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Perceptual systems can adjust their sensitivity in re-
sponse to preceding or ongoing stimulation. This capac-
ity is evident in various phenomenacalled sensory fatigue
or sensory adaptation (Canevet, Scharf, & Botte, 1985;
Meiselman, 1968; Pryor, Steinmetz, & Stone, 1970; Ver-
rillo & Schmiedt, 1974). For example, prolonged and in-
tense auditory or visual stimulation depresses the ability
to detect subsequent threshold-level sounds or lights and
attenuates the perceived intensity of subsequent signals
of moderate intensity (Scharf, 1983; J. C. Stevens & S. S.
Stevens, 1963; Ward, 1963).

In recent years, adjustments in suprathreshold sensi-
tivity have been reported under conditions in which sen-
sory adaptation would not be expected. Using various
psychophysical procedures in several modalities, espe-
cially hearing, Marks and colleagues have uncovered ev-
idence that moderate, transient stimulation can induce
perceptual systems to “recalibrate” their relative supra-
threshold responsiveness (Marks, 1988; see also Marks,
1992b, 1994; Marks & Warner, 1991). Consider the fol-
lowing example, taken from hearing. In one condition

(A), participants were presented with a series of pure
tones and made loudness judgments of each tone, using
magnitude estimation. The series comprised 500-Hz sig-
nals of relatively low sound pressure level (SPL) and
2500-Hz signals of relatively high SPL. Note that the sig-
nals ranged overall in level from 30 to 85 dB and each
lasted for only 1 sec, conditions that should not encour-
age shifts in sensitivity. In another condition (B), the
500-Hz signals took on relatively high SPLs, and the
2500-Hz signals took on relatively low SPLs. The judg-
ments of loudness shifted substantially across the two
conditions: In Condition A, a 500-Hz tone at 70 dB was
judged to be as loud as a 2500-Hz tone at 73 dB, whereas
in Condition B the same 500-Hz tone at 70 dB was
judged to be as loud as a 2500-Hz tone at 57 dB. Thus,
implicit loudness matches shifted across the two contex-
tual conditions by 16 dB (Marks, 1988). These loudness
shifts were dubbed differential context effects (DCEs),
since loudness judgments at the two frequencies were
differentially affected by experimental context (see also
Marks, 1992b).

In Figure 1, we depict, in an idealized manner, the
stimulus conditions that typically produce DCEs. Each
contextual conditioncontains stimuli that act on two pro-
cessing channels (e.g., frequencies of 500 and 2500 Hz
in hearing) at several intensity levels. In Context A, the
average intensity level at Channel 2 is higher than the av-
erage level at Channel 1. Consequently,at the same phys-
ical intensity, the stimuli activating Channel 2 are judged
to be weaker than the stimuli activating Channel 1. In
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Context effects in visual length perception:
Role of ocular, retinal, and spatial location

YOAV ARIEH and LAWRENCE E. MARKS
John B. Pierce Laboratory, New Haven, Connecticut

and Yale University, New Haven, Connecticut

In three experiments, we examined the transfer of orientation-contingent context effects between
the eyes and across portions of the retina with or without variation in external spatial location. Previ-
ous research had shown that vertical lines are judged long, relative to horizontal lines, when the stim-
ulus set comprises relatively long horizontals and short verticals (Contextual Condition B), as com-
pared with the reverse when the stimulus set comprises relatively short horizontals and long verticals
(Contextual Condition A). Consequently, the contextual set of stimuli influences the magnitude of the
horizontal–vertical illusion (HVI), decreasing its size under Contextual Condition A and increasing its
size under Contextual Condition B. Experiment 1 showed that exposing one eye to different stimulus
contexts modulated the size of the HVI at the exposed eye but had little or no effect at the other eye.
Experiments 2 and 3 showed that the effect of the contextual sets generalized poorly across adjacent
portions of the retina but transferredalmost perfectlyacross different locations in external space when
retinal location was constant. Thus, orientation-contingent context effects in visual length perception
appear to be specific to the eye and to the region of the retina stimulated, suggesting that these effects
reflect relatively early and local changes in sensitivity, rather than relatively late and general shifts in
response criteria.
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Context B, the tables are turned. Now, the average inten-
sity level at Channel 1 is higher than the average level at
Channel 2. Accordingly, intensity judgments shift so that
stimuli of the same physical intensity are judged to be
weaker when they activate Channel 1. The overall shift
in intensity judgments in the two channels across the two
contextual conditions constitutes the DCE.

Variations in stimulus context produce analogous re-
sults in other modalities, including taste, haptic touch,
and vision. Thus, judgments of taste intensity of sucrose
and NaCl shifted relative to each other when the average
concentrations of the two tastants shifted (Rankin &
Marks, 1991), and the perceived extent of objects pre-
sented in radial and tangential orientations to the torso,
felt by actively moving the hand, shifted when the aver-

age lengths at the two orientations shifted (Marks &
Armstrong, 1996). Especially pertinent to the present
study are the findings of Armstrong and Marks (1997),
who reported that the perceived lengths of lines pre-
sented in horizontal and vertical orientations shifted
when the mean physical lengths in the different orienta-
tions shifted. Thus, presenting longer vertical than hori-
zontal lines caused the verticals to be underestimated,
whereas presenting longer horizontal than vertical lines
caused the horizontals to be underestimated (see also
Potts, 1991).

Two essential and abiding questions about DCEs re-
main to be fully answered. First, where in the stream of
perceptual processes are DCEs introduced, relatively
early and peripherally, or later and more centrally? Sec-
ond, what is it that is modified? Do the changes in the
judgments of length reflect modifications in the under-
lying sensory representations of length at one orientation
or both? Or do the changes reflect modifications in the
decisional processes that participants use in judging and
comparing stimuli? These questions are related, in that
early, peripheral effects would almost certainly be sen-
sory in nature, whereas later, more central effects might
be sensory but could also reflect postsensory decisional
processes. The present study speaks directly to this ques-
tion as it applies to the visual perception of length of ver-
tical and horizontal line segments. By trying to establish
whether the shifts in responsiveness caused by DCEs are
spatially specific, we hoped to shed some light on their
nature.

DCEs were first observed in magnitude estimates of
loudness, where Marks (1988) suggested a decisional in-
terpretation: that DCEs represent frequency-specific nu-
merical response biases in magnitude estimation. This is
to say, participantsmight tend to apply a constant range of
numbers to a given kind of stimulus even when the mean
levels shift across contextual conditions. As a conse-
quence, a signal of fixed SPL at a given frequency would
receive a greater loudness judgment when the mean SPL
at that frequency is low rather than high. The results of
subsequent studies cast doubt on this interpretation, since
DCEs have also been reported when participants did not
make numerical judgments. Schneider and Parker (1990)
had participants compare differences in the loudness of
various pairs of tones while the average SPL at both fre-
quencies shifted across conditions. Mapes-Riordan and
Yost (1999) had participants compare loudness directly
after presenting a brief recalibrating tone. The compar-
isons of loudness differences and of loudness revealed
DCEs like those observed with magnitude estimation.

Although a numerical response model seems inade-
quate to explain DCEs in a difference comparison para-
digm, DCEs nevertheless might result from a more gen-
eral decisional/criterial process. Perhaps exposure to
contextual stimuli causes response criteria to shift dif-
ferentially at two frequencies so as to change judgments
of relative loudness. According to this sort of model, lis-
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Figure 1. A schematic diagram of the differential context ef-
fects. In Context A, stimuli applied to Channel 2 have a higher av-
erage intensity than do stimuli applied to Channel 1, whereas in
Context B, stimuli applied to Channel 1 have the higher average
intensity. The overall shifts in judgments across the two contexts
of stimuli common to both conditions (indicated by arrows) con-
stitute the differential context effects.
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tening to relatively weak signals at Frequency 1 and rel-
atively strong signals at Frequency 2 would shift response
criteria so that a greater SPL would be needed at Fre-
quency 2 to match the loudness of a given stimulus at Fre-
quency 1. Such a model could explain the shifts in judg-
ment observed when mean SPLs of the frequencies vary
across different contextual conditions. But even though
it fares better than the numerical bias model, this broader
decisional model also seems inconsistent with several
experimental findings.

