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Abstract—When viewing ambiguous displays, observers can, vi

tentional efforts, affect which perceptual interpretation they percejv&994) or looking at (e.g., Ellis & Stark, 1978) the spatial locations

inusing of attention or eye fixation, that is, by attending to (e.g., T|

Specifically, observers can increase the probability of seeing the dexage features that differentially favor one perceptual alternativ

sired percept. Little is known, however, about how intentional effprisstable pictures. Similarly, for bistable apparent motion displs
interact with sensory inputs in exerting their effects on perception. Intention effects can be mediated by moving attention in the direc
two experiments, the current study explored the possibility that inteof- the intended motion (i.e., “attentive tracking,” Cavanagh, 199

tional efforts might operate by multiplicatively enhancing the sti

U=urthermore, intentional control is possible even when eye f

lus-based activation of the desired perceptual representation. Suckian and location of spatial attention are controlled (e.g., Peter

possibility is suggested by recent neurophysiological research o
tention. In support of this idea, when we presented bistable appad
motion displays under stimulus conditions differentially favoring ¢
motion percept over the other, observers’ intentional efforts to s¢
particular motion were generally more effective under conditiong
which stimulus factors favored the intended motion percept.

It is well known that people can attend to spatial locations of]
than where the eyes are looking (e.g., Helmholtz, 1896; Pos
Snyder, & Davidson, 1980). They can also selectively attend to i
vidual objects and image features (e.g., color, shape, and motio
a consequence, they process attended objects or features fast
more accurately than unattended objects or features (for reviewg
Cave & Bichot, 1999; Egeth & Yantis, 1997). People’s ability
influence visual perception by means of mental effort is not limiteg
selectively attending to locations, objects, or features, however. W
viewing ambiguous (bistable) displays, observers can exert intent
control over which interpretation they perceive.

Bistable displays are displays that afford at least two poter
interpretations even though the physical displays remain unchar
Examples include the Necker cube, Rubin’s face-vase, bhinoculg
valry displays’ and bistable apparent motion (e.g., Fig. 1). At a
given moment, only one interpretation of a bistable display is s

4886; Peterson & Gibson, 1991; Peterson, Harvey, & Weidenbal
nepresentations.

igardless of the specific bistable display being used, conscious pe
tion of bistability may arise as a result of competing high-le

sual stimulus (e.g., Leopold & Logothetis, 1999; Logothetis, Leop
hér Sheinberg, 1996; Tong, Nakayama, Vaughan, & Kanwisher, 19

ndjiven moment. Although the neural coding of these competing
)resentations has yet to be uncovered, activity of many different

, Begtability during binocular rivalry. These competing perceptual r

toroportions of cells in higher visual cortical areas (V4; the mid
htemporal area, MT; the medial superior temporal sulcus, MST;
oirdkrotemporal cortex; and the superior temporal sulcus) vary {
activity in synchrony with the perceptual flipping of the competi
tipbrcepts, whereas only small proportions of cells in lower cort
gaxkas (V1 and V2) follow the perceptual flipping (Leopold & Log
r thietis, 1999).
ny Regardless of the exact neural substrate of bistability, one
&peculate that intentional control might operate by enhancing the

over time, the two perceptual interpretations spontaneously and gioe activation of the desired representation. This can be accompli
chastically alternate (e.g., Taylor & Aldridge, 1974). When observeeither by enhancing the desired representation, suppressing the
are instructed to try to see one alternative interpretation of a bistablgtive representation, or both. Although it is difficult to distingui

display, they report seeing the intended interpretation more ofte
for longer durations) than the other alternative. In this article, we
the termintention effectsstrictly to refer to the perceptual effects
mentally trying to see a particular perceptual interpretation g
bistable display.

Intention effects may be mediated in some cases by strategi
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1. Adifferent picture is presented to each eye simultaneously, but only
picture is perceived at any given moment.

