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— T, YATLADBZDL ) RIEANET» SMBLL Z2BFEZ2TH 2 &2
Db, KWETIE, 20 k) hEH2 TAHNNER, LIPS, 2F —<ic—%
LAWEHINEEIAL 2 EIY, TOREZZIEE I LR NTY
% (Loewenstein, 2019), £ 72354, LK D BIEMNGH T, XD @EICHELZ
N7y AT LD AN O MEZEZ, FFI2IE 2 — ¥ Automation surprise
b 7o T EDPEMS LT 3 (Rushby, 2002), ZHINE BB EHE I N 25
B, ZOTATLOEGZ T T 22 dc, Fhk b i3 B M RN % 1T
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1 Baker, Saxe, and Tenenbaum (2009); Tremoulet and Feldman (2000, 2006)
2 Clary and Tesser (1983); Ferguson and Sanford (2008); Jones and Endsley (2000)
3 Besnard and Bastien-Toniazzo (1999); Casner, Geven, and Williams (2013)
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% . Casner et al. (2013) Tlx, MIZEEFH DO F VA ICE VT, = ikl
ZEDHMKEERCRWTHRET IHAEERLZIRUWTHELET 2846 %2
BLTWws, TICTHE, §bbilk &M USROG &, 1EHHZE
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cnedT v, L2rLBIERICECTR, 7 77— =MoL, #lz
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Meyer et al., 1997), & O DT LM HHIZHEE Z2 51 7 { (e.g., Schiitzwohl,

1998), ZEH P M2 KD SN2 RUWTHBEA—ZAHM2ZEH L 2561, £
HHPI R INE I ERAEBICHER O, L2 LZD AT, EX—2A
Sz EM T 28 A 1, IEAINZEE 2 B 2 560 (DU, IEHIRG &E8) I

OWNT, FoLlIdhMERNTLODNTVEIZIEHS LTI W, 22 TE T,
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AMEN—ZATEZEHT 2546, A X — <) EHIHEF L TiE,
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Mo AR ITbND,

WHOERPEICBWT, 20y — Y ILHFET A EEO @B LD
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LT\ % (Loftus & Mackworth, 1978), Z DRl & L T, ¥ =V DA F — < IT—
T 2HEE, AX—~<D77x )L MEEL THEERLI NS LV RS
g X 71T\ % (Hollingworth & Henderson, 2000), 1E HI F# 41 i3 L& N i< 3 < iy
BEINTWEIAF =Lk T TFMARLENTHL L0, ZHFHO LD
K icRM T 2B R R, — 0, ZHEFAIEZZORA X —<ilitbi v
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7, M — AW % T 2 A0 % K S (Darabi et al., 2007) @
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AN T R,
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Kassin, Lewis, & Cantor, 1980), B 23 M 42 o 2 7 A IC N L T, R — A
JiMgDIE 5 B E X T H % (Kalyuga et al., 2001).
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HFAMVAGIE T, FflzE L 22HEFANNWAMIELS, A
&I T v 5 (Kalyuga et al., 2001), af& X — R /50 o 38 50 £ fif Z2 #8935 K¢
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Rr
0 20 40 60 80
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60 | .705 .711 .713 .720 .724
80 | .862 .834 .856 .861 .858
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0| .464 473 .505 513 .266

20 | 460 474 519 515 .260

Ra 40 | .553 .571 .580 .540 .260
60 | .668 .647 .682 .603 .260

80 | .683 .651 .622 550 .244




&% C
Y —AXAd—RK

\g
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1 (define-model memory-condition

2

3 (sgp :v nil :trace-detail low :act nil)
4  (sgp :ncnar nil :dcnn nil)

5 (sgp :declarative-num-finsts 20 :declarative-finst—span 20)
6 (sgp :esc t)

7 (sgp :rt 1.75)

8 (sgp :amns 0.5)

9  (sgp :bll 0.75)

10 (sgp :mp 0.5)

11

12 (chunk-type (stimuli (:include visual-object)) angle)
13 (chunk-type goal state)

