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Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Overall

Colour 81 100 86 100 94 97 93

Time 89 86 89 92 89 94 90

Time (+1 period)� 94 100 97 100 100 100 99

Time (+2 periods)� 100 100 100 100 100 100 100
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In order to examine how close the subjects got to the predicted �� ���� behaviour we split

the data into two parts) !#� %�

�%! %����
 %#��%� � � !#� %�

�%! !��� �* �%!�� + ,�!#� !#�

��!���� �%!�� ��!� !#�
� �"��! 
� ����-�!�� �) �! ��� !� �* � ��.�
� %�+ �! �� %���
�� ��/%��!

!� ��!�
�� � $#�!#�
 ��&'�%!� ���� 
� ����-�!�� �) �� $�!# !#�� � �� �) � � %����
 %#��%� �!

� ��� ! �* � ��.�
� %� �� !�0� !� &� ��!���� ��� %� ��!#�
 %����
 $���� &� ��!�����+ ��!����

�
� (��� � ��&�� �+ ,#�! $� 1 � �� !#�! ���
��� ��2 %����
 %#��%�� $�
� �� ���� ��!����


��%!�� � !� ��( ���+ � !�
�� �* !��� %#��%��) ��2 �* ��%���� � $�
� ���� $#� �
���%!��) �2

�* ��%���� � $�
� ������� &� � � �"!
� ��
��� � � � �� �2 �* ��%���� � $�
� ������� &� � �"!
�

!$� ��
����) $�!#  � ������ &��� � !$� �"!
� ��
����+

,#�! $� #��� �� � ��%!�
� �* ��� � �� ����
!� ( ������ *
�� �� ���� ��!�����!� � !�
��

�* %����
 %#��%�) � � #��� ( � %���� !� !#� �� ���� ��!���� ��!!�
 �* !��� ( ��%���� �+ ���

� ���0� ��%# ��0� ��!�����!� � !�
�� �* %����
 %#��%� � � � !�
�� �* !��� (+ �#�� ����� !�

�
����� ���� ����� %� *�
 !#� �&���!� �* ��&'�%!� !� %#���� %�

�%!�� &�! � ��!!�� ��
� ���$��

!#� �* *���� ��!����+ 3�
� !#� ��2 �* ��%���� � ���� &� ��&'�%!� $�
� �"�%!�� �� �
���%!��

&� !��� � � %����
 $#�%# ����� ��
� #�(# (��� !#� %�����"�!� �* !#� ��%���� + �#�� 
���� !�

��2 $#� $� ��� � ��( �* � �� (�� ��
���+

�+�+ �������� ��	
��	�	� ,�  � �� (�
 ���	
� 
�!�� ���!� � ��� ��&'�%!� !� 1 � ��
 &� %#4

��
0+ � �!��� $� 
�5��
� !#�! !#� ��&'�%!� ��
�	�
 ����	����� (��� !#� ������!�� !#�! ���

�!#�
� �
� 
�!�� ��+ �#�� �� ��
#��� !#� ��
�  �!�
�� $�� !� �"��� � !#� ��!�+ 6�
 �"�����)

(��� !#� ��
�� ��%���� &� ���� $�!# (��� ��( ��� !� $��! � (��� � �* ��� � � � !#� 
����!� (

��%���� !� (� *�
 !#� $
� ( %#��%� &� !#��� $�!#  ��!
�� ��( ���) !#� &�#�����
 �* ��!�
 ����
�

$�!#� � 
���
��4%��%��� ��  �! � �

�!�� �� �#� ��� � + ,� $���� �!��� �"��%! � �!
� ( ��( ��

��� �
 �� � !� 
����! � ��!���� 1
�! ��
��� ������ ! � !#� 
����� ! %����
+ 7�$���
) �

 ��!
�� ��( �� ��� �
 �� � $���� 
����! � $��!� ( � !�� !#� ��%� � ��
��� � � !#� &��� (

� ��%���� � !#� ��'�
�!� %#��%� � !#� 1
�! ��
���+ �#�� $���� *�%!�
 � �&��
��� &�#�����
)


�!#�
 !#� �� ���� ��!���� &�#�����
) � � #��� ����� !#� �
�&��� �* � �4�. �

�!�� �� %#��%��


� ��
� ( !#� ��%���� � �* ��� ��!�
 ����
� ��&4��!����) $#� !#�� �
� �%!����� 
���� �� ( 
�4

!�� ���� !� !#�� �����!�� + � !#�� �� �� $� �
� ���0� ( �! �� �	
� ��!�����!�+ 8��� ��" �

���� �
������ !#� �%!�� � $#�%# 
�!�� �� �(� !� �#���� #��� ������ � 
���� �� !� !#� �&��
���

�%!�� � �* !#� �!#�
 ��&'�%!�) $#��� !#�� ��&��%!�� �"��� �� ���� �((
�(�!� 1 �� (� &���� �

%����
��� �* !#� 
�$ ��!� $�!# !#� �� �	
� ��!���� �%!�� �+



�� ������ 	
���

����� �� �	�
��� �
����� ��������� �

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


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

�� ���� Optimal � 14.51 18.86 16.92 16.91 16.17 15.99 16.56

Absolute % difference 1.96 0.90 5.06 (-)3.84 1.03 (-)0.77 2.26

As before we can compare the optimal payoff, with our alternative measure of optimality,

to the observed payoff, and this is done in Table 3. Since we are considering a weaker form of

optimality as expected the percentage difference is on average lower standing at only 2�26%.

this figure is an average of the absolute percentage difference, the simple average is lower at

0�72%. Note that where the optimal strategy calls for a coin flip, and where that flip results in

the correct actions being taken, it is easily possible to exceed the ����	��
 optimal payoff.

Table 4: Percentage of Predicted Choices

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Overall

Colour 92 100 97 100 100 100 98

Time 89 86 89 92 89 94 90

Time (+1 period)1 �� ��� �� ��� ��� ��� ��
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Table 5: Observed Behaviour Before and After Reverse Cascades

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

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

� �� ����� ������� ���� �������

! �� ����� ������� ����� �������

" #�� ���� ������� ���$$ �������

% #�� ���� ������� ���!& �������

There is clearly a remarkable difference between the results for the alternative condition.

There is a deviation from optimum of an extra 6-11% delay in most cases, but this rises dra-

matically to about 40% after subjects have been informed of their payoff just after a reverse

cascade. There is no appreciable change if they are not informed, as in the standard condition.

This is an interesting result and not easily explained. A reverse cascade is a low probability

event with unfortunate consequences for payoffs and should subjects incorrectly exaggerate the

likelihood of this event there are clearly many possible irrational responses. Should subjects

react by ignoring the signals of others they would be expected to reduce delay and simply act

immediately based on their private signal, this was clearly not the case. Alternatively they

might respond by doubting the significance of even their own private signal which might lead

to a more random pattern of actions. Glancing at the raw data, this was clearly also not the

case. The actual response seems to have been simply extra delay. This might be based on a

reduction in confidence in signals resulting in a desire to wait longer and attempt to gain more

information from other subjects. While this is clearly not a rational action if other subjects are

sticking with the optimal set of strategies and indeed is also not rational if others also wait, it

is a feasible irrational response. It might then be possible to conclude that the revelation to

agents that they chose incorrectly, based on entering a low probability reverse cascade might,
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when combined with the commonly observed availability heuristic, result in a deviation from

rational play.

It is interesting to note that when a reverse cascade occurred in game 2 on day 8, by game 4

the average deviation from optimum fell back to +0.22 periods. This is the only example of a

day in which a reverse cascade occurred early enough in the sequence of four games to see any

change in behaviour more than one game later and where subjects were told the correct choices

between games. This suggests, though is by no means conclusive, that the deviation from

rationality which occurs after realizing a reverse cascade occurred might well be a short-run

phenomenon.

7. ����������

Some general findings should be stressed. The experimental games should have ended in two

periods if the players were fully rational. They did in fact end in three periods in a few cases, but

often did end in two periods. Strictly this implies less than rational behaviour, however given

the complexity of the required mental calculations this is close enough to suggest something like

rational behaviour. In fact 85%-90% of the time subjects did just as expected, and this figure

rises to about 100% with the addition of up to 1 period of lag above the optimal time of action.

It should be stressed that it was made clear to the subjects that they had up to 15 periods

in which to make a decision, so there was clearly a good deal of thought involved in acting

so rapidly. Virtually all subjects decided to wait a period if they received an uninformative

signal. This suggests that despite the discount factor virtually all subjects appreciated the

value of waiting to observe others behaviour. The results certainly seem to clearly support

the theoretical literature with the single proviso that some slight extra delay might be seen in

practice, perhaps when a subject fears that others may not be rational. In this sense the results

here do not conflict with the results in Anderson and Holt for the simpler sequential case.

Herds are a reality. This is clearly confirmed by the data, which even produced a reverse

cascade. The cascades occurred at times slightly more slowly than they should with fully optimal

behaviour, but more often did occur by the second period as predicted. The reverse cascade was

a particularly interesting case since it is difficult to explain this kind of phenomenon without

reference to social learning. This could only reasonably happen if subjects were playing close

attention to the behaviour of their peers and making a serious effort to update probabilities.

This is also a clear warning that sensible observation can still result in poor payoffs.

It seems reasonable to suggest that if laboratory subjects with small prizes behave much as

their should in theory then large firms or governments with so much more at stake are even

more likely to learn from their peers and herd as a result. This is of course a subjective point.