2. Whether “intention” and “attention” effects share common ned
mechanisms in visual-motor phenomena (e.g., Colby, 1996; Snyder, Batis
Andersen, 1997), visual-perceptual phenomena (e.g., Leopold & Logoth

tmtween these possibilities behaviorally, the net effect of intenti
uséforts may exhibit either of the following simple characteristics:

rai91), suggesting that intention might operate via more cern

e a Recent behavioral and neurophysiological studies suggest tha

perceptual representations being activated in response to a give

neonsequently, the more strongly activated representation is seen &

ertiealdneurons has been found to vary in phase with the time cours

toesentations are thought to be high-level representations because
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bfadditive enhancement, in which intention effects increment the rela-

f tve activation of the desired representation by some amount, o
multiplicative enhancement, in which intention effects multiply ]
C fekative activation of the desired representation.
Current neurophysiological findings on attention effects might
vor the latter possibility. When monkeys focus their attention o
Bngle stimulus (manipulated by task demand, difficulty, or rew
naibntingency), the activity of V4 neurons that respond to the atten
stimulus is multiplied if there is no other competing stimulus witl
fifeir receptive field? (e.g., Haenny & Schiller, 1989; McAdams ¢

rai
ta, &3. When two competing stimuli are in a V4 cell's receptive field, attend
etes,either stimulus makes the cell respond as if attention had selected

1999), or both is currently being debated.
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stimulus for the cell (e.g., Reynolds, Chelazzi, & Desimone, 1999).
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. FRAME 2
Display
alternates 5.74°
between the
two frames
with no ISI
FRAME 1
1 54°
3.15
F:xahon
marker

Two alternative motion percepts

"TRANSLATION"

(=0

The two circles
appear to exchange
positions (or the
large circle appears
to move in front of
the two stationary
small circles).

"EXPANSION/CONTRACTION"

- -¢-

The two circles
appear to expand and
contract (or loom and
recede) at two
separate locations.

Fig. 1. Bistable apparent motion display used in Experiments 1 an
The circular stimuli were dark against a brighter background
shown) in Experiment 2, but were bright against a dark backgroury
Experiment 1. ISI= interstimulus interval.

Maunsell, 1999; Spitzer, Desimone, & Moran, 1988). In short, att
tional enhancements of neural activity are larger when the stimy
driven activation of those neurons is higher and smaller when
stimulus-driven activation is lower. One might speculate that intg

ing to see a particular perceptual interpretation might influence p

ception via a mechanism similar to that involved in attending t

certain stimulus. Thus, these attention-related neurophysiological

sults suggest the intriguing possibility that intentional efforts mi
manifest themselves as multiplicative effects in influencing percep
bistability.

The main distinction between the multiplicative mechanism and Apparatus

the additive mechanism is that the former predicts a specific inte
tion between intention effects and stimulus-based bias wherea
latter does not. Therefore, we evaluated these alternative possib
by testing the effectiveness of intentional efforts while the bistg
stimulus shown in Figure 1 was adjusted from moderately favo
the intended percept to moderately favoring the other pefcept.

4. When bistable images are modified to strongly favor one of the a
native percepts, mental efforts cannot override the bias (e.g., Hochbe|

With appropriate choices of spatiotemporal parameters, the
plays shown in Figure 1 afforded the perception of two types

Naito, & Naito, 1994). Pilot research using passive viewing instr
tions indicated that the baseline probabilities of seeing these alt
tive interpretations could be manipulated by varying the reti
eccentricity and the orientation of the display. Specifically, wh
observers viewed peripherally or vertically presented displays,
were more likely to report perceiving translation rather than exp
sion-contraction, whereas when they viewed centrally or horizont
presented displays, they were more likely to report perceiving ex
sion-contraction rather than translatiosee Fig. 2).