If DCEs reflect nothing more than shifts in decision
criteria, independent of the sensory representations of
the stimuli, one would expect the decisional process to
be a general one—that is, a process that should charac-
terize judgments in most (if not all) sense modalities. Al-
though DCEs have been reported in several modalities,
including taste (Rankin & Marks, 1991, 1992), olfaction
(Rankin & Marks, 2000), haptic touch (Marks & Arm-
strong, 1996), and vision (Armstrong & Marks, 1997;
Potts, 1991), DCEs were conspicuously absent from
judgments of the duration of sound signals differing in
frequency and from judgments of the length of lines dif-
fering in color (Marks, 1992b). These results are diffi-
cult to reconcile with a general decisional or criterial
model, which should apply more universally.

According to the criterial model, DCEs arise when peo-
ple apply different decisional rules to stimuli that appear
perceptually distinct or dissimilar (e.g., different sound
frequencies, different orientationsof lines, different taste
qualities); if so, DCEs should arise when stimuli are per-
ceived as dissimilar, but not when they are perceived as
similar. (In the limit, when the difference between the two
stimuli becomes negligibly small, the two subcontexts
merge into one.) Rankin and Marks (2000) had partici-
pants judge chemosensory stimuli whose similarity or
dissimilarity was, in some cases, independent of the re-
ceptors (gustatory or olfactory) that were activated. That
is, similarity could be dissociated from communality of
sensory processing. The results showed substantialDCEs
whenever different receptors were stimulated, even when
the stimuli were judged to be qualitatively similar, lead-
ing Rankin and Marks to conclude that DCEs probably
do not reflect the application of different response crite-
ria to perceptually dissimilar stimuli.

The present study used a different approach to help il-
luminate the processes underlying DCEs, by asking
whether changes in perceived length transfer from one
eye to the other, from one retinal location to nearby lo-
cations, and from one region of the external space to ad-
jacent regions of space. If DCEs are spatially specific,
they will be evident only in the locations at which they
are induced; DCEs should not transfer between the eyes,
between different portions of the retina, or between dif-
ferent regions of external space. In many cases, deter-
mining whether a process is spatially specific provides a
hint as to its nature. Thus, a process showing spatial
specificity might reside relatively early in the perceptual

stream and likely would involve changes in sensitivity,
whereas a process showing spatial generalization might
reside relatively late in the perceptual stream and might,
although it need not, reflect the operation of a decisional
mechanism.

A prototype for stimulus-inducedchanges in sensitivity
is sensory adaptation. Sensory adaptation is often found
to be spatially specific. Thus, poststimulatory shifts in
auditory thresholds are largely restricted to the ear re-
ceiving stimulation and do not transfer to the contralateral
ear (McPherson & Anderson, 1971). Similarly, adapting
one eye to darkness does not affect threshold or bright-
ness judgments in the contralateral eye (J. C. Stevens &
S. S. Stevens, 1963). If the same were true for DCEs,
which are produced by relatively moderate, transient
stimulation, one would not expect to find any transfer in
hearing between the two ears or in vision between the two
eyes. Marks (1996) showed that exposing one ear to con-
textually varying sounds led to substantial loudness
shifts in the exposed ear and to more modest shifts in the
contralateral ear. This partial transfer implies a central
mechanism that partiallypools the sensitivityshifts across
the two ears.

Note that DCEs in hearing also exhibit fatigue-like
properties that are consistent with a peripheral origin.
First, DCEs seem to depend largely on signals at rela-
tively high SPL (Marks, 1993). That is, the changes in
perceived loudness at a given SPL seem to stem mainly
from some kind of attenuation brought about at the fre-
quency at which the signals are relatively louder, rather
than from amplification brought about at the frequency
at which they are relatively softer. Second, the magni-
tude of the DCEs depends crucially on the difference be-
tween the two frequencies, being large when the differ-
ence is large but small or negligible when the difference
falls roughly below a critical band (Marks, 1994; Marks
& Warner, 1991).

The present study extends Marks’s (1996) interaural
transfer paradigm to the modality of vision. DCEs in vi-
sion were first demonstrated in the perception of line
length (Armstrong & Marks, 1997; Marks & Armstrong,
1996; Potts, 1991). Armstrong and Marks had partici-
pants made paired-comparisons judgments of the lengths
of horizontal and vertical line segments. The resulting
judgments of relative length depended systematically on
the set of stimulus magnitudes. A given vertical line was
judged to be shorter (i.e., matched a shorter horizontal
line) when the stimulus set comprised relatively long
verticals and short horizontals (Context A) than when
the stimulus set comprised relatively long horizontals
and short verticals (Context B). The reverse was true for
a given horizontal line, which was judged to be longer
(i.e., matched a longer vertical line) under Context A
than under Context B. Consequently, to the extent that
stimulus context exerted orientation-specific effects on
perceived length, it also modulated the magnitude of the
horizontal–vertical illusion (HVI). Thus, relative to about
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10% at baseline, the HVI shrank to 3% under Contextual
Condition A (the verticals lines being underestimated)
but ballooned to 15% under ContextualCondition B (the
horizontal lines being underestimated). Thus, the mag-
nitude of the HVI can serve as a useful indicator of the
magnitude of the DCEs in judgments of line lengths at
different orientations. Given the presence of DCEs, the
HVI should decrease under Contextual Condition A and
increase under Contextual Condition B.

In the experiments reported here, it was asked whether
DCEs in judgments of line length transfer between the
two eyes, between nearby regions of the retina, and be-
tween regions of external space. First, we asked whether
exposing one eye to DCE-inducing sets of vertical and
horizontal lines leads to changes in the relative magni-
tude of the HVI in the contralateral eye. Second, we
asked whether exposing a selected portion of the retina
to DCE-inducing sets of vertical and horizontal lines
leads to changes in the relative magnitude of the HVI in
adjacent regions of the retina. And third, we asked
whether the results observed in Experiment 2 were due
to the contextual sets’ being presented to different re-
gionsof the retina or to different regions of external space.
Failure to find interocular and interretinal transfer would
not necessarily mean that DCEs reside wholly in an early
visual process, but it would constitute supporting evi-
dence. Furthermore, the finding that the DCEs are spa-
tially specific would not be easily reconcilable with a
general decisionalmodel. Such a model predicts a general
shift in response criteria that would not be limited to spe-
cific parts of the retina. On the other hand, the presence
of interocular and interretinal transfer would suggest a
central component to the mediation of DCE, although it
would not indicate whether that component is sensory or
decisional.

EXPERIMENT 1A
Baseline Measures

Experiment 1A provided baseline measures of the
HVI in the left and right eyes. We asked participants to
judge, by magnitude estimation, the perceived length of
horizontal and vertical line segments presented exclu-
sively to one eye or the other. We expected that the ver-
tical lines would be judged longer than physically equal
horizontal lines (HVI). We also expected that the size of
the HVI would lie between 9% and 15%, a range re-
ported in earlier studies (Armstrong & Marks, 1997;
Prinzmetal & Gettleman, 1993). Finally, we had no com-
pelling reason to expect that the size of the HVI would
differ in the two eyes.

Method
Participants . All the participants in this and the following ex-

periments were 18– 40 years old and were recruited from the Yale
community. Twelve participants, 4 men and 8 women, were paid to
participate in Experiment 1A.

Apparatus. The participants were tested individually in a dark,
sound-attenuated booth. The stimuli were presented on a 13-in.

