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ABSTRACT
Realistic models of decision-making and social interactions, consid-
ering the nature of memory and biases, continue to be an area of
immense interest. Emotion and mood are a couple of key factors
that play a major role in decisions, nature of social interactions,
size of the social network, and the level of engagement. Most of the
prior work in this direction is generally focused on a single trait: be-
havior or bias. However, this work builds an integrated model that
considers multiple traits such as loneliness, the drive to interact,
the memory, and mood biases in an agent among many others. The
agent system comprises of rational, manic, depressed, and bipolar
agents. The system is also modeled with an interconnected network,
and the size of the personal network of each agent is based on its
nature. We consider a game of iterated interactions where an agent
cooperates based on its past experiences with the other agent. The
agent’s type determines its willingness to participate in each round,
thus modeling the different levels of engagement observed in re-
ality. In this work, emotional bias is modeled using two different
gradients for encoding happy and sad episodes. Through simula-
tion, the effects of various biases and comparative performances of
agent types is analyzed. Taking the performance of rational agents
as the baseline, bipolar agents do slightly better, manic agents do
much better, and depressed agents do much worse. The payoffs also
exhibit an almost-linear relationship with the extent of mania.
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1 INTRODUCTION
Individual and group decision-making and social interactions have
been studied for long and continue to remain of interest. Some early
models were fairly simplistic [13, 30], and they assumed perfectly
rational behavior which is often not the case in reality. Time and
again, research in the domains of psychology and behavioral sci-
ences asserts that humans, as well as animals, are subject to a wide
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array of cognitive biases [7, 15]. Later works moved away from the
assumption of perfect rationality and started incorporating various
cognitive biases into decision models [16, 33, 34]. However, the ef-
fects of emotion and mood disorders on decisions and interactions
still need to be explored.

A great deal of research has focused on the impact of emotion on
memory but the findings have been extremely diverse, with some
claiming emotional memories are indelible [6], while others claim
that emotion has no effect whatsoever on memory [26]. Mood
has been seen as the summary of recent emotions [25]. While
emotions change after each episode, mood maintains a historical
context, yet staying temporally relevant. Mood also affects memory
retrieval; mood dependence is the phenomenon where past events
whose emotional state match the current mood are more likely to
be retrieved [24]. There seems to be no prior model capturing this
effect of mood on memory.

Mood disorders are prevalent in humans, and studies indicate
that about 20% of U.S adults experience some class of mood dis-
order in their lifetimes [3]. There have been many computational
models of various mood disorders [9–11, 17], but most of these
assume independent agents without any social interactions or so-
cial networks. The extent and frequency of social interactions are
intricately linked to mood disorders, with studies indicating that
chronically depressed people have smaller social networks than
healthy controls [4, 35]. Empirical studies also conclude that de-
pressed phases are connected with lower energy, interest, and
drive [18, 31, 38]. Prior models do not take this into account.

We give an integrated model of decisions and social interactions
which takes into account the roles of emotion, mood, and memory
biases.

2 MODEL
Consider two agents𝐴 and 𝐵 paired in an interaction at time 𝑡 . Now,
agent 𝐴’s expectation of 𝐵’s level of cooperation in this interaction
is the average of past levels of cooperation of 𝐵 that are still in
𝐴’s memory. The primary assumption of this model, in line with
studies [1, 27], is that 𝐴 cooperates at the same level at which it
expects 𝐵 will cooperate.

The interaction is based on the Continuous Prisoners Dilemma
(CPD) [19, 36]. In the standard Iterated Prisoners’ Dilemma, agents
are restricted to only two actions—cooperate or defect. However,
not all interactions can be realistically modeled with such restricted
behavior. In the CPD, agents can cooperate at any level between 0
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and 1, where 0 and 1 correspond to the cases of completed defec-
tion and cooperation respectively. The concept and related payoff
structure are adopted from Verhoeff [36].

Agents with mood disorders such as mania, depression, and
bipolarity are considered in addition to perfectly rational agents.
Such an agent society is modeled with an interconnected social
network, where agents interact only with their neighbors, and
agents broadcast their experiences to their neighbors. Also, the
size of the personal network of each agent is determined by its
type, which helps fill one significant gap in many prior models that
consider agents in isolation.

