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Abstract - In the present work I made an attempt to develop a mathematical description of human decision-making governed 
by the combination of rational factors and emotions. Emotions as irrational factors are assumed to enter the process of deci-
sion-making via System 1, fast and automatic. Rational factors are accepted to be governed by System 2, slow and responsible 
for deliberate analysis of received information. The used formalism is based on the paradigm of reinforcement learning where 
Systems 1 and 2 are treated as complementary channels of information processing. The developed model called dual-channel 
reinforcement learning deals with two independent processes of learning and the cumulative effect on the option choice. For a 
particular case meeting the general requirements imposed on the deliberate and automatic human response it is shown that 
emotions can make the decision-making based just on rational strategy more optimal via stabilizing the Nash equilibrium. 
 
Index Terms - Decision-Making, Emotions, Rationality, Reinforcement Learning.  
 
I. PROBLEM BACKGROUND 
 
The fact that emotions affect decision-making is well 
known and there is vast literature (e.g. [1]) about this 
topic, on one side. On the other side, the mathematical 
description of this effect is up to now a challenging 
problem. In the present work I made an attempt to 
develop a mathematical description of human deci-
sion-making governed by the combination of rational 
and irrational factors. In this way, I hope to elucidate 
possible approaches to coping with such problems.  
 
In order to explain the gist of the model to be devel-
oped let me, at first, briefly note the reasons why the 
strictly rational behavior of humans can be not op-
timal. 
 
Human rationality understood as a deliberate process 
of finding an optimal goal-oriented behavior is de-
termined by: 
 
 the initial (current) state of a system under control, 
 the desired state to be gained in future or maintained 

permanently. 
 
However the implementation of such behavior is li-
mited by several factors including the following: 
 
 the lack of information about the current and 

future states of the environment as well as its 
unpredictable changes which hinders the predic-
tion of system dynamics; 

 the complexity of system dynamics which to-
gether with the cognitive limitations of human 
mind makes the precise prediction of future 
system motion problematic.  

For these reasons any strategy of behavior currently 
treated as optimal is, at least, quasi-optimal and its 
quality has to get worse and worse as time goes on. 

 
The goal of the present work is to demonstrate that 
irrational factors like emotions can stimulate humans 
to switch rather often between various strategies of 
behavior, which enhances their recognition of the 
required correction of the currently chosen strategy. 
Figure 1 illustrates this statement.  
 
Below I confine my analysis to the paradigm of rein-
forcement learning for studying effects of interaction 
of rational stimuli for decision-making and the effects 
of emotions. The pivot point of further constructions is 
the concept of dual system of human decision-making 
involving tow systems, System 1 and System 2. For a 
detailed discussion of dual system decision-making a 
reader can be referred, e.g., to [2]. Emotions as irra-
tional factors are assumed to enter the process of de-
cision-making via System 1, fast and automatic. Ra-
tional factors are accepted to be governed by System 2, 
slow and responsible for deliberate analysis of re-
ceived information. Within the used formalism Sys-
tems 1 and 2 are treated as complementary channels of 
information processing.  
 
II. PARADIGM OF REINFORCEMENT 
LEARNING  
 
Reinforcement learning—a sequence of deci-
sion-making events enabling one to find the optimal 
strategy of behavior based on the obtained re-
sults—exemplifies the deliberate analysis, the pivot 
point of human rationality. Applied to exploring un-
known environment and the behavior of consumers it 
can be described as follows (Fig. 2). 
An agent repeatedly chooses different options {xi} , 

each time when the option xi  is selected, the agent 

receives a reward ri (t)  generally depending on time 
t . The current preference of choosing the option xi is 
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described by the value qi(t)  updated at time mo-

ments {tn = nt}  according to the rule: 
 
qi (tn+1)= qi(tn )+diin

Wiri(tn )-eqqi(tn ) ,   (1) 
 
where  

Wi =
(1-Pi )

g

(Pi
g +eq )

, 

the index in  points to the option chosen at tn , dij  is 

Kronecker’s delta, and the coefficient 0 < eq <<1 

quantifies the memory loss. The cofactor W (Pi )  

depending on the current probability Pi (tn )  of 

choosing the option xi  allows for the human bias to 
overestimate rare events and underestimate frequent 
ones, the exponent 0 < g £1  is a parameter of 
human personality. 
 
The plots in Fig. 3 illustrate the dynamics of choice 
preference q1,2 (t)  for a system with the memory time 

scale 1 e =100  and involving two identical options 
with the rewards r1 = r2 = 3.5´eq  for two different 
values of g . 
As seen, for g = 0.5 agent’s choice is rational: in 
the given case at each moment these options are cho-
sen practically equiprobably. For g = 0.1  this 
choice configuration becomes unstable and agent's 
preference fluctuates between two long-lived states. 
The emergence of these states is caused by lack of 
information about one option when the other is se-
lected more often. 
 