Apple color monitor driven by a Power Macintosh equipped with a
built-in 6100 video card. Screen resolution was 640 3 480 pixels.
The frame of the monitor and the outer portion of the screen were
masked by a 34.5 3 34.5 cm matte black board containing an 18.5 3
18.5 cm aperture at its center, through which a square central region
on the screen was visible. Viewing distance was approximately
60 cm and was controlled by a head /chin-rest. From its center, a
black, wooden board extended to the center of the screen, effectively
bisecting the visible square on the screen and thereby making it pos-
sible to present stimuli exclusively to one eye or the other. A pro-
gram written in PsyScope (Cohen, MacWhinney, Flatt, & Provost,
1993) was used for stimulus presentation and data collection.

Stimuli and Procedure. Eight line segments, four at each orien-
tation, made up the baseline set of stimuli. Their lengths were 0.95,
1.9, 2.85, and 4.1 cm. Lines were black against a very light gray back-
ground (luminance of 51 cd/m2 for the screen and of 0.685 cd/m2

for the surrounding black frame) and were 1 pixel thick. The loca-
tion of each line on the screen was defined by its center, which al-
ways fell on the midpoint of one of the screen’s halves.

Each trial began with a fixation point presented to the left or the
right side of the screen. After a 300-msec delay, a line was pre-
sented for 500 msec. Subsequently, the participants were prompted
to enter their judgments of the line length, using the computer key-
board. The method was magnitude estimation with no designated
standard or modulus. To the first line, the participants were asked
to assign whatever number seemed appropriate to stand for its
length. Then, to succeeding stimuli, the participants were to assign
numbers in proportion to the length, using whole numbers or deci-
mals as needed. Pressing the enter key recorded the participant’s re-
sponse and initiated the next trial after an intertrial interval of
500 msec. Order of presentation was randomized so that each par-
ticipant received a different sequence of stimuli. Following 10 prac-
tice trials, each line was presented six times to each eye, making 96
test trials overall. A typical session lasted about 15 min.

Results and Discussion
In the following analysis and subsequent ones, nu-

merical estimates were averaged arithmetically across
replicates within subjects and geometrically across sub-
jects. The baseline measures obtained for the left and the
right eyes are presented in Figure 2. Two features are no-
table. First, the vertical lines were judged to be longer
than the horizontal lines in both eyes. Second, the mag-
nitude of the HVI seems comparable at both eyes. The
computed magnitude of the HVI—[100*(Jv 2 Jh)]/Jh—
was 10.9% at the right eye and 12.0% at the left eye. The
data (log transformed) were subjected to an analysis of
variance (ANOVA), using exposed eye (left, right), orien-
tation (horizontal, vertical), and length as within-subjects
variables. The results verified the visual inspection of
the data. Only two terms were significant: the expected
main effects of length [F(3,33) = 316.3, p < .001] and
orientation [F(1,11) = 203.4, p < .001]. Given that the
magnitudes of the HVI at the left and the right eyes were
comparable, we used their average (11.45%) as a yard-
stick to assess the magnitude of the interocular transfer
in Experiment 1B.

EXPERIMENT 1B
Interocular Transfer of the DCE

In Experiment 1B, we tested whether a DCE induced
in one eye can modulate the size of the HVI in the other
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eye. To this end, we created two contextual conditionsby
using different combinations of horizontal and vertical
lengths. The first set (Context A) comprised relatively
long verticals and short horizontals, whereas the second
set (Context B) comprised relatively long horizontals
and short verticals. Following Armstrong and Marks
(1997), we expected that exposure to Contextual Set A
would cause the length of the verticals to be underesti-
mated relative to baseline, thereby shrinking the HVI,
whereas exposure to Contextual Set B would cause the
length of the horizontals to be underestimated relative to
baseline, thereby enlarging the HVI. Following exposure
of one eye to the contextual stimulus set, we tested for
contextual aftereffects in both eyes. If DCEs are not spe-
cific to the eye in which they are induced, the size of the
HVI in the unexposed (contralateral) eye should be con-
tingent on the contextual manipulation at the exposed
(ipsilateral) eye. That is, the HVI in the contralateral eye
should decline in size when the ipsilateral eye is exposed
to Context A and should increase when the ipsilateral
eye is exposed to Context B. Alternatively, DCEs may be
specific to individual eyes, in which case the size of the
HVI in the contralateral eye should stay at the baseline
level.

Method
Participants. Twelve participants, 4 men and 8 women, were paid

to serve in Experiment 1B. None had participated in Experiment 1A.
Stimuli and Procedure. The apparatus and procedure were like

those of Experiment 1A, except for the following changes. Two
contextual stimulus sets were constructed: Context A comprised
relatively long vertical lines (1.9, 2.85, 4.12, and 6.0 cm) and rela-
tively short horizontal lines (0.65, 0.953, 1.9, and 2.85 cm), with the
two shortest verticals and two longest horizontals common to both
sets. Context B comprised relatively long horizontal lines (1.9,
2.85, 4.12, and 6.0 cm) and relatively short vertical lines (0.65,
0.953, 1.9, and 2.85 cm), with the two shortest horizontals and two
longest verticals common to both sets. Each participant viewed the

context-inducing stimuli with only one eye—the left eye in 6 par-
ticipants and the right eye in the other 6. To avoid carryover effects,
the two contextual conditions were presented in different sessions
separated by at least 24 h. Order of presentation of the contextual
conditions was counterbalanced across participants.

Each session began with 10 practice trials, after which the con-
textual stimuli were presented to the chosen eye. Each line was pre-
sented six times in all, making 64 randomly ordered test trials at the
context induction stage. Subsequently, we measured the HVI in
both eyes by presenting the baseline stimulus set used in Experi-
ment 1A. Each line was presented twice in all to each eye, making 32
presentations. The sequence of contextual-condition/ test-condition
was given four times, so the total number of experimental trials, ex-
cluding practice, was 384. A typical session lasted about 25 min.

Results and Discussion
Judgments of contextual stimuli. Figure 3 shows the

average judgments for Contextual Conditions A and B
collapsed across the two eyes. Note that the two contex-
tual conditions exerted differential effects on the magni-
tude of the HVI. The vertical lines were judged to be
only slightly longer than the horizontal lines in Contex-
tual Condition A, resulting in an average HVI of 4.3%,
but much longer in Condition B, resulting in an average
HVI of 17.2%. As compared with the average size of the
HVI obtained at baseline in Experiment 1A (11.45%),
the effects of the two contextual conditions were similar
in magnitude but opposite in direction. The size of the
HVI was reduced by 7.15% [a significant difference;
t(22) = 2.68, p < .05] under Contextual Condition A and
was enlarged by 5.75% under Contextual Condition B
[again, a significant difference; t(22) = 2.38, p < .05].

We entered the log-transformed data obtained at the
two common lengths at each orientation into an ANOVA,
using contextual condition (A, B), orientation (horizon-
tal, vertical), and length as within-subjects variables and
exposed eye (left, right) as a between-subjects variable.
As was expected, the main effects of length and orienta-
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Figure 2. Baseline measure of the horizontal–vertical illusion at the left eye and at the right eye (Experiment 1A). Geometric aver-
age magnitude estimates of line length of horizontal lines (filled circles) and vertical lines (open circles) are plotted against physical
length.
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tion were highly significant [F(1,10) = 132.9, p < .001,
and F(1,10) = 30.7, p < .001, respectively]. The only
other significant term was the interaction between ori-
entation and contextual condition, indicating that the
size of the HVI was significantly different under the two
contextual conditions [F(1,10) = 27.4, p < .001]. Next,
we examined whether the DCE observed in the judg-
ments of the context-inducing stimuli transferred to the
contralateral eye.