Intention effects were measured as the increase in the proba
of seeing the desired motion when observers tried to see that m
relative to the baseline probability of seeing the same motion u
passive viewing. If intention effects operate via additive enhancen
the likelihood of seeing the intended motion should increase by
proximately the same amount, regardless of whether the bas
probability of seeing that motion is high or low (provided floor a
ceiling are avoided). Alternatively, if intention effects operate
multiplicative enhancement, the likelihood of seeing the intended
tion should increase by a relatively larger amount when the basg
probability of seeing that motion is higher rather than lower. I
possible that intention effects are neither additive nor multiplicat
in that case, intention effects might depend idiosyncratically on
stimulus manipulation. The baseline probabilities were varied by
nipulating eccentricity (Experiments 1 and 2) and orientation (Expf
ment 2).

We also manipulated the stimulus onset asynchrony (SOA)
tween successive frames because, using different apparent m
displays, other researchers have shown that viewers’ intention
more effective when SOAs are long rather than short (e.g., Ram

gandran & Anstis, 1983).
(as
din
GENERAL METHOD

en-
lus-

the
nd- Forty undergraduate students (20 per experiment) at the Unive

&fArizona participated to receive credit toward a course requirem
h All observers had normal or corrected-to-normal vision, and
tgsted individually in a dimly lit room (just enough light to see t
jrigsponse keys).

tual

Observers

rac-
5 theStimuli were presented on a 15-in. color monitor (67 Hz). T
lisggperiments were controlled using a Macintosh llcx computer \
btee experimental software Vision Shell (Micro ML Inc., Quebe
iganada).

5. The effects of orientation and eccentricity were not unexpected.
tesimilar orientation effects, see, for example, Chaudhuri and Glaser (1991
ga&ossible mechanism underlying the eccentricity effect, see Toet and

compelling motion: translation or expansion-contraction (Oyalz\
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Peterson, 1987; Peterson & Hochberg, 1983).
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Fig. 2. The eccentricity and orientation mal
imaginary line connecting the centers of the

nipulations. In the central-field (0°) condition, an
two circles would pass through the fixation marker.

In the peripheral conditions, this imaginary line would be located at 6.1° eccentricity on opposite
sides of the fixation marker with equal probability; eccentricity was varied in the direction or-
thogonal to the stimulus-array orientation. In Experiment 1, only the horizontal orientation was
used, and the circular stimuli were bright against a dark background. In Experiment 2, all three
orientations (horizontal, oblique, and vertical) were used, and the circular stimuli were darker than
the background (as shown). The two oblique (45°) orientations occurred with equal probability.

EXPERIMENT 1

Method

Stimuli

Stimuli were drawn with 1-pixel-thick (2!3 bright curves (11
cd/n?) against a dark background (0.02 cd)miThe motion display
consisted of two frames alternating in time with no interstimu
interval (ISI; see Fig. 1).

Prior to the experimental trials, the observers were shown un
biguous displays demonstrating the two types of motion. Unamb
ous translation displays were created by making the size differ
between the two circles sufficiently large (diameter ratio.19) and
inserting a blank frame between each successive pair of mg
frames (ISI= 20 ms; SOA= 580 ms). Unambiguous expansio
contraction displays were created by making the size difference
tween the two circles sufficiently small (diameter rato .83) and
using no ISI. In these demonstrations, the circles were displayed
with the fixation marker (Fig. 1).

For experimental trials, the two circles were placed either @
trally—level with the fixation marker—or peripherally—displace
6.1° vertically above or below the fixation marker (Fig. 2; horizon
orientation only). Four frame durations were used: 150, 225, 300,
600 ms. These parameters were varied randomly within each blo
96 trials: 3 locations (upper, central, loyer 4 frame durations x §

