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� � �� 3 game. Now

consider a second set of 36 nodes (the first hidden layer). Each node in this second layer receives

as an input the sum of the output of all 18 input nodes transformed by the activation function

of node � in layer 2. All of the nodes in the second layer send this output �
�

�
to all nodes in the

second hidden layer, which weights the inputs from all � of the first hidden layer, by the activation

function to produce �
�

�
. These numbers are sent to the final layer of two nodes to produce an

output � which forms a 2-dimensional vector which represents the choice of strategy in a 3 � 3

game. To explain this representation of a strategy in a 3� 3 game for the row player, the vector

(1� 0) would imply the pure Nash strategy is the top row (0� 1) would imply the middle row, and

(0� 0) the bottom row.
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�������� ��� ������ �� � � � 3 game. It is

recorded in the first set of input nodes, and then sent and transformed by the two hidden nodes

before an output �, a two-dimensional vector, is produced and represented in the final layer.

This is repeated � times with a new set of inputs �� and outputs ��. Assume that each vector

�� is chosen independently according to a fixed probability distribution �� on the set � . The
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probability distribution is fixed for a given learning problem, but it is unknown to �, and for our

purposes will be taken to be a uniform (0� 1). The information presented to � during training

therefore consists only of several sequences of numbers.
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����� � � ��� �� ��� � � ��� denotes the time index (an example game, vector �, is presented in

each � during training).

�������� ��	�
 ���������� �
����
 
����
�� �� ����������� ��
����� ��������������� �� �
�

����
����� �� ���������� ����
�
 �� ���
������� ������
� �
� ���������� ����
�
 �� �
� ������	

��� ������� �
��� ���	����������� ����� ����� � � � ��
��� ��� �� ���������� ��������
�� �� �
�

��
����
��� �� �� ��� �� ���������� ���������
�� �� �
� �������� �����

� ���� �������� ��� 
���

�
�� �
� ������	 ������
 �
� ������� ������ ���
 � ����� �
�� � ����� ������ ������



�� �����	 
� ����
 ��� �����	 ���
�

�� ���������� 	��
����

�� 
��� ��� � ����� ���� �� �
�� �
� ������ ������	 �
 ��� �
� ���� �
�� �
� ������ ������	

���� ����� �
� �������� 
�� �
 
����� � 
������� �� ������ ����
  �� �� �
��� �
� �����
 � � �

�����
���� �� �
� 
�� �� ������
 �� ��� � ������
 �� � ������ ����
� ��� �
� ������
 �� �
�

����"
 �� # � �� � ��� � ������
 ��� ���
 �� �
� ������
� �� 
�� � $ %&&&� � $ % ��� ��
�����

�
� ������ 
�� �� �

����� � ' � ' ������ ���� ����� �
�
 ��
�������� �
 ���� ���
��� ��

 ��

����������# ����������� ��� (���� ������ ���� ����� �� �������� �� � 
������ ���� �
��� % � %�

% � ' ��� ' � % ����
 ����� �
 � 
�����

 �� ' � '�� We then allow the network to play 2000

further random games never encountered before, selecting a single input and recording a single

output. Since we force each game to contain a unique Nash equilibrium in pure strategies and we

restrict the network’s choice to be in pure strategies, we can then check the network’s ������� ����

as defined by the proportion of times the network selected the Nash strategy to within a given

threshold of mean squared error (as defined in definition 6). For example if the correct output is

(1, 0) and the neural network returns (0.99, 0) it easily meets an ε = 0.05 threshold).

5.1. ��������	� 
���
� 
�	���� ��
������ We now need to examine how well a neural

network can do in theory, and fortunately various results exist in the literature to which we

can refer. One of the most well-known results comes from Hornik, Stinchombe, and White (1989)

reprinted inWhite (1992). Hornik, Stinchombe, and White (1989) show that standard ���	�
����	

networks with only a single hidden layer can approximate any continuous function uniformly on

any compact set and any measurable function arbitrarily well in the p� ������, which they define

as follows (in slightly amended form):

��������� �	 ��	�
��� 
��
��	���� �
� ����� �������� ��� � �� ��� ��� 	� ���� 
������� �
�

�
� ��� �	��� ������ �� �

�
� 	�
 �

�
�� 
�� 
�
 �� ��� ����� ���
������ ����
���
 ���� �

�

� ��

����� � ���������
� ���
��� � �� ���
��

�� ����� 
�� ��
��� �� ���� �
�
��

�
�� �

�
�� �� ��� ��

� ��� �� � � � � �� �� � ���� � ��� �� �� � ���

��� �	
� ��
���� 
���	�
��� 
� ������� ��� 
� ����
�� ��
�������� 	�� ��
�� ��� ��� �!��"

�
#��$ �������
 ��� ��������� �% 	 
�� �% &�
'��
 &�
�� 	���& ��� (��%��� ����	�
�� �% ��� 	�'��
���

��	� ��� ����	� ���&��� 

 	����(�
�' �� ��	��� ����� 	�� ����� (�����
	� 	��	
 %�� %	
�����

�� 	�
���

�� ��
������ �� 	 %	
���� �% ��� ��	��
�' �$�	�
� �� ��	�� ��� '���	� �����"�
�
�
�
�'

	�'��
����

�
����� ��� ���	
� �����	
 ����� �
� �������� ���� �� � �
��� �� ����� ����� 
�� �
��� �
���� 
	� �	
�� �	�� 


�����	� ������ �� �� ��	
������	�
	� �� �	
�� ��� ��		��� �����	
 �� �� � �
���� �� �������  �	�� �� 
�� ��� �
����

�� ��� ���	� 	�� 
�� ���	� ������ �� �
�� �
��! "����
	�� �� ����� �����	��� �� � 
�� �� � �
��� �� ��
����

 �	�� �� ��� 
��	��	�
�� 	�� �	 ������! #�� ������ �� 
 �� � �� ���	���	� ���� ��	� ����	
� ��
� ��� ������ ��

�� �� 
�� �
� ������� ����	
� ����	������ 
�� ����$
���� �� � �
���!



