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Discrepant predictions from computational models of associative
learning on the effect of contingency uncertainty’

Ji Hoon Jeong, Yang Seok Cho, June-Seek Choi'

School of Psychology, Korea University

The role of information uncertainty has wide implications ranging from emotional modulation to optimal decision making. Yet the

concept has been employed as an ad-hoc explanation for various phenomena. One useful approach to the problem is to use a

formal computational model to test different parameters extracted from animal and human studies on stimulus uncertainty.

We developed an integrated simulation environment written in Matlab (Korea University Conditioning Simulator: KUCS) which

provides graphical user interface for several influential models of associative learning such as Rescorla-Wagner model, Mackintosh

model, Pearce and Hall model, Schmajuk-Pearce-Hall model, Esber-Hasselgrove model, and Temporal Difference model. Using

KUCS, We first demonstrated common predictions on basic conditioning phenomena: acquisition, extinction, blocking, conditioned

inhibition, latent inhibition, and second-order conditioning to confirm the validity of the simulator and to find some novel

limitations and predictions. We then generated a series of data under uncertainty and compared them with animal and human

experiments to examine how the models’ predictions on the associative strength and associability concur with the experimental
data. The simulator program is available in https://github.com/knowblesse/KUCS

Keywords: modeling, associative learning, learning model, reward uncertainty
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Aefstola 7HE ol & A F Sl Rescorlat
Wagner®] <8]2 Agshy Rdo] 19724 #HaEH o]% &
ARRE 22 AFolet ok Y E 285 thRt Hdso] A¢t
Hdct o= X (prediction error)o] 7]HHeE Rescorla-
Wagner @ (Rescorla & Wagner, 1972) o]eldx 9]
(attention)®]| 7]¥Fst Mackintosh R @ (Mackintosh, 1975),
B840 7|9t Pearce-Hall 2d 9 o]& 4%t
Schmajuk—Pearce-Hall 22 (Pearce & Hall, 1980;
Schmajuk & Moore, 1985), 7Z3lets o|Eof 7|qHgh
Temporal Difference 2@ (Sutton & Barto, 1987), & 7}4]
nds Aget sto]lHe|E dll(Esber & Haselgrove, 2011)
5ol tEARD dolrt. ol Aty RUEL Al7et

[

2 Aot AdE]o] HARI R AFHAl] gt TS
AFs7|E 5F¥a(Moore & Choi,
DiCarlo, 1991), Q&A% #oke] AtelA A4 darelE
5 Shtal Akt A AelslE
Barto, 2018).

g, 9 BdsE2 &
A ARgSHE mhetm|E

1997; Schmajuk &

59 HSutton &

Xore

S Age] tigh ZEAQ " FAlo] JPE Ho]
. E3] £27 A=(unconditioned stimulus: US)2] Hl

Yot Wstele BE 73SHA| 2 (partial reinforcement)

* R AFE EAFA G A he dol =3E 912 (2020R1A2C2014830, 2021M3ES5D2A01023887, 2017H1A2A1044665).
T WAAA HEA, sty H2sta, (02841) AEAl AEF 2 145, E-mail: j-schoi@korea.ac kr

- 265 -

DAHE | IP:163.152.75.x+* | Accessed 2022/01/14 12:23(KST)



The Korean Journal of Cognitive and Biological Psychology

ojtf HAifo] FEHOR Foj= HAF EFAHA (reward
uncertainty) F&ol diojAs REnit ASchs AT
At der. ot ARG Bdug A3 @44
(saliency) ] W3k} ARte] ALE A&she WAl H=7]
miolct. Ly Ag7kAe] dekels mdd] Bt A4E
< JEAQl Hle] DAY A4S A Z2Tdo
ofsf A= g, o= FEA FAU ARG HEJA o]
oz ot Ad mvdes FIsHIvE o
(Mercier, 1996; Lipp, Stephens & Smith, 1999).