Procedure
A trial began with the fixation marker and the sound of a warn
beep. The observers were instructed to fixate the fixation ma
throughout the trial. The apparent motion display began 2,200 ms
and lasted eight frames. The initial position of the large circle (lef
right) was randomly determined in each trial. At the end of the mot
display, the observers used a computer keyboard to indicate wh
they saw translation (/") or expansion-contraction (“z"). Observ
uwere instructed to indicate the dominant motion if the perceived
tion alternated between translation and expansion-contraction d
athe eight-frame display. Observers were given an option of preg
gilne space bar if it was impossible to determine which type of mo
engas seen (e.g., if frame alternations were too fast for any cohe
motion to be seen or if neither type of motion was dominant). View
tidistance was 55 cm.
’]_
[@egre passive condition, in which the observers were simply tolg
view the display and indicate the type of motion they saw, was al
etedted first. This enabled us to obtain baseline measures befo
forming observers that they might be able to mentally control wi
etype of motion they saw. After the passive condition, the obser
dwere told that they might sometimes be able to see the intended
tabf motion through mental effort if they tried. They were instructed
diti to see translation” in one block of trials and to “try to see
Clkpafnsion-contraction” in another block of trials. The order of the
intention conditions was counterbalanced. It was strongly empha

repetitions.
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the degree to which mental effort might influence perception. Th
fore, although they were expected to try hard to induce the deg
type of motion, it was of paramount importance that they indicate
perceived motion honestly. Observers were given up to 10 pra
trials before the passive condition.

Results and Discussion

Space-bar responses were relatively infrequent (4.6%), and
obtained mainly for short frame durations and peripheral presg
tions. Because these responses were rare, and are tangential
purposes of this article, we do not discuss them further. Instead
focus our analysis on the trials in which the observers reported se
one or the other type of motion.

Passive viewing condition

As expected from our pilot work, main effects of eccentricity wg
obtained. Translation was seen significantly more frequently at
eccentricity than at 0° eccentricitlf(1, 19) = 27.605,p < .0001 (Fig.
3a). Not surprisingly (because the space-bar responses were relg
rare), the trend was reversed for expansion-contraction, which
seen more frequently at 0° eccentricity than at 6.1° eccentrig(ty,
19) = 44.058,p < .0001 (Fig. 3b).

We also found small effects of visual hemifield (upper vs. lowe
6.1°). Translation was seen more often in the lower visual field t
in the upper visual field (69.7% vs. 60.6%9%)1, 19) = 7.686,p< .02,
and expansion-contraction was seen more often in the upper Vv
field than in the lower visual field (31.7% vs. 23.3%)(1, 19) =

(b)
S 100
(]
& e
C
& S 801
S g
© S 60
© § 60
8 E
I— —
" @ 40
(]
J Q. 1
x
20 1 420
0246 s

Eccentricity (deg) Eccentricity (deg)

Fig. 3. Mean rates of seeing translation (a) and expansion-contra
(b) at 0° and 6.1° eccentricities in Experiment 1. Filled squares i
cate the passive condition, and open circles indicate the try-to-
translation (TRANS) condition (a) and the try-to-see-expansi
contraction (EXP/CONT) condition (b). The effectiveness
intentional effort is reflected in the increased rates of seeing the
tended motion in the intention conditions relative to the passive
ditions. Error bars represent 8E Note that the rates of translatio
and expansion-contraction responses do not necessarily sum to
for the passive condition because sometimes observers responde
they could not determine which type of motion they saw (space

br@-706,p < .01. These hemifield effects did not replicate in Experim
irkdhence, we do not consider them further.
the The rate of seeing translation increased as the frame duratio
ctioeasedF(1, 19) = 13.213,p < .0001 (Fig. 4a), whereas the rate
seeing expansion-contraction decreased as the frame duratio
creasedF(1, 19) = 8.228,p < .0001 (Fig. 4b). Like the hemifield
effects, these frame-duration effects did not replicate in Experime
We next examine how these trends were modulated by the ob
ers’ intentional effort.

were

Na-|ntention effects
to tlBbservers’ mental efforts significantly influenced perception
» B6th intention conditions. When observers tried to see transla
lhslation reports increased compared with baseline (passive ¢
tion), F(1, 19) = 39.813,p < .0001. Similarly, when observers trie
to see expansion-contraction, expansion-contraction reports incre
compared with baseling(1, 19) = 40.261,p < .0001. More impor-
.rtant, intentions were more effective at the eccentricity where the b
5 {rre probability of seeing the intended motion was higher under
passive viewing condition. That is, intentions to see translation v
iipaqve effective at 6.1° eccentricity than at 0° eccentridffd,, 19) =
w659, p < .03 (Fig. 3a), whereas intentions to see expansi
contraction were more effective at 0° eccentricity than at 6.1° ec

fbservers’ mental efforts boosted the bias due to the eccent
h4panipulation in a multiplicative manner.