Interocular transfer of the DCE. Figure 4 gives the
average judgments for the test stimuli at the exposed eye
(ipsilateral) and the unexposed eye (contralateral) follow-
ing the two contextual conditions. Note first that the size
of the HVI in the ipsilateral eye varies with prior context,
averaging5.48% followingexposure to ContextualCondi-
tion A and 17.0% following exposure to Contextual Con-
dition B. On the other hand, the effects of contextual pre-
exposure at the contralateral eye were much less profound.
Following exposure to Contextual Condition A, the aver-
age HVI at the contralateral eye was 8.7%, and following
exposure to Contextual Condition B, it was 12.07%. It is
clear that context affected the size of the HVI much more
in the ipsilateral eye than in the contralateral eye.

To evaluate these effects statistically,we performed an
ANOVA on the log-transformed judgments, with contex-
tual condition (A, B), relative site of context induction
(ipsilateral, contralateral), orientation (horizontal, verti-
cal), and length as within-subjects variables. The most
important finding was the significant interaction among
contextual condition, relative site of context induction,
and orientation [F(1,11) = 6.21, p < .05]. That is, the ef-
fect on the HVI of varying the previous contextual con-
dition depended on whether the contextual stimuli were
presented to the ipsilateral or the contralateral eye, the
ipsilateral effects being larger than the contralateral ef-
fects. In fact, the sizes of the HVI at the contralateral eye
obtained under Contextual Conditions A and B (8.7%

and 12.07%, respectively) were not reliably different
from the HVI obtained under the baseline condition
[11.45%; t(22) = 1.16, p > .1, and t(22) = 0.29, p > .5, re-
spectively]. Although lacking statistical significance, the
size of the HVI in the contralateral eye did slightly
change in the expected direction, decreasing under Con-
textual Condition A and increasing under Contextual
Condition B. To round up the analysis, we note that the
size of the HVI obtained at the ipsilateral eye was statis-
tically different from baseline [t(22) = 2.23, p < .05, for
Contextual Condition A, and t(22) = 2.24, p < .05, for
Contextual Condition B]. So the effects of context did
carry forward to the test stimuli presented in the same
eye, but did so only very slightly, at most, to the con-
tralateral eye.

The novel finding of Experiment 1B was that the DCE
induced in one eye showed virtually no transfer to the
other eye. Preexposing one eye to a contextual stimulus
set had a profound influence on the perceived line length
at the exposed eye, but only a weak effect, at most, on the
perceived line length at the unexposed eye. It is impor-
tant to note that although the size of the HVI at the un-
exposed eye did not differ statistically from baseline, it
did change in the predicted direction, suggesting at least
the possibility of partial transfer of the DCE. The strong
eye-specificity of the DCE would be consistent with an
early perceptual origin. However, the hint of partial
transfer implies the possible presence of a central pooling
mechanism that generalizes, to a small extent, changes in
responsiveness between the two eyes, although it may
not play a role in the actual production of the DCE.

EXPERIMENT 2
Transfer of the DCE Across the Retina

In Experiment 2, we explored further the newly found
spatial specificity of the DCE. In particular, we asked
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whether DCEs induced in one quadrant of the retina, or
visual space, would transfer to the other three quadrants.
To this end, we used the same strategy as that in Exper-
iment 1B. First, we exposed one quadrant exclusively to
one or the other of the two contextual conditions (A or
B); second, we tested for aftereffects on perceived line
length (i.e., the size of the HVI) in all four quadrants. To
the extent that DCEs are not specific to retinal locations,
exposing one quadrant to different contextual conditions
should significantly affect relative responsiveness in ad-
jacent quadrants. In contrast, if DCEs are specific to reti-
nal locations, aftereffects should be restricted to the ex-
posed quadrant.

Method
Participants . Forty-eight participants, 20 men and 28 women,

were paid to serve. None had served in the previous experiments.
The participants were randomly assigned to one of four experi-
mental groups defined by the quadrant selected for contextual ex-
posure. The contextual stimulus set could be presented to the high
right (HR), high left (HL), low right (LR), or low left (LL) quadrant.
Each participant served in only one experimental group.

Apparatus. Booth, computer, and screen arrangements were like
those used in Experiments 1A and 1B, except that no divider was

used to split the participant’s visual field. Viewing distance was ap-
proximately 40 cm and was controlled by a fixed head/chin-rest.

Stimuli and Procedure. Each participant served in two ses-
sions, receiving either Contextual Condition A or Contextual Con-
dition B in a given session. The sessions were separated by at least
24 h, and their order was counterbalanced. Each session contained
the following sequence of events. First, a baseline measurement of
the HVI was taken in all four quadrants, using the horizontal and
vertical lines from Experiment 1A. To this end, the aperture at the
middle of the screen was divided into four quadrants of equal size.
The location of each line on the screen was defined by its center,
which always fell on the midpoint of one of the quadrants. Each line
was presented twice at each quadrant, making 64 baseline trials.
Second, Contextual Stimulus Set A or B, identical to those of Ex-
periment 1B, was presented to just one of the four quadrants. Each
line was presented eight times in all, making 64 context-inducing
trials. Finally, we tested for aftereffects of contextual stimulation at
each of the four quadrants. Again, the test stimuli were identical to
the baseline stimuli, but now each line was presented only once at
each quadrant, making 32 test trials. The entire cycle of context-
inducing trials + test trials was presented three times in all, making
352 line-judgment trials in each session [64 baseline trials + (64
context trials + 32 test trials) * 3].

In order to limit the contextual stimuli to only one retinal quad-
rant, it is imperative to control for the participants’ eye movements
during stimulus presentations. To this end, we deployed three dif-
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ferent strategies. First, lines were presented for a short duration of
60 msec, presumably shorter than the initiation of eye movements.
Second, just before each stimulus appeared, the fixation point
changed its color from black to red, thereby exogenously capturing
the participant’s attention. Third, randomly interspersed among tri-
als containing lines were 88 catch trials in which a letter C, O, P, or
Q appeared for 60 msec at the fixation point. On these trials, the
participants were instructed to report the letters by typing them.
Data from those participants who failed to report the letters at 90%
accuracy during either the first or the second session were excluded
from the analysis. Surprisingly, our criteria proved too stringent for
25 individuals, who failed substantially to meet the criterion of 90%
accuracy. However, we are reasonably convinced that the 48 partic-
ipants who did meet our criteria did fixate on the middle of the
screen throughout both experimental sessions. Adding the 88 catch
trials and 10 practice trials at the beginning of each session to the
352 main trials made a total of 450. A typical experimental session
lasted about 30–35 min.

Results and Discussion
Baseline measurements. Our first analysis evaluated

the HVI at baseline in each of the quadrants. Baseline
judgments were collapsed across the two contextual ses-
sions and were entered into an ANOVA, with quadrant
(HL, HR, LL, and LR), orientation (horizontal, vertical),
and length as within-subjects variables and experimental

group as a between-subjects variable. Only two terms
reached statistical significance: length [F(3,132) =
865.7, p < .001] and orientation [F(1,44) = 290.5, p <
.001], the latter indicating the presence of the HVI. More
important, as we anticipated, the size of the HVI did not
differ across the four quadrants (25.3% for HL, 26.1%
for HR, 25.6% for LL, and 24.3% for LR) or across the
four experimental groups. The overall size of the HVI at
baseline was 25.3%, substantially larger than the 11.45%
obtained in Experiment 1A and larger than the typical
HVI size, although still within the range reported by
some studies that have used magnitude estimation (Potts,
1991; Verrillo & Irvin, 1979). The difference between
Experiments 1A and 2 in the size of the HVI at baseline
might reside in the difference between viewing condi-
tions and duration of stimulus exposure. In Experi-
ment 1A the lines were presented at the fixation point
for a relatively long duration, whereas in Experiment 2
the lines were presented very briefly and outside the par-
ticipants’ fixation. However, this difference does not
compromise subsequent comparisons across the differ-
ent conditions within Experiment 2.