���������	
���	� ��
	���� �� ����	� ��
����� �� ����	� ���� �	��� ��

�� ���������� ���	
�� 
���� �� �����	�
�� ��


� ������

�� ��
 ��
�
�	
 �� � ���	�����	 ����
� ���� � 

�
��������	 �
������ �
��

� ����� ��
 ����
��

�����
� � 	�� �
 
��
�


 �� ��	��

 ��������
�� ���	����� ����	� 	����� �
 
����������



���� ���
�� ���	����� �� ��� ���������� �������������� ��� �� ����� ��� � �����
� ��� ��
 	����

�� ������ ���� ���
� �� �����
� � �����
�	
� � ������
� �
	������ ��� 
�������� ����


�

�������� �
�� ���� !���� ������� ���
� �� ��
 �������� ���
�����
� �
 ����� �
����	� ��
 ����
� ��

��


� ����� �� ��

� �� ���	
 ����


��������� �
�� ��� ���� ��� ����
��� "��
 
�� �
���
�
�� ��

��� ���
���� �� ����
 ��
 �
����# ��$
 �� 	� 
� ��� ��� ���
����� �����
��� �
 	����� �
��������



�� ���� �����
� %& �� �� ��
 �����
� �� ���

'���
 �
������ ��
 ��
 �����
 �� ��
 �
������

��������� ���	� �� ��
 ��	�� �� ��
 �
�� �� ���� �
	�����

(��� �������� ��� ������	�
���
 ! �������� ���
����� ��#
� ���
�� �������� �����
� ��


�	�� �� ��
�
 �� ���
�	
 � ������
��� � � � ����� ����	
�
 ��� ��
��� 	� ����� ������ 	� �	��

������	�	�� �� ����� �� �� �����
 ��	�� � 
����
 �� ������ ��� �� � �� ��� 
� ��	� ��� ���� ���	��

�� �� � ��
 �� � �� 
���� ��	� 
��� ���
�����

��������� �	 ������� ��	� � 
� 	 ��	�� �
 
����
��� ��	� �	� � �� � � � ��	��
�� 	����
���

� 
�� � 
� 	 
����
�� � � �
�

���
�
�
�→ � ���� ��� ��� �� 	

 ��	����
 �	��
�� �� �� ���� ���

��

����
 ��������� ��� 	�� ∀���������������� �� ������� M� �ε, δ� ���� �� M �M� �ε, δ� ����	 �
� ��


��
�������
 ����������
� P� �� � �� � � � �� � �� � �	�����
 ����
� �� 
��
�� � �	��� 	�����
�

����	���
 �� ��� �	����� ����	������� �� � ����� ���� �	�����
��� �� 
���� � � �� ��� ����������

� ��� ������ �� � �� ���� ���� 	
� �� ���� � �
�� ��� � �� ��	� �������
�� ��	 � � �� ��� ���

�
� ���� �� ���� � ���� �	� � 
� � �� ��

�� ��	
�
� �
 	����
�� ������

 
���	 �� ��
 ���
� � ��
�
��
 � �	 � ����
�
� ������
��� �� ��

��
�
��
 
� ����� ���� �������
� ���� �	
����
��� �� 
���� � − � 
��	 � ∈ �

� ��
��� ���
	���� �


�� � ��� �� ���� � 	
�� ��� � 
� ������ ��� ∀�������� �� ����� � � �� � � �� ���� �	
����
�

���	��	� ��	 �
�	 
� �� ��� �� ����� �	 ��� ��	����� ����� 
� �� �� 	�������
� 	��
� �
��� �
� ��	

���
����� �� � ��
�	�� �	���	� �	
����
� ���

��������� �	
 �� ��� ���� H �� 	��
���	� �
 � � 	��
���� �	��
���� 
�
 H�

The function h� can be thought of as representing the entire processing of the neural network’s

multiple layers, taking an input vector x and producing a vector representation of a choice of

strategy. Over a large enough time period we would hope that C will return a set of optimal

weights which will in turn produce the algorithm h� which will select the Nash strategy if �

a learning algorithm for selecting Nash equilibria (H in this case). Or alternatively if we wish
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learned, and this should at least minimize error in some subset of games corresponding to the

domain of some local error-minimizing algorithm.
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imum, but will not readily find an absolute minimizing algorithm in polynomial time, we are left

with the question, what is the best our neural network player can hope to achieve? If we believe

the neural network with a large, but finite training set nicely models bounded-rational economic

agents, but cannot flawlessly select Nash strategies with no prior experience of the exact game

to be considered, this question becomes: what is the best a bounded-rational agent can hope to

achieve when faced with a population of fully rational agents?

In terms of players in a game, we have what looks like bounded-rational learning or satisficing

behavior: the player will learn until satisfied that he will choose a Nash equilibrium strategy

sufficiently many times to ensure a high payoff. We label the outcome of this bounded-rational

learning as a local error-minimizing algorithm (LMA).��
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It requires two levels of reasoning in the sense of Nagel (1995).
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(�)� ���������	 Since, by construction, all games in the training set have a unique pure NE, we

are virtually guaranteed to find a NNG solution for all games in the testing set.14 Clearly, a unique

solution, or indeed any solution, may not exist with other algorithms, such as rationalizability,

0SD and 1SD. A unique solution may occasionally not exist with other algorithms, such as MPD,

because of their reliance on strict relationships between payoff values.