An interesting additional finding comes form a close examination of the alternative condition

given in Section 6. It seems to be the case that when subjects realize they have chosen incorrectly

despite having followed the majority view, they respond through extra delay in the following

game. This delay seems to fall back a little in any later game. This would suggest that when

faced with the realization of a low probability reverse cascade subjects may respond with a

higher degree of irrationality. This is clearly an important result since it suggests that not
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only may very suboptimal choices be made despite rationality in agents in a herding model,

but in practice, this might lead to a burst of irrationality which clearly increases the chance

of further suboptimal choices being made in future games. This would seem to make it even

more important that policy makers keen a close watch for the dangers of reverse cascades in

situations where herds are possible.
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“Thank you for attending today’s experiment. I shall start by laying down a simple rule

about silence, then detail of the experiment and then explain the prizes you can win. Feel free

to ask questions. We shall then run a practice and you will have another opportunity to ask

questions. When I am satisfied that everyone is ready we will begin the main experiment which

will consist of what I shall call a game, repeated four times.

I would ask that you do not talk during the experiment except when I invite questions. You

can raise your hand at any time to attract the attention of myself or one of my assistants who

can deal with minor problems such as mislaying your pen. Otherwise please remain silent. Any

attempt to do anything other than following the experimental instructions will be punished

through a reduction in your prize.

I shall ask you to perform a number of tasks. I shall detail some of my aims at the end of the

experiment, but leave you to consider the significance as you see fit. Much of the action will

revolve around the simple observation of coloured balls and decisions you will have to make. I

shall not suggest any methodology, how you make your decisions is very much up to you.

These are the devices I shall use, a green urn and six balls, three red, three white. I am now

placing two red balls and one white ball into the red bag. This bag is coloured red to help you

remember that it contains a majority of red balls. Similarly I am now placing the remaining

balls, two white and one red, into the white bag. When the first game begins I shall randomly

choose one of these bags and empty it into the urn outside this room. You will not be able to

see which bag was emptied. I shall then call you in sequence and you will leave this room and

enter the adjoining corridor where you will stand with your back to the urn. The urn will be

covered but I shall raise the cover when I am satisfied that you cannot see the contents of the

urn and your hand will be directed into the urn. You will then take a single ball from the urn

and you may remember the colour of that ball. You will then drop the ball back into the urn.

I shall shake the urn and you will, as before, draw once again from the urn. You will then be

asked to leave the corridor, and be taken into the larger room. In the larger room you will be

taken to a seat by an assistant and before you will be three items: a pen, a form and a table.

The form must be completed as follows. You will see a space for your name, and your signal.

By signal I mean the colour of the balls which you saw. The form also includes a list of time

periods with a space next to each period in which you will be asked to write your choice. At

this point you will simply wait until all the other subjects have drawn from the urn and entered

the larger room. When all of you have entered the larger room I shall enter and remind you to

write your name and signal on the form. I shall also remind you to keep silent and not attempt

to move out of your seat until you are asked to leave. You will note that you are not able to
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see any of the other subjects’ forms and you should not attempt to do so. The table lists the

prize you could win based upon you actions. I shall detail this later.

After I have re-stated these rules I shall initiate the first time period. You will have one full

minute in which to write one of three alternatives on your form alongside the first time period

listed there. You will be told 10 seconds before the minute ends and a clock is clearly visible.

The timing on this clock will be final. You may write: “red”, “white”, or “wait”. A colour

indicates you believe the urn contains the contents of the respective bag (red or white). If you

write wait you are indicating that you do not yet wish to make a decision and wish to try again

in the next period. An assistant will come to each of you and observe your form. If a colour is

written there you will be asked to leave, taking with you your form. You will hand that form

to me as you leave. I shall then note the colour choices that were made on the clearly visible

board. For example, if two of you choose to write a colour, one red and one white, you will be

asked to leave. You will give me your forms as you leave and I shall write on the board alongside

the first period, “W, R”, to indicate the two colour choices. Those who write “wait” will simply

stay in their seats, but may observe the board, consult their tables, re-read their forms and do

whatever else they wish, in silence, until the next period is announced. When the room has

been emptied of those who made their decision I shall start the timer again and as before you

will have a minute to make your decision. This will continue until either all have decided or 15

minutes have elapsed. Then the game will end and I shall go with the last remaining subjects

back to the small room. Those who left earlier will have been directed to the small room by

an assistant and asked to wait there quietly. There will be another assistant there to ensure

silence is observed.

When we all find ourselves back in the little room I shall rerun the game again. I shall once

again go into the corridor and randomize which bag is emptied into the urn and we will go on

as before. We will do this four times. After this I shall announce what the correct choices were,

calculate the prizes you are due and for those who are interested, explain what I expected to

observe.

Now I shall explain the structure of the prizes. After each game has ended I shall have a note

of your four choices and when you made them. I shall also have a note of the correct choice, i.e.

the bag which was emptied into the urn. This will totally determine your prize. You will get a
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All multiplied by �3�25, yields 38�5� to the nearest half-penny. Since this exceeds the cost of

delay, which equals 12�5� the subject with a mixed signal of � and � should wait.
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