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A subject freely viewed ambiguous and
disambiguous SFM presented randomly End
and reported the reversal when it occurred

Fixation

3s 60s 1s

Time

Fig. 1 Visual stimuli and task

(a) The ambiguous spherical figures (left) generated by the
"structure-from-motion" (SfM) of two sets of random dots without a
disparity difference (indicated by a gray dot), but with different speeds
(indicated by the length of an arrow) moving along two opposite
directions in the vertical or horizontal axes and the disambiguous
spherical figures (right) generated by that of those dots with different
disparities (indicated by white and black dots) and different speeds
moving along two opposite directions in the vertical or horizontal axes.
Note that there were four distinct figures or rotation directions generated
by different disparities, two in the vertical motion axes and the other two
in the horizontal axis (right of a), for disambiguous stimuli. (b) The time
scale of the task. After a subject fixed his or her eyes at the cross for 3 s,
a stimulus was presented for 1 min during which the subject could freely
move his or her eyes, but he or she had to pay attention to the stimulus
and press a key to report the event when he or she perceived the reversal
occurred in the rotation direction of the spherical figure (stimulus) along
the vertical or horizontal axes. The ambiguous figures and disambiguous
figures were presented together in a pseudo-random sequence in one
block.
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Fig. 2 Distribution of eye saccadic angles of

subjects according to the rotation axis
of random dots and stimulus type
Most saccadic angles (>54°/s) distributed along the 0°~ 180° axis (a, ¢)
or 90°~270° axis (b, d) when random dots were perceived to rotate
around the vertical axis (a, ¢) or horizontal axis (b, d) for the ambiguous
stimulus (a, b) or for the disambiguous stimulus (¢, d). The directions of
eye saccades from 0° (the right) to 360° are indicated by the numerals
outside each polar plot. The numbers of eye saccades within a range of
30° from directions of 0° to 360° are indicated by the numerals (60 and
120) along the radial axis.



2014; 41 (6)

818, % SR XEMEHEREFL RS FIREEAMITH *613-

n=547; Kolmogorov-Smirnov Test). {H&Z&, f#ik
FEA BRSO N (TEH B A, n=522; KFH
e, n=547)5 T HEOSCRBEE OL R (FEH B
n=507; KV B, n=437)IRSIAT A HEATXTEE,
B [ R DA, AT S 2 2=
SE(TE T AR P=0.1862; K- E # I P=0.7864;
Kolmogorov-Smirnov Test).

X W3R, IR AT A S A
W SCRIIRAN R T AR L. X BRS04 T 4 FEA
SE AT RGRIBENIAT R, 1Kz 3l 7= A 1A 15
SCRIBE R, S5T0B RS, fEbEE A
A IR B FHAAT M. BRI ORI T (PR
AR Jo B SCREECT IR B30 2 3% Pk 22
Ui IR BRI OL S, BRI A A 5 LY
(B, LB T e A AT s, (H IR S AT
Shy Ut BT B SCRIBEARAG TC B SR — Akl
AT BRARAE R R N i
2.2 HMESEFLR S EIHEX

TC 16 R S AT 15 S 2 e S TR
W AEREIR S Fnt A AR AR, R ) e A B
FRbR R KA. SRR R, AR LY
sk EREAE R A ARk, AR R AR I
SE e 1T e AR SRR R 0D, A G IF LR
T WA AT 1 SCRITC I LT, AEEn ek
BRAABAH AL ST A

TR — ML AR AAEF, FeAT 1
WL EA N Z 2 B0 E AT H— . B2
WA R P B (60 ) IR JIT SR B 21 (1 it L
BHAAEGE, — IR 60 s x 120 Hz = 7200
AR A FRBRE RS A TS, AN
AEL PR I PRI ¥4 125 70 A BRI A 12 6 L A% B vt
M) Z o8, S BUERA . TR AR

data, o= DDy

O 1) Z A2 H data, e S5 —AVECHE 211D
D U I ] P AL B 1489 D
IR, TR B U RN 1]
FLEARITT% e RE, TCHREAL B H 215
BT AR eE K TR AR R K
PR, 0 Z A A S 0, T 0
1 HIFRAEIE &AM,