We define a game as ���������� by an algorithm if a unique solution exists. Table 3 lists

the number and percentage of non answerable games (out of 2000) according to each algorithm,

averaged out across the 30 neural networks trained with different random seeds, � = 0�5 and

� = 0.

[insert table 3 here]
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One game had to be removed in relation to this test because the corresponding expected values were zero for the

second null.
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extent to which the players’ interests in achieving one or another game outcome are the same or

are in conflict.

The second step is to compute the payoff distribution index for each possible outcome �, using

the Gini Index formula (Gini, 1910), but multiplied by ��(�� 1) to ensure boundedness between

0 and 1 with non-negative payoffs: labeling this normalised index as ��
�
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The third step is to find the normalised Gini-based game harmony index ��� as a simple average

of the ��
�
, so ��� = (1��)
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FIGURE 1. An Example Neural Network

Features of economic problem at hand, expressed as numbers (e.g., payoffs of game)

                                       •    •    •    •    •    •    •    •

                                                         •     •       •

                                                             •

The network makes its economic choice, expressed as a number from the output node (e.g., the

strategy to be played in a game)

1) Input nodes
(receiving input
from economic
environment).

2) All input nodes are
connected to all the nodes of
the downstream layer (the
connections are shown for
one input node only).

3) All nodes in downstream
layer are connected to the
output node.
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TABLE 1. Percentage of Correct Answers

At Least 1 Correct Output Correct Answer Given
Convergence Error tolerance criterion Error tolerance criterion
Level γ 0.05 0.25 0.5 0.05 0.25 0.5
0.1 85.12 91.76 94.31 60.03 73.47 80
0.05 87.26 92.24 94.31 64.12 74.75 80.09
0.02 88.52 92.51 94.25 66.66 75.47 79.96

At Least 1 Correct Output Correct Answer Given
Learning Error tolerance criterion Error tolerance criterion
Rate η 0.05 0.25 0.5 0.05 0.25 0.5
0.1 86.88 92.3 94.42 63 74.48 80.22
0.3 86.75 92.06 94.25 63.3 74.42 79.89
0.5 86.81 92.04 94.2 63.66 74.54 79.94

At Least 1 Correct Output Correct Answer Given
Momentum Error tolerance criterion Error tolerance criterion
Rate µ 0.05 0.25 0.5 0.05 0.25 0.5         
0 86.87 92.36 94.5 62.86 74.63 80.47
0.3 86.77 92.27 94.42 62.89 74.49 80.22
0.6 86.91 92.09 94.23 63.73 74.53 79.9
0.9 86.6 91.52 93.8 64.05 74.05 79.04

Percentage of games solved by the network under different combinations of η, γ and µ. The level of

convergence γ simply measures how much correct we ask the network to be: the smaller it is, the stricter the

criterion. The learning rate η is a coefficient that determines the speed of the adjustment of the connection

weights when the network fails to play the Nash equilibrium behavior. A positive momentum rate µ introduces

autocorrelation in the adjustments of the connection weights when successive examples are presented. The

error tolerance criterion measures how close the answer given by the network must be to the exact answer in

order to consider the answer right. The smaller the error tolerance criterion, the tighter it is. The numbers given

under ‘At least 1 Correct Output’ are the % of cases in which at least 1 of the two output nodes is correct. The

numbers given under  ‘Correct Answer Given’ are the % of cases in which both output nodes are correct.
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TABLE 2. Average Performance of the Trained Network versus Three Null Hypotheses

     At Least 1 Correct Output Correct Answer Given
     Error tolerance criterion Error tolerance criterion
     0.05 0.25 0.5 0.05 0.25 0.5

Trained C      86.82 92.13 94.29 63.31 74.48 80.02
Null1 (Untrained C)      0 0.005 67 0 0 0
Null2 (Strategy Switcher)  78.85 78.85 78.85 22.8 22.8 22.8
Null3 (Random)      0.091 43.5 75.1 0.003 0.06 25.5

Average performance of the trained C versus three null hypotheses. The smaller the error tolerance

criterion, the tighter the criterion used to consider C’s strategy choice correct. The numbers given under

‘At least 1 Correct Output’ are the % of cases in which at least 1 of the two output nodes is correct. The

numbers given under  ‘Correct Answer Given’ are the % of cases in which both output nodes are correct.
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TABLE 3. Number and Percentage of Non Answerable Games

Non Nash Algorithm Non Answerable Games

  Number Percentage

Minmax 5 0.25

Rationalizability 813 40.65

0 Level Strict Dominance 1634 81.7

1 Level Strict Dominance 1205 60.25

Pure Sum of Payoff Dominance 0 0

Maximum Payoff Dominance 8 0.4

Nearest Neighbor 0 0

Non answerable games are games for which a non Nash algorithm does not provide a unique, or any,

solution. Percentage is equal to (Number of Non Answerable Games)/2000.
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TABLE 4.  Describability of C’s Behavior by Non Nash Algorithms

% of Correct Answers Over Answerable Games = (Number of Correct Answers) / (Number of Answerable

Games). Answerable games are games for which the algorithm identifies a unique solution. % of Correct

Answers Over Full Testing Set = (Number of Correct Answers) / (Number of Answerable Games). 0SD:

‘0-level strict dominance’. 1SD: ‘1-level strict dominance’. PSPD: ‘pure sum of payoff dominance’. MPD:

‘maximum payoff dominance’.

Algorithm

γγγγ=0.5 γγγγ=0.25 γγγγ=0.05 γγγγ=0.5 γγγγ=0.25 γγγγ=0.05

Nash 80.38 75.7 66.53 80.38 75.7 66.53

Partial Overperformers

90.83 87.79 80.98 16.62 16.06 14.82
87.63 84 76.25 34.83 33.39 30.31
86.44 82.57 74.36 51.3 49.01 44.13

67.71 63.48 55.97 67.71 63.48 55.97
61.08 57.02 49.95 60.84 56.79 49.75

Minmax 57.75 53.83 46.89 57.6 53.7 46.77
62.97 58.78 51.48 62.97 58.78 51.48

% of Correct Answers

Over Full Testing Set

0SD

% of Correct Answers

MPD

Nearest Neighbor

Over Answerable Games

1SD
Rationalizability

Underperformers
PSPD
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 TABLE 5. Tobit Regression on the Average Root Mean Square Error (continues on next page)

Model 1 Model 2
Explanatory Variables Coef. S.E. Prob. Sig. Coef. S.E. Prob. Sig.
MPD Existence 0.037 0.061 0.549
Minmax Existence 0.067 0.077 0.382
Same As PSPD -0.095 0.011 0 **** -0.098 0.01 0 ****
Same As MPD -0.037 0.01 0 **** -0.034 0.01 0 ****
Same As Minmax -0.005 0.011 0.615
Same As Nearest Neighbour -0.085 0.008 0 **** -0.085 0.008 0 ****
Own NE Payoff -0.339 0.063 0 **** -0.391 0.029 0 ****
Other's NE Payoff -0.237 0.049 0 **** -0.202 0.034 0 ****
Positive Payoff Ratio -0.025 0.013 0.057 * -0.018 0.011 0.101
Negative Payoff Ratio 0.058 0.062 0.35
Own Generic Temptation 0.104 0.048 0.031 ** 0.105 0.048 0.03 **
Other's Generic Temptation 0.317 0.055 0 **** 0.317 0.054 0 ****
Game Harmony Index -0.311 0.66 0.638
Mean -0.326 0.314 0.3 -0.237 0.208 0.255
Game Harmony * Mean -0.667 0.779 0.392 -0.857 0.507 0.091 *
Deviation from Avg. Mean 0.192 0.147 0.19 0.174 0.13 0.181
Standard Deviation 0.587 0.602 0.33 0.883 0.349 0.012 **
Deviation from Avg. SD -0.147 0.274 0.591 -0.027 0.018 0.125
Skewness -0.03 0.018 0.096 * -0.032 0.014 0.023 **
Kurtosis -0.033 0.014 0.02 ** 0.056 0.026 0.032 **
Deviation from Avg Skewness 0.055 0.026 0.034 ** 0.016 0.014 0.264
Deviation from Avg Kurtosis 0.019 0.015 0.224
NE Action 1 0.024 0.01 0.012 ** 0.025 0.01 0.01 **
NE Action 2 0.037 0.01 0 **** 0.038 0.01 0 ****
Strict Dominance: Level 0 Sufficient -0.079 0.014 0 **** -0.082 0.013 0 ****
Strict Dominance: Need for Level 1 -0.058 0.011 0 **** -0.059 0.011 0 ****
Strict Dominance: Need for Level 2 -0.049 0.011 0 **** -0.05 0.011 0 ****
Max Own Temptation 0.288 0.026 0 **** 0.289 0.026 0 ****
Min Own Temptation 0.038 0.022 0.084 * 0.039 0.02 0.055 *
Max Other's Temptation 0.142 0.025 0 **** 0.143 0.025 0 ****
Min Other's Temptation 0.002 0.024 0.946
Game Harmony * S.D. 1.266 1.565 0.418 0.528 0.817 0.518
Constant 0.404 0.286 0.158 0.386 0.085 0 ****
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TABLE 5. (Continues from previous page)

Log-Likelihood (Model 1): 662.536. Log-Likelihood (Model 2): 661.275. Log-Likelihood (Model 3): 660.263.

LR Test (Model 1→Model 2): χ2(7)=2.52, P=0.925; LR Test (Model 1→Model 3): χ2(9)=4.55, P=0.872; LR

Test (Model 2→Model 3): χ2(2)=2.02, P=0.364. Numbers are approximated to the third decimal value. ****,

***, ** and * stand for significance at the 0.001, 0.01, 0.05 and 0.1 levels, respectively.

Model 3
Explanatory Variables Coef. S.E. Prob. Sig.
MPD Existence
Minmax Existence
Same As PSPD -0.098 0.01 0 ****
Same As MPD -0.034 0.01 0 ****
Same As Minmax
Same As Nearest Neighbour -0.086 0.008 0 ****
Own NE Payoff -0.392 0.029 0 ****
Other's NE Payoff -0.201 0.034 0 ****
Positive Payoff Ratio -0.017 0.011 0.108
Negative Payoff Ratio
Own Generic Temptation 0.108 0.048 0.025 **
Other's Generic Temptation 0.32 0.054 0 ****
Game Harmony Index
Mean -0.347 0.135 0.01 **
Game Harmony * Mean -0.551 0.131 0 ****
Deviation from Avg. Mean 0.213 0.121 0.077 *
Standard Deviation 1.13 0.201 0 ****
Deviation from Avg. SD -0.026 0.018 0.14
Skewness -0.025 0.013 0.05 *
Kurtosis 0.055 0.026 0.035 **
Deviation from Avg Skewness
Deviation from Avg Kurtosis
NE Action 1 0.025 0.01 0.011 **
NE Action 2 0.038 0.01 0 ****
Strict Dominance: Level 0 Sufficient -0.081 0.013 0 ****
Strict Dominance: Need for Level 1 -0.059 0.011 0 ****
Strict Dominance: Need for Level 2 -0.05 0.011 0 ****
Max Own Temptation 0.288 0.026 0 ****
Min Own Temptation 0.037 0.02 0.063 *
Max Other's Temptation 0.145 0.025 0 ****
Min Other's Temptation
Game Harmony * S.D.
Constant 0.356 0.082 0 ****
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FIGURE 2. Effect of a Change in Game Harmony on the Root Mean Square Error, for Different

Payoff Mean Levels
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The figure analyzes the approximate effect of an increase in the Game Harmony Index on the root mean

square error, for different mean levels of the game payoff values. RMS Error: Root Mean Square Error. GI

Change: change in the Game Harmony Index.