How did frame duration affect the intention effects? Intentions
isSe translation were approximately equally effective across the r

duration and the intention condition (try to see translation vs. pas
viewing) was not significant-(3, 57) = 0.432,p < 1 (Fig. 4a). For
expansion-contraction, however, intentions to see expans|
contraction were more effective as frame duration increasg],57)
= 3.258,p < .03 (Fig. 4b). The results obtained with expansig
contraction are consistent with the idea that top-down cognitive|
fluences on perceived apparent motion increase as frame du

increases (e.g., Braddick, 1980; Pantle & Picciano, 1976; Ramag
(a) (b)
100 $ 100
()]
c (7] 4
o S |
5 g
2 £
S 601 8 60
& &5
= | @ ]
L org 40 § 40
ndli- X
see- 20—————————— ) ————
on- 100 200 300 400 500 600 © 100 200 300 400 500 600
f Frame duration (ms) Frame duration (ms)
n-
on-

nFig. 4. Mean rates of seeing translation (a) and expansion-contra
L@BY@s a function of frame duration in Experiment 1. Filled squa
ditlditate the passive condition, and open circles indicate the try
beee-translation (TRANS) condition (a) and the try-to-see-expans

responses).
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EXPERIMENT 2

Method

Stimuli

The stimuli used were the same as those used in Experime
except that orientation and eccentricity were both varied (Fig. 2).
within-observer design, adding a parameter (e.g., orientation
creases the number of experimental trials. To reduce any discor
induced by staring at flickering displays on a larger number of tri
we reversed the contrast polarity of the display and reduced the st
lus contrast (dark figures, 11 cd?min a gray background, 54 cdfin
Other changes made to shorten the length of the experiment incl
reducing the number of motion frames per trial from eight to four,
reducing the number of frame durations tested from four to three (
300, and 600 ms).

As in Experiment 1, observers initially viewed unambiguous de
onstrations of the two types of motion for each of the three orie
tions, but always at 0° eccentricity (centered at fixation marker).

dran & Anstis, 1983; Shiffrar & Freyd, 1993). The absence of the
frame-duration effect for translation does not necessarily const t’lte (@) (b)
contradictory evidence because ceiling effects may have been pper- 804 S
ating at the longer exposure durations. c 3 801
To summarize, the observers’ mental efforts significantly |n- § g S 70-
creased the probability of seeing the desired type of motion. Furlher-g 5
more, the effectiveness of mental efforts interacted with tke,g 60 - g 60 -
eccentricity-based bias in a multiplicative manner: Larger inten icn<_u‘: S
effects were obtained when the display was presented at the ef erg 504 g 50 4
tricity where the baseline probability of seeing the intended motion = Ke]
was higher. In Experiment 2, we examined whether multiplicative 32 40+ 2 40-
intention effects would be evident when the baseline probabilities |of g
seeing translation or expansion-contraction were altered by changing 30+ w 30+
orientation as well as eccentricity. (') 2' ‘i é * 6 é ‘-1 é
Eccentricity (deg) Eccentricity (deg)