metbs B dFogMEe Fe stE g 6714,
Rescorla-Wagner (RW) 2%, Mackintosh (Mac) 2H,
Pearce-Hall (PH) &%, Schmajuk-Pearce-Hall (SPH) &
4 Esber-Haselgrove (EH) X2, Temporal-Difference
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HH] AZEQJo] Korea University Conditioning Simulator
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o8 LFAR S olF USete] g Aol =olAle

Latent inhibition, no-US2}te] g2 ’55”‘33— Conditioned
inhibition, &3 21 US AA]l glo] ARde] USeE A+
CSE &7 AAste] USeke] dgto] Ho|xl= Second-order
conditioningo|tt. FAAQ Sh5 AY HE 19 7|AstS
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ol 847} Brele] 2 2 A MRS Skl A3
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Table 1. Summary of simulation results from basic conditioning phenomena

Acquisition/ Conditioned ) Latent Second-order
Extinction inhibition Blocking inhibition conditioning

RW Model 0O @) 0] X X

Mac Model 0 X ) 0 X

PH Model 0O 0 ) A X

SPH Model 0O @) O 0O X

EH Model O @) ) O X

TD Model 0] @) ) X A

O: Success; X: Failure; A: Partial success

TD R2dERto] second-order conditionings AHE 4= 9l
A A Sutton & Barto, 1987). TH|EAE US
A& conditioned inhibition &4
A9 Mac RS Aeld Eole FARE Fsls
L 7120] ol kool ke wele] S4ola o
et AEHolH Avke Fdsto] Table 1 o aoFsiort.

43408 daste

o © I

Conditioned inhibition (CI). US®} 4= CSLE A2E
CS, CSg¢} US 040] Zﬂ/‘]g}“‘q o] CS& “USY —‘?—Zﬂ”i} ﬂﬂ
=]

ECS) 1} qm

ARz A

x4 X}J(exatatory condltloned stimulus:
He s 7HA "Ho & Che
(inhibitory conditioned stimulus: ICS) ©] Ht}, ICSe] &}

£ ECS} Al AAE 7%, ECS 502 AT of
Hr} CRe 3277} Eo]t: dANsummation test)o|H}, ICS
£ oA USet AR A Al o Aoz S5l 2
= A4 (retardation test)= 5o AAR & S5olA &
ofgo] ZlE itk (Pavlov, 1927).

RW 2d3 TD Rde ICSQ]' ECSE Z& aofAe o
4 WEz BAYCL £V 52 w @to] gFH CSt
ECSelx 45 7hd ICSE AH5shA ot 3 PH 29
SPH Bdl, EH Rde ICS9 ECSE 22 Ao 74 &
3, CS9] RA(no-CH)E d&she W4, V & A2 THE
AV Vel e 2% whsol sty gtk ol
RE% Cl Y extinction 5 ICS9] 7iQlo] Hagh dAS 2
sttt

SHEAE Mac E““E conditioned inhibitiong A5}
A Redch. ol F1E EREON ¢ WL AHEA b
Mac 29| HAE At 715 Itt. RW 2@ Mac 22
o] F8% Aol F Stz o5 atof| ogt vV gte] ws}

— 2Vl A1I8HEA ohgE (A= V ) o 7]

stk & 4 el AAE e V CSETe] Auzt
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87 dHA o2 EAGH] G=th olF Heksial
| 38 Uiz Qo) Mac B2
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4 a7t S71t= Aot CSA/CSp— Al RW Zdgle
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@750l Frtete, AwAY A dAsA] g 49
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27t o Fol F7ietth meEtd Mac 2de CI AxE o}
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Figure 1. Example outputs from KUCS. Solid lines indicate the V value, and dashed lines indicate the associability of each CS. Key