Agents are also modeled with different levels of engagement or
drive. In each round of interaction, an agent has the choice to decide
if it wants to participate. Manic agents are modeled with a higher
drive and depressed agents with a lower drive, as is consistent with
clinical observations [14, 28].

The simulation consists of multiple rounds of interactions, and
all agents are not active in all the rounds. At any such round 𝑡 , an
agent 𝐴 is randomly paired with another agent 𝐵 if and only if 𝐴
and 𝐵 are neighbors and are active at 𝑡 .

Emotion is modeled in line with the appraisal theory [2, 22].
The emotion of the agent 𝐴 at time 𝑡 , 𝛿𝑡

𝐴
is therefore the difference

between reward and expectation i.e., 𝑐𝐵 − 𝑐𝐴 . To model the effect
of emotion on memory, we define the initial strength of a trace
as a linear function of emotion. We use two different gradients
for positive and negative emotions, allowing us to model both
positively and negatively biased agents.

The mood dependence effect is modeled as a probabilistic re-
trieval of traces using a triangular distribution centered around the
current mood of the agent. This ensures traces with similar emo-
tional states have higher chances of being retrieved than others,
which is the condition of mood dependence [24, 32]. Forgetting is
modeled using exponential decay, in line with prior work [29, 37].

One of depression’s common symptoms is anhedonia [28], the
inability or the diminished ability to enjoy pleasurable events; in
mania, the opposite is true [5]. In line with existing work in compu-
tational models of mood disorder [12, 17], we use reward sensitivity
to model perceived rewards to be different from actual rewards in
individuals with mood disorders. The perceived reward is modeled
as the product of actual reward and the agent’s reward sensitivity
(𝛽𝐴). If agent 𝐴 is depressed, then 0 ≤ 𝛽𝐴 ≤ 1 to model diminished
rewards. If 𝐴 is manic, then 𝛽𝐴 > 1.

3 RESULTS
A system of 200 agents with representation from all four types—
rational, manic, depressed, and bipolar is simulated for 2000 rounds
of interaction. In each round, agents are paired with one of their
neighbors subject to availability. The agents interact, update their
payoffs, emotion, mood, and their availability for the next round.
Different parameters of agents are varied in each experiment and
their impacts on total payoff are studied.

With equal representation (25%) from all 4 types, we find that
payoffs are highest for manic agents and least for depressed agents
(Fig. 1). Although bipolar agents show vastly different payoffs be-
tween themselves, on average the payoff of bipolar agents is greater
than that of rational agents by about 10%. It is also seen that the

average payoff of manic agents is about 70% higher than the average
payoff of rational agents. When compared with rational agents, an
average depressed agent’s payoff is roughly 60% lower.
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Figure 1: Comparing all types of agents

The reward sensitivity 𝛽 is a measure of the extent of mania or
depression. Fig. 2a depicts the almost-linear relationship between 𝛽

and average payoff. It is observed that payoffs increase with increas-
ing mania, which is fairly obvious because the higher the mania,
higher is the drive in our model. An almost-linear relationship be-
tween 𝛽 and payoff is observed in depressed agents also (Fig. 2b). It
is also clear from Fig. 2, that depressed agents at any level perform
worse than manic agents.
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Figure 2: Effect of levels of mania and depression

4 CONCLUSION
Models that capture the effect of mood and emotion on decisions
realistically are essential and relevant. We use an agent-based mod-
eling approach to understand the effects of various biases on perfor-
mance. Unlike most prior work, we present a multi-faceted model
that takes into account various aspects such as levels of engage-
ment, nature of social interactions, and size of social networks. As
this is an agent-based simulation, parameters such as the extent of
mood disorders, population mixes, etc., can be varied to understand
various scenarios, which may not be feasible in clinical trials.

Based on simulation of an agent society with different types of
agents, the we obtain results about relative payoffs and other as-
pects that are in agreement with, and extend, published studies. Our
results concur with psychological studies that establish a relation-
ship between severity of depression and lower performance [20].
Clinical studies also suggest diminished performance in depressed
individuals and improved performance in cases of mania [8, 21, 23],
as also seen in our model.