14  (chunk-type arrow

15 arrowXl arrowYl arrowAl

16 equAl equBl

17 arrowX2 arrowY2 arrowA2

18 equA2 equB2

19 rehearsal

20 arrowX1Y1

21 )

22

23 (chunk-type instance startX startY startA

endX endY

[\]
I
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

58
59

startXY

)

(chunk-type predictedPoint screen-x screen-y paddle)

(chunk-type numsym number symbol)

(add-dm

(goal isa goal state com_attend-red)

(stimuli)
(end)

(com_attend-red)
(com_find-red)
(com_read-red)
(com_attend-blue)
(com_move-button)

(com_click-button)

(obs_read-blue)
(obs_judge)
(obs_rehearsal-reg)

(obs_rehearsal-ano)

(tst_recall)
(tst_compare-paddle)
(tst_move-point)

(tst_click-point)

(terminate)

(\sx50 isa chunk) (\sx200 isa chunk) (\sx250 isa chunk) (\sx300 isa
chunk) (\sx350 isa chunk) (\sx400 isa chunk) (\sx450 isa chunk) (\
sx500 isa chunk) (\sx550 isa chunk) (\sx600 isa chunk) (\sx750

isa chunk)

(\sy50 isa chunk) (\sy200 isa chunk) (\sy250 isa chunk) (\sy300 isa
chunk) (\sy350 isa chunk) (\sy400 isa chunk) (\sy450 isa chunk) (\
sy500 isa chunk) (\sy550 isa chunk) (\sy600 isa chunk) (\sy750
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60
61

62
63

64
65

66
67

68
69

70
71
72
73
74

75
76

isa chunk)

(\sa0.0 isa chunk) (\sa1.0 isa chunk) (\sa2.0 isa chunk) (\sa3.0 isa
chunk) (\sa4.0 isa chunk) (\sa5.0 isa chunk) (\sa6.0 isa chunk)
(\sa7.0 isa chunk) (\sa8.0 isa chunk) (\sa9.0 isa chunk) (\sal0
.0 isa chunk) (\sal11.0 isa chunk) (\sa12.0 isa chunk) (\sa13.0
isa chunk) (\sa14.0 isa chunk) (\sa15.0 isa chunk) (\sal6.0 isa
chunk) (\sa17.0 isa chunk) (\sa18.0 isa chunk) (\sa19.0 isa
chunk) (\sa20.0 isa chunk) (\sa21.0 isa chunk) (\sa22.0 isa
chunk) (\sa23.0 isa chunk)

(\sx50sy200 isa chunk) (\sx50sy250 isa chunk) (\sx50sy300 isa chunk)
(\sx50sy350 isa chunk) (\sx50sy400 isa chunk) (\sx50sy450 isa
chunk) (\sx50sy500 isa chunk) (\sx50sy550 isa chunk) (\sx50sy600

isa chunk)

(\sx750sy200 isa chunk) (\sx750sy250 isa chunk) (\sx750sy300 isa
chunk) (\sx750sy350 isa chunk) (\sx750sy400 isa chunk) (\
sx750sy450 isa chunk) (\sx750sy500 isa chunk) (\sx750sy550 isa
chunk) (\sx750sy600 isa chunk)

(\sx200sy50 isa chunk) (\sx250sy50 isa chunk) (\sx300sy50 isa chunk)
(\sx350sy50 isa chunk) (\sx400sy50 isa chunk) (\sx450sy50 isa
chunk) (\sx500sy50 isa chunk) (\sx550sy50 isa chunk) (\sx600sy50

isa chunk)

(\sx200sy750 isa chunk) (\sx250sy750 isa chunk) (\sx300sy750 isa
chunk) (\sx350sy750 isa chunk) (\sx400sy750 isa chunk) (\
sx450sy750 isa chunk) (\sx500sy750 isa chunk) (\sx550sy750 isa
chunk) (\sx600sy750 isa chunk)