1
100
trial
CsA CBA
——" e— ]

parameters for all the models were adjusted to produce similar scale in acquisition and extinction curves. Formal mathematical
equations and parameters employed in each simulation are listed in the appendix. A. Conditioned Inhibition: RW model and Mac
model. The first 100 trials were CSa+ and the second 100 trials were CSas—. Mac model failed to produce conditioned inhibition as
V for CSp continue to remain at 0 (solid gray line) on trials 101-200. In addition, the associability of CSg increased during the same
period (dotted gray line), which is also counterintuitive. B. Latent Inhibition: SPH model and PH model. Each model simulated 100
trials of CSa— and 100 trials of CSa+. For the comparison, a new CSp (gray line) is introduced from trial 101. SPH model shows
retarded acquisition of the CSa (solid black line) during the acquisition (trial 101 - 200) compared to the CSg(solid gray line). This is
due to the non-reinforced CS presentation in trial 1 — 100. PH model predicts latent inhibition only partially because the decreased
associability during CSa— trials only affects the first trial of following reinforced trials (trial 101-200; inset). SPH model used altered
gamma value: = 0.05 to enlarge the discrepancy. C.(top) Simulation results of TD model with two different CSpp— trials’ stimulus
time configurations. Only when previously conditioned CSs is presented after the to—be-associated CS, the CSg gains positive
association with the US (right). (bottom) Stimulus time configurations of each experiment.
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4= glth. TD 29 A Vo] 004 &8st M= CS7t
g=og AAE B ol ksl wtYsts 94 A7t
glofAl LIE FdotA] Zateh wrae] A7ls4d o7t 7H
Sh= Mac R4y} PH R4 SPHRHE EH Rde o]zst
55 A|AS Vo] ofd EolE ol A% JFe= Ayt
=

PH 299] ¢, affo] Hi= A Aldo] ofsjAut 24
02 CSa— AlgolA CS pre—exposures ZaPstH F HA
A[RPEE] o Flo] 00] Hof o] ohy @il ot BAIR
H7)ol= ojdgt ZHo| it FAKSHAl CSat Ald¥ollA] US
7F ol AAEZ] AR A Ao diRdET oy
o] Ax3t FES HolAut 11 o|FRE tixFe] 2oz}
At A (Fig. 1B inset) A9] 22 FHI 5= Hel
of. ¥ SPH 2E2 PH RYO g®sh: od e F
7tste] HRIE ¢dlske @5o] etz PH RHlof HsiA
Fgol ol Aol FF

CS pre—exposurez gt o =02
eF tHIE KA.

2 WA, ol gazd AT

Second-order conditioning. ©|#e] USet Ats FAHH
CSa9] At (association strength)o] 2L CSp= Folx]
+ second-order conditioning< conditioned inhibitorg T
T Ay AYa A FA4(tial configuration) TollA]
FYoIHEE 1. whzoll, ARF 7]¥Htime—based) ROl

Table 2. Partial reinforcement schedules adopted by Experiment 2

5 @S FEY 4 9loen, CS7t conditioned
inhibitor”} = 2], second-order conditioning®]] &3+ =&
excitor7b 2= AIFAQ AE Axjol] oo A ETh(Yin,
Barnet, & Miller, 1994). H# CSp+ AJE0] CSa/CSp-
AlRIERTE W] A7} Eojof skal, CSu/CSp— Aol Y
5 o] AXER] grotof ghrh. E5] CSa/CSp— Ald¥ollA 7t
CS9l Al HiAZ FQgtd, CSp AA HiE 239
CSaZt AA=ofoF second-order conditionings 4o 4=
AcHKamin & Szakmary, 1977).