PO MR RIS, R %K
P b SR A R R TLIN S (0 TR K
B, BR 103 % Fh A R 35 K

T SCERITE R 68 Ik, BATTHEHE AT Ay i 1 )
BN R TR AR T BT A s 1 AL
BHALW Z 5 BUE SO0 55, T2 mE 3), ARG
W 05 s S oA, SYME R 0 Ry %A
1) Z 53 B AR IE S o A AT L. 45 R R,
PER AR & A S0 o B (B 3« B 0 s5) AT, X AR
I, L LA B K R, e AR
WA ST, BRI B AL A 2 O TR R
(P<0.01, s-test; K3 th KI5 ST KA
WEVESRIR AT, IR ENIE T %09 A8 1k 2> £ B i L
ook g R, A EORE, B R ALYk
FREEIF )N 0.416~2.1 s (n=35), X} TG B S,
M 0.242~1.25 s (n=68); 1A F WA (A B LK N
0.742's; Joli XK K 0.783 s) i, HEFLAK/MNHEL T
ZE5r, AICECSCRIE, PR BIE T, A7
SO, W AE IS AT5 AR W 2 oK T34 E (P < 0.01),

Pupil diameter (Z-score)

Time to report/s

Fig. 3 Relationships between pupillary reflexes and
perceptual reversals to ambiguous figure
and disambiguous figure

Pupil size was expressed with Z-score in diameter (y-axis). All data were
aligned to the time point (vertical solid line at 0 of x-axis) when a subject
reported the perceptual reversal happened to the stimulus. The dotted
curve and shadow light gray around it indicate the mean and s.e.m.
(n=68) of pupil sizes to disambiguous (control) figures, respectively. The
solid curve and dark gray shadow around it indicate the mean and s.e.m.
(n=35) of pupil sizes to ambiguous figures. The dashed vertical line and
light gray shadow around it indicate the mean and s.e.m. (n=68) of the
times when the reversal of the disparities of disambiguous figure
occurred. The dashed horizontal line denote to the means (0 of y-axis) of
pupil sizes to both disambiguous figures and ambiguous figures. The
horizontal dark gray bars indicate the periods during which pupil sizes
were significant different from the mean size (0) in the test with
ambiguous figures (P < 0.01, n=35, ¢-test). The horizontal light gray bars
are for disambiguous figures (P < 0.01, n =68, ¢-test). The horizontal
black bars indicate that the periods during which pupil sizes to
ambiguous figures and disambiguous figures were significant different
(P<0.05, n)=35, n,=68, t-test).
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Pupillary Reflex and Saccade in Bistable Perception to
Ambiguous Figure of Stucture-from-Motion®

TAN Heng"?, WANG Yi"™”
(" State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Bistable perception to ambiguous figure is an intriguing visual phenomenon. The underlying
mechanisms, however, remain largely unclear. We addressed the issue by recording eye saccade and pupillary
reflex in the perceptual responses of human subjects to the ambiguous figure and disambiguous figure (control)
generated from the structure-from-motion stimuli. Their pupils dilated when the subjects reported the perceptual
reversal between the two mutually exclusive states to both the ambiguous figure and disambiguous figure. The
pupillary dilation reached the peak after the perceptual reversal. In contrast to the disambiguous figure, before
reported the reversal to the ambiguous figure, the pupils were smaller than the mean size, while after the peak of
pupillary dilation occurred, the pupils were still larger than the mean size. These results illustrate that the pupillary
dilation posterior to the perceptual report can be regarded as an indication of the perceptual reversal that had
occurred, while the differences in pupillary reflex to the ambiguous figure and disambiguous figure prior to the
perceptual report probably reflects the intrinsic neural trace of the perceptual reversal and of the perceptual states.
Additionally, in the process of perceiving structure-from-motion stimuli, the distribution in directions of eye
saccades of subjects changed with the change in the motion axis of the stimuli. The change fashions were accordant
between the ambiguous figure and disambiguous figure. This suggests that subjects have the same perception to the
ambiguous figure and disambiuous figure and that the correlation of the pupillary reflex changes with the
perceptual reversals to the bistable figure of structure-from-motion is reliable. The study casts new light on the
visual mechanisms for bistable perception to ambiguous figure.
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