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Effect of Neuromodulation on Performance in Game Playing: A Modeling Study
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Department of Cognitive Sciences, University of California, Irvine

INTRODUCTION METHODS RESULTS
Game Playin icti ; '
ying Statistically Defined Actions . We showed that an agent, whose
* Neuromodulators, such as » | | | behavior was guided by a computational
dopamine (D A) and o Statistical Tit-For-Tat Win-Stay, Lose-Shift
] T " Open Vo 10% UUES%  ppg.170, e EEE8% model of the neuromodulatory system,
serotonin (5-HT), are known 38 N learned to adjust its strategy
to be_ m_nportant in . 5% N appropriately depending on
predlctlr.ig rewards, costs, isplay §87 | A environmental conditions and its
and punishments. 43 FEE:80°% EUES79%  EDE35% opponent’ s strategy in the Hawk-Dove
ne. which orii e game.
* Dopamine, which originates © . DDD14% _ UDESY oDUg% EDE7%
- o '-"\’ UDE:3% _
N the Ventral tegmental N ,'éiEDDU 10% o The model makes the fo"OW|ng
daréa (VTA) and the N (Opponent) E‘%é predictions:
substantia nigra (SN), 3%° 1. The interaction between the DA and 5-
appears to be linked to ..... o . HT neuromodulatory systems allows
expected reward [1], and for appropriate decision making in
Wantlng [2] Payoff Matrix Percentage of Escalation for the Neural Agent 2 |mpairment to either the dopaminergic
. Serotonin. which oriainates Opponent CTL Raphe VTA or serotonergic system vylll lead to_
’ 9 _ perseverant, uncooperative behavior.
- Hawk Dove 0.25 0.75 0.25 0.75 0.25 0.75
in the Raphe nucleus E p( - ) p( - ) p( - ) p( - ) p( - ) p( - ) - .
’ 5 Hawk (V-D)/2, (V-D)/2 V,0 Statistical|  97.65% | 10.00% | 99.06% | 92.86% | 34.79% | 7.14% 3. Although DA and 5-HT activity
appears to be related to 0 - - - - - - to b lated to diff i
o 2 Dove 0,V V/2, V/2 ° o o ° ° ° appears 10 be reiated 10 airreren
cognltlve control Of Stress TT 341 5 /O 1364 /O 81 82 /O 81 82 /o 24.74 /O 1250 /O . . .
? expectations (e.g., predictive reward,
Social interactions and risk WSLS 93.22% 9.09% |96.88% | 96.88% | 20.93% | 8.22% - = .
taking behavior [3]’ 4] Network Model anticipated cost), the action of these
, . Neuromodulatory TOI- Action Average PaVOff per Game neurom_odu_lat_ors_on dov_vnstream
G h h b Neurons State Neurons orobability of Sers - 0,05 targets IS Slmllar N that |t governs
¢ r r njury = 0. - -
amet eOry as eer_‘ Neurons A. GE) Payoff to Neural Player ° I?’a;/z)f‘;’::)N:ulrglqu’layl;ry Payoff to Neural Player deC|S|0n'mak|ng-
useful for understanding 8
risk-taking and cooperation . g T T o =] Y o REFERENCES
pen - = — —_ _ .
[5]. (F‘saﬂ}? Escalate o 0'(2) 0'2 = 0'2 = 5 1. Schultz, W., et. al., Science 275 (1997)
= ol == . .
2 . oo oo 2. Berridge, K.C., Physiol Behav 81 (2004)
- To better understand the (\E)T:) g Sl via oL pr v yey——— P ———— 3. Millan, M.J., Prog Neurobiol 70 (2003)
roles of dopamine and N 4. Crockett, M.J., et. al., Science 320 (2008)
i . L GE) Payoff to Statistical Opponent  Payoff to TT Opponent Payoff to WSLS Opponent i i i i
serotonin during decision- g 5. Maynard Smith, J., Cambridge University
making in games of g 04 . - Press (1982)
. = o — = = .
conflict, we developed a o 7 =| ° =| ° 6. Axelrod, R., et. al., Science 211 (1981)
T PRI Ol = — 0 = 0
computational model of o . . o
nel{romOdUIa.tlon and Neural Agent j;:) CTL RAPHE VTA DUAL CTL RAPHE VTA DUAL CTL RAPHE VTA DUAL _ ACKNOWLEDGEMENTS.
action-selection. . Probability of Serious Injury = 0.75 This work was supported by the National
TOI| State Learning Rule B. % Payoff to Neural Player Payoff to Neural Player Payoff to Neural Player Science Foundation (EMT/BSSE Award No.:
5 _ .
« An agent, whose behavior " ={O.75+rnd(0.0,0.25);i=TOIS.tate Awlj =Ot*nm(t—l)sj(t—l)(si(t—l))*R 5 0.4 0.4 - - 0.4 0829752) and the Office of Naval Research
was guided by the neural P md(0.00.29); - Otherwise (Reward —VTA)—(Cost— Raphe) s _ 0 s S (Award No.: N000140910036).
model, played the Hawk- Neural Activity R =|Reward —VTA s 1 = =] o B
DOVE game, Where players g (f) p g (t 1)+(1 p ) 1 15 ] LCOSt—RClphe j;:) CTL RAPHE VTA DUAL CTL RAPHE VTA DUAL CTL RAPHE VTA DUAL CONTACT INFORMATION
I (t -y . . -
mUSt Choo_se between Synaptlc Input +€Xp( ( 2 GE) Payoff to Statistical Opponent Payoff to TT Opponent Payoff to WSLS Opponent For addltlonal |nf0rmat|0n or queStlons
confrontgtlonal e_md S = — . V= = please contact:
COOperatlve tactics [5], [6]. Ii(l‘)=rnd(—0.5,0.0)+Ejnm(l‘—l)wlj(l‘—l)si(t—l) _..:: 0.2 _ 0.0 = == 0.2 _ Derrik E. Asher at dasher@uci_edu
Opponent Agent & o 0 =1 o0 Andrew Zaldivar at azaldiva@uci.edu
g-02 B R I 0 Jeffrey L. Krichmar at jkrichma@uci.edu
StatisticaL Tit-for-Tat, or Win-Stay, Lose-Shift e CTL RAPHE VTA DUAL CTL RAPHE VTA DUAL CTL RAPHE VTA DUAL