AlEgoldoll AFERE fdgt AIZE 718F mEQl TD =
oAl second-order conditioning= FAY 4 Ao, o
A AAE 20E TS ofgl CS7h Y wo ke 7HE &
U TD 2dE RW Rd} fARE JHi2 wiks W73
shedl, BEgE A T dEgh YV - YV ool 9
off shxo] APEE= RW Rdat g dAjo] #Egl A5

2ol FO+wix )3 old Azl elEgw'x, o] &

o

g o]

£k

5

=2 =

£ Zol= Hgko g w el #st
dojudtt, of7|A] @A A=FH(w, x,)o] USet 2 9T
S S CSpol dgtEo] CSpz Hold 4= gl o] wjo]
¥ w gZ 7HE CSa7t CSpolFoll uretop US| dhgh
ot} (Fig. 10)

A+ ywlx, —wix,_,

Schedule
Schedule Name
Acquisition Extinction(Testing)
Conti A+(0.5) A-
t
Haselgrove et al. (2004) ontnuous 100 trials 100 trials
Partial Reinforcement
Extinction Effect Partial (A+(L0), A A
50 repetitions (100 trials) 100 trials
A+(1.0) 25% A
Expl @ Uncertain A= 75% .
. 100 trials
100 trials
. A+(0.25) 100% A-
Expl : Certain . .
100 trials 100 trials
Cho & Cho (2021)
Uncertainty—Driven A+0.10) 25%
. A+(0.25) 25%
Attentional Capture A-
Exp2 : Uncertain A+(0.75) 25% _
100 trials
A+(0.90) 25%
100 trials
. A+(0.5) 100% A-
Exp2 : Certain ) .
100 trials 100 trials
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AT 2, Y| EEL

AT 2= AF 1ol AFEAle] gl AlEdelH
401l el el Bl ol 90
Siich. PR, ¥ A5 B
o] AekAo] o =2 Q_JI-O 5t o] AA AY
Pk rars AR A = =
sgd, 58 Aozt 28 AT¢l g A9 =olE
A vrse *]-QEH/H Partial Reinforcement Extinction
Effect (PREE)E &4 A+(Haselgrove, Aydin & Pearce,
20005 AHESEAAL, A AdomE Eohdtt A= g
Value-Driven Attentional Capture (VDAC)E =43+ A+
(Cho & Cho, 2021)5 st

Hi
=]

[

AEHold ¥ 2d v,
AHgaiA AlEEO]AS HePstslon, miatnlE
© wa #®7)skgrt

<5 AE. 2 9= Table 39 355 AYES AL F
AT BT g 7kA] CSE ARgsHleH, 2748= Cse oA
AAEE US| ok} sHgo) an(xﬂtﬂﬂowﬂﬂﬂ
e A+ ANEA g - & #7lstglon AAE
USe] di#Ql 271 &2 ¢ ] B o] e I o e
et AlEdlold AxE v uncertain 1E|A A
AlEl= Alge] =Alo whebA i% A7t vga gEirich
H2ol, A2 o2 A& o= 10089 AlEHolde &
g %, Hatghs ARgste] HlwE A3

<
r“ Ty O

l‘_‘_l oﬁ,

23 2 =9

Partial Reinforcement Extinction Effect in rats (Animal
Study). Hl@ Aol AT FE dlolEl: PREES] 43S
Fe 845 ) 9P TR md A48T 3 44

Pavlovian conditioning A¥e=z A= oQlth(Haselgrove

et al., 2004). o] &, FLet ¥ USE €S o A&
slo} BB 715l7} o]F extinction sessiono|A o® %35k

B

NA=AE I A W A HolHE 2Y By 24
Qloll Argstltt. Aol 499t food pellets AR
| 245 HYode ARSI, A7 U= o 9

F3719) Aok 34E CRE AMESI9H 5E52 U
CSutet 17H9] food pelleto] AAE= continuous X713} 2
7} food pellete] 50% TEZ AAEE partial 2702
o] acquisition sessione 8Pt F T ®9] extinction
5ol PREEE SAotAtt. A4AES acquisition
sessioneMe= & IF P Aolrh glole
session®l|A] partial ZIFolA] extinction®] A== PREEE
ﬂﬂﬁ”‘:}ﬂ Hstoich(Figure 2A). AdlolA AMEH o5
AgE iz A& Algeolde APsal, o7|A4 =
=59 V 4 55 A 2AE 8wl