(set—-similarities

(\sx50sy200 \sx50sy250 -0.5) (\sx50sy250 \sx50sy300 -0.5) (\
sx50sy300 \sx50sy350 -0.5) (\sx50sy350 \sx50sy400 -0.5) (\
sx50sy400 \sx50sy450 -0.5) (\sx50sy450 \sx50sy500 -0.5) (\
sx50sy500 \sx50sy550 —0.5) (\sx50sy550 \sx50sy600 -0.5)

(\sx750sy200 \sx750sy250 -0.5) (\sx750sy250 \sx750sy300 -0.5) (\
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v
78

79
80

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

sx750sy300 \sx750sy350 -0.5) (\sx750sy350 \sx750sy400 -0.5) (\
sx750sy400 \sx750sy450 -0.5) (\sx750sy450 \sx750sy500 -0.5) (\
sx750sy500 \sx750sy550 -0.5) (\sx750sy550 \sx750sy600 -0.5)

(\sx200sy50 \sx250sy50 -0.5) (\sx250sy50 \sx300sy50 -0.5) (\
sx300sy50 \sx350sy50 -0.5) (\sx350sy50 \sx400sy50 -0.5) (\
sx400sy50 \sx450sy50 —0.5) (\sx450sy50 \sx500sy50 -0.5) (\
sx500sy50 \sx550sy50 —0.5) (\sx550sy50 \sx600sy50 -0.5)

(\sx200sy750 \sx250sy750 -0.5) (\sx250sy750 \sx300sy750 —-0.5) (\
sx300sy750 \sx350sy750 -0.5) (\sx350sy750 \sx400sy750 -0.5) (\
sx400sy750 \sx450sy750 -0.5) (\sx450sy750 \sx500sy750 -0.5) (\
sx500sy750 \sx550sy750 —0.5) (\sx550sy750 \sx600sy750 -0.5)

(p com_attend-red

=goal>
isa goal

state com_attend-red

?manual>

state free

=goal>
isa goal

state com_find-red

+visual-location>
kind stimuli

color red

)
(p com_find-red
=goal>

isa goal

state com_find-red
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108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

=visual
color r
screen-—

screen—

?visual

state £

—location>
ed

x =X1

y =Y1

>

ree

?imaginal>

state f

=goal>

ree

isa goal

state c

+visual

om_read-red

>

cmd move—attention

screen—

pos =visual-location

+imaginal>

isa arr
arrowX1

arrowY1l

)

ow
=X1
=Y1

(p com_read-red

=goal>
isa goal

state co

m_read-red

=imaginal>

isa arro
arrowX1
arrowY1l

arrowAl

W
=X1
=Y1

nil
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148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187

=visual>

angle =A1l

?imaginal>

state free

Il
Il
\%

=goal>
isa goal

state com_attend-blue

leval! (calc-slope =X1 =Y1 =A1)
'bind! =eAl *equA*

'bind! =eB1l *equB*

=imaginal>

arrowAl =A1l
equAl =eAl
equBl =eB1

+visual—-location>
kind stimuli

color blue

)

(p obs_find-blue

=goal>
isa goal

state com_attend—-blue

=visual—-location>
kind stimuli
color blue
screen—x =X2

screen-y =Y2

=imaginal>

isa arrow
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188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

(p

equAl =eAl
equBl =eB1
7imaginal>

state free

?visual>

state free

=goal>
isa goal

state obs_judge

=imaginal>
arrowX2 =X2
arrowY2 =Y2

+visual>
cmd move—attention

screen—pos =visual-location

)

obs_judge-reg

=goal>
isa goal

state obs_judge

=imaginal>
isa arrow

arrowX1l =X1

arrowYl =Y1
arrowAl =A1
arrowX2 =X2
arrowY2 =Y2
=visual>

angle =A1
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228

229 ?imaginal>

230 state free

231

232 ==

233

234 =goal>

235 isa goal

236 state obs_rehearsal-reg
237

238 leval! (convert-to-symbol-XY =X1 =Y1)
239 Ibind! =sX1Y1 *sym*

240

241 leval! (convert—to-symbol-A =A1)
242 Ibind! =sAl *sym*

243

244 +imaginal>

245 isa instance

246 startXY =sX1Y1

247 startA =sAl

248 endX =X2

249 endY =Y2

250 )

251

252 (p obs_start-rehearsal-reg
253

254 =goal>

255 isa goal

256 state obs_rehearsal-reg
257

258 =imaginal>

259 isa instance

260 startXY =sX1Y1

261 startA =sAl

262 endX =X2

263 endY =Y2

264

265 ?imaginal>

266 state free

267
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268 ==

269

270 leval! (rehearsal-random—ano)
271 'bind! =reh *rehx*
272

273 +imaginal>

274 isa arrow

275 arrowX1Y1l =sX1Y1
276 arrowAl =sAl

277 arrowX2 =X2

278 arrowY2 =Y2

279 rehearsal =reh
280 )

281

282 (p obs_carry-on-rehearsal-reg
283

284 =goal>

285 isa goal

286 state obs_rehearsal-reg
287

288 Ibind! =rr *rrx*
289

290 =imaginal>

291 isa arrow

292 arrowX1Y1l =sX1Y1
293 arrowAl =sAl

294 arrowX2 =X2

295 arrowY2 =Y2

296 <= rehearsal =rr
297

298 Pretrieval>

299 state free

300

301 ==

302

303 +retrieval>

304 isa instance

305 startXY =sX1Y1

306 startA =sAl

307 endX =X2
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308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347

(p

(p

endY =Y2

-retrieval>

(rehearsal-random-reg)

=reh *rehx*

leval!
Ibind!

=imaginal>

rehearsal =reh

)

obs_stop-rehearsal-reg

=goal>

isa goal

state obs_rehearsal-reg
Ibind! =rr *rr*
=imaginal>
> rehearsal =rr
Pretrieval>

state free

+goal>
isa goal

state com_move—button

+visual-location>

kind oval

)
obs_judge—ano
=goal>

isa goal

state obs_judge
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348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387

=imagina

1>

isa arrow

arrowX1
arrowY1
arrowAl
arrowX2

arrowY2

=visual>
angle =A

— angle

7imagina

state fr

=goal>

isa goal

state obs_rehearsal—ano

leval! (convert—to-symbol-XY =X1 =Y1)
'bind! =sX1Y1 *sym*

leval! (convert—to-symbol-A =A1)

'bind! =sAl *symx*

+imagina

isa instance

=sX1Y1

startXyY
startA =
endX =X2
endY =Y2
)

(p obs_start-rehearsal—ano

=goal>

isa goa

=X1
=Y1
=A1
=X2
=Y2

2

=A1

1>

ee

1>

sA1

1
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388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427

(p

state obs_rehearsal—ano

=imaginal>

isa instance
startXY =sX1Y1
startA =sAl
endX =X2

endY =Y2

?imaginal>

state free

leval! (rehearsal-random—ano)
!bind! =reh *reh*
+imaginal>

isa arrow

arrowX1Y1l =sX1Y1

arrowAl =sAl

arrowX2 =X2

arrowY2 =Y2

rehearsal =reh

)
obs_carry—-on-rehearsal—-ano
=goal>

isa goal

state obs_rehearsal—ano

'bind! =ra *rax
=imaginal>

isa arrow
arrowX1Y1l =sX1Y1
arrowAl =sAl

=X2

=Y2

arrowX2

arrowY2
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428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467

(p

<= rehearsal =ra

Pretrieval>

state free

+retrieval>
isa instance
startXY =sX1Y1
startA =sAl
endX =X2

endY =Y2

-retrieval>

leval! (rehearsal-random—ano)

I'bind! =reh *reh*

=imaginal>
rehearsal =reh

)

obs_stop—rehearsal-ano

=goal>

isa goal

state obs_rehearsal—ano

Ibind! =ra *rax

=imaginal>

> rehearsal =ra

Pretrieval>

state free

+goal>
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fex C

PIal—yayyY—RARa—7F|

468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507

isa goal

state com_move—button

+visual—-location>

kind oval

)

(p tst_recall

=goal>
isa goal

state com_attend-blue

?visual-location>

buffer failure

=imaginal>
isa arrow

arrowXl =X1
arrowYl =Y1

arrowAl =A1

Pretrieval>

state free

=goal>

isa goal

state tst_recall
leval! (convert—to-symbol-XY =X1 =Y1)
'bind! =sX1Y1l *sym*

leval! (convert—to-symbol-A =A1)

'bind! =sAl *sym*

+retrieval>
isa instance
startXY =sX1Y1
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508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547

(p

(p

startA =sAl

=imaginal>

)

tst_recall-failure

=goal>
isa goal

state tst_recall

Pretrieval>

buffer failure

=goal>
isa goal

state com_move—button

+visual—-location>

kind oval

)

tst_recall—-success

=goal>
isa goal

state tst_recall

=retrieval>
isa instance
endX =X2
endY =Y2

=goal>
isa goal

state tst_compare-—paddle
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fex C

PIal—yayyY—RARa—7F|

548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587

(p

(p

+visual-location>
kind stimuli

color black

=retrieval>

)

tst_compare—paddle

=goal>
isa goal

state tst_compare—paddle

=visual-location>
color black
screen—-x =pX

screen-y =pY

=retrieval>
endX =X2
endY =Y2

?imaginal>

state free

leval! (paddle-in =X2 =Y2 =pX =pY)
'bind! =inPaddle *inPaddle*
+imaginal>

isa predictedPoint
paddle =inPaddle

=retrieval>

)

tst_paddle—in
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588 =goal>

589 isa goal

590 state tst_compare—paddle
591

592 =imaginal>

593 isa predictedPoint
594 paddle 1

595

596 ==

597

598 =goal>

599 isa goal

600 state com_move-button
601

602 +visual-location>

603 kind oval

604 )

605

606  (p tst_paddle-out

607

608 =goal>

609 isa goal

610 state tst_compare-paddle
611

612 =imaginal>

613 isa predictedPoint
614 paddle O

615

616 =retrieval>

617 endX =X2

618 endY =Y2

619

620 ==

621

622 =goal>

623 isa goal

624 state tst_move-point
625

626 =imaginal>

627 screen—-x =X2
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628 screen-y =Y2
629 )
630

631 (p tst_move-point

632

633 =goal>

634 isa goal

635 state tst_move—point
636

637 =imaginal>

638 isa predictedPoint
639 screen—-x =X

640 screen-y =Y

641

642 ?visual>

643 state free

644

645 ?manual>

646 state free

647

648 ==

649

650 =goal>

651 isa goal

652 state tst_click-point
653

654 +visual>

655 cmd move—attention
656 screen—pos =imaginal
657

658 +manual>

659 cmd move-—cursor

660 loc =imaginal

661

662 leval! (write-xy =X =Y)
663 )

664

665  (p tst_click—point
666
667 =goal>
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668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707

(p

isa goal

state tst_click-point

?manual>

state free

Il
Il
A\

=goal>
isa goal

state com_move—-button

+manual>

cmd click—-mouse

+visual—-location>

kind oval

)

com_move—button

=goal>
isa goal

state com_move—button

=visual-location>
kind oval

screen—-x =X

|
-

screen-y =

Pvisual>

state free

?manual>

state free

=goal>

isa goal
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fex C

PIal—yayyY—RARa—7F|

708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747

(p

(p

state com_click-button

+visual>
cmd move—attention

screen—pos =visual-location

+manual>
isa move—cursor

loc =visual-location

leval! (write-xy =X =Y)

)

com_click-button

=goal>
isa goal

state com_click-button

?manual>

state free

=goal>
isa goal

state com_attend-red

+manual>

cmd click—-mouse

)

terminate

=goal>
isa goal

state com_read-red

?visual-location>

buffer failure
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748

749 ==

750

751 +goal>

752 isa goal

753 state terminate
754 )

755

756  (goal—focus goal)
757 (start-hand-at-mouse)
758 )




