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Spatial information as a mechanism for Contextual effect’
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This study investigated the impact of surrounding object motion on the estimation time of prediction motion task. In Experiment
1, we explored the effect of relative speed differences between target and distractor stimuli on prediction motion estimation time.
Additionally, we conducted a pre-training session before the main task to examine whether the context effect was cognitive.
Context effects were observed in the motion estimation task, and they persisted even after repeated training. In Experiment 2, we
investigated whether the context effect was influenced by the distance between moving objects by adding the speed of distractor
stimuli to the target stimulus speed. As the distance between moving objects increased, the magnitude of the context effect also
increased. In Experiment 3, we manipulated the speed information and position information provided by the surrounding context
independently by adding multiple distractor stimuli. Estimation time varied depending on the type of clues available during the
observation of motion. This study confirmed that the motion of other objects affects the estimation time of a hidden object’s

motion. The results suggest that the global spatial arrangement of objects plays an important role in motion estimation.
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Figure 1. The figure illustrates the visual structure of the Prediction Motion(PM) task. In this task, participants are required to

observe the motion of an object during the modal phase and then predict the object's motion during the amodal phase. Notably, the

target object does not reappear after modal phase. The amodal phase typically exceeds 500ms in duration.
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Figure 3. A schematic diagram of experimental procedure in Experiment 1. During main trials, task—irrelevant objects moving in the

same direction as the target object appeared above and below the target. In training trials, only the target object appeared on the

screen. Feedback during training trials was provided both chromatically and numerically. The difference between the actual and

estimated destination time was displayed to the observer. If the absolute error exceeded 200ms, the object's location at the estimated

time was indicated by a red circle; if the error was below 200ms, a green circle was used. The four chromatic circles in the figure

exemplify each cases where participants absolute estimation errors were either above or below 200ms.
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Figure 5. Plots for observed effects in Block factor CE analysis of Experiment 1.
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Table 1. Results of paired samples t—test in experiment 3

t Cohen’s d
+18.65° -18.65° 0.13 0.02
+12.68° -12.68° 2.39* 0.41
+9.58° -9.58° 2.94%* 0.50
+6.42° —6.42° 2.95%* 0.51
+4.825° -4.825° 0.28 0.05
+3.22° -3.22° -0.22 -0.04
+2.415° -2.415° 0.64 0.11
+1.61° -1.61° 1.83 0.31

Note.® p<.05, ** p<.01, *** <001
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. /./o
T C - +
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Figure 6. Mean Standardized CE plot by Difference direction

and Difference magnitude factor in Experiment 2.
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at various time points, where the distractor objects move at a speed faster than the target object.

- 200 -



The Influence of Task-irrelevant motion on Prediction Motion task: Spatial information as a mechanism for Contextual effect

v} o] mEwlo] FolAx] it oldle] AL 4F 1

=4

A 13 22 A oA FAE AdgsiGin olee Ad 13
Fapiees

A ¥ =9

OA, el A= S T2 229 AIRE 8919] A et
gt e S BAREAS A tHFigure 8). B4 2
T}, o QQ1(H2,52) = 1826, MSE = 4.03, = 0.41, p <
001), Wl A= £ Q91(A1,26) = 10.14, MSE = 0.81,
= 0.28, p = .004) 123 22U AFF QO(A2,52) =

733, MSE = 4.13, = 0.22, p = .002)°] tiet F aur}
TAESGITE @A a9l F 8o A9, &%, &=+ 917
J81 £E+9)A] 24 o2 A oAt Ikt 24
A ARE F JAke] A, 34 AREe] ZojdaE 44
Qo] Aidor Fagrt =tk def A= £k %4— a
o] Ae AY 13 29 Avfe} D@ w29 5
urerstth Welf 2= £&0t wE A9t =9 A
o] ¢ o2 §h&-g of7|5t4r. Wi Qe gAY At 7t
o] A% A8 GyNHA4,104) = 3.27, MSE = 0.22, = 0.11,
p = 0147} T} F24A Azte] Hlglote] =4H &
ZQlo] FAamrt Bz Aol A ol wet Hdkelel

kﬂ

o £ JET AXEHE 20 2Y Aol S/t

[¢) =
52 2 A7to] 7tasiath £5+9 9z 24 T3 &7

Condition — Total Motion Time
Interaction effect

Condition
e Speed + Position
-=== Speed + Reverse
Only Speed

0.0

Constant Error (CE)

-05

2s 4s 6s
Total Motion Time

Figure 8. Plot for CE interaction effect in Experiment 3.

o A7 whet 33 Agte] grasgich, el 4 A7
o Bhsle Yo} s e AN 2tag
S59)0) 279 A9, 229 4% 24 Aole] 3 A7
Asbl B Gk, 1A 62 Edoel 24 A
o 39 phdhe] SE+9 14 20 S 242
ugich olole] ol AT A4 mTE BEEA I

(TA] x W8l A &k H2,52) = 035, MSE = 0.02, =
001, p = 706, Fsl A= &= x F AY AR
F2,52) = 1.92, MSE = 0.06, = 0.07, p = .157, TA x
Toll A= S x F w49 AL H4104) = 039, MSE
= 0.01, = 0.01, p = .813).