AEFeld Ay TD RES AQsty RE
partial 78} ZZAA acquisition & V FHe
continuous 78 AR =4 Ugth(Table
2B). ol= & XA FARRE acquisition A4S el &
= B5 A= v Ayt E3L PH 2EO] ¢ CSat
A3t CSa— Algo] §iZot AA == 55 Algoe B4
ARl ghgo] dojubz] F3tt o]= PH 2@ 9] associability
7b vi2 - A139] uncertaintyol¥F o]&Este] Mot E A
A=lol 7] wZolth. WA 2A=s F ¥ A+, & {9

b o o 0>‘~

o

==

SCSSIOI’IE

extinction

e A
)27
4, Figure

Table 3. Summary of simulation results from partial reinforcement schedules

Asymptotic V compared to

Time to reach the

continuous reinforcement asymptotic V PREE™
RW Model Higher Similar X
Mac Model Higher Similar 0
PH Model* Higher Longer X
SPH Model Higher Longer X
EH Model Higher Similar O
TD Model Same Same X

O: Success; X: Failure

* The CS from PH model only forms association with the US when two + trials and two - trials are presented in alternating manner.
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A Acqusition Extinction
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Figure 2. Partial reinforcement extinction effect (PREE) in experiments and simulations. A. Results from animal experiments
(modified from Haselgrove et al, 2004) Animals went through appetitive Pavlovian conditioning with two different schedules:

continuous and partial. Animals in the continuous schedule received one food pellet (US) after each CS when those in the partial

group received double the amount (two pellets) on half of the trials and no pellet on the other half. The CR was measured by the

approach toward the food magazine. During extinction, CS—only trials (no pellets) were presented. Although the asymptotic levels

were similar for both continuous and partial reinforcement schedule at the end of the acquisition, the subsequent extinction session

clearly shows PREE with partial group responding at a higher rate throughout the entire session. B, Simulation results from KUCS,

Trial 1-100: acquisition; Trial 101-200: extinction. RW model and Mac model predicted a higher asymptotic associative value for

the partial reinforcement condition due to greater lambda (0.5 vs. 1). After equating the level of associative value at the beginning of

the extinction, PREE is only replicated by Mac model (dotted gray line).

A= A9 AR AAol: B AlgS AREStoe] BlaskS
ct.
Mac B2Ey} EH 2499 A&

AZb A dojute dA4e] TSI
acquisition ©]% Ao g =2 HHE 7}3]
A% 738t 2717 YA AL (Figure 2B 34 HA) §7]
ek ol#gt A= B2 F2 A7 (Humphreys, 1939;
Mowrer & Jones, 1945; Harris, Kwok & Gottlieb, 2019)
oA SRI=Y AN = A Aotk dA|sk= Ay

EN

sy

1o

<

N
oo rlo B

olt}, PH Ry} SPH RYE extinction = A
2V #Z BHOoUY acquisition & F 24 FV FS

AN 1w} At

o)

=

i)

|o

il

e Hr

5

Effect of uncertainty in value—based attentional capture
human, Value-Driven Attentional Capture (VDAC)E
o s} A AFe] BroHoR Fost o]
Arolth(Anderson, Laurent & Yantis, 2011). ©]2|st FA:

visual search taskE AMSSlA SHY 4= =T, AR

B rlo et Hi
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Table 4. Summary of simulation results from uncertainty—driven attention capture

V value in uncertain condition
. . Reversed V value
compared to certain condition

Expl Exp2 Expl Exp2
RW Model Higher Same X X
Mac Model Same Same X X
PH Model Higher Higher X X
SPH Model Higher Higher X X
EH Model Higher Higher 0O )
TD Model Same Same X X

O: Success; X: Failure

* The CS from PH model only forms association with the US when two + trials and two - trials are presented in alternating manner.