Effects of the contextual stimuli. The effects of Con-
textual Conditions A and B on the size of the HVI at the

M
ea

n
M

ag
n

it
u

d
e

E
st

im
at

e

Length (cm)

High Left quadrant High Right quadrant

1

10

100

1000

0.1 1 10

Low Left quadrant Low Right quadrant

1

10

100

1000

0.1 1 10

0.1 1 10

0.1 1 10

B B

B B

A
A

AA

Vertical
Horizontal

Figure 5. Estimates of line length of horizontal lines (filled circles) and vertical lines (open circles) under Contextual Conditions A
and B at the four quadrants, plotted againstphysical length (Experiment 2). Each quadrant represents a different experimental group
(for clarity, length judgments of Context B are multiplied by 10).



486 ARIEH AND MARKS

four quadrants are presented in Figure 5. As was ex-
pected, the HVI was smaller in Contextual Condition A
than in Contextual Condition B. Furthermore, this mod-
ulation of the HVI’s size was apparent at all four quad-
rants.

We entered the logarithmically transformed judgments
obtained for the two common lengths at each orientation
into an ANOVA, using contextual condition (A, B), orien-
tation (horizontal, vertical), and length as within-subjects
variables and context-exposed quadrant (HL, HR, LL,
LR) as a between-subjects variable. As was expected, the
main effects of length and orientation were highly signif-
icant [F(1,46) = 113.5, p < .001, and F(1,46) = 31.4, p <
.001, respectively]. More important, the interaction be-
tween orientation and contextual condition was also sig-
nificant [F(1,46) = 31.0, p < .001]. Thus, the size of the
HVI differed reliably under the two contextual condi-
tions, confirming our visual inspection of the data. The
lack of interaction between the exposed quadrant and ori-
entation (F < 1) indicates that the two contextual condi-
tions exerted similar effects on perceived length regard-

less of the quadrant of contextual exposure. Thus, the
data obtained in the contextual conditions can be col-
lapsed across all four quadrants. The overall HVI under
ContextualConditionsA and B was 6.2% and 38.0%, re-
spectively. Apparently, Contextual Condition A had a
greater effect on the size of the HVI than did Contextual
Condition B. The size of the HVI was reduced by 19.1%
(from 25.3% at baseline) under Contextual Condition A
but increased by only 12.7% under ContextualCondition
B. However, comparing both the reduction in the HVI ob-
tained under Contextual Condition A and the inflation in
its size obtained under Contextual Condition B with the
size of the HVI at baseline reveals both changes to be sta-
tisticallysignificant [F(1,47) = 96.6, p < .01, and F(1,47) =
38.5, p < .01, respectively]. Thus, despite the asymmetry,
our contextualmanipulationwas successful: We managed
to modulate the size of the HVI in different quadrants by
exposing them to stimulus sets containinghorizontal and
vertical lines differing in relative length. Furthermore,
the effects of Contextual Conditions A and B were simi-
lar across the four quadrants—shrinking the size of the
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HVI under the former and increasing it under the latter.
Next, we examined whether the observed contextual ef-
fects transferred among quadrants.

Transfer of the DCE across the retina. We catego-
rized each quadrant according to its relative position as
follows: (1) target, the quadrant that received the con-
textual manipulation; (2) ipsilateral, the quadrant at the
same side of the visual field as the target but above or
below it; (3) contralateral, the quadrant on the opposite
side of the visual field but at the same height as target;
and (4) diagonal, the quadrant on the opposite side of the
visual field and at a different height. Next, we collapsed
the data from the four experimental groups within these
categories. Clearly, this categorization assumes that what
matters is the position relative to the target.

Figure 6 shows that the effects of preexposure to Con-
textual Conditions A and B are evident primarily at the
target quadrant itself, and not at the other quadrants. In-
deed, only at the target quadrant did the size of the HVI
visibly vary with the type of contextual condition. Thus,
the HVI is greater under Contextual Condition B than
under Contextual Condition A. These clear effects at the
target quadrant did not appear to transfer substantially to
the other quadrants, where the HVI looks similar under
Contextual Conditions A and B.

To test these impressions statistically, an omnibus
ANOVA was performed, with contextual condition (A,
B), relative position in the quadrant (target, ipsilateral,
contralateral, and diagonal), orientation (horizontal, ver-
tical), and length as within-subjects variables and exper-
imental group (context induced in HR, HL, LL, or LR)
as a between-subjects variable. As was expected, of the
main effects only line length and orientation were sig-
nificant [F(3,132) = 1,077.4, p < .001, and F(1,44) =
441.8, p < .001, respectively]. More important, the inter-

action among contextual condition, relative position in
the quadrant, and orientationwas significant [F(3,132) =
18.5, p < .001], confirming the quadrant-dependent ef-
fects on the HVI of contextual preexposure. On the basis
of a visual inspection of the data, the effects appear
largely restricted to the target quadrant. Indeed, the inter-
action between contextual conditionand orientation was
significant only at the target quadrant [F(1,47) = 64.1,
p < .01, for the target quadrant], and not at any other
quadrant [F(1,47) = 2.1, p > .05, for the contralateral
quadrant; F(1,47) = 1.9, p > .05, for the ipsilateral quad-
rant; F < 1 for the diagonal quadrant].

To test this interpretation further, we computed the
size of the HVI (in percentages) for the two contextual
conditions at each of the relative positions. The results
appear in Figure 7. Note that the largest disparity be-
tween the effects of Contextual Conditions A and B on
the size of the HVI was registered at the target quadrant,
where the HVI was 10.5% following Context A and
34.4% following Context B, a difference of 23.9%. By
contrast, the smallest disparity was registered at the di-
agonal quadrant, the location most distant from the tar-
get, where the HVI was 25.3% following Condition A
and 25.7% following Condition B, a trivial difference of
only 0.4%. Differential effects of the two contextual con-
ditions at the contralateral and ipsilateral quadrants were
not impressive either, being 6.9% for the former (21.6%
following ConditionA vs. 28.5% following B) and 3.7%
for the latter (24.3% following A and 28% following B).
We performed an ANOVA on these differences scores.
As was expected, the main effect of relative location was
highly significant [F(3,47) = 18.16, p < .001]. Subse-
quent contrasts revealed that only the target quadrant dif-
fered significantly from the other three quadrants (which
did not differ among themselves).
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Another way to assess the magnitude of the DCE at
the different quadrants is to compare the magnitude of
the HVI with our baseline index. For both contextual
conditions, only in the target quadrant did the magnitude
of the HVI differ significantly from baseline [F(1,47) =
39.0, p < .01, and F(1,47) = 11.1, p < .01, respectively,
for Contextual Conditions A and B]. Thus, we conclude
that the DCEs induced at the target quadrant transferred
poorly to the other three quadrants. Exposure to contex-
tual sets of horizontal and vertical lines differing in rel-
ative length modulated the size of the HVI in the region
of exposure. There was, however, a small—albeit, statis-
tically unreliable—amount of transfer in the expected di-
rection, especially in the contralateral and the ipsilateral
quadrants; in the diagonal quadrant, the HVI was virtu-
ally identical to its size at baseline. It appears that the dif-
ferential effects dissipated with an increase in distance
from the point of induction.

The present analyses support the conclusion that the
DCEs did not transfer in a significant manner from one
retinal quadrant to the others. Note that we took great
care in this experiment to control for eye movements.
The stimuli were presented rapidly, and the participants
were engaged in a secondary task at the fixation point to
help ensure that the stimuli would fall on the designated
regions of the retina. But the stimuli presented at each
location on the retina and, thus, at each location in the vi-
sual field also appeared at a correspondingunique location
in external space—in this case, the same location on the
computer screen. In other words, location on the retina
covaried perfectly with location in the visual world.