Extended Abstract  AAMAS 2020, May 9–13, Auckland, New Zealand

2018



REFERENCES
[1] Melissa Acevedo and Joachim I. Krueger. 2005. Evidential Reasoning in the

Prisoner’s Dilemma. The American Journal of Psychology 118, 3 (2005), 431–457.
http://www.jstor.org/stable/30039074

[2] Magda B. Arnold. 1960. Emotion and personality. Columbia University Press,
New York, NY, US.

[3] Erin Bagalman and Ada S. Cornell. 2018. Prevalence of Mental Illness in the
United States: Data Sources and Estimates. Congressional Research Service R43047
(Jan. 2018). https://fas.org/sgp/crs/misc/R43047.pdf

[4] Steven D. Barger, Nadine Messerli-Bürgy, and Jürgen Barth. 2014. Social rela-
tionship correlates of major depressive disorder and depressive symptoms in
Switzerland: nationally representative cross sectional study. BMC Public Health
14, 1 (2014), 273. https://doi.org/10.1186/1471-2458-14-273

[5] G. E. Berrios. 2004. Of Mania: Introduction. History of Psychiatry 15, 1 (2004),
105–124. https://doi.org/10.1177/0957154X04041829

[6] Roger Brown and James Kulik. 1977. Flashbulb memories. Cognition 5, 1 (1977),
73–99. https://doi.org/10.1016/0010-0277(77)90018-X

[7] Oliver H.P. Burman, Richard M.A. Parker, Elizabeth S. Paul, and Michael T.
Mendl. 2009. Anxiety-induced cognitive bias in non-human animals. Physiology
& Behavior 98, 3 (2009), 345 – 350.

[8] Mary Cannon, Avshalom Caspi, Terrie E. Moffitt, HonaLee Harrington, Alan
Taylor, Robin M. Murray, and Richie Poulton. 2002. Evidence for Early-Childhood,
Pan-Developmental Impairment Specific to Schizophreniform Disorder: Results
From a Longitudinal Birth Cohort. Archives of General Psychiatry 59, 5 (05 2002),
449–456. https://doi.org/10.1001/archpsyc.59.5.449

[9] James E Clark, Stuart Watson, and Karl J Friston. 2018. What is mood? A
computational perspective. Psychological Medicine 48, 14 (2018), 2277–2284.
https://doi.org/10.1017/S0033291718000430

[10] Peter Dayan and Yael Niv. 2008. Reinforcement learning: The Good, The Bad
and The Ugly. Current Opinion in Neurobiology 18, 2 (2008), 185 – 196. https:
//doi.org/10.1016/j.conb.2008.08.003 Cognitive neuroscience.

[11] Eran Eldar and Yael Niv. 2015. Interaction between emotional state and learning
underlies mood instability. Nature Communications 6, 1 (2015), 6149. https:
//doi.org/10.1038/ncomms7149

[12] Eran Eldar, Robb B. Rutledge, Raymond J. Dolan, and Yael Niv. 2016. Mood as
Representation of Momentum. Trends in Cognitive Sciences 20, 1 (01 Jan 2016),
15–24. https://doi.org/10.1016/j.tics.2015.07.010

[13] Joshua M. Epstein and R. Axtell. 1996. Growing artificial societies: social science
from the bottom up. MIT Press.

[14] Kathryn Fletcher, Gordon Parker, Amelia Paterson, and Howe Synnott. 2013.
High-risk behaviour in hypomanic states. Journal of Affective Disorders 150, 1
(2013), 50 – 56. https://doi.org/10.1016/j.jad.2013.02.018

[15] Emma J. Harding, Elizabeth S. Paul, and Michael Mendl. 2004. Cognitive bias and
affective state. Nature 427 (2004), 312. https://doi.org/10.1038/427312a

[16] Rainer Hegselmann and Ulrich Krause. 2002. Opinion Dynamics and Bounded
Confidence Models, Analysis and Simulation. Journal of Artificial Societies and
Social Simulation 5, 3 (2002).

