Memory for Feedback Events Depends on Feedback Valence and Timing:
Evidence from Event-Related Potentials

Gerrit HOltje and Axel Mecklinger

Saarland University, Saarbrucken, Germany, Correspondence: gerrit.hoeltje@uni-saarland.de

Trial procedure in the probabilistic feedback learning task:

Exp. 1 Stimulus
0|
— = Choice

1 Introduction

3 EEG/ERP Results

« The brain systems associated with feedback-based learning and declarative ( IE . . . : :
- g . = Model-based single trial EEG analysis Early FRNp o time window
;nesrtT;(r)Tg ir:]?;/rea?teen disclosed (1, 2), but it is less clear how these learning | Delay by Memory Interaction (Exp.2)
¢ . : : : : JIR ~B and Pic FRNpeak time window Short feedback dela Long feedback dela
« We used a feedback delay manipulation to dissociate the contributions of ERN... time window o y o 9 y
both learning systems to feedback-based learning (3). \ / aiff ARG oo, S CRN. . SME
. Motivational and attentional confounds were controlled for by probing time FCzV ¥ + Model-derived RPE b B ‘7 peak
memory for task-irrelevant scene pictures presented together with feedback EXp. 2 Fixation 02 estimates strongly 6 61 ' R — Postits
In a probabillistic learning task (4). S correlated with single trial L ¥ — Neghils
. - © 0.1 ; : : -
« We explored ERP correlates of two functionally distinct aspects of feedback : EEG Qata. | 21 2 /
processing: General expectancy violations as reflected in the FRN ., (5) Choice and Delay S 4 ‘ Sl_gmflca_nt correlatl_on_s o5~ ol /£ |
and positive reward prediction errors as reflected in the FRN (6). - 3 with unsigned prediction Y T TS
Ixation — _RPE errors (expectancy
Short FB delay ST Long FB delay ST o1 —SPE violations) only in the early Subsequent memory for feedback pictures was associated
/ procezesingagFRN) ,,,,,, - proceeszingaE:FRN) 0O 200 400 600 800 FRNpeak time window. with diminished FRNpeak amplitudes, but only in the long FB
Procedural Procedural |-~ Time (ms) delay condition.
{1 Interaction (FRN-SME)
Declarative Declarative . :
. \ Memory encoding - \ Memory encoding Late |:RNdiff time window
i) el Valence by Memory Interaction (Exp.1) Delay Effect (Exp. 1 and 2)
FRN; FRN,
FCz FCz — Pos Hits :VCZ . o — Short FB Delay FCz i
pv | HV | — Pos Misses N ! & — Long FB Delay ©° | \ - gﬂog Be:ay ui_ts
4] FRN < SME  4{ ! — Neg Hits ! | — Short Delay Misses
| ! ! — Neg M | _ | — Long Delay Hits
2 M eth Od S EXp- 1 (N — 23) Y 5 | : o9 TISSES 2] E 4 : — Long Delaz Mlisses
Learning phase: i R s o ; . 2] 2| 2| o Do
* Probabilistic feedback learning task: Participants learned associations _— }\\/{—:{ § o3 a ., ; o o |
between four different Chinese characters and two response keys. Two 5 |/ ] § oo} " 4_2'00 o T T %00 0 200 400 600 ms
characters were assigned to each of the two feedback delay conditions = P o 01} B _ o _ 0 _ o
(short: 500 ms, long: 6500 ms). 20/ hor FB Delay = | : ,::: ERP_ mean amplitudes n _the FRNg & time Wlnd_ow In bo_th experiments, shortly delayed FB elicited larger FRN
. Exp. 1: Scene pictures presented simultaneously with positive or negative S -ono B betay predicted memory for positive, but not for negative amplitudes than long delayed feedback.
taedback | sock PosFB NegFB feedback pictures.
- Exp. 2: Scene pictures coded feedback valence (outdoor = correct, * Feedback delay did not affect learning and memory. |
indoor = incorrect). * Positive FB pictures were remembered better than negative ones.
Test phgse (appr. 20 min later): N | | Exp. 2 (N =43) 4 D|SCUSS|On
» Surprise memory test, old/new decision (six-step confidence scale). 100 08 *
EEG recordings (learning phase) %0 £ 06f : . .
. 28 electrodes. mastoid reference. ICA-based occular artifact correction 5 | 3 . « Better memory for long delayed FB pictures only when picture content had to be processed (Exp. 2).
. ERPs: Subseéuent Memory AnaI;/sis (> 7 trials per condition). <§ ol § | . {é’?_ % ja;; * As evidenced by a Delay by Memory interaction in FRN,.,, amplitudes (Exp. 2), enhanced memory for delayed feedback
» Correlations between single trial EEG data and reward prediction error (RPE) col. Shor £ Doty - =Y = oy events comes at the cost of diminished feedback processing. This suggests that when feedback is delayed, feedback
estimates derived from a Computational reinforcement |earning model (7) L | | Lolng FBDeIIay ol °3° ’ o : processing and memory enCOdlng COmpete for similar neural Processing resources (9)
Feedback-locked ERPS: Y bk Pos _Neg  Pos  Neg  The results of the model-based single trial EEG analysis confirm that the processing of general expectancy violations
cedback-lotke S “old” (Hit cronbey ool (unsigned prediction errors) is primarily reflected in the early time window in which FRN ., effects were present (9).
1 Subsequent memory effect (SME) - O (Hit) « As expected, long delayed feedback pictures were remembered _ _ _ _ _
“old’ better than shortly delayed ones. » As evidenced by large FRNz amplitudes, the processing of shortly delayed FB strongly relied on the procedural learning
/ | « Indoor scene pictures (negative FB) were associated with better System.
‘new” (Miss) memory than outdoor scene pictures (positive FB).  When feedback processing focused on FB valence (Exp. 1), positive FB pictures were remembered better than negative
« Error margins are 95% Cls based on the mean square error of ones. In conjunction with the Valence by Memory interaction obtained in FRNgs amplitudes, this suggests that the
the depicted effect (8). processing of positive reward prediction errors boosts memory for task-irrelevant scene pictures (10).