Are the DCEs revealed in Experiment 2 specific to
different parts of the retina, or are they specific to dif-
ferent parts of external space? The former would imply
that DCEs arise at a relatively early, retinotopic level in
the visual system, whereas the former would imply that
DCEs arise at a relatively late level of processing, de-
fined by locations in space. Perhaps DCEs are specific to
objects in the visual world, rather than to stimulation in
the visual field. Location in external space can, for ex-
ample, affect the HVI. When people judge horizontal
and vertical extents with their visual f ields tilted 90º
(e.g., lying on their sides), a mismatch is created between
the location of the objects in the visual field and their
retinal projection, a condition that nearly eliminates the
HVI (Higashiyama, 1996). It is conceivable that ecolog-
ical factors also influence orientation-specific DCEs. At
present, there is little pertinent evidence. Marks and
Armstrong (1996) reported evidence that DCEs may not
be specific to stimulus objects in space. They found that
orientation-specific DCEs in perceived length induced
visually and haptically by a single common set of stim-
ulus objects were wholly independent. Nevertheless,
those cross-modal findings are neither conclusive nor
exhaustive. In Experiment 3, we sought to determine
whether visual DCEs are specific to stimulation of re-
gions of the retina (visual field) or to regions of external
visual space.

EXPERIMENT 3

Experiments 1 and 2 used a paradigm involving base-
line stimulation, inductionof context, and then test stim-
ulation. This design relies on detecting aftereffects of the
contextual influence induced in the test phase. Since
DCEs have been found to dissipate rather quickly (Marks,
1992a), their magnitude can be underestimated in the
test phase. Thus, for Experiment 3, we chose an even
more powerful design, one that combined induction of
DCEs and testing of them in the same block of trials.
Within a given session, Contextual Stimulus Sets A and
B were presented at two different spatial locationson the
computer screen. At the beginning of each trial, we cued
the location at which the line would appear. The partici-
pants were instructed to look directly at the f ixation
point and subsequently at the stimulus while assessing
its length. Thus, the lines always fell on the same part of
the retina (presumably, across the fovea), but each con-
textual set of stimuli had a different location in external
space (readily discernible given the level of illumination
of the screen’s background).

Note that Contextual Set A and Contextual Set B are
complementary with regard to the distributionof lengths.
ContextualSet A comprised long verticals and short hor-
izontals, whereas Set B comprised long horizontals and
short verticals. Overall, then, the means and the ranges
of horizontal lengths and vertical lengths were the same
in each contextual condition. So if DCEs are specific to
retinal location, then because all of the stimuli were pre-
sented to the fovea, the two contextual sets should merge
functionally,and the size of the HVI measured at the two
context-defined locations should equal the size of the
HVI obtained at baseline. Alternatively, if DCEs are spe-
cif ic to location in visual space, each contextual set
should exert an independent effect and, thus, appropri-
ately modify the size of the HVI at each location. In this
case, relative to baseline, the HVI should decrease at the
location of Context A and increase at the location of
Context B.

Method
Participants . Twelve participants, 6 men and 6 women, were

paid to serve in Experiment 3. None had participated in the previ-
ous experiments .

Stimuli and Procedure. The apparatus, stimulus sets, and pro-
cedure were like those of Experiment 1A and Experiment 1B, ex-
cept for the following changes. No divider split the visual field.
Each trial began with presentation of a fixation point located
halfway between the center of the screen and either the left or the
right border. This was followed, after a 500-msec delay, by a 1,000-
msec presentation of the line, centered on the location of the fixa-
tion point. The participants were instructed to move their eyes, but
not their heads, to the location of the fixation point, and then, after
the presentation of the line, were prompted to enter their judgments
of its length on a keyboard. Thus, half of the stimuli fell on the left
of the screen, and half fell on the right, but all fell on the central re-
gion of the retina.

After 10 practice trials, the baseline set of stimuli was presented
twice at each of the two spatial locations. Next, randomly inter-
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mixed in a single block, stimuli from Contextual Set A were pre-
sented at one spatial location, and stimuli from Contextual Set B
were presented at the other location. The assignment of contextual
condition to one location or the other was counterbalanced among
subjects. The entire set of contextual stimuli was presented a total
of six times over the course of the session, making 128 experimen-
tal trials in all, excluding practice.

Results and Discussion
Judgments of the baseline stimuli. The magnitude of

the HVI was 11.2% at the right spatial location and
11.3% at the left spatial location. The data (log trans-
formed) were subjected to an ANOVA, using spatial lo-
cation (left, right), orientation (horizontal, vertical), and
length as within-subjects variables. Only two terms were
significant: the expected main effects of length [F(3,33) =
270.6, p < .001] and orientation [F(1,11) = 33.2, p <
.001]. Importantly, there was no interaction between ori-
entation and spatial location (F < 1), indicating that the
size of the HVI on the right did not differ from its size on
the left. Thus, we used their average (11.25%) to assess
the effect of varying the stimulus context at the two spa-
tial locations.

Judgments of the contextual stimuli. Figure 8 shows
the average judgments for Contextual Conditions A and
B collapsed across the two spatial locations. Note that
the magnitudes of the HVI obtained with the two con-
textual conditions are comparable. Indeed, an ANOVA
using contextual condition (A, B), orientation (horizon-
tal, vertical), and length as within-subjects variables and
spatial location (left, right) as a between-subjects vari-
able failed to show an interaction of orientation by con-
textual condition (F < 1). The HVIs in Contextual Con-
ditions A and B were 12.3% and 10.2%, respectively.

The spatial location of the contextual stimuli did not
matter, since location did not interact either with orien-
tation (F < 1) or with orientation 3 contextual condition
[F(1,10) = 4.63, p > .05]. The magnitudesof the HVI ob-
tained in Contextual Conditions A and B and at baseline
were all similar in size (indeed, the very small numeri-
cal difference between the magnitudes of the HVI in
Conditions A and B goes opposite to the expected direc-
tion). An ANOVA, with experimental condition (base-
line, A, B) and orientation (horizontal, vertical) as
within-subjects variables, revealed no interaction be-
tween experimental condition and orientation (F < 1).

These results strongly suggest that the two (comple-
mentary) contextual sets of stimuli, A and B, merged
functionally into a single neutral set whose effect was es-
sentially equivalent to that of the baseline set. This hap-
pens when the effects of the contextual set at one loca-
tion in external space pool with the effects of the other
contextual set at another location. Equivalently, we may
say that the contextual effect produced at each location
in external space transfers to the other location; and be-
cause the contextual sets of stimuli presented to the two
spatial locations are complementary, the DCEs cancel.
Taken together with the results of the Experiment 2, the
present results lead us to conclude that the key ingredi-
ent to the spatial specificity of these DCEs is the location
of the stimuli on the retina, rather than their location in
external space.

GENERAL DISCUSSION

Three experiments tested the spatial specificity of
DCEs in judgments of line length. We used two contex-
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tual sets comprising horizontal and vertical lines with
different relative lengths. One contextual set contained
relatively long verticals and short horizontals, and the
other contained relatively long horizontalsand short ver-
ticals. The former set is associated with a decrease in the
size of the HVI, and the latter is associated with an in-
crease in its size (Armstrong & Marks, 1997). Experi-
ment 1 showed that exposing one eye to different con-
textual sets had virtually no effect on the size of the HVI
in the other eye. Experiment 2 showed that exposing one
quadrant of the retina to different contextual sets of stim-
uli had little effect on the size of the HVI at the other
three quadrants. Finally, Experiment 3 confirmed that it
was the location on the retina, rather than the location in
external visual space, that was responsible for the spatial
specificity uncovered in Experiment 2. Thus, DCEs ap-
pear to be largely specific to the stimulated eye and to
the region of the retina to which they are presented.