[17] Quentin JM Huys, Diego A. Pizzagalli, Ryan Bogdan, and Peter Dayan. 2013.
Mapping anhedonia onto reinforcement learning: a behavioural meta-analysis.
Biology of Mood & Anxiety Disorders 3, 1 (2013), 12. https://doi.org/10.1186/
2045-5380-3-12

[18] Ronald Kessler, Hagop Akiskal, Minnie Ames, Howard Birnbaum, Paul Greenberg,
Robert Hirschfeld, Robert Jin, Kathleen Merikangas, Gregory Simon, and Philip
Wang. 2006. Prevalence and Effects of Mood Disorders on Work Performance
in a Nationally Representative Sample of U.S. Workers. The American journal of
psychiatry 163 (10 2006), 1561–8. https://doi.org/10.1176/appi.ajp.163.9.1561

[19] Timothy Killingback and Michael Doebeli. 2002. The Continuous Prisoner’s
Dilemma and the Evolution of Cooperation through Reciprocal Altruism with
Variable Investment. The American Naturalist 160, 4 (2002), 421–438.

[20] Ali H Kizilbash, Rodney D Vanderploeg, and Glenn Curtiss. 2002. The effects of
depression and anxiety on memory performance. Archives of Clinical Neuropsy-
chology 17, 1 (2002), 57 – 67. https://doi.org/10.1016/S0887-6177(00)00101-3

[21] Karestan C. Koenen, Terrie E. Moffitt, Andrea L. Roberts, Laurie T. Martin, Laura
Kubzansky, HonaLee Harrington, Richie Poulton, and Avshalom Caspi. 2009.
Childhood IQ and Adult Mental Disorders: A Test of the Cognitive Reserve
Hypothesis. American Journal of Psychiatry 166, 1 (2009), 50–57. https://doi.org/
10.1176/appi.ajp.2008.08030343

[22] Richard S. Lazarus. 1991. Progress on a cognitive-motivational-relational theory
of emotion. American Psychologist 46, 8 (1991), 819–834. https://doi.org/10.1037/
0003-066X.46.8.819

[23] Debra Lerner, David A. Adler, William H. Rogers, Hon g Chang, Leueen Lapitsky,
Thomas McLaughlin, and John Reed. 2010. Work Performance of Employees with
Depression: The Impact of Work Stressors. American Journal of Health Promotion
24, 3 (2010), 205–213. https://doi.org/10.4278/ajhp.090313-QUAN-103

[24] Penelope A. Lewis and Hugo D. Critchley. 2003. Mood-dependent memory. Trends
in Cognitive Sciences 7, 10 (01 Oct 2003), 431–433. https://doi.org/10.1016/j.tics.
2003.08.005

[25] Robert Marinier III and John Laird. 2007. Computational Modeling of Mood
and Feeling from Emotion. In Proceedings of the Annual Meeting of the Cognitive
Science Society, 29. 461–466.

[26] Michael McCloskey, Cynthia G. Wible, and Neal J. Cohen. 1988. Is there a special
flashbulb-memory mechanism? Journal of Experimental Psychology: General 117,
2 (1988), 171–181. https://doi.org/10.1037/0096-3445.117.2.171

[27] Gary Ting Tat Ng and Wing Tung Au. 2016. Expectation and cooperation in
prisoner’s dilemmas: Themoderating role of game riskiness. Psychonomic Bulletin
& Review 23, 2 (01 Apr 2016), 353–360. https://doi.org/10.3758/s13423-015-0911-7

[28] Sakina J. Rizvi, Diego A. Pizzagalli, Beth A. Sproule, and Sidney H. Kennedy.
2016. Assessing anhedonia in depression: Potentials and pitfalls. Neuroscience
& Biobehavioral Reviews 65 (2016), 21 – 35. https://doi.org/10.1016/j.neubiorev.
2016.03.004

[29] David C. Rubin, Sean Hinton, and Amy Wenzel. 1999. The precise time course of
retention. Journal of Experimental Psychology: Learning, Memory, and Cognition
25, 5 (1999), 1161–1176. https://doi.org/10.1037/0278-7393.25.5.1161

[30] Thomas C. Schelling. 1978. Micromotives and Macrobehavior. Norton.
[31] Nathan D. Shippee, Nilay D. Shah, Mark D. Williams, James P. Moriarty, Mark A.

