965). These studies conclude that while generalization of the ME
does occur (MEs of decreasing magnitudes are reported on orientations other than those
with which subjects were induced), generalization does not occur when test stmuli are
tilted 45° away from the inducing stimulus (e.g., 135° grids, when subjects were induced
with vertical and horizontal grid). These findings do not demonstrate that generalization is
not possible at a 45° rotation, rather that such generalization is not observed following
induction with orthogonal grids (i.e., ME induction). It is likely that generalization is not
observed at 459 rotation because the generalized horizontal aftereffect is complementary to

the generalized vertical aftereffect.

The indirect ME traditionally has been defined as the aftereffect seen on the

noninduced orthogonal orientation. Qur suggestion that this orthogonal orientation
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component of the assessment stimulus may be extraneous to the indirect ME contrasts with
alternative interpretations of the pheromenon. Indeed, according to the prominent
alternative interpretation, the indirect ME provides evidence for orthogonal orientation
coding mechanisms in the visual system (Allan & Siegel, 1991: Dodwell & Humphrey,
1990; Humphrey et al., 1989). This interpretation of the indirect ME is based on Dodwell
and colleagues’ suggestion that contingent color aftereffects are most readily elicitable by
global vectorfields specified in the Lie transformation group theory of neuropsychology
("LTG/NP," named for the Norwegian mathematician, Sophus Lie). Patterns described by
Lie transformations are orthogonal — if superimposed on each other their contours will be
perpendicular at every point of intersection. Thus, pairs of grids differing in orientation by
90 degrees (e.g., horizontal and vertical grids) are Lie derivatives: so is the pair constructed
of concentric circles and radial lines (like the spokes of a wheel).

According to LTG/NP, stimulation with one pattern leads to reduced sensitivity in
that pattern's coding mechanism. Consequently, when the pattern is no longer present,
contrasting (orthogonal) pattern coding mechanisms are, relative to the less sensitive coding
mechanism, more strongly activated: "This new level of activity is associated with color
that is present following the inducing pattern” (Humphrey et al., 1989, p. 107). For
example, when subjects observe a green horizontal grid, the coding mechanism for that
grid is activated, and associated with green. Repeated presentations of the horizontal grid
reduce the sensitivity of the coding mechanism. Thus, due to the reduced sensitivity of the
horizontal grid coding mechanism, the orthogonal coding mechanism (vertical) is the more
activated mechanism when no grid is present. If a color, like magenta, is presented during
this period of relative orthogonal mechanism activation, that coding mechanism is paired
with the color. Consequently, using LTG/NP, vertical {(noninduced) grids elicit color
because the more activated vertical grid coding mechanism has been paired with magenta
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during induction.

There is considerable evidence for the utility of the LTG/NP in understanding a
variety of visual phenomena (e.g., Gibson & Radner, 1937: MacKay. 19572, 1957b). and
it is possible to incorporate the orthogonally paired coding mechanisms suggested by the
LTG/NP interpretation of the indirect ME into an associative account of the phenomenon.
Siegel and Allan (1992) suggested that, just as particular orientation can be associated with
color to yield the ME, an indirectly activated orthogonal coding mechan:sm can be
associated with color to yield the indirect ME; although the CS of the CS-UCS pairing
occurs due to indirect coding mechanism activation, the nature of the CS-UCS association
is Paviovian.

The results of the present experiments do not support interpretations of the indirect
ME that emphasize the contribution of orthogonal contour coding mechanisms (e.g., Allan
& Siegel, 1991; Humphrey et al., 1989). For example, according to Humphrey et ..
(1989) "the maximum contrast in orientation coding occurs for orientations approximately
perpendicular to the inducing pattern” (p 107). If this statement is correct, then
orthogonally oriented stimuli should be the best elicitors of coler. They are not. The data
presented here demonstrate that gridless compounds (with the appropriate FR and SQ
elements) elicit greater aftereffects than do orthogonally oriented (noninduced) grid
compounds. Furthermore, the current LTG/NP model of the indirect ME cannot account
for a noninduced grid effect that is reduced in magnitude following an induction procedure
that reduces the correlation between frame lightness and color. In fact, when looked at
from a conditioning perspective, indirect ME induction procedures provide no reason to
postulate orthogonal grid coding mechanisms at all. Following indirect ME induction,
when subjects are assessed with two stimuli, the aftereffect that typically defines the
indirect ME is re.adily demonstrated when it is assessed with a stimulus that contains the
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noninduced grid (Experiment I). but also when it is assessed with a gridless stimulus
(Experiment 5). LTG/NP must be modified if it is to be used as an account for these
characteristics of the indirect ME.
Conclusions

Although the darta reported in these eight experiments support the associative
analysis of the indirect ME, there are other data that are more consistent with the LGT/NP.
For example, Humphrey et al. (1989) reported that altemnation of two colored
nonorthogonal patterns (e.g.. 2 green horizontal grid in a circular frame and red concentric
circles) induces an indirect ME (in this example, vertical grids appear pink and radial lines
appear green). Such a finding is unexpected if, as hypothesized here, grids overshadow
other elements of the induction stirnuli. Humphrey et al. (1989) also induced subjects with
black-framed concentric circle patterns alternating with a homogeneous complementarily
colored field, and observed indirect MEs on white-framed radial line patterns (orthogonal),
but not on vertical or horizontal grids (nonorthogonal). Such a finding is not readily
interpretable by the aftereffect mutal-cancellation explanation of the failure of
nonorthogonal orientation stimuli to elicit color aftereffects (Experiments 6-8 of the present
report). It should be noted that the experiments reported by Humphrey et al. (1989) used
composite assessment figures (all orientations are present on the assessment figure), and a
color-naming assessment procedure. As mentioned by Humphrey et al. (1989), such
composite assessment patterns are conducive to observation of simultaneous color contrast
(see Stromeyer, 1984), and color-naming may be insensitive. Indeed, simple color-naming
sometimes fails to reveal aftereffects that are obtained with the method-of-constant-stimuli
procedure used in the present experiments (Siegel et al., 1992, Experiment 1). Further
research can determine whether such methodological differences are relevantto

understanding the various findings, or whether the associative interpretation of the indirect
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ME will need some modification. The LTG/NP interpretation will also require some
modification to address the findings of the present experiments - especially the fact that, at
least in some circumstances, the noninduced orthogonal grid is not only unnecessary for

the indirect ME, but actually attenuates the effect.
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decreased accordingly.
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Figure Captions
Figure 1. Pre- and postinduction psychometric functions for Experiment 1.
Figure 2. An example of the induction and assessment stimuli for each group in
Experiment 2.
Figure 3. Pre- and postinduction psychometric functions for Group IME (Panel A) and
Group ME (Panel B) of Experiment 2.
Figure 4. Pre- and postinduction psychometric functions for Experiment 3A (Panel A} and
3B (Panel B).
Figure 5. An example of the induction and assessment stimuli for the irrelevant frames
induction procedure in Experiment 4.
Figure 6. Pre- and postinduction psychometric functions for Experiment 4.
Figure 7. Pre- and postinduction psychometric functior:+ for Experiment 5.
Figure 8. Pre- and postinduction number of green responses, by assessment compound,
for Experiment 6.
Figure 9. Pre- and postinduction number of green responses, by assessment compound,
for Experiment 7.
Figure 10. Mean aftereffect ratios (diagonal aftereffect score divided by induced grid
aftereffect score) by group for Experiment 8.
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