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Introducción y Resumen General

Esta tesis doctoral se divide en 3 capitulos diferenciados: el primero de ellos, "Out-
erfactor: a robust approach to the measurement of in�uence", propone nuevas me-
didas de impacto para las revistas cientí�cas, con propiedades de las que carecen
las medidas actuales; el segundo, "Coordination strucutures", caracteriza un con-
junto de redes sociales que garantizan la coordinacion de la sociedad en las acciones
que más le bene�cian; y el tercero, "Sequentiality and simultaneity in bank runs:
an experimental approach", muestra evidencia experimental sobre cómo di�eren las
estampidas bancarias dependiendo de si los individuos observan a los demás o, por
el contrario, toman sus decisiones de forma independiente. Mi objetivo general en
estos trabajos de investigación es identi�car cómo conexiones especí�cas modi�can
determinados aspectos socio-económicos desde los tres enfoques complementarios de
la metodología económica: teórico, empírico y experimental.

Capítulo 1

El primer capítulo de esta tesis se titula "Outerfactor: a robust approach to the
measurement of in�uence" (Outerfactor: un enfoque robusto para la medida del
impacto). En este capítulo, desarrollamos un nuevo marco teórico para el análisis
del impacto de las revistas cientí�cas que llamamos "el modelo de las cadenas de
investigación". Proponemos una nueva medida de impacto, Outerfactor, que permite
contabilizar el impacto indirecto entre revistas a la vez que asigna a cada revista un
valor que es independiente de sus propias citas y número de artículos. El modelo de
las cadenas de investigación nos permite también desarrollar cuatro nuevas medidas
de impacto mutuo entre revistas, que extienden el concepto de cita entre revistas
al entorno del impacto indirecto. Finalmente, aplicamos estas nuevas medidas a
una muestra de 140 revistas de economía, mostrando que Outerfactor proporciona
ránkings comparables con los generados por las otras medidas a la vez que tiene un
comportamiento más robusto frente a diversas posibles manipulaciones.
El impacto de revistas cientí�cas cuanti�ca la in�uencia que éstas tienen en el

resto de la investigación publicada. Dicha in�uencia se mide mediante el análisis de
las referencias que los artículos cientí�cos suelen incluir. Normalmente, los artículos
cientí�cos citan otros artículos que han sido relevantes para el desarrollo del artículo
en cuestión por lo que se considera que una cita es asimilable a un "voto" positivo
sobre la calidad de dicho artículo. Con esta idea de fondo, diversas medidas se
han desarrollado con el �n de cuanti�car dicha in�uencia de la forma más precisa
posible. La medida más usada en todo el mundo es el Índice de impacto (Gar�eld,
1955), que actualmente es publicado por el Journal Citation Reports. Dicha medida
contabiliza la media de citas por artículo que recibe cada revista cientí�ca en un
periodo de tiempo determinado: el Índice de impacto de una revista determinada en
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el año 2011 serán las citas que, publicadas en artículos de cualquier revista durante el
año 2011, hacen referencia a artículos publicados por la revista en cuestión durante
2009 y 2010, dividido por la cantidad de artículos que publicó. Aunque existen
variaciones del Índice de Impacto, el valor más común se calcula a partir de los
artículos publicados en una muestra de revistas cientí�cas de prestigio (más de 8.000
y de todos los campos cientí�cos) durante un año determinado1.
El Índice de impacto es una medida muy exitosa que se usa con diversos objetivos

en todo el mundo. Por ejemplo, es utilizado por comités de evaluación cientí�ca, para
poder evaluar la calidad de la investigación realizada por cada cientí�co. El Índice
de impacto también es utilizado como variable bibliométrica por las bibliotecas a
la hora de decidir a qué revistas deben suscribirse. A pesar de su amplio uso, se
argumenta desde diversas fuentes que el Índice de Impacto es una medida bastante
pobre para analizar la calidad, aunque su facilidad de cálculo y la inmediatez de su
interpretación hace que se utilice cada vez más, obviando parte de los problemas
que conlleva.
Entre dichos problemas, el presente trabajo se centra en dos. El primero de ellos

se re�ere a que el Índice de impacto ignora la importancia del impacto indirecto,
la diferencia que hay entre unas citas y otras dependiendo del origen de dichas
citas. El segundo, las posibilidades que generan las medidas de impacto para su
manipulación. Ambos problemas han sido afrontados por la literatura de forma
separada: el presente trabajo propone una nueva medida que consigue, al menos
hasta cierto punto, solventar ambas cuestiones.
El problema de las diferencias de "valor" de cada cita procede del hecho de

