
http://go.warwick.ac.uk/lib-publications  

 
 

 
 
 
 
 
 
Original citation: 
Sgroi, Daniel. (2002) Optimizing Information in the Herd: Guinea Pigs, Profits, and 
Welfare. Games and Economic Behavior, Vol. 39 (No. 1). pp. 137-166. ISSN 08998256 
Permanent WRAP url: 
http://wrap.warwick.ac.uk/50142 
 
Copyright and reuse: 
The Warwick Research Archive Portal (WRAP) makes the work of researchers of the 
University of Warwick available open access under the following conditions.  Copyright © 
and all moral rights to the version of the paper presented here belong to the individual 
author(s) and/or other copyright owners.  To the extent reasonable and practicable the 
material made available in WRAP has been checked for eligibility before being made 
available. 
Copies of full items can be used for personal research or study, educational, or not-for-
profit purposes without prior permission or charge.  Provided that the authors, title and 
full bibliographic details are credited, a hyperlink and/or URL is given for the original 
metadata page and the content is not changed in any way. 
 
Publisher’s statement: 
“NOTICE: this is the author’s version of a work that was accepted for publication 
in Games and Economic Behavior. Changes resulting from the publishing 
process, such as peer review, editing, corrections, structural formatting, and other 
quality control mechanisms may not be reflected in this document. Changes may 
have been made to this work since it was submitted for publication. A definitive 
version was subsequently published in Games and Economic Behavior, [VOL:39, 
ISSUE:1, (April2002)] DOI: 10.1006/game.2001.0881” 
A note on versions: 
The version presented here may differ from the published version or, version of record, if 
you wish to cite this item you are advised to consult the publisher’s version.  Please see 
the ‘permanent WRAP url’ above for details on accessing the published version and note 
that access may require a subscription. 
 
For more information, please contact the WRAP Team at: wrap@warwick.ac.uk  

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Warwick Research Archives Portal Repository

https://core.ac.uk/display/9560978?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://wrap.warwick.ac.uk/50142
mailto:wrap@warwick.ac.uk


���������� 	�
������� �� ��� �����

����� ����� ������ �� ���
�� �

������ ��	
�

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

����	���� ��� ���� ��

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

��	���� ����	 ��	������ ���	�
 ������ ���  �!� "��� #�	 ���	 ���#�� !�������$ ���

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

'���!�� �����	� #	�� ��� ��() ��� ��� ��!������� � �	���#���� �!���
������$ ����*

�����$��	�+�!��$!��$�!$��$

,



���������� 	�
������� �� ��� ����

����� ��	�

)��	!��� )������

)��%	��� )�- .��

/�

��������

0�	��� �	��� 
��� �� �����1� �	&��� �#�	����� � �
����� %� ��%�! �#�	����� �


��� ��!���� ��� ���� 2,3345 !��� � 	�!�		�� ����$ ��� ����� 
�� #�� �� 	�&��� �� �
�

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

� ����� 
�!� ���� ��&� ��������� � %����	 !��!� #�	 ����	 ��!���6����	�$ ��� ����	

�&������� ��� ��	����� �# #�	!�� � ��%6��� �# ������ �� ���� ���	 ��!��� ��	�� #	�� ���

��	���!�&� �# � ��!�� ������	� ��� � 7	� 
�� � &����%�� �	 &�������� �	���!�$ �	��������

�!�&�� %� 7	�� !�� %� �8������ �� �� ������� �� �&�	!��� ��� ��	� �8��	����� ��� ��8�9�

�����$

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

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


������#

�



���� �� ��	
���

� �	��	�	 �� ��	�
�

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

� ������ ��� �����

� ������ ��� �� �����

� ���� �� �������

� ��� �� �������

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

� ���� ����

� ���� ����	

� 	�� ����	

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


 ��������
 ���� ���������

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

�� 	
���� �� 	���� �

���� ��� �� ��� 	����� ���� �

� ���� ��� �� ���� 	����� ���� �

�
��� ��� �� ��� ��	
��� �� ���

����� ��� �� ��� ��	
��� �� ���

�� ����� �� ����� �

�� �����	����� ��� �� ����� �

���������� ��������

�



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

� ��
������ �����

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

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

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


 ��
��� �� ������ ���	 �

� ��������� �����	�� �������


� ��
��� �� 
 � � ��� ����� �� �����


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

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

� �����

! ��) digamma function

�, �, �, �, � abbreviations used in appendix

4



� �������	�
��

Should a firm with a new product release it to the entire market on the same day or pre-

release to a select set of customers first? Should movie premieres be made available to members

of the press and high profile celebrities or should films simply be released worldwide on the

same day? Should a firm’s product be released on the same day in several markets or released

sequentially in different markets? Is it optimal for every country in the European Community

to conduct separate drug trials or should they pool and have one drug trial? Is it sensible for

the government to slowly release new drug treatments to doctors or should there be a core

release to a select group of doctors first?