A 394 A" SAYe @A 8l FHeHA &4
o 2 aIF dEiH ol o Ao F71E e A
Zom Ag Zsgt AT &
motion energy)S F3l AET & Stk AGH = 27
At FAY A3 gFS W=rh(Adelson & Bergen,
1985). o] Battaglini(2018)= &21Y 4 #H=Zo| EH

o
AU W AYA AT ASt 24 e

219l A5 (Spatiotemporal

i
olN

7HA 71 B4 A7 ZF-S(Random dynamic visual noise;
rDVN)& AAsk. 24 23, £4 Z2 (DVNE A
Al 2719 =4 A Yol AA A7t -5 (Static visual
noise; SVN)-& AAgH 2HEcH dAag7t =l & AY
oA F7Ha o o] ol =2 rDVNIF fAFSHA A2
g U ARt 22 A
7Fs7d0] itk o] B¢ =x A=Y AAH Sk el A
=9 ko] o f=dE 4

2749 W) AFo] olg make °16H 92 Ars} e

PV
N
i)
=

El

ol
2
)
)

o
AW} o] Folzi Zﬂowgl %@ Q2 o Atk o]
L 2% AH WR 93z % F7gsk=
Z7140 2|7HA Hols OMQ% PJHl'FzPE}. ESF, 92 A
Hol &5 AR} @%—a}% Er+ 97 229 F4

SO 273 &5 RM

=7 m A}Ol o 1Ak, olh &4

lo

ofl mo

2
o
i)
Ip
H1
ox
T
jsz
—‘,.l
i
)
rr
do
B
O_u
_\2
At
r® mlm
ox
o Hotle ox o R

18 do
N
jg{ oS,
=
BN N
RV
o
Ni
E B
(e}
N
rOlI l‘}‘_.
- 2
S
o =
=
1
L H
o+
(]
v 59
-0, l-zll
I
=]
> L
ool



The Korean Journal of Cognitive and Biological Psychology

ol
e

5}14]

il =2A H

9]

SL7F W =24l <

74

=279 7|

iz
ar

) A=) Az] Aot A 2 %

o]

200 S8 A=

2ol

® A2
3} g 4

ore ANAY, =

Wh BEEA

ke

o2k
B |

= Folr}

& A
-

o 2 Ad 29 2y, A

7

ot 6x X

Aol vido] LA B =ehir] WE

USRS L e |

=

I A2 Az} gAY 9 2

H}3)

2 ZAE
ot 2 %

el

249] A

Hl

he

__o___
Ko

Ty
jo°

L 917 At

ok A9 39 Ak

Ayt

34 A

A

e

m%
=

__9_

—

o] Atz o

A5

Aol &

<]

=2 4
— =

Ton

17} 2014 B Ao}

o e
o ag

714

e 2oz K I, 914 4

5

~d

[m]
me

1o°

—

/\]z} /\]/\Eﬂo]

7} et ol

M e

e15e)

et %
£ AW

g2 zAdM 1

=

9% Aurt 5
1

et
=

XA}
_@‘_ 1

1F
%S

&7} 23 A3HT BE

) A=)

i)

w3

4

gt

TH(Spering, 2008; Makin, 2018). E

il oF

o240 o3

o]

§oleld 4 ek A

il

oo

il

7t

=749 ]

=
=

|4 (Hierarchical decomposition)

o

motion) S 2EE A A

il 2

9]

Aze] Azte £ W] o

Wt oA 23

E_
r/]rliﬂ,

% 233

&9} Bpe] =

Al

25 429 2

gt

Z

q

s

ol 91742

Aot =

e 2

1
.

o 22y A9 1o)A]

gt

Bjolo}
HERE

o, et G} et
2 28 249 $%7} 12

Sk
=

&= Aot &d

A A
==

kel

e gt 7

ol 7L} wh

s

A
=

I =4 7o 7z zole

)

Aot 1

A7 2ZE 2
o 71eA7] A7 2estEsict. olw A 97 W

o 2

& AR A 204 ole]
L 37 pasislt A9 1004 W At 8

el
=

o] A

o)

—_

J o

X

7
I Aol g

0

=
-

he o

S

o2

|

At AE s°l, ¥

2~
T

o)
i

3t

10

& o]

o 4
-1

) 7o) A
Ao &E7l L@ 2ANNE Ay L& Fol7 Hof,

A

- 202 -



The Influence of Task-irrelevant motion on Prediction Motion task: Spatial information as a mechanism for Contextual effect

A 4 9lon, ol A F4H AR #AAE £ 3L
oh olA" 7HeE o Sle AN AUt ARME A F
3 A 992 AR Fa7 S & 4 v He
3‘117‘40 ZEe FAAAE FAY Aoz A4 FAAS
FESH]  olgle AFld A AR Z8EHT=
Kwon(2015)¢] el ofsff S¥d 4 qlot. Tk, 74
7 AY T 22 A9H FHE Aske 82l A=A
=290 digt &2] MAEE 2Etths A% dA4e A
A 917 wigdel oJsff 4% Aol 2AH & SYea= Al
A§tcHThurman & Lu, 2013; Thirkettle & Scott—Samuel,
2009).
F7F

97 224 ol ot el Aed oo
3 2014 AA2] Fol7} 7}
2T 1865 AL Wl A3

Sa} AR, 5 24 25 26 A4S0 2E 430 9
A7k A 2 AT Aols AAnke FEH0| Ik T
ﬂmm IS S o BE AT £ LAY,

7 A=) ZfEAL A el ARE A 2 A

O]: B0 A5t Hth o]= W5 AF=Fo] A Aof =&
ZW Aok Bl ox|ehz| olxrs} we gile zdsi
a1 4 9SS /R]/\]"a'll}. wjebd gk ojAtel| wE A7

s
SH o] Aozt A FA Yol vAl= FFE GobE
ezt Siek E3h 2 03;1_ M $1A HE7F Wt gt
nAe G B9

7| oletfick. A% 304 718
8 sk opjse me ase
wske s Zapck olel wek 25 AolME 94

2 0 #48 $499 ¥slE Falake 9
L =8 ATl AL Aol e Aol

5
@ 2 SI6k A4 SRS W A2 o] ot 29

il

References

Adelson, E. H.,, & Bergen, J. R. (1985). Spatiotemporal energy
models for the perception of motion. Josa a, 2, 284-299.

Albright, T. D., & Stoner, G. R. (1995). Visual motion
perception.  Proceedings of the National Academy of
Sciences, 92, 2433-2440.

Anstis, S., & Kim, J. (2018). The field-size effect: Short

motions look faster than long ones. Vision research, 146,
32-40.

Baker, D. H., & Graf, E. W. (2010). Contextual effects in speed
perception may occur at an early stage of processing. Vision
research, 50, 193-201.

Battaglini, L., & Ghiani, A. (2021). Motion behind occluder:
Amodal perception and visual motion extrapolation. Visual
Cognition, 29, 475-499.

Battaglini, L., & Mioni, G. (2019). The effect of symbolic
meaning of speed on time to contact. Acta psychologica,
199, 102921.

Battaglini, L., Campana, G., & Casco, C. (2013). Illusory speed
is retained in memory during invisible motion. i-Perception,
4, 180-191.

M., Konishi,

Coccaro, A., & Casco, C. (2018). Fast random motion

Battaglini, L., Maniglia, M., Contemori, G.,

biases judgments of visible and occluded motion
speed. Vision research, 150, 38-43.

Battaglini, L., Mioni, G., Casco, C., Contemori, G., & Konishi,
M. (2021). Probing the effect of the expected-speed illusion.
Psychological Research, 85, 2782-2791.

R., Bennett, S. J., & Causer,

Baures, J. (2015). Temporal

estimation with two moving objects: overt and covert
pursuit. Experimental brain research, 233, 253-261.
Bennett, S. J., Baures, R., Hecht, H., & Benguigui, N. (2010).

Eye movements influence estimation of time-to-contact in

prediction motion. Experimental ~ brain  research, 206,
399-407.
Bill, J.,, Gershman, S. J., & Drugowitsch, J. (2022). Visual

motion perception as online hierarchical inference. Nature
communications, 13(1), 7403.

Chang, C. J., & Jazayeri, M. (2018). Integration of speed and
time for estimating time to contact. Proceedings of the
National Academy of Sciences, 115, E2879-E2887.

De'Sperati, C., & Thornton, I. M. (2019). Motion prediction at
low contrast. Vision Research, 154, 85-96.

Duncker, K. (1938). Induced motion.

Gibbon, J. (1977). Scalar expectancy theory and Weber's law in
animal timing. Psychological review, 84, 279.

Gorea, A., Papathomas, T. V., & Kovacs, 1. (1993). Motion

perception with spatiotemporally matched chromatic and

achromatic information reveals a“slow”and a“fast”motion
system. Vision Research, 33, 2515-2534.
Johansson, G. (1950).

Configurations in the perception of

- 203 -



The Korean Journal of Cognitive and Biological Psychology

velocity. Acta Psychologica.

Johansson, G. (1973). Visual perception of biological motion and
a model for its analysis. Perception & psychophysics, 14,
201-211.

Johansson, G. (1975). Visual

American, 232, 76-89.

Jun, Z., Su-Ling, Y., & De Valois, K. K. (1993). Motion

motion perception.  Scientific

contrast and motion Vision Research, 33,
2721-2732.

Khoei, M. A., Masson, G. S, & Perrinet, L. U. (2013).

integration.

Motion-based prediction explains the role of tracking in
motion extrapolation. Journal of Physiology-Paris, 107,
409-420.

Kim, J., & Wilson, H. R. (1997). Motion integration over space:
interaction of the center and surround motion. Vision
research, 37, 991-1005.

Kwon, O. S., Tadin, D., & Knill, D. C. (2015). Unifying
account of visual motion and position perception.

Proceedings of the National Academy of Sciences, 112,

8142-8147.

H., & Wearden, J. H. (2009).

Experimental Study of the Time Sense (1868) and its

Lejeune, Vierordt's The

legacy. European  Journal of Cognitive  Psychology, 21,
941-960.

Lyon, D. R, & Waag, W. L. (1995). Time course of visual
extrapolation accuracy. Acta psychologica, 89, 239-260.
Makin, A. D. (2018). The common rate control account of
prediction motion. Psychonomic Bulletin & Review, 25,

1784-1797.

Makin, A. D., Poliakoff, E., Chen, J., & Stewart, A. J. (2008).
The effect of previously viewed velocities on motion
extrapolation. Vision research, 48, 1884-1893.

Matsumiya, K., & Shioiri, S. (2015). Smooth pursuit eye

movements and motion perception share motion signals in

slow and fast motion mechanisms. Journal of vision, 13,

12-12.

Nawrot, M., & Sekuler, R. (1990). Assimilation and contrast in
motion  perception:
research, 30, 1439-1451.

Nawrot, M., & Sekuler, R. (1990). Assimilation and contrast in

Explorations in cooperativity. Vision

motion perception: Explorations in cooperativity. Vision
research, 30, 1439-1451.

Nishida, S. Y., Kawabe, T., Sawayama, M., & Fukiage, T.
(2018). Motion perception: From detection to interpretation.
Annual review of vision science, 4(1), 501-523.

Oberfeld, D., & Hecht, H. (2008). Effects of a moving distractor
object on time-to-contact judgments. Journal of Experimental
Psychology: Human Perception and Performance, 34, 605.

Oberfeld, D., Hecht, H., & Landwehr, K. (2011). Effects of task
irrelevant texture motion on time-to-contact judgments.
Attention, Perception, & Psychophysics, 73, 581-596.

Peirce J. W. (2009). Generating stimuli for neuroscience using
PsychoPy. Frontiers in Neuroinformatics, 2 (10), 1-8.

Peterken, C., Brown, B., & Bowman, K. (1991). Predicting the
future position of a moving target. Perception, 20, 5-16.

Qin, K., Liu, Y., Liu, S, Li, Y, Li, Y., & You, X. (2023).
Neural mechanisms for integrating time and visual velocity
cues in a prediction motion task: An fNIRS study.
Psychophysiology, €14425.

Spering, M., & Gegenfurtner, K. R. (2007). Contrast and
assimilation in visual motion processing for perception and
smooth pursuit eye movements. Journal of Vision, 7, 99-99.

Tresilian, J. R. (1995). Perceptual and cognitive processes in
time-to-contact estimation: Analysis of prediction-motion and
relative judgment tasks. Perception &  Psychophysics, 57,
231-245.

Vicovaro, M., Noventa, S., & Battaglini, L. (2019). Intuitive
physics of gravitational motion as shown by perceptual
judgment and prediction motion tasks. Acta psychologica,

194, 51-62.

- 204 -



The Influence of Task-irrelevant motion on Prediction Motion task: Spatial information as a mechanism for Contextual effect

oA 72 Gall 2501 S2Y 4 AR 0j2l= F

£ A7 T 1S SAU A S S008I S0 24 3 £ S ST A Lor)
A 2 al EF.

Aol BAS 19| A2t 271
2 Jjo] W) 2L Flele] 3

ujetol AASHETE 229 4 AN et Bt
Holy, BhEE Fa A 1 “0115 uje aﬂrﬂ AASISIE) A8 2o S At 2ok S 219 Adls: oo opls
% @2 Atk 2ol
o]

948 et 9] ) AT, A8 e e e 7

o
2
9
HT
N,
o
%

e} L Sn guel 94 ARE SYfoR 2Askt £ A $HUS BAsK AVl A5HR B
of fael et G3te 2 AT ok BAlo] $hddol AL Al $4Y F ARk e WP sisint &
A7 At BAlso] olFt WA 97 wjdo] $HY FH) FAT ATL Uk 2 ANk

2H0f: &A% 54 TH, vt av, s 91w Aw

- 205 -