Frye, and Jeanette Y. Ziegenfuss. 2011. Differences in demographic composition
and in work, social, and functional limitations among the populations with
unipolar depression and bipolar disorder: results from a nationally representative
sample. Health and Quality of Life Outcomes 9, 1 (2011), 90. https://doi.org/10.
1186/1477-7525-9-90

[32] Mark Snyder and Phyllis White. 1982. Moods and Memories: Elation, depression,
and the remembering of the events of one’s life. Journal of Personality 50, 2 (1982),
149–167. https://doi.org/10.1111/j.1467-6494.1982.tb01020.x

[33] Pawel Sobkowicz. 2018. Opinion Dynamics Model Based on Cognitive Biases of
Complex Agents. Journal of Artificial Societies and Social Simulation 21, 4 (2018),
8. https://doi.org/10.18564/jasss.3867

[34] Nanda Kishore Sreenivas and Shrisha Rao. 2019. Egocentric Bias and Doubt
in Cognitive Agents. In Proceedings of the 18th International Conference on Au-
tonomous Agents and MultiAgent Systems (AAMAS ’19). International Foundation
for Autonomous Agents and Multiagent Systems, 286–295. http://dl.acm.org/
citation.cfm?id=3306127.3331705

[35] Alan R. Teo, HwaJung Choi, and Marcia Valenstein. 2013. Social Relationships
and Depression: Ten-Year Follow-Up from a Nationally Representative Study.
PLoS ONE 8, 4 (Apr 2013), e62396. https://doi.org/10.1371/journal.pone.0062396

[36] T. Verhoeff. 1993. A continuous version of the prisoner’s dilemma. Technische
Universiteit Eindhoven.

[37] K. Geoffrey White. 2001. Forgetting functions. Animal Learning & Behavior 29, 3
(01 Aug 2001), 193–207. https://doi.org/10.3758/BF03192887

[38] J.A. Yates, L. Clare, and B. Woods. 2017. You’ve got a friend in me: Can Social
Engagement mediate the relationship between mood and mci? Innovation in
Aging 1 (06 2017), 1179–1179. https://doi.org/10.1093/geroni/igx004.4295

Extended Abstract  AAMAS 2020, May 9–13, Auckland, New Zealand

2019

http://www.jstor.org/stable/30039074
https://fas.org/sgp/crs/misc/R43047.pdf
https://doi.org/10.1186/1471-2458-14-273
https://doi.org/10.1177/0957154X04041829
https://doi.org/10.1016/0010-0277(77)90018-X
https://doi.org/10.1001/archpsyc.59.5.449
https://doi.org/10.1017/S0033291718000430
https://doi.org/10.1016/j.conb.2008.08.003
https://doi.org/10.1016/j.conb.2008.08.003
https://doi.org/10.1038/ncomms7149
https://doi.org/10.1038/ncomms7149
https://doi.org/10.1016/j.tics.2015.07.010
https://doi.org/10.1016/j.jad.2013.02.018
https://doi.org/10.1038/427312a
https://doi.org/10.1186/2045-5380-3-12
https://doi.org/10.1186/2045-5380-3-12
https://doi.org/10.1176/appi.ajp.163.9.1561
https://doi.org/10.1016/S0887-6177(00)00101-3
https://doi.org/10.1176/appi.ajp.2008.08030343
https://doi.org/10.1176/appi.ajp.2008.08030343
https://doi.org/10.1037/0003-066X.46.8.819
https://doi.org/10.1037/0003-066X.46.8.819
https://doi.org/10.4278/ajhp.090313-QUAN-103
https://doi.org/10.1016/j.tics.2003.08.005
https://doi.org/10.1016/j.tics.2003.08.005
https://doi.org/10.1037/0096-3445.117.2.171
https://doi.org/10.3758/s13423-015-0911-7
https://doi.org/10.1016/j.neubiorev.2016.03.004
https://doi.org/10.1016/j.neubiorev.2016.03.004
https://doi.org/10.1037/0278-7393.25.5.1161
https://doi.org/10.1186/1477-7525-9-90
https://doi.org/10.1186/1477-7525-9-90
https://doi.org/10.1111/j.1467-6494.1982.tb01020.x
https://doi.org/10.18564/jasss.3867
http://dl.acm.org/citation.cfm?id=3306127.3331705
http://dl.acm.org/citation.cfm?id=3306127.3331705
https://doi.org/10.1371/journal.pone.0062396
https://doi.org/10.3758/BF03192887
https://doi.org/10.1093/geroni/igx004.4295

	Abstract
	1 Introduction
	2 Model
	3 Results
	4 Conclusion
	References