IX

TABLE 6. Ordered Probit Regressions on NDecided1, Games with Multiple PNE, n=5997 (continues

on next page)

Model 1 Model 2
Explanatory Variables Coef. S.E. Prob. Sig. Coef. S.E. Prob. Sig.
Same As PSPD 0.549 0.041 0 **** 0.548 0.041 0 ****
Same As MPD 0.054 0.039 0.169 0.055 0.039 0.159
Same As Minmax 0.066 0.038 0.078 * 0.067 0.038 0.076 *
Same As 0SD -0.046 0.103 0.652
Same As 1SD 0.151 0.103 0.145 0.117 0.072 0.104
Same As Utilitarian Best 0.217 0.045 0 **** 0.217 0.045 0 ****
Positive Payoff Ratio -0.042 0.029 0.151 -0.043 0.028 0.126
Negative Payoff Ratio 0.23 0.192 0.231 0.228 0.191 0.233
Own BR Max Temptation -1.071 0.116 0 **** -1.078 0.113 0 ****
Other's BR Max Temptation -1.044 0.166 0 **** -1.058 0.157 0 ****
Own BR Min Temptation 0.01 0.082 0.903 0.01 0.081 0.904
Other's BR Min Temptation -0.791 0.103 0 **** -0.797 0.102 0 ****
Own BR Payoff 2.072 0.21 0 **** 2.063 0.205 0 ****
Other's BR Payoff 0.41 0.157 0.009 *** 0.4 0.153 0.009 ***
Own Max Temptation -1.499 0.298 0 **** -1.488 0.09 0 ****
Other's Max Temptation -0.464 0.289 0.109 -0.403 0.085 0 ****
Own Min Temptation -0.478 0.099 0 **** -0.475 0.097 0 ****
Other's Min Temptation -0.705 0.089 0 **** -0.704 0.088 0 ****
Own Generic Temptation -2.143 0.336 0 **** -2.158 0.332 0 ****
Other's Generic Temptation -0.325 0.23 0.158 -0.328 0.23 0.153
Presence of 3NE 0.315 0.083 0 **** 0.316 0.082 0 ****
Game Harmony Index 0.295 1.348 0.827
Same As NE When 2NE 0.557 0.067 0 **** 0.559 0.067 0 ****
Game Harmony x Own BR Temptation 0.036 0.789 0.963
Game Harmony x Other's BR Temptation 0.172 0.763 0.822
Mean 6.227 1.258 0 **** 5.997 0.669 0 ****
Game Harmony x Mean -0.722 3.156 0.819 0.03 0.439 0.946
Deviation from Avg. Mean -0.032 0.511 0.95
Standard Deviation -0.216 0.889 0.808
Deviation from Avg. SD -0.083 0.795 0.916
Skewness -0.076 0.065 0.247 -0.076 0.065 0.239
Kurtosis -0.041 0.054 0.449 -0.033 0.043 0.443
Deviation from Avg Skewness 0.032 0.096 0.738 0.025 0.08 0.75
Deviation from Avg Kurtosis 0.055 0.055 0.318 0.05 0.05 0.311
NE Action 1 -0.087 0.037 0.018 ** -0.087 0.037 0.018 **
NE Action 2 -0.229 0.035 0 **** -0.229 0.035 0 ****
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TABLE 6. Ordered Probit Regressions on NDecided1, Games with Multiple PNE, n=5997 (continues

from previous page)

Log-Likelihood (Model 1): -13880.315. Log-Likelihood (Model 2): -13880.504. Log-Likelihood (Model 3): -

13883.739. LR Test (Model 1→Model 2): χ2(7)=0.38, P=1; LR Test (Model 1→Model 3): χ2(16)=6.85, P=0.976;

LR Test (Model 2→Model 3): χ2(9)=6.47, P=0.692. White robust estimators of the variance were used to compute

standard errors. Numbers are approximated to the third decimal value. ****, ***, ** and * stand for significance at

the 0.001, 0.01, 0.05 and 0.1 levels, respectively.

Model 3
Explanatory Variables Coef. S.E. Prob. Sig.
Same As PSPD 0.559 0.04 0 ****
Same As MPD 0.064 0.038 0.095 *
Same As Minmax 0.073 0.037 0.052 *
Same As 0SD
Same As 1SD 0.115 0.071 0.108
Same As Utilitarian Best 0.219 0.045 0 ****
Positive Payoff Ratio
Negative Payoff Ratio
Own BR Max Temptation -1.061 0.11 0 ****
Other's BR Max Temptation -1.099 0.147 0 ****
Own BR Min Temptation
Other's BR Min Temptation -0.8 0.099 0 ****
Own BR Payoff 1.842 0.096 0 ****
Other's BR Payoff 0.565 0.099 0 ****
Own Max Temptation -1.465 0.09 0 ****
Other's Max Temptation -0.403 0.085 0 ****
Own Min Temptation -0.49 0.096 0 ****
Other's Min Temptation -0.732 0.088 0 ****
Own Generic Temptation -1.943 0.277 0 ****
Other's Generic Temptation
Presence of 3NE 0.309 0.082 0 ****
Game Harmony Index
Same As NE When 2NE 0.555 0.064 0 ****
Game Harmony x Own BR Temptation
Game Harmony x Other's BR Temptation
Mean 5.822 0.481 0 ****
Game Harmony x Mean
Deviation from Avg. Mean
Standard Deviation
Deviation from Avg. SD
Skewness
Kurtosis
Deviation from Avg Skewness
Deviation from Avg Kurtosis
NE Action 1 -0.087 0.037 0.019 **
NE Action 2 -0.23 0.035 0 ****
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TABLE 7. Ordered Probit Regressions on NDecided2, Games with Multiple PNE, n=5997 (continues

on next page)