Fig. 5. Mean rates of seeing translation (a) and expansion-contra
(b) at 0° and 6.1° eccentricities in Experiment 2. Filled squares i
cate the passive condition, and open circles indicate the try-to
translation (TRANS) condition (a) and the try-to-see-expansi
ncantraction (EXP/CONT) condition (b). Error bars representSEL

na
fiate of seeing expansion-contraction was higher at 0° than at

heseentricity,F(1, 19) = 33.240,p < .0001 (Fig. 5b). Confirming ou
a@jlot tests regarding orientation, the rate of seeing translation
irfleasedF(2, 38) = 13.166,p < .0001, while the rate of seein
expansion-contraction decreasg¢?, 38) = 14.587,p<.0001, as the
Lgligulus array was rotated from horizontal to oblique (45°) to vert
.rifrigs. 6a and 6b). Neither of these effects interacted with the vi
lg@lds (upper vs. lower or left vs. right) in which the displays we
presented.
m- Neither the rate of seeing translatid#(2, 38) < 0.062p < 1, nor
hithe rate of seeing expansion-contracti&i2, 38) = 0.192,p < 1,
rsiepended on frame duration (Figs. 7a and 7b). The disappearari

1S in

characteristics of the demonstration displays were the same
Experiment 1. For the experimental trials, orientation, eccentrig
and frame duration were varied randomly within each block of ]

right oblique orientations (see Fig. 2) occurred at an equal probab

the analyses.

Procedure
The procedure was the same as in Experiment 1.

Results and Discussion

As in Experiment 1, space-bar responses were rare (0.9%),
occurred mostly for the shortest frame duration. Once again, we f
our analysis on the trials in which the observers indicated that
saw one or the other type of motion.

Passive viewing condition
Results for the passive condition were consistent with the resul
Experiment 1: The rate of seeing translation was higher at 6.1° th

trials: 2 eccentricities (0° and 6)J1% 3 orientations (horizontal, ob}
lique, and verticgl x 3 frame duratioa x 8 repetitions. The left and

and the data from these two oblique orientations were combined

ity, (a) (b)
144 c
o 80+
1]
& &
lity, ® 2 709
2 g
o' £ 601
kS| 8
é E 50
[= J
" § 40
30 ai 30
T T T 0\0 T T T
H O V H (0] \'
pFus Orientation Orientation
ey

Fig. 6. Mean rates of seeing translation (a) and expansion-contra
(b) for the horizontal, oblique (x45°), and vertical orientations
Experiment 2. Filled squares indicate the passive condition, and

At try-to-see-expansion-contraction (EXP/CONT) condition (b).

L
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See-
on-

6.1°

n-
$]
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sual
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ction
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tsdiicles indicate the try-to-see-translation (TRANS) condition (a) and

Er-

0° eccentricity,F(1, 19) = 32.297,p < .0001 (Fig. 5a), whereas th
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(a) (b)

&
80 1 2 80
GCJ seeTRAN c Try to see EXP/CONT
o 707 v S 70
13}
S
[ Ea H\%
s 8
» 501 L 501
= Passive viewin S
g ive viewing -8
: 401 S 40 Passive viewing
()
Q
30 1 u>j 30 .
100 200 300 400 500 600 ® 100 200 300 400 500 600

Frame duration (ms) Frame duration (ms)

Fig. 7. Mean rates of seeing translation (a) and expansion-contra
(b) as a function of frame duration in Experiment 2. Filled squa
indicate the passive condition, and open circles indicate the try
see-translation (TRANS) condition (a) and the try-to-see-expang
contraction (EXP/CONT) condition (b). Error bars representSEL

the frame-duration effects obtained in Experiment 1 could be du

inclusion of different orientations, or to the use of a different groug cﬂ"

observers.

Intention effects

As can be seen in Figure 5a, when observers tried to see trg
tion, translation reports increased compared with the passive bas
condition,F(1, 19) = 10.397,p < .005. Moreover, intentions to se
translation were more effective in the peripheral-presentation cq
tion, in which the baseline probability of seeing translation W
higher. This trend, however, was only marginally signifiCafar
translation responseB(1, 19) = 3.172,p < .10.

As can be seen in Figure 5b, when observers tried to see ex
sion-contraction, expansion-contraction reports increased comg
with the passive baseline conditioR(1, 19) = 34.316,p < .0001.
Moreover, intentions to see expansion-contraction were more e
tive in the central-presentation condition, in which the baseline p
ability of seeing expansion-contraction was higher. The trend
significant for expansion-contraction respondgd,, 19) = 5.090,p
<.04.

As in Experiment 1, intentions to see a particular type of mot
were largely more effective at that stimulus eccentricity where
baseline probability of seeing that type of motion was higher. N
we examine whether these multiplicative effects of intention w
obtained when baseline responses were biased by orientation,
than eccentricity.

As can be seen in Figure 6a, the effectiveness of intentions tg
translation increased from 5.9% for the horizontal orientation, to 9
for the oblique orientation, to 12.3% for the vertical orientation; t
linear trend was significant=(1, 19) = 4.633,p < .05. Thus, the
effectiveness of intentions to see translation increased as the ba
probability of seeing translation increased. Similarly, the effectivern
of intentions to see expansion-contraction increased from 12.39

6. This interaction would have been significar(l, 18) = 5.899,p< .03,
without 1 outlying observer who showed an atypically large trend§BRin

ctigifiort became more effective as the baseline probability of seeing

e
the changes in the contrast polarity and luminance contrast, td e

the vertical orientation, to 21.7% for the oblique orientation, to 22.
for the horizontal orientationf-(1, 19) = 8.566,p < .01 (Fig. 6b).
Thus, the effectiveness of intentions to see expansion-contraction
increased as the baseline probability of seeing expansion-contra
increased.

Thus, the idea that mental effort is more effective when the sti
lus parameters are more conducive to perceiving the intended ty,
motion applies when the relevant stimulus parameter is orientatig
well as eccentricity. To illustrate how the two stimulus paramet
jointly affected the effectiveness of mental efforts, Figure 8 shows
effectiveness of intentions to see translation and intentions to
expansion-contraction with respect to the six combinations of ec
tricities and orientations used (2 eccentrigtie 3 orientations). The
abscissa represents the corresponding baseline probabilities i
passive condition. The figure shows that both types of intentig

redtended type of motion was increased (from about 30% to 70%
-{Bintly manipulating stimulus eccentricity and orientation.

10N~ How did the intention effects vary with frame duration? As sho
in Figure 7a, intentions to see translation increased in effective
\Q/@en the frame duration increaséq2, 38) = 4.246,p < .03. How-
r, as shown in Figure 7b, intentions to see expansion-contra
id not increase with frame duratioR(2, 38) = 0.589,p < 1. Faced
with these variable results within and across experiments, we
conclude only that for our displays, increasing frame duration (f
150 ms up to 600 ms) did not necessarily make intentional contrg

blistable apparent motion more effective.
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Multiplicative Effects of Intention

periment 1 in showing that the effectiveness of mental effort to [séen (e.g., Mikami, 1991; Mikami, Newsome, & Wurtz, 1986). Neutal
one type of motion in a bistable display increased as the stimulastivity in MT has been closely linked to the conscious perception of
eccentricity and orientation were manipulated to increase the baselnetion (e.g., Newsome, Britten, & Movshon, 1989; Salzman, Britten,
probability of seeing the intended motion. We confirmed this con¢l& Newsome, 1990). In MST, some cells are tuned to expansjon-
sion while the baseline probability was varied from about 30% to 70&entraction (e.g., Graziano, Andersen, & Snowden, 1994). Further-
(Fig. 8). Obviously, if the baseline probability were too high, whatmore, neural responses in both MT and MST are closely linked to
ever boost might be given by mental effort would be limited by thperceptual bistability (e.g., Leopold & Logothetis, 1999; Logotheti
upper boundary. Schall, 1989), and the cells respond more strongly to their preferred
motion stimulus when the stimulus is attended (e.g., Treue & M3un-
sell, 1996).
Methodologically, our results suggest that observers can indeed
passively view a bistable apparent motion display without actively
Using a bistable apparent motion display with intention instrligatending to see one or the other alternative motion. However, if|the
tions, we found that observers’ intentional efforts increased the pralbust intention effects we obtained (up to about 25%) generalizZe to
ability of seeing the desired motion in a multiplicative manner. Thaither stimuli, uncontrolled intentions could seriously confound gx-
is, the stronger (weaker) the perceptual bias established by the stifperimental results. For example, if observers believed a partiqular
lus parameters was, the larger (smaller) were the effects of menthtionship between the stimulus condition and the perceived mation

GENERAL DISCUSSION

strate their compliance with the experimental instructions. Howepéritentions. Our results suggest that if intentions are controlled, th
this does not appear to have been the case because such a sfrifteggervers consistently try to see a particular motion under diffefent
would have increased the frequency of reporting the desired motistimulus conditions, their mental efforts do not alter the pattern of{the
equally regardless of the stimulus-based bias. Another potential crilhderlying effects of stimulus parameters (provided ceiling effects are
cism arises from our use of the passive condition as the basgliided); indeed, consistent intention might even enhance the stimu-
against which intention effects were measured. Given that intentin-based effects relative to passive viewing.
can affect perception, perhaps the passive condition was not frulyin closing, we suggest that applying the current paradigm to a
passive, but was contaminated by uncontrolled intentions. For| eariety of bistable displays (both stationary and dynamic) will reveal
ample, observers may have tried to see translation on some pasgitiether or not a multiplicative boost is a general characteristi¢ of
trials and expansion-contraction on the remaining passive trials. Wétgention effects on perception.

this the case, the probabilities of seeing each interpretation in the

passive conditions should have been linear combinations (wei hteﬂcknowledgments—'rhis work was supported partly by a Japan Societ

averages) of the probabilities obtained in the two intention conditionssor the Promotion of Science grant (JSPS-3214) and partly by a Natiprjal

If so, the absolute slopes of the passive viewing curves shown|irscience Foundation grant (SBR-9817643) given to the first author.|We

Figures 3, 5, and 6 would have been somewhere between the ab (ME@nk Steven Yantis and an anonymous reviewer for their helpful com-

slopes of the two intention-condition curves for each figure, but theyMents and suggestions.

were not (the passive slopes were shallower than either of the inten-

tion slopes, indicating multiplicative interactions).

It is conceivable that the intention effects measured were due to

focused spatial attention or attentive tracking. When trying to |see

translation, observers might have spread their attention across the two ) ) N
. . . . . Bfraddlck, 0.J. (1980). Low-level and high-level processes in apparent mBtidnsoph-

cwcles_, or tracked the translatlonal motion by moving thel_r focug OF ™ ical Transactions of the Royal Society of Lond@B0g 137-151.

attention, whereas when trying to see expansion-contraction, obseraranagh, P. (1992). Attention-based motion percepSaience 257, 1563-1565.

ers mlght have attended to the individual circles or tracked expan ié}q.ye, KR, & Biqhot, NP (1999) Visuospatial attention: Beyond a spotlight mogdel.

t ti b di d t fi thei ttenti | f Psychonomic Bulletin & Revievs, 204-223.

contrac IOﬂl .y ?XPa” Ing an .Con racting their .a entional ToGUshaudhuri, A., & Glaser, D.A. (1991). Metastable motion anisotrofigual Neurosci-

However, it is difficult to explain why the effectiveness of these  ence 7, 397-407.

attentional strategies would be systematically affected by the edcéplby. C.L. (1996). A neurophysiological distinction between attention and intentior}. In
.. d ori . ibulati d h btained It T. Inui & J.L. McClelland (Eds.)Attention and performance 16: Information

m_C'ty_ an . o”emfatlon manipulations tp pro uce the obtained m 't" integration in perception and communicati@up. 157-177). Cambridge, MA: MIT|

plicative interactions. For example, it is not clear why spreading Press.

attention across the two circles or attentively tracking the translati rlr:gpth, H.E., & Yantis, S. (1997). Visual attention: Control, representation, and fime

. ight h fecti h h . | course.Annual Review of Psycholog#8, 269-297.
motion might have been more effective when the stimulus array , S.R., & Stark, L. (1978). Eye movements during the viewing of Necker cur])es.
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