All of these questions relate to whether a slow sequential release of information is better

than a discrete simultaneous release in the first instance followed by a slow sequential release

thereafter. The term ������ may relate to consumer welfare (in the case of government planners)

or profitability (in the case of firms). In both cases the approach taken in this paper is to model

the learning process as a potential herding phenomenon. This allows a quick identification of

the crucial trade-off involved between the gains for those late in the sequence who have access

to more information if an initial group of “guinea pigs” is used, and the costs for those within

the group of guinea pigs. More generally, forcing a sub-set of agents to make decisions quickly

is important in any herd context when agents learn by observing each others’ actions. Later

decision-makers in such a model can gain a great deal from early movers, but they are also

liable to become trapped in an information-damaging herd in which it is impossible to derive

information from agents’ actions, as they are simply copying their predecessors regardless of

their own private information. Forced early movement overcomes this problem by providing

later movers with genuinely informative actions and easily inferable private information. How-

ever, this is clearly damaging for those forced to decide early since they can no longer gain from

observational learning themselves. We therefore have a clear trade-off.

This paper begins in section 2 by developing a herding or �����	
����
� �
�
�� ����� �����
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Consider a possible chain of events. The ���� ����� will purchase if �� = � and reject if

�� = �. The ��	
�� ����� can infer the signal of the first agent from his action. He will then

purchase if �� = � having observed purchase by the first agent. If he observed rejection but

received the signal �� = � then he will flip a coin following the tie-breaking rule. If he receives

�� = � and �� = � then he too will choose �� =� . If the first agent purchased then he would

be indifferent and so flip a coin. The ���� ����� is the first to face the possibility of a herd. If

he observed two purchases, so �� = ���� � ���� �3 � � ��� 	
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2.3 Calculating Herd Probabilities

���� ��� ����� �����)������� �� ��� ������ ��� ������������� �� ��	� ������������� �� � �

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

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

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

���	�� �� �� �!

"� #� ��� � � � �$ �
������

�

�−��−�2�
�

�

�−��−�2�
���

�� �� ��� � � � �� � ����������

�

��������
�

�

��������
���

��



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

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

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

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

"�
	����� ���� �� ��

 �� ��
 ���� � ��	��! "!����
 ��� ��
 � #
� ���� � ��� ���!�� "
���	��

��� � ����
�	 	��� ���
� � � $ ���!� �""! ���� ��� "
���	� �� �� !�� ���!�� � ��� ���


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

	���	� �� � � 	��	���� %� �� ��!! ���� #
�� ��� "!����
� 	�� ����"�!��� ��� "
�����!�� �� �

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

� ������ ��	 
������ �����

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

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

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

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


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

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

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

 ����

��� �������	
� �
���

�� 
��� "���� "� �		 ��� � ��� �
 ���� �������� ��	� 	� ��� ���� ����� #	�� ��� ��� �
	

�	�����	�� ���	� ��	""������� �� $� %V & '( & $� %V & )( &
�

�
��� ������ �	
��������� �	

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

� ���� �
���������

�
�

���� �����

�
�

����

�
� � ���

��



���	 
��� �
� �i � � ⇒ �i � � �� �	 �		� ���� ������	� �i � � �	� �
����
���� �
�����

����	 � �
�

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

� ��� �

�
(1��)�+

�(1��)
2 +

(1��)�
2

��
�

1
2

�
2 �

�p��p���p��
�
�

�

�

�
�

�p��

�
� � [��] (4)

So we have the interesting result, that � [��] = � [��]. In fact in general we can say that:
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This simply evaluates the probability that agent n goes for Y in both states of the world then

weights this by the payoffs of �
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And so we have:
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extra information made available to later movers. For simplicity we will assume that� � �����,
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��� in an equivalent way. Now
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����������� 	 The optimal level of � (number of guinea pigs) will lie strictly between 0 and
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� � 1.

����
� As shown above Ω (1��� �) � Ω(0��� �) and Ω(0��� �) � Ω(� � 1��� �) which

immediately proves the proposition.
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�� ���� ���� �� �	�
�
�� ��
 �
�� ��	��� �� � and a partial further calculation is made

in the appendix.

Despite the complexity of the function, a number of features stand out:

1. There is a unique maximum for any value of � and � assured by the concavity of

Ω (���� �).

2. The maximum is in the interior of the range of � for all values of � and non-trivial � .
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[FIGURES 1, 2 AND 3 AROUND HERE]

To give some examples figures 1 to 3 show how the total consumer welfare value Ω (���� �)

evolves as � + 1 � ����� increases, with � and � held fixed. Figure 1 fixes � = 10, figure 2

fixes � = 50 and figure 3 fixes � = 100. Figure 2 provides different optimal values for � for

different values of �. However, as in figure 1 the optimal value of � is never 0 or � , instead it

is given at some interior value. Figure 3 provides a convex shape and a set of interior optima

for� . For � = 10 the optimal value of � is 4 for the five values of � examined. The existence

of a trade-off between the value of guinea pigs and the loss to the guinea pigs’ consumer welfare

because of their failure to learn from others is captured by the convex shape of the function,

which is a general feature, and is clearly visible in figures 2 and 3. Table I summarizes figures

1, 2 and 3 by providing optimal � values for the given values of � and � . It is important to

note the restriction � + 1 � �����.

To give some feeling for the results consider one example. For � = 100 and � =
2

3
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5��	���
��� 6� ��� 	��	���
��� ������ 
��
 ��� k � ���� payoffs will always be identical for

agents � and �+1, the reasoning revolved around the valueless nature of agent �’s information

to agent �+1. This immediately tells us that it is at least weakly better for welfare to have all

decisions “made in pairs”.
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5.1 Promoting a Good Product
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