Experiment 1
PH : Exp1 EH : Exp1
A 660 . : 07 p e p
o "a‘drf ‘f‘s"f“” exp1 uncertain exp1 uncertain
— ain distractor ———expl certain ——— expi certain
o distractor o6l 06
640 - i
o5t o5t
620 -
z 04 04
£
= > >
1
600 03t 03
ozt 02
580
01 0.1
560 L 4 L 4 L 4 o . . . . 0 . . . )
Block 1 Block2 0 50 100 150 200 0 50 100 150 200
trial trial
B Experiment 2 . .
PH : Exp2 EH: Exp2
660 . : 07~ p: 07 p
exp2 uncertain exp2 uncertain
—— oxp2 cortain —— oxp2 certain
06 06
640
05+ 05
620 -
7 04t 04
£
= > >
o
600 { osf 03
02t 02
580
o1t 01
560 L L L L o o
Block 1 Block2 0 50 100 150 200 0 50 100 150 200
trial trial

Figure 3. Comparison between experimental and simulation results based on uncertainty—driven attentional capture experiments in humans
(Cho & Cho, 2021). During the training phase, participants were presented with two target colors that are different only by the associated
reward variance: certain vs. uncertain. After the training, the degree of the Value—Driven Attentional Capture (VDAC) was measured through
a visual search task with two previously paired colors as distractors. Experiment 1 modulated reward uncertainty with respect to the presence
of the reward: 75% of no reward condition and 25% of reward condition, while maintaining the expected value same as the certain distractor
condition. On the other hand, participants in Experiment 2 received reward in every uncertain condition, but the reward magnitude was
varied. Experimental results were depicted on the left column of each figure. A. (Left) Increased RT in the uncertain distractor condition
during Block 1 indicated the VDAC effect favored uncertian reward presentations althouth the effect faded in Block2. (Error bars *1
within—subject SEM) (Right) Simulation results of PH model and EH model. During the training period for the uncertain condition, all
simulations used 100 pseudo-randomly mixed trial configurations and mean V value was used. (gray shaed area : 1sd) In both models,
uncertain CS acquired higher V values during the acquisition (trials 1 — 100). This discrepancy was decreased during the extinction (trial 101

- 200) and even reversed (EH model) after trial 150. PH model ans EH model used different set of parameters: PH :S™ = 0.02
EH: (3, =0.06, ﬂlﬂ =0.01 B. (Left) In experiment 2, the uncertainty distractor was paired with four different reward outcomes but

had smaller variance compared to experiment 1. Interestingly, the VDAC effect was marginally reversed in Block 2, indicated by the higher RT
in the certainty distractor condition. (Error bars +1 within—subject SEM) (Right) Although PH model showed a similar prediction as
experiment 1, EH model simulated reversed VDAC effect during trial 141-200.
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A AEOl 29442 AA 2ERE oAHEA 227 tefRt ool = 71X TRy B2 A 9
7b A7 ke vhoket A @45 A9 ABos ARgEoIf. o] 1@ wAE dshs & 7HA] e ALt 7
de Ao, ol FE AFE A Axfe] Agoi Bl mE 25F Aol ZF BE9| G52 E Bl Ao]
o} B2 AFoAE= Matlab 7]5F d3tsks 24 AlEd#old 5823 (Korea University Conditioning Simulator: KUCS)2
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Pearce-Hall 1@, Schmajuk—Pearce-Hall 22, Esber—Hasselgrove 22, Temporal Difference R@9] EAJS HwT 4 L
th. 2SS QI5te] KUCSE ARgste] 7]1224Q1 A%t 27A8F A1 acquisition, extinction, blocking, conditioned inhibition,
latent inhibition, second-order conditioninge Z+ REA AT 4 Q=] SRIGT, Balo] MY} & et H 7}
A Mz AMES skl Tk, BAS] Etdo] EAict: Sk Alge ARSol 2de] ¢t (association strength)
I ARb7bsAd(associability) Ftol AAl TEA A A9 dlolHet dASst=AE Felstth Aol TR
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L
BE | 47 19 84 AY
Appendix Table 1. Experiment schedules