Model 1 Model 2
Explanatory Variables Coef. S.E. Prob. Sig. Coef. S.E. Prob. Sig.
Same As PSPD 0.664 0.041 0 **** 0.668 0.04 0 ****
Same As MPD 0.094 0.038 0.014 ** 0.099 0.038 0.009 ***
Same As Minmax 0.069 0.036 0.06 * 0.078 0.036 0.029 **
Same As 0SD -0.074 0.105 0.484
Same As 1SD -0.02 0.104 0.847
Same As Pareto 0.264 0.044 0 **** 0.264 0.044 0 ****
Positive Payoff Ratio 0.001 0.03 0.966
Negative Payoff Ratio 0.03 0.191 0.876
Own BR Max Temptation -1.287 0.116 0 **** -1.257 0.112 0 ****
Other's BR Max Temptation -1.136 0.158 0 **** -1.122 0.147 0 ****
Own BR Min Temptation -0.092 0.079 0.247 -0.079 0.078 0.313
Other's BR Min Temptation -0.968 0.099 0 **** -0.97 0.096 0 ****
Own BR Payoff 2.221 0.207 0 **** 2.22 0.096 0 ****
Other's BR Payoff 0.713 0.158 0 **** 0.733 0.096 0 ****
Own Max Temptation -1.762 0.286 0 **** -1.629 0.088 0 ****
Other's Max Temptation -0.646 0.27 0.017 ** -0.718 0.083 0 ****
Own Min Temptation -0.532 0.094 0 **** -0.545 0.092 0 ****
Other's Min Temptation -0.647 0.089 0 **** -0.66 0.088 0 ****
Own Generic Temptation -2.307 0.319 0 **** -2.267 0.282 0 ****
Other's Generic Temptation -0.148 0.223 0.508
Presence of 3NE 0.24 0.078 0.002 *** 0.271 0.07 0 ****
Game Harmony Index 0.954 1.293 0.461
Same As NE When 2NE 0.458 0.063 0 **** 0.493 0.053 0 ****
Game Harmony x Own BR Temptation 0.333 0.767 0.664
Game Harmony x Other's BR Temptation -0.189 0.711 0.791
Mean 6.966 1.209 0 **** 6.045 0.545 0 ****
Game Harmony x Mean -1.972 3.057 0.519 0.324 0.393 0.409
Deviation from Avg. Mean -0.046 0.502 0.927
Standard Deviation 0.224 0.853 0.792
Deviation from Avg. SD -0.289 0.782 0.712
Skewness -0.106 0.064 0.097 * -0.094 0.062 0.129
Kurtosis -0.034 0.052 0.518
Deviation from Avg Skewness 0.067 0.092 0.469 0.032 0.058 0.576
Deviation from Avg Kurtosis 0.012 0.052 0.817
NE Action 1 -0.084 0.036 0.021 ** -0.083 0.036 0.022 **
NE Action 2 -0.159 0.034 0 **** -0.159 0.034 0 ****
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TABLE 7. Ordered Probit Regressions on NDecided2, Games with Multiple PNE, n=5997 (continues

from previous page)

Log-Likelihood (Model 1): -14505.105. Log-Likelihood (Model 2): -14507.422. Log-Likelihood (Model 3): -

14510.319. LR Test (Model 1→Model 2): χ2(13)=4.63, P=0.982; LR Test (Model 1→Model 3): χ2(17)=10.43,

P=0.885; LR Test (Model 2→Model 3): χ2(4)=5.79, P=0.215. White robust estimators of the variance were used to

compute standard errors. Numbers are approximated to the third decimal value. ****, ***, ** and * stand for

significance at the 0.001, 0.01, 0.05 and 0.1 levels, respectively.

M odel 3
Explanatory Variables Coef. S.E. Prob. Sig.
Same As PSPD 0.664 0.039 0 ****
Same As M PD 0.096 0.037 0.01 **
Same As M inm ax 0.078 0.036 0.029 **
Same As 0SD
Same As 1SD
Same As Pareto 0.263 0.044 0 ****
Positive Payoff Ratio
Negative Payoff Ratio
Own BR M ax Temptation -1.278 0.111 0 ****
Other's BR M ax Temptation -1.147 0.14 0 ****
Own BR M in Tem ptation
Other's BR M in Tem ptation -0.958 0.095 0 ****
Own BR Payoff 2.216 0.096 0 ****
Other's BR Payoff 0.725 0.095 0 ****
Own M ax Tem ptation -1.616 0.088 0 ****
Other's M ax Temptation -0.707 0.082 0 ****
Own M in Temptation -0.555 0.091 0 ****
Other's M in Tem ptation -0.668 0.087 0 ****
Own Generic Tem ptation -2.341 0.266 0 ****
Other's Generic Tem ptation
Presence of 3NE 0.274 0.07 0 ****
Game Harm ony Index
Same As NE W hen 2NE 0.514 0.051 0 ****
Game Harm ony x Own BR Tem ptation
Game Harm ony x Other's BR Tem ptation
M ean 6.477 0.459 0 ****
Game Harm ony x M ean
Deviation from  Avg. M ean
Standard Deviation
Deviation from  Avg. SD
Skewness
Kurtosis
Deviation from  Avg Skewness
Deviation from  Avg Kurtosis
NE Action 1 -0.085 0.036 0.019 **
NE Action 2 -0.159 0.034 0 ****
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TABLE 8. Ordered Probit Regressions on NDecided1, Games with a Unique Pure Nash

