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Discrepant predictions from computational models of associative
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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
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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 ) N X

SPH Model 0O @) O 0O X

EH Model O @) ) O X

TD Model 0] @) ) X A

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

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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Table 2. Partial reinforcement schedules adopted by Experiment 2
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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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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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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).
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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.
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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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=5ttt o] AlgdolEoAE GUI 7|8e g thofst sk ARl A-835A4 Rescorla-Wagner 22, Mackintosh 24,
Pearce-Hall 1@, Schmajuk—Pearce-Hall 22, Esber—Hasselgrove 22, Temporal Difference R@9] EAJS HwT 4 L
o}, A5E flote] KUCSE ARgote] 712490 A% 273t @41 acquisition, extinction, blocking, conditioned inhibition,
latent inhibition, second-order conditioningS 2z} REoA AT 4 Qx| SRIFT, O] AP o|Sof Hst E 7t
A Mz AMES skl Tk, BAS] Etdo] EAict: Sk Alge ARSol 2de] ¢t (association strength)
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https://github.com/knowblesse/KUCS ©f| F7i5}%ct.
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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 =Vi+HAve
B 0=V i
AV{SZ{ t \A Sgt t/ 1fCSs € Trial t B =0.1
0 otherwise B, =0.05
5 {/iacq A >0 -
B = -
! ﬂ ext )‘t =0
RW V¢ Association strength of CS s at trial ¢

A US intensity at trial t
o Salience of CS s (Usually, the physical intensity of the stimulus)
Bt Learning rate at trial t

S v': Sum of all V values of CS s presented at trial t

s'Et

Ve, =VE+AVS
AVS= {afﬂt()\t—vf) ifCS's € Trial t
o otherwise
P :{ﬂm A >0
t

ﬂext )\t =0 ﬁacq =0.08
af+1:ats+A(1f ﬁcx[:0‘04
s s Xo__ s’ s k=0.05
Df=I\—V§, D= —((S;vt )=V =009
Mac DS <D k(1—a?)(D;"=D¢)/2
Ao} =D =D —ke
sy Xs
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
J— — J— EP : : A _
Ve, = Vi+ AV 'A\/f: {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 ) _
Q41 :‘/\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
VtS+1 :Vts+ AVtS AV:{S atﬁext)\t t sgt t SAfo 3
0 otherwise ‘SB B 0'3
— — — (s X A=V 0 P
Vi, = Vi AVS AVf{S offuh N2V B =0.1
SPH ] 0 otherwise Binp =0.09
= (DV)-A V=02
s'Et
=X
s Et

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

o[ = (B VT30V iress e Trialt 5., =00
AV = sEt SEt B, =0.03
0 otherwise "
— = ﬂlm =0.04
Vi =Ve+ AV o B, =0.02
s a‘?ﬁz((ZVS‘*EVS‘)*At) ifCSs € Trial t k;O.Q
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
Wy =W AW _ 3=0.875
AW = c(\, ,ymax (w]z,,0) —max (w/z,_,,0))z; c=0.08
- o
X=0x_+(1-8)x_, v=0.95

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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