III. EMOTIONS: GENERAL COMMENTS & 
MODEL 
 
As noted above the fact that emotions affect deci-
sion-making is well known. For us it is essential that 
emotions are attributed to System 1, the fast and au-
tonomic component of decision-making. System 1 
cannot analyze the information about human actions, it 
just react to external stimuli.  
 
However this reaction can cause unconscious changes 
in its states, endowing the dynamics of System 1 with 
nonlinear properties. Deliberate analysis is imple-
mented via System 2, slow and responsible for de-
tailed analysis of received information.  
 
For this reason we accepted the dual-channel model of 
reinforcement learning constructed previously in [3] to 
allow for the effect of novelty seaking.  Deliberate 
analysis via the channel Q (System 2) is assumed to be 
governed by Eq. (1), whereas the channel A (System 1) 

describing the influence of positive emotions is go-
verned by the following model. 

 The preference ai (t)  of option i  at the current 
moment of time t  determined by emotions is 

assumed to get its current saturation level Si (t)  
via one step of updating, if the option i  has been 
selected, and its fade to be characterized by the 
time scale 

  Ta = t ea >> t . 

 The saturation level Si (t)  changes in time as the 
agent selects or does not select option i . The sa-

turation level changes from the initial level Qa
i
 up 

to Q¥
i

, when the agent selects continuously the 
same option i .  

 The behavior of the Channel A is governed by the 
rules of updating: 
 
ai (tn+1)=diin

×Si (tn )+ (1-diin
) × (1-ea )ai (tn )

  (2a) 
Si (tn+1)=diin ×[(1-ea )Si (tn )+eaQ¥

i ]
 

                +(1-diin ) ×[(1-ea )Si(tn )+eaQa
i ].   

 (2b) 
 
Equations (1)-(2a,b) make up the presented model for 
dual-channel reinforcement learning.  
 
IV. RESULTS OF NUMERICAL SIMULATION 
 
The model (1)--(2a,b) was studied numerically keep-
ing in mind the results for the standard reinforcement 
learning model when the agent behavior deviates 
substantially from the optimal choice ( g = 0.2 ). 
Here, by way of example, a system with two options 
equivalent in properties was analyzed for the follow-
ing parameters: the time scales of the channels Q and  
A, Tq =1 eq =100  and Ta =1 ea = 20 , respec-
tively, the characteristic rewards  
 
 r1 = r2 = r0 = 3.5 Tq , 
the saturation levels of emotions 

 Qa
1 =Qa

2 =Qa = 3.5, and Q¥
1 =Q¥

2 = 0 .  
 
To analyze how the agent can react to changes in the 
rewards and keep the optimal choice strategy the re-
wards' time variations are specified as  
  
  r1,2 (t) = r0[1±Dsin(t / Tr )]     (3)  
 
where D = 0.2  and Tr = 0.2 . The agent’s reaction 
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is quantified by the correlation r1(t)P1(t) .  
 
Figure 4 illustrates the obtained results. The upper two 
frames illustrate the corresponding agent behavior 
when emotions do not play a significant role in deci-
sion-making. The lower two frame demonstrate the 
situation when emotions are considerable in their 
impact on agent behavior and stability the Nash equi-
librium. In addition, it is quantified via the correlations 
between the changes in the rewards (3) and the prob-
abilities of choosing the corresponding options.  
 
CONCLUSION 
 
The obtained results demonstrate that emotions can 
make the decision-making based on only rational 
strategy more optimal via stabilizing the Nash equili-
brium. In particular, in the analyzed case, emotions 
give rise to tenfold increase in the correlations be-
tween reward variations and the agent choice of the 
adequate option.  
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FIGURES 
 

 

Fig. 1. Illustration of the mechanism enabling human behavior 
to become more optimal under uncertainty 

 
Fig. 2. The classical model of reinforcement learning. 

 
Fig. 3. Choice dynamics governed by the standard model of 

reinforcement learning with stable (upper) and unstable (lower) 
Nash equilibrium. 

 

 
Fig. 4. The proposed two-channel reinforcement learning allow 
for two different channels of information processing via deli-

berate analysis and emotional response. 
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Fig. 5. Choice dynamics governed by the dual-channel model of reinforcement learning, the case when emotions stabilize the Nash 

equilibrium. 
 
 
 
 
 
 
 
 
 
 

 