Equilibrium, n=5993 (continues on next page)

Model 1 Model 2
Explanatory Variables Coef. S.E. Prob. Sig. Coef. S.E. Prob. Sig.
Same As NE 1.392 0.059 0 **** 1.393 0.059 0 ****
Same As PSPD 0.495 0.049 0 **** 0.498 0.049 0 ****
Same As MPD 0.28 0.04 0 **** 0.28 0.04 0 ****
Same As Minmax 0.046 0.043 0.288 0.047 0.043 0.274
Same As Rationalisability 0.08 0.07 0.247 0.082 0.069 0.234
Same As 0SD -0.177 0.08 0.028 ** -0.176 0.08 0.028 **
Same As 1SD 0.265 0.075 0 **** 0.261 0.074 0 ****
Positive Payoff Ratio -0.085 0.057 0.133 -0.074 0.056 0.191
Negative Payoff Ratio -0.181 0.207 0.382 -0.156 0.194 0.421
Own BR Max Temptation -1.453 0.101 0 **** -1.398 0.097 0 ****
Other's BR Max Temptation -0.93 0.164 0 **** -0.845 0.158 0 ****
Own BR Min Temptation 0.211 0.09 0.019 ** 0.226 0.089 0.011 **
Other's BR Min Temptation -0.301 0.104 0.004 *** -0.285 0.103 0.006 ***
Own BR Payoff 2.182 0.343 0 **** 2.242 0.325 0 ****
Other's BR Payoff 0.012 0.409 0.977
Own Max Temptation 0.088 0.101 0.384 0.083 0.101 0.413
Other's Max Temptation -0.152 0.085 0.071 * -0.139 0.084 0.099 *
Own Min Temptation 0.145 0.109 0.183 0.116 0.108 0.28
Other's Min Temptation -0.078 0.098 0.428 -0.088 0.098 0.369
Own Generic Temptation -4.081 0.308 0 **** -4.041 0.303 0 ****
Other's Generic Temptation -1.092 0.195 0 **** -1.104 0.195 0 ****
NE Action 1 -0.103 0.037 0.006 *** -0.102 0.038 0.006 ***
NE Action 2 -0.136 0.037 0 **** -0.136 0.037 0 ****
Game Harmony Index 1.919 1.491 0.198 2.51 0.518 0 ****
Game Harmony x Own BR Temptation -2.057 0.672 0.002 *** -2.055 0.635 0.001 ***
Game Harmony x Other's BR Temptation -0.797 0.952 0.402 -0.638 0.423 0.131
Mean 6.72 1.3 0 **** 7.055 0.661 0 ****
Game Harmony x Mean 0.747 3.234 0.817 -0.499 0.387 0.197
Deviation from Avg. Mean -0.438 0.556 0.431
Standard Deviation 1.39 0.887 0.117
Deviation from Avg. SD 0.112 0.878 0.898
Skewness 0.105 0.07 0.133 0.125 0.068 0.068 *
Kurtosis -0.015 0.059 0.799
Deviation from Avg. Skewness 0.057 0.104 0.586
Deviation from Avg. Kurtosis 0.016 0.063 0.795
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TABLE 8. Ordered Probit Regressions on NDecided1, Games with a Unique Pure Nash

Equilibrium, n=5993 (continues from previous page)

Log-Likelihood (Model 1): -10602.456. Log-Likelihood (Model 2): -10605.244. Log-Likelihood (Model 3): -

10610.995. LR Test (Model 1→Model 2): χ2(7)=5.58, P=0.590; LR Test (Model 1→Model 3): χ2(14)=17.09,

P=0.252; LR Test (Model 2→Model 3): χ2(7)=11.51, P=0.118. White robust estimators of the variance were used to

compute standard errors. Numbers are approximated to the third decimal value. ****, ***, ** and * stand for

significance at the 0.001, 0.01, 0.05 and 0.1 levels, respectively.

Model 3
Explanatory Variables Coef. S.E. Prob. Sig.
Same As NE 1.422 0.054 0 ****
Same As PSPD 0.538 0.043 0 ****
Same As MPD 0.281 0.039 0 ****
Same As Minmax
Same As Rationalisability
Same As 0SD -0.162 0.078 0.039 **
Same As 1SD 0.319 0.06 0 ****
Positive Payoff Ratio -0.02 0.038 0.592
Negative Payoff Ratio -0.371 0.135 0.006 ***
Own BR Max Temptation -1.342 0.091 0 ****
Other's BR Max Temptation -0.835 0.155 0 ****
Own BR Min Temptation 0.255 0.088 0.004 ***
Other's BR Min Temptation -0.247 0.101 0.015 **
Own BR Payoff 2.026 0.285 0 ****
Other's BR Payoff
Own Max Temptation
Other's Max Temptation -0.183 0.072 0.011 **
Own Min Temptation
Other's Min Temptation
Own Generic Temptation -3.959 0.285 0 ****
Other's Generic Temptation -1.161 0.193 0 ****
NE Action 1 -0.103 0.038 0.006 ***
NE Action 2 -0.136 0.037 0 ****
Game Harmony Index 2.028 0.409 0 ****
Game Harmony x Own BR Temptation -2.016 0.623 0.001 ***
Game Harmony x Other's BR Temptation
Mean 6.974 0.634 0 ****
Game Harmony x Mean
Deviation from Avg. Mean
Standard Deviation
Deviation from Avg. SD
Skewness 0.125 0.068 0.067 *
Kurtosis
Deviation from Avg. Skewness
Deviation from Avg. Kurtosis
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TABLE 9. Ordered Probit Regressions on NDecided1, Games with Zero Pure Nash Equilibria,

n=5983 (continues on next page)

