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Su m mary Earliest brain signatures of choice at iterated prisoner’s dilemma (IPD) gameplay are analyzed by electroencephalography (EEG). Three feedback components serve to indicate a
player’s tendency to cooperate at the next round of the game. ‘Sucker’s payoff’ (worst outcome) elicits the fastest, transient indices, whereas (game-optimal) mutual cooperation entalls

findings

the most delayed modulations.

— Neurobiological mechanisms of cooperation remain unknown, with crucial impact over organized social life. The iterated prisoner’s dilemma (iPD) is a formalism addressing

cooperation[1]. Current insights emphasize a distinction between intuitive versus deliberative cooperation|[2,3]. Yet it is unclear how is the distinction potentially supported over neural time.

Ba‘c kg rou nd — EEG studies of the IPD have been primarily based on hyperscanning - dyadic measures from simultaneously interacting partners[4,5]. The possibility of measuring individuals’ EEG
responses in order to predict cooperation during the game was however recently raised|[6].
Task — 30 participants (16 female; mean age 22.3y + 2.9 SD) completed 200 rounds of the game at EEG sessions, against a
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o = " Feedback - Two-way RM ANOVA (player, co-player) were applied to feedback ERPs. Nonparametric analyses were applied to
— relevant contrasts in spectrotemporal data. Tests for differences by subsequent choice were performed (Wilcoxon rank sum
T or paired t-tests), depending on normality of underlying distributions assessed with the Shapiro-Wilk GOF test.
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Regardless of outcome type, feedback onset component maximizing the (A) Waveforms for each of the feedback ERP components, with analysis baseline levels, in the delta range (1-4 Hz) post transient onset, for most outcomes.
triggers a N1 to P3 to late potential ERP separation[7] between CC time intervals shown in white. Non-parametric analyses[9] of relevant contrasts, CC vs CD, and DC (‘one-sided
sequence, over occipital to parietal to left frontal mutual coop. and CD ‘sucker's | (B) Summary of feedback component ERP magnitudes, averaged over defection’) vs DD (‘'mutual defection’), show significant clusters of differential
scalp regions, over the 0-0.2, 0.2-1, and 0.5-3 s oayoff.. Topography may be their respective intervals. P3/Par. and LP/Front. both show an effect by spectrotemporal activatio, between CC and CD, in low-delta (~1.4 Hz; p=0.002) and a
time intervals respectively. associated with FRN[8]. Bands co-player choice (p=0.002 and p=0.04 respectively). In addition, P3/Par. high-delta (~3.2 Hz; p=0.034) regions, extending 0.6-2.5 s overall. Cluster boundaries
P3/par. & LP/front. components partially overlap. indicate + 1 SEM shows an effect of player choice (p=0.005), with no interaction. shown.
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(C) For mutual cooperation (CC) outcomes, differential modulations of outcome Time [s]
processing by subsequent round choice occur instead in slow-wave delta band activity,
associated with the frontal, left-lateralized LP component (topography shown). Here, increased desynchronization relative to baseline occurs for a 3-4 Hz rhythm in the 1.6-2.5 s time interval, indicating forthcoming cooperation (£=2.48; p=0.013; N=16).

(D) Total power wavelet scalograms for CC outcomes leading to a subsequent cooperation or non cooperation, whose difference leads to (C), with cluster also shown. Forthcoming choice not to cooperate is accompanied by less delta de-synchronization.

- The FRN, P3 and delta-band lateralized frontal activity are key EEG indices of feedback processing at the iterated prisoner’s dilemma.
— Earliest modulations per subsequent choice are contingent on current outcome: associations are found for FRN with ‘sucker’s payoff’, P3 and a late frontal potential with unilateral

= = defection, and delta-band desynchronizations therein with mutual cooperation.
Discussion 4 P

— FRN is interpreted as a prediction error signal (reinforcement learning)[10] which might indicate expected reward or salience of a given ‘betrayal’ event
- Frontoparietal networks are on the other hand involved in theory of mind[11], which might be involved in framing an analogous prediction error but in co-player terms[12].

— Frontal EEG assymetries are indices of approach/avoidance behavior[13], while wakeful delta rhythms may be involved in homeostatic regulation[14]. Suppression is consistent with

Inhibition of defense mechanisms, possibly conditioned on the representation of conditions for further engagement.

