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Figure 1: (a) A game tree representation (extensive form) of
our two-player game. Because of its particular structure, such
games are also sometimes called Centipede games. States of the
game are indicated by the letters, A, B, C and D. (b) Arrows
denote the progression of play in the game. An action of move
by each player causes a transition of the state of the game. (c)
An example general-sum game used in the study.
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Figure 2: (a) A myopic player II decides on its action by com-
paring the payoff at state B with that at C. Here, B ≺ C denotes
a preference of C over B for the player whose turn it is to play
and B : C denotes the rational choice by the appropriate player
between states B and C. Thus, player I exhibits first-level rea-
soning. (b) If player II is predictive, it reasons about I’s actions.
Player I then exhibits second-level reasoning in deciding its ac-
tion at state A.
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Figure 3: (a) Mean achievement score of the participants for
both groups across test blocks. Notice that subjects generally
expected their opponents to play at zero level far more than
at first level. (b) Rationality error rates among participants
measured as actions which are not rational given predictions.
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3.2 Study 2: Fixed-Sum Game
6���� �
 .�� ��� 
��� �. �����
	�� ���
��	�� ;� �� ��
 	�

��������
� �� �
 ��� �� ����;�� 
	 	��� �� "���	��
 ��
���
 
���
�
 ���
� �. ���� �� L���� >'M?� ���� ���.	� ��� "��� �
	����� �. ��/ �����
 �. ���
��	�� ;� �� ��
 ������ 	� �������

������	� �� �
� 6�� "�	 ���  ��	���	�� ;��	� ��� 
���� 
���
	
 �� 
��/ � ��
����	��
 �. �	���� �����
 �. �����
	�� ��	��	�� �	�
���� ;� �.���� �� ������� �����	��� K� 
����� �� 	�����
� ��� �����
�. ���
��	�� �;
���� 	� ��� "���	�	"���
 ;�  ��	�� ��� �� �  ���
�� "��	�	��� �� 
�;
�<������ 
	 "����
�� ���� �� ;� ���
	
���� /	�� ��� "���	��
 
���� /� ���	� 
��

����� ��� �/��"����� ��������	��� ��� �� � �. �� "���� �� "���

.��� 	�.�� ��	��� ��/����� ��� �� � 	..��� .�� ��� "���	��

��� 	� ���� ��� "���..
 /��� "��;�;	�	�	�
 �. 
����

 .�� ���� "�����
���� 
�  � �� '� �� ����� /��
� 	. p 	
 ��� "��;�;	�	�� �. 
����


.�� "����� I �� � "���	����� 
����� ���� 1 − p 	
 ��� "��;�;	�	�� .��
"����� II� K� 
��/ �� �:� "�� �� � 	� -	�� *�

����� ����� �����

��	
� ��	
� ��	
�

� ���

���

� �

���

�

���

��� ���	���������

�������
�������

�����������	��������� ���	���������

���	���������

Figure 4: An example Centipede game used in the second study.
The payoffs are probabilities of success for player I. The com-
plement is the probability of success for player II.
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Figure 5: (a) Mean achievement score of the participants for
both groups across test blocks. Notice that subjects generally
expected their opponents to play at first level rather than at
zero level. (b) Rationality error rates among participants.
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4. MODELING BEHAVIORAL DATA
8��� "����� ;� ��� 
��	�
 �
��	;� 	� $���	�� J .���
 ��

�� �� �����
	�� ��	��	�� �� 
�;
�<���� ���	��� �� ���� �� �� �
"����	������  ��� ��	
 ���� /� 
��� �  ���	����� ��	
	��� ��	��
.�� �/��� ��"�;�� �.  ���	�� �����
	�� ���
��	�� 	� ��� ��	
	���
 ��	�� "����

� -	�	�������
�� 	�������	�� �6�8�
 %���6�8�
&
>''? ��� � ������� ���	�� ;����
� �. ���	� �:"�	�	� ���
	����	�� �.
�����
	�� ;��	�.
 �� ��	
	��  ��	�� ;�
� �� 
��� ;��	�.
�
��/����� ���6�8�
 	� ���	� ��	�	��� .��  �� ��� ;� �""�	���

;�� ;����
� �� �� =�� ��� �� ���	�� 	
 ��� ���/� �� ;� ����
 ��	��� ���
� /� /	�� ��� ��� ���6�8�
 /	�� /��
 ���� ��� /���
���/� 	� ��� ;����	���� �� ����	�	�� �	�������� ��  ��� ��������
�
"���
 �. �� �� ��	
	��  ��	��� $�����	�� �. ���
�  ���
 ��
���	� "��� ����
 ��� 	�.�� � ;� ��� ��� �� ����

4.1 Empirically Informed I-POMDP
��������	�� �6�8�
 �������	N� �6�8�
 ��  ���	����� 
���	��


;� 	����	�� ����� �����
9  ���
 �
 "��� �. ��� 
���� 
"��� >''?� �
.	�	��� ��
�� ���6�8� �. ����� i /	�� � 
������� ����� l 	��������
	�� /	�� ������� ������ j� 	
 �.	�� �
 ��� ��"��@

���6�8�i,l = 〈ISi,l, A, Ωi, Ti, Oi, Ri〉

/����@ • ISi,l �����
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4.3 Model Performance
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Table 1: Parameter values obtained by running gradient de-
scent on the data from the two studies.
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Figure 6: Negative log likelihoods for different values of the
parameters for both the groups. We ran gradient descent to
find parameters responsible for the minima.

4.3.2 Achievement Scores and Rationality Errors
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Figure 7: Comparison of model predictions with actual data
for both groups in the general-sum game.
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Figure 8: Comparison of model predictions with data for both
groups in the fixed-sum game.

5. DISCUSSION
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Game type Opponent type Mean Squared Error (MSE)
Achievement score Rationality error rate

Random I-POMDPi,2 Random I-POMDPi,2

F������  ��"	� (�('Q'' (�((J*' (�(J''I (�(((HS

� "��	��	�� (�((**J (�(('(J (�(++Q* (�(+J'+
-	:�  ��"	� (�('+MI (�((*H+H (�(HMMJ (�(JM+S

� "��	��	�� (�+'*I( (�(((Q+SH (�(IMSI (�(+HMJ

Table 2: Goodness of the fit of our model with the study data. We include the random model for assessing significance.
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