Log-Likelihood (Model 1): -15596.259. Log-Likelihood (Model 2): -15598.954. Log-Likelihood (Model 3): -

15600.497. LR Test (Model 1→Model 2): χ2(14)=5.39, P=0.980; LR Test (Model 1→Model 3): χ2(17)=8.48,

P=0.955; LR Test (Model 2→Model 3): χ2(3)=3.09, P=0.378. White robust estimators of the variance were used to

compute standard errors. Numbers are approximated to the third decimal value. ****, ***, ** and * stand for

significance at the 0.001, 0.01, 0.05 and 0.1 levels, respectively.

Model 1 Model 2
Explanatory Variables Coef. S.E. Prob. Sig. Coef. S.E. Prob. Sig.
Same As PSPD 0.745 0.038 0 **** 0.735 0.035 0 ****
Same As MPD 0.579 0.033 0 **** 0.58 0.033 0 ****
Same As Minmax -0.022 0.037 0.556
Positive Payoff Ratio -0.067 0.058 0.247 -0.081 0.056 0.146
Negative Payoff Ratio 0.656 0.189 0.001 *** 0.748 0.165 0 ****
Own BR Max Temptation -0.552 0.081 0 **** -0.563 0.079 0 ****
Other's BR Max Temptation 0.122 0.131 0.355
Own BR Min Temptation -0.097 0.099 0.325
Other's BR Min Temptation 0.295 0.092 0.001 *** 0.317 0.088 0 ****
Own BR Payoff 2.139 0.317 0 **** 2.248 0.296 0 ****
Other's BR Payoff 0.354 0.373 0.343
Own Max Temptation -0.296 0.073 0 **** -0.294 0.072 0 ****
Other's Max Temptation 0.05 0.076 0.509
Own Min Temptation 0.313 0.072 0 **** 0.306 0.072 0 ****
Other's Min Temptation 0.299 0.074 0 **** 0.317 0.068 0 ****
Own Generic Temptation -1.818 0.2 0 **** -1.846 0.187 0 ****
Other's Generic Temptation -0.195 0.183 0.288 -0.116 0.175 0.506
NE Action 1 -0.277 0.034 0 **** -0.277 0.034 0 ****
NE Action 2 -0.202 0.033 0 **** -0.203 0.033 0 ****
Game Harmony Index 2.685 1.257 0.033 ** 1.818 0.349 0 ****
Game Harmony x Own BR Temptation 0.512 0.586 0.383 0.518 0.586 0.377
Game Harmony x Other's BR Temptation -3.006 0.767 0 **** -2.309 0.298 0 ****
Mean 0.208 0.927 0.822
Game Harmony x Mean -0.851 2.115 0.687
Deviation from Avg. Mean -0.303 0.426 0.476
Standard Deviation 0.124 0.604 0.837
Deviation from Avg. SD -0.129 0.791 0.871
Skewness -0.041 0.057 0.475
Kurtosis 0.027 0.051 0.593
Deviation from Avg. Skewness -0.02 0.088 0.821
Deviation from Avg. Kurtosis 0.007 0.055 0.905
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TABLE 9. Ordered Probit Regressions on NDecided1, Games with Zero Pure Nash Equilibria,

n=5983 (continues from previous page)

Log-Likelihood (Model 1): -15596.259. Log-Likelihood (Model 2): -15598.954. Log-Likelihood (Model 3): -

15600.497. LR Test (Model 1→Model 2): χ2(14)=5.39, P=0.980; LR Test (Model 1→Model 3): χ2(17)=8.48,

P=0.955; LR Test (Model 2→Model 3): χ2(3)=3.09, P=0.378. White robust estimators of the variance were used to

compute standard errors. Numbers are approximated to the third decimal value. ****, ***, ** and * stand for

significance at the 0.001, 0.01, 0.05 and 0.1 levels, respectively.

Model 3
Explanatory Variables Coef. S.E. Prob. Sig.
Same As PSPD 0.733 0.035 0 ****
Same As MPD 0.58 0.033 0 ****
Same As Minmax
Positive Payoff Ratio
Negative Payoff Ratio 0.663 0.157 0 ****
Own BR Max Temptation -0.56 0.079 0 ****
Other's BR Max Temptation
Own BR Min Temptation
Other's BR Min Temptation 0.282 0.073 0 ****
Own BR Payoff 2.336 0.191 0 ****
Other's BR Payoff
Own Max Temptation -0.293 0.072 0 ****
Other's Max Temptation
Own Min Temptation 0.308 0.072 0 ****
Other's Min Temptation 0.302 0.064 0 ****
Own Generic Temptation -1.865 0.186 0 ****
Other's Generic Temptation
NE Action 1 -0.277 0.034 0 ****
NE Action 2 -0.204 0.033 0 ****
Game Harmony Index 1.889 0.242 0 ****
Game Harmony x Own BR Temptation
Game Harmony x Other's BR Temptation -2.119 0.255 0 ****
Mean
Game Harmony x Mean
Deviation from Avg. Mean
Standard Deviation
Deviation from Avg. SD
Skewness
Kurtosis
Deviation from Avg. Skewness
Deviation from Avg. Kurtosis