Concl usiOn The feedback stage of the iterated prisoner’s dilemma entails an early window where to gauge intent to cooperate. Involvement of predictive coding mechanisms[15] in triggering the

ensuing decisional process, at distinct timescales and over different relevant networks, Is suggested.

. ONCS o ACHUGAR DiAZ \ [1] Axelrod & Hamilton (1981) The evolution of cooperation. Science 211, 1390-1396 [8] Gheza et al. (2018) Dissociable effects of reward and expectancy during evaluative feedback processing
< : ( : L : : e e - revealed by topographic ERP mapping analysis. Int. J. Psychophysiol. 132, 213-225
SI . TR el N \ . ( [2] ngg_% fland (2016) Intuition, deliberation, and the evolution of cooperation. Proc. Natl. Acad. Sci. 113, [9] Maris & Oostenveld (2007) Nonparametric statistical testing of EEG- and MEG-data. J. Neurosci. Methods 164,
A SUNTEPR . o : . 177-190
[3] Jagau & van Veelen (2017) A general evolutionary framework forthe role of intuition and deliberation in [10] Cohen & Ranganath (2007) Reinforcement learning signals predict future decisions. J. Neurosci. 27, 371-378
cooperation. Nat. Hum. Behav. 1, 0152 : : : : : o : :
PEDECIBA [11] Schurz et al. (2014) Fractionating theory of mind: A meta-analysis of functional brain imaging studies.

[4] de Vico Fallani et al. (2010) Defecting or not defecting: How to ‘read’ human behavior during
cooperative games by EEG measurements. Plos One 5, e14187

[5] Jahng et al. (2017) Neural dynamics of two players when using nonverbal cues to gauge intentions to

Movilidad e Intercambios Académicos, by the Comision Sectorial de Investigacion Cientifica (UdelaR, cooperate during the Prisoner’s Dilemma Game. Neurolmage 157, 263-274

[6] Ravaja et al. (2018) Virtual character facial expressions influence human brain and facial EMG activity
In a decision-making game. |[EEE Trans. Affect. Comput. 9, 285-298

Programa de Desarrollo de las Ciencias Basicas (Uruguay). [7] de Cheveigné & Parra (2014) Joint decorrelation, a versatile tool for multichannel data analysis.

Neurolmage 98, 487-505

Neurosci. Biobehav. Rev. 42, 9—-34

[12] Suzuki et al. (2012) Learning to simulate others’ decisions. Neuron 74, 1125-1137

[13] Harmon-Jones & Gable (2018) On the role of asymmetric frontal cortical activity in approach and withdrawal
motivation: An updated review of the evidence. Psychophysiology 55

[14] Knyazev (2012) EEG delta oscillations as a correlate of basic homeostatic and motivational processes.
Neurosci. Biobehav. Rev. 36, 677-695

[15] Joiner et al. (2017) Social learning through prediction error in the brain. NPJ Sci. Learn. 2

This work was supported by the Proyectos de Investigacion y Desarrollo, and the Programa de

Uruguay). We are also thankful for support from the Fondo Santiago Achugar Diaz in coordination with the



http://doi.org/10.1016/j.ijpsycho.2017.11.013
http://doi.org/10.1016/j.jneumeth.2007.03.024
http://doi.org/10.1016/j.jneumeth.2007.03.024
http://doi.org/10.1523/JNEUROSCI.4421-06.2007
http://doi.org/10.1016/j.neubiorev.2014.01.009
http://doi.org/10.1016/j.neuron.2012.04.030
http://doi.org/10.1016/j.neuron.2012.04.030
http://doi.org/10.1111/psyp.12879
http://doi.org/10.1016/j.neubiorev.2011.10.002
http://doi.org/10.1016/j.neubiorev.2011.10.002
http://doi.org/10.1038/s41539-017-0009-2
http://doi.org/10.1126/science.7466396
http://doi.org/10.1126/science.7466396
http://doi.org/10.1073/pnas.1517780113
http://doi.org/10.1073/pnas.1517780113
http://doi.org/10.1038/s41562-017-0152
http://doi.org/10.1038/s41562-017-0152
http://doi.org/10.1371/journal.pone.0014187
http://doi.org/10.1016/j.neuroimage.2017.06.024
http://doi.org/10.1109/TAFFC.2016.2601101
http://doi.org/10.1016/j.neuroimage.2014.05.068
http://doi.org/10.1016/j.neuroimage.2014.05.068

	Diapositiva 1