Acquisition Extinction (Testing)
Acquisition/ A+ A-
Extinction 100 trials 100 trials
Conditioned A+ AB-
inhibition 100 trials 100 trials
A+ AB+
20 trials 100 trials
Blocking
AB+
rest
100 trials
A- A+
Latent 100 trials 100 trials
inhibition B+
rest )
100 trials
Second-order A+ AB-
conditioning 100 trials 20 trials
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FE 2. AEF oA AMEe BY 44
Appendix Table 2. Model equations

Equation Default parameters

Vi =ViHAve

BN -V ;
AV{SZ{ B Sgt t/ 1fCSs € Trial t Boeg =0-1
0 otherwise B, =0.05
_[Bag A >0 -
ﬁt B ﬂext )‘t =0
RW VSt Association strength of CS s at trial t
A US intensity at trial t
o Salience of CS s (Usually, the physical intensity of the stimulus)
Bt Learning rate at trial t
3 v Sum of all V values of CS s presented at trial t
s'Et
Vi =ViHAVS
AVS= {afﬂt(/\t—vf) ifCS's € Trial t
o otherwise
5= Baeg A >0
t 6th )\t =0 Bacq =0.08
of 1y =} + 40} St~
s _vs X _ _ sY_vs =0.05
Dt 7"\ Vt |’ Dt ‘/\t ((Sgtvt ) Vt)| e=0.02
Mac DS <D k(1—a?)(D;"=D¢)/2
Ao} =D =D —ke
sopXe
Df>D;" ka
Dy Discrepancy between the real and predicted US intensity by CS s at trial t
D, Discrepancy between the real and predicted US intensity by all other presented CS except CS s at trial t
k: Proportional parameter (0s k) (The degree to which predictability affects association changes)
e: Small value to make Ao} negative when DF=D,**
V=V Y
S .S M :
VS, =VEHAVS AV = {S ol ifCS S.E Trial t
0 otherwise
N J— J— EPN : : A_
Ve = Vi+AVS AV = {S ol A, 1fCS S.E Trial t SB =0.04
L 0 otherwise SP=0.04
)‘[:(va* ths)f)‘t
pH s'Et s'Et , _
Qi1 :‘/\mf(Evff ZV:)‘
s'Et s'Et
Vfl Net prediction of US
Vi Associative strength between CS s and no US in trial t
S®: Saliency of CS s
Vi=v-n
S A= DVE>0
Vi, =VEHAVS AVE{S o h 2V A o3
0 otherwise ‘SB B 0'3
— — — (s%g X A=DVEs 0 P
Vi = Vi+AV? AVE{S Wi EE:‘[ ‘ Boxt =01
SPH ] 0 otherwise Binp =0.09
/\t:(zvf)*/\t =02
s'et
S = {'Yi)‘[ - Z '
t s'Et

~: Proportional parameter (The degree to which uncertainty affects association changes)
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V=V
Vi =ViHAVS

o JasB = (V=3 V) ifCSs e Trialt h,, =005
AV = sEt st ) B, =0.03
: 0_ — otherwise B, =004
Vi =Vi+Aav, o 8, =0.02
s a‘?/)’z((ZVS‘*EVS‘)*At) ifCSs € Trial t k;(),g
EH Avt = s'Et s'Et re- s
. e s =0.02
0 otherwise
thie; s :threﬂ s_,'_Athrea s
A

@ Unacquired associability value of CS s (Innate associability of the stimulus. Usually,
the physical properties affects the value)

¢! Acquired associability value of CS s

Wi =W AW _ B=0.875
AW = c(\, ,ymax (w]z,,0) —max (w/z,_,,0))z; c=0.08
X =Ax A= B)x

X' Eligibility trace of CS s at trial t

D w; © Weight of CS s at trial t. Analogue of V¢
Wi, X; - Weight and CS vector of all CS at trial t
¢ Learning rate
0 Eligibility trace parameter

~: Relative importance between presence and onset/offset of the CS
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