Refe rences (4) Murayama, K., & Kitagami, S. (2014). Consolidation power of extrinsic rewards: reward cues enhance long-term memory for (8) Jarmasz, J., & Hollands, J. G. (2009). Confidence intervals in repeated-measures designs: The number of observations
irrelevant past events. Journal of Experimental Psychology: General, 143(1), 15-20. principle. Canadian Journal of Experimental Psychology/Revue Canadienne de Psychologie Experimentale, 63(2), 124—-138.

(1) Eichenbaum, H., & Cohen, N. J. (2001). From conditioning to conscious recollection: Memory systems of the brain. New (5) Ferdinand, N. K., Mecklinger, A., Kray, J., & Gehring, W. J. (2012). The Processing of Unexpected Positive Response (9) Holtje, G., & Mecklinger, A. (2020). Feedback timing modulates interactions between feedback processing and memory U N IVE RS I TAT

York: Oxford University Press. Outcomes in the Mediofrontal Cortex. Journal of Neuroscience, 32(35), 12087-12092. encoding: Evidence from event-related potentials. Cognitive, Affective and Behavioral Neuroscience, 20(2), 250-264.

(2) Shohamy, D., & Daw, N. D. (2014). Habits and Reinforcement Learning. In M. S. Gazzaniga & G. R. Mangun (Eds.), The (6) Proudfit, G. H. (2015). The reward positivity: From basic research on reward to a biomarker for depression. (10) Holtje, G., & Mecklinger, A. (2018). Electrophysiological Reward Signals Predict Episodic Memory for Inmediate and D ES
Cognitive Neurosciences (5th ed., pp. 591-603). Cambridge, Mass.: MIT Press. Psychophysiology, 52(4), 449—4509. Delayed Positive Feedback Events. Brain Research, 1701, 64—74. SAAR LA N D ES

(3) Foerde, K., & Shohamy, D. (2011). Feedback timing modulates brain systems for learning in humans. Journal of (7) Daw, N. D. (2011). Trial-by-trial data analysis using computational models. In M. R. Delgado, E. A. Phelps, & T. W. Robbins
Neuroscience, 31(37), 13157-13167. (Eds.), Decision Making, Affect, and Learning: Attention and Performance XXIII (pp. 1-26). New York: Oxford University Press.



