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The location probability learning effect refers to the phenomenon where spatial attention is biased towards a specific location,

resulting in faster visual search, when a target appears frequently at that location (Jiang et al., 2013). This study aimed to

investigate whether spatial attention is flexibly biased by temporal context in conjunction search. In Experiment 1, the target

appeared with high frequency in two specific quadrants depending on the temporal context (300 ms / 1300 ms) after fixation.

The results of Experiment 1 showed that spatial attention was biased towards the two high-frequency quadrants regardless of the

temporal context. In Experiment 2, by reinforcing the temporal context, the target was presented from either the first or second

search display depending on the context, and the results showed that context-specific spatial attention bias occurred. Experiment 3

reaffirmed the influence of the order to investigate specifically the effect sizes of the temporal order and duration confounded in

Experiment 2. These results imply that the search display with temporal order information is used as a powerful temporal context

in location probability learning, and provide new insights into the way temporal context operates in the human learning

mechanism in dynamic environments where space and time coexist.
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Figure 1.

300/1300ms

The Procedure of Experiment 1. After the fixation(500ms), depending on the temporal context (short—time:

Until response

300ms,

long-time: 1300ms), a gray screen is presented, followed by the presentation of a visual search array. The search array is maintained

until the participant responds. The following illustration is not drawn to scale and is provided for the purpose of understanding.
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(b)

—

Figure 2. Schematic description of Experiment 1. (a) In the visual search task, the quadrant boundaries did not appear in the
experiment, nor did the red circles. (b) In this example, the upper left quadrant is the short—time rich quadrant. The upper right
quadrant is the long-time rich quadrant. The other two quadrants are “neutral-sparse” quadrants. In a short—time context, the upper

left quadrant becomes the “valid-rich” quadrant, and the upper right quadrant becomes the ‘invalid-rich" quadrant. Likewise, in a
long—time context, the upper right quadrant is the “valid-rich” quadrant, and the upper left quadrant is the “invalid-rich” quadrant.
The other two sparse quadrants are the “neutral-sparse” quadrants. The following illustration is not drawn to scale and is provided

for the purpose of understanding.
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Figure 3. Results from Experiment 1, (a) Reaction times(RTs) of each probability condition by blocks. The training phase was in
Block 1 to Block 5, and the test phase is Block 6. (b) RTs by probability and phase in Experiment 1. Error bars represent standard

error. *p .05, **p < .0l
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(©)

Neutral-Sp.

Post(1

Neutral- Neutral-Sparse

200ms

500ms

Until Response

Figure 4. The procedure and schematic description of Experiment 2. (a) Pre—target context. After the fixation, one target and seven
distractors are presented for 200 ms, followed by eight additional distractors. (b) Post—target context. After the fixation, eight
distractors are presented for 200 ms, followed by one target and seven more distractors. (¢) In this example, the upper right quadrant
is the pre—target rich quadrant, and the upper left quadrant is the post—target rich quadrant. The other two quadrants are the
“neutral-sparse” quadrants. In the pre-target context, the upper right quadrant becomes the “valid-rich” quadrant, and the upper left

quadrant becomes the

“invalid-rich” quadrant. Likewise, in the post—target context, the upper left quadrant is the

“valid-rich”

quadrant, and the upper right quadrant is the “invalid-rich” quadrant. The other two sparse quadrants are the “neutral-sparse”
quadrants. The following illustration is not drawn to scale and is provided for the purpose of understanding.
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Figure 5. Results from Experiment 2. (a) Reaction times(RTs) of each probability condition by blocks. The training phase was in
Block 1 to Block 5, and the test phase is Block 6. (b) RTs by probability and phase in Experiment 2. Error bars represent standard

error. *p < .05, **p < .0L
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(a)
Pre
Post
500ms 200ms Until Response
Short
(©

(b)
Pre
Post
500ms 1200ms Until Response
Long
(d)

Figure 6. The procedure and schematic description of Experiment 3. In the visual search task, the eight boundaries did not appear in

the experiment, nor did the red circles. (a) In a short—time context, the pre—target context presents one target and seven distractors

after the fixation for 200 ms, followed by eight more distractors. In the post—target context, eight distractors are presented for 200

ms after the fixation, followed by one target and seven more distractors. (b) In a long—time context, the pre—target context is
presented with one target and seven distractors after the fixation for 1200 ms, followed by eight additional distractors. In the
post—target context, eight distractors are presented for 1200 ms after the fixation, followed by one target and seven more distractors.

(¢) Example schematic description of Experiment 3. In the short—time context with the pre—target, the upper left octal plane is a rich

plane, and clockwise sequentially, the next octal plane is a rich plane in the long—time context with the pre—target. The upper right

plane is a rich plane in the short-time context with post—target, and the next plane is another rich plane in the long—time context

with post—target. The other four planes are “neutral-sparse” planes. (d) Eight planes were used in the Experiment 3. The order of

these planes was sequentially designated from the upper right to counterclockwise. In the search display consisting of a 10 X 10 grid

to construct the octal planes, the stimuli appeared in the remaining areas (gray) except for cells (white) corresponding to two

diagonal lines. The following illustration is not drawn to scale and is provided for the purpose of understanding.
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Figure 7. Results from Experiment 3 in training phase. (a) Reaction times(RTs) of each probability condition in Experiment 3. (b)

RTs of each context in Experiment 3. Error bars represent standard error.

*p (.05, **p 0L
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Figure 8. Results from Experiment 3 in test phase. (a) Reaction times(RTs) of each probability condition in Experiment 3. (b) RTs of

each context in Experiment 3. Error bars represent standard error.
*p .05 **p < .0L
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Figure 9. The procedure and results of Experiment 3, comparing the Reaction times(RTs) as a Function of Probability in Test Phase.

(@) The bl

ack square means the search display when the target is presented. (b)~(d) The green bar means a pre—target in the

short—time context, the orange bar means a post—target in the short—time context, and the yellow bar means a post—target in the

long—time context. (b) The graph of the pre—target in the short—time context. (c) The graph of the post—target in the short—time

context. (d) The graph of the post—target in the long—time context. The error bars represent standard error.

*p .05 **p < .0L
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AlZEEROIIA A|ZHE wietol] M2 9f3| EHE Bt

1A &8 sh5(Location probability learning) &gt A|Zbgha] A] w2{o] B fJx]of| WIHsHA] AT of s A=
33 Fo7b makg o2 gAo] HElz s @44 Y =mH(Jiang et al, 2013). & A= ATH(conjunction) BAOA AJE
2 uigto] wiel F7F Folrt fASHAl MFEEA] GotR At faEeh A 1ol4 FH2 SAIH ol AIZH #2H300
ms / 1300 ms)ol Wt £ 7o) £ ARme &e Mg SR, Ad 19] A7), W gwigol 37 297t £
el ¥l AREHOR WGt AY 2004 AREA WEke Jstoto] mao] A WA T T WA g SHHREE AA|
wglon 1 Avk, Wk EXAQl 37 Fof Wko] WHEGIE AF 32 AF 20 THHUE Al doje] &t F7]
HIE Foll 419 FFES ARt 2 Aibe 94 FE hgolA B4 shol AI7H $eAl(temporal order) HEE
g o) gk A7 wego g AgEn, Alggto] EAfcls A A Q17 Sy 7)Ao A7 wigto] Absohe
°
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