The results did suggest the possibilityof a small amount
of interocular and intrafield transfer of the DCE in the
predicted direction, reminiscent of Marks’s (1996) find-
ing of partial interaural transfer of DCEs for loudness, al-
though transfer in the auditory system was more sub-
stantial.These traces of visual transfer point to the possible
involvement of some central pooling mechanism that
spatially generalizes changes in sensitivity across differ-
ent parts of the visual field. However, the meager amounts
of spatial transfer suggest that this central mechanism
may play a modest role, at most, in the actual production
of the DCEs; the strong spatial specificity of the DCEs
uncovered in this study implies instead that they origi-
nate in a relatively early stage of visual processing.

Further insight into the locus of DCEs may be gained
by considering their possible relation to the McCollough
effect (McCollough, 1965). The McCollough effect is an
orientation-specific color aftereffect. For example, view-
ing in alternation a horizontal red-and-black grating and
a vertical green-and-black grating induces the white bars
of a horizontal black-and-white grating to appear tinged
with green and the white bars of a vertical black-and-
white grating to appear tinged with pink. Several empir-
ical similarities between the McCollough effect and the
DCEs make their comparison fruitful.

First, both phenomena represent perceptual interac-
tions between purportedly independent perceptual di-
mensions. The McCollough effect shows how orienta-
tion can affect the perception of color, whereas the DCEs
show how orientation can affect the perception of length.
Second, the McCollougheffect, like DCEs, shows strong
spatial specificity: It does not transfer between the two
eyes (Murch, 1972) or from one portion of the visual
field to another (Stromeyer, 1972).

These findings, along with several others (for a review,
see Humphrey, 1998), have been taken to support the
claim that the McCollough effect reflects adaptation in
orientation-specific color-coding detectors located rela-
tively early in the visual pathway, perhaps as early as V1

(but see Siegel, Allan, & Eissenberg, 1992, for another
explanation). Given their empirical affinity to the Mc-
Collough effect, it is reasonable to consider the possibil-
ity that DCEs may reflect some kind of adaptation in
orientation-specific length detectors, being induced be-
fore the point of binocular and retinal convergence (or per-
haps later, in an independent monocular channel), con-
ceivably in the primary visual cortex, where monocular
orientation-specific length detectors can be found (Hubel
& Wiesel, 1968, 1979). On the other hand, McCollough
effects are well known to be long lasting, whereas in hear-
ing, at least, DCEs seem to dissipate fairly quickly (Marks,
1992a).

Throughout this study, we used the method of magni-
tude estimation to gauge the perception of line length.
To be sure, assigning numbers to stimulus magnitude re-
quires high-level processing and is subject to various de-
cisional biases that may influence the eventual response
(e.g., Marks & Algom, 1998; S. S. Stevens, 1975). But it
is important to note that DCEs have been demonstrated
using a variety of methods, including ones that do not
rely on quantitative ratings of magnitude and, thus, are
less vulnerable to such biases. For example, Armstrong
and Marks (1997) used the method of paired compari-
son, asking their participants to compare directly the
lengths of horizontal and vertical lines. Results showed
HVIs and DCEs that were comparable in magnitude to
those reported here in Experiments 1 and 3. Marks
(1992a, 1994) used a similar paired-comparison proce-
dure, finding DCEs in loudness perception similar to
those previously obtained by magnitude estimation
(Marks, 1988). Marks (1993, 1994) and Mapes-Riordan
and Yost (1999) used a similar method of direct compar-
ison of loudness and reported comparable findings. And
Marks (1996) used direct loudness comparison to mea-
sure the interaural transfer of auditory DCEs. All of the
evidence at hand suggests that DCEs are generally inde-
pendent of the method of psychophysical measurement.
In fact, Marks (1992a, 1994) found DCEs for loudness
measured by paired comparison to be slightly greater in
size than DCEs measured by magnitude estimation, a
difference hypothesized to reflect greater differential
adaptation when signals activating different perceptual
channels are presented in close proximity in the same
trial. In any case, there is no reason to attribute the pres-
ence or absence of DCEs observed in the present study
to the method of magnitude estimation.

Although the present f indings may not rule out the
possibility that DCEs originate relatively late in visual
processing, the findings do not square well with a model
postulating that they arise from central decisional pro-
cesses. If exposure to relatively long horizontal or verti-
cal lines causes nothing more than a general shift in the
criteria for judging length, we would expect this shift to
be manifested equally across the visual field. But this did
not happen, at least not in significant amounts. Rather,
our results appear to be more in tune with the hypothesis
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that the DCEs reflect a change in responsiveness in local,
functionally (for the most part) monocular, albeit proba-
bly central, visual channels encoding horizontal and ver-
tical extents.

These results also bear phenomenal affinity to the
well-documented phenomena of perceptual learning.
The honing of one’s performance on tasks such as texture
discrimination (Karni & Sagi, 1991), orientation dis-
crimination (Shiu & Pashler, 1992), and vernier acuity
(Poggio, Fahle, & Edelman, 1992) is spatially specific.
Often, the newly acquired skill does not transfer to a dif-
ferent situation in which the stimuli are presented at a
new, unpracticed spatial location. Indeed, the locus of
perceptual learning has been attributed to neural changes
at relatively early stages of visual processing, presum-
ably in the vicinity of the primary visual cortex (Ahissar,
1999; Goldstone, 1998). Perhaps differential context ef-
fects represent another instance of spatially dependent
perceptual learning. A model of perceptual learning
would presumably rely on the notion that, over the course
of a test session, subjects would “learn” the contextual
distribution of the stimulus levels and, in light of this,
would come to adjust their responses accordingly, thereby
producing a DCE. We believe, however, that the DCEs
can better be conceptualized as reflecting the operation
of perceptual adaptation than as a process of learning.
Several properties of DCEs point in this direction.

Previous research has shown that the induction of
DCEs is rapid, taking only a few trials at most (Mapes-
Riordan & Yost, 1999, Experiment 1; Marks, 1992a, Ex-
periment 2). Recovery, too, can be evident just a few trials
after the contextual stimuli are replaced by a “neutral”
set of stimuli (Marks, 1992a); recovery appears to take a
matter of several minutes. By way of contrast, percep-
tual leaning often requires extensive practice, and its af-
tereffects may linger for days, weeks, or even months
(Karni & Sagi, 1993). Furthermore, DCEs can be in-
duced simply by presenting context-inducing stimuli,
without requiring the participants to respond overtly
(Marks, 1993). In addition to the evidence that full-
blown DCEs arise after only a small number of trials and
dissipate fairly quickly, DCEs depend much more on
high than on low stimulus magnitudes, both in the per-
ception of visual length (Armstrong & Marks, 1997) and
in the perception of loudness (Marks, 1993, 1994). In
their rapid onset and dissipation and in their reliance on
relatively high stimulus magnitudes, DCEs more closely
resemble phenomena of adaptation than ones of percep-
tual learning.

Stimulus magnitude played a role in the present study
too. In Experiment 2, at baseline, a vertical line received
an average estimate of 5.31, and a horizontal line received
an average estimate of 4.23—an HVI of about 25%.
After exposure to the stimuli of Condition A, which con-
tained relatively long verticals and short horizontals, a
vertical line received an average estimate of 4.69, whereas
a horizontal line still received an average estimate of
4.24—an HVI of about 10%. It appears that the large re-

duction in the size of the HVI was due to underestima-
tion of the verticals, and not to overestimation of the hor-
izontals. Analogously, after exposure to the stimuli of
Condition B, which contained relatively long horizontals
and short verticals, a vertical line remained at 5.36, on
average, whereas a horizontal line received an average
estimate of 3.98—an HVI of about 34.4%. In Condition
B, the increase in the size of the HVI was due to under-
estimation of the horizontals, and not to over-estimation
of the verticals.

This analysis supports the contention that DCEs are
largely due to some kind of attenuation-like process re-
sulting from stimulating an orientation-specific channel
at relatively high stimulus levels, as has been reported
for loudness (Mapes-Riordan & Yost, 1999; Marks, 1993,
1994). Superficially, these decrements in perceived mag-
nitude resemble those that arise after presenting pro-
longed and relatively strong adapting or fatiguing stim-
uli. In contrast to reductions in perceived magnitude
resulting from sensory adaptation or fatigue, however,
DCEs arise from more moderate, transient stimulation.
Thus, one need not apply excessive and prolonged stim-
ulation to achieve a change in sensitivity of the percep-
tual system; mild, transient stimulation distributed dif-
ferentially across perceptually independent channels can
produce a similar effect.

REFERENCES

Ahissar, M. (1999). Perceptual learning. Current Directions in Psy-
chological Science, 4, 124-128.

Armstrong, L., & Marks, L. E. (1997). Differential effects of stimulus
context on perceived length: Implications for the horizontal–vertical
illusion. Perception & Psychophysics, 59, 1200-1213.

Canevet, G., Scharf, B., & Botte, M.-C. (1985). Simple and induced
loudness adaptation. Audiology, 24, 430-436.

Cohen, J., MacWhinney, B., Flatt, M., & Provost, J. (1993).
PsyScope: An interactive graphic system for designing and control-
ling experiments in the psychology laboratory using Macintosh com-
puters. Behavior Research Methods, Instruments, & Computers, 25,
257-271.

Goldstone, R. L. (1998). Perceptual learning. Annual Review of Psy-
chology, 49, 585-612.

Higashiyama, A. (1996). Horizontal and vertical distance perception:
The discorded-orientation theory. Perception & Psychophysics, 58,
259-270.

Hubel, D. H., & Wiesel, T. N. (1968). Receptive fields and functional
architecture in the cat’s visual cortex. Journal of Physiology, 160,
106-154.

Hubel, D. H., & Wiesel, T. N. (1979). Brain mechanisms of vision.
Scientific American, 82, 84-97.

Humphrey, G. K. (1998). The McCollough effect: Misperception and
reality. In V. Walsh & J. Kulikowski (Eds.), Perceptual constancy:
Why things look as they do (pp. 31-68). Cambridge: Cambridge Uni-
versity Press.

Karni, A., & Sagi, D. (1991). Where practice makes perfect in texture
discrimination: Evidence for primary visual cortex plasticity. Pro-
ceedings of the National Academy of Sciences, 88, 4966-4970.

Karni, A., & Sagi,D. (1993). The time course of learning a visual skill.
Nature, 365, 250-252.

Mapes-Riordan, D., & Yost, W. A. (1999). Loudness recalibration as
a function of level. Journal of the Acoustical Society of America, 106,
3506-3511.

Marks, L. E. (1988). Magnitudeestimation and sensory matching. Per-
ception & Psychophysics, 43, 511-525.



492 ARIEH AND MARKS

Marks, L. E. (1992a). The contingency of perceptual processing: Con-
text modifies equal-loudness relations. Psychological Science, 3,
285-291.

Marks, L. E. (1992b).The slippery context effect in psychophysics: In-
tensive, extensive, and qualitative continua. Perception & Psycho-
physics, 51, 187-198.

Marks, L. E. (1993). Contextual processing of multidimensional and
unidimensional auditory stimuli. Journal of Experimental Psychol-
ogy: Human Perception & Performance, 19, 227-249.

Marks, L. E. (1994). “Recalibrating” the auditory system: The percep-
tion of loudness. Journal of Experimental Psychology: Human Per-
ception & Performance, 20, 382-396.

Marks, L. E. (1996). Recalibrating the perception of loudness: Inter-
aural transfer. Journal of the Acoustical Society of America, 100, 473-
480.

Marks, L. E., & Algom, D. (1998). Psychophysical scaling. In M. H.
Birnbaum (Ed.), Measurement, judgment, and decision making
(pp. 81-178). San Diego: Academic Press.

Marks, L. E., & Armstrong, L. (1996). Visual and haptic representa-
tions of space. In T. Inui & J. L. McClelland (Eds.), Attention and
performance XVI: Information integration in perception and com-
munication (pp. 263-287). Cambridge, MA: MIT Press.

Marks, L. E., & Warner, E. (1991). Slippery context effect and criti-
cal bands. Journal of Experimental Psychology: Human Perception
& Performance, 17, 986-996.

McCollough, C. (1965). Color adaptation of edge-detectors in the
human visual system. Science, 149, 1115-1116.

McPherson, D. F., & Anderson, C. V. (1971). Relation of temporary
loudness shift to temporary threshold shift. Journal of the Acoustical
Society of America, 49, 1195-1202.

Meiselman, H. L. (1968). Magnitude estimations of the course of gus-
tatory adaptation. Perception & Psychophysics, 4, 193-196.

Murch, G. M. (1972). Binocular relationships in a size and color orienta-
tionspecific after-effect. Journalof ExperimentalPsychology, 93, 30-34.

Poggio, T., Fahle, M., & Edelman, S. (1992). Fast perceptual learn-
ing in visual hyperacuity. Science, 256, 1018-1021.

Potts, B. C. (1991). The horizontal–vertical illusion: A confluence of
configural, contextual, and framing factors. Unpublished doctoral
dissertation, Yale University.

Prinzmetal,W., & Gettleman,L. (1993).Vertical–horizontal illusion:
One eye is better than two. Perception & Psychophysics, 53, 81-88.

Pryor, G. T., Steinmetz, G., & Stone, H. (1970). Changes in absolute

detection threshold and in subjective intensity of suprathreshold stim-
uli during olfactory adaptation and recovery. Perception & Psycho-
physics, 8, 331-335.

Rankin, K. M., & Marks, L. E. (1991). Differential context effects in
taste perception. Chemical Senses, 16, 617-629.

Rankin, K. M., & Marks, L. E. (1992). Effects of context on sweet and
bitter tastes: Unrelated to sensitivity to PROP (6-n-propylthiouracil).
Perception & Psychophysics, 52, 479-486.

Rankin, K. M., & Marks, L. E. (2000). Differential context effects in
chemosensation: Role of perceptual similarity and neural commu-
nality. Chemical Senses, 25, 747-759.

Scharf, B. (1983). Loudness adaptation. In J. V. Tobies & E. D. Schu-
bert (Eds.), Hearing research and theory (Vol. 2, pp. 1-56). New
York: Academic Press.

Schneider, B., & Parker, S. (1990). Does stimulus context affect
loudness or only loudness judgments? Perception & Psychophysics,
48, 409-418.

Shiu, L.-P., & Pashler, H. (1992). Improvement in line orientation dis-
crimination is retinally local but dependent on cognitive set. Percep-
tion & Psychophysics, 52, 582-588.

Siegel, S., Allan, L. G., & Eissenberg, T. (1992). The associative
basis of contingent color aftereffects. Journal of Experimental Psy-
chology: General, 121, 79-94.

Stevens, J. C., & Stevens, S. S. (1963). Brightness function: Effects
of adaptation. Journal of the Optical Society of America, 53, 375-
385.

Stevens, S. S. (1975). Psychophysics: Introduction to its perceptual,
neural, and social aspects. New York: Wiley.

Stromeyer, C. F., III (1972). Contour contingent color aftereffects:
Retinal area specificity. American Journal of Psychology, 85, 227-
235.

Verrillo,R. T., & Irvin, G. (1979). Absolute estimation of line length
as a function of orientation and contrast polarity. Sensory Processes,
3, 261-274.

Verrillo, R. T., & Schmiedt, R. A. (1974). Vibrotactile poststimula-
tory threshold shift. Bulletin of the Psychonomic Society, 4, 484-486.

Ward, W. D. (1963). Auditory fatigue and masking. In J. Jerger (Ed.),
Modern development in audiology (pp. 240-286). New York: Acad-
emic Press.

(Manuscript received August 9, 2000;
revision accepted for publication July 12, 2001.)


	Context effects in visual length perception: Role of ocular, retinal, and spatial location
	MSU Digital Commons Citation

	Context effects in visual length perception: Role of ocular, retinal, and spatial location