que, normalmente, no transmite la misma información una cita procedente de una
fuente aproximadamente irrelevante que de una fuente de prestigio. Detrás de este
problema reside el hecho de que un cientí�co estimaría que una cita a un artículo
procedente de una investigación publicada, por ejemplo, en Nature o Science, im-
plica un voto de "mayor valor" que una cita en un artículo publicado en una revista
desconocida. Esta hipótesis se basa en que una referencia procedente de un artículo
de gran impacto tiene, en sí mismo, un impacto elevado. Para solventar este prob-
lema, y dado que el índice de impacto contabiliza todas las citas por igual, se han
desarrollado una serie de medidas de impacto que contabilizan estos "efectos indi-
rectos", asignando un valor más elevado a las citas que proceden de revistas que son,
a su vez, altamente citadas. Estas medidas suelen asignar un valor a cada revista de
forma recursiva, obteniendo una primera medida del impacto de cada revista a partir
de las citas directas, para a continuación ponderar cada cita por dicho valor, recalcu-
lar el impacto de cada revista, y repetir el proceso de forma recursiva. Ejemplos de
estas medidas serían el factor invariante (Pinsky y Narim, 1976; Palacios-Huerta y
Volij, 2004), la medida de Liebowitz y Palmer (1984), Pagerank (Brin y Page, 1998)

1Otra versión del Índice de Impacto contabiliza las citas a artículos publicados durante los 5
años anteriores.
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o Eigenfactor (Bergstrom et al, 2007). En este artículo, agrupamos todas estas me-
didas bajo el nombre de "medidas de impacto indirecto". Por lo general, dichas
medidas tienden a generar unos ránkings más cercanos a los ránkings de calidad que
los expertos de cada campo determinarían, que el ránking que genera el índice de
impacto.
Respecto a la manipulabilidad de las medidas de impacto, es un hecho que se

deriva, precisamente, del éxito que éstas han tenido. Ha sido denunciado en diversas
ocasiones que el uso de las medidas de impacto genera un incentivo a que las revistas
falseen sus publicaciones, incentivando que los cientí�cos hagan referencia a otros
artículos publicados en la misma revista, con el �n de aumentar su propio índice
de impacto. Este problema se ha afrontado, por ejemplo, calculando una versión
del Índice de impacto que ignora las autoreferencias, o exluyendo éstas a la hora
de computar las medidas de impacto indirecto. Para el caso del Índice de impacto,
dicha medida consigue que el impacto de la revista sea independiente de sus propias
citas; sin embargo, para las medidas de impacto indirecto éste no es el caso: una
revista puede citar más a aquellas revistas que más le citan a ella, y de esta forma,
aumentar el impacto indirecto de las citas que recibe.
En este artículo proponemos una nueva medida de impacto que contabiliza éste

incluyendo el impacto indirecto a la vez que otorga a cada revista una puntuación
que es independiente de su propio per�l de referencias (y del número de artículos
que publique). Para ello proponemos el modelo de las cadenas de investigación como
marco general en el que estudiar el impacto de revistas. Una cadena de investigación
es un proceso en el que el investigador consulta una determinada revista, y de ésta
pasa a otra a través de una de las referencias que ésta hace, y así sucesivamente
en una cadena que �naliza en cada momento con una determinada probabilidad.
Dichas cadenas de investigación son una interpretación de un proceso de Markov
que se produzca a través del grafo que une las revistas a través de sus referencias.
Este punto de vista permite analizar el problema del impacto de forma novedosa.
Las citas directas pueden ser entendidas en este contexto como cadenas de inves-
tigación de longitud 1. El Factor invariante se puede interpretar en este marco
como la probabilidad de estar utilizando cada revista si la cadena de investigación
va pasando de una revista a otra en un proceso in�nito. Pagerank y Eigenfactor
son la probabilidad de terminar en una determinada revista cuando las cadenas de
investigación tienen una longitud media determinada (normalmente, una longitud
media de 6 referencias utilizadas). Nosotros proponemos el uso de la probabilidad
de que una revista sea utilizada al menos una vez en una cadena de investigación
como medida de impacto. A dicha medida la hemos llamado Outerfactor.
La ventaja de Outerfactor respecto a las medidas existentes en la actualidad

es que permite, a la vez, analizar el impacto de una revista teniendo en cuenta el
impacto indirecto que ésta tiene, mientras que es independiente de las citas que
crea cada revista. Esto se debe a que, al utilizar la probabilidad de que la revista
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sea usada al menos una vez en la cadena de investigación, Outerfactor estima la
probabilidad de que el grafo de citas de las demás revistas lleve al cientí�co hasta la
revista en cuestión. Además, calculamos Outerfactor de tal manera que es también
independiente del número de artículos que publica la revista, aislando otra poten-
cial fuente de manipulación del propio valor. Creemos que estas propiedades son
especialmente deseables para una medida de impacto.
Nuestro marco general de las cadenas de investigación nos permite también de-

sarrollar nuevas medidas que analizan el impacto mutuo entre dos revistas. En la
actualidad, es posible analizar cómo de relevante es una revista para otra a partir
de las citas mutuas que tienen. Nosotros extendemos este concepto para incluir las
citas indirectas, y desarrollamos cuatro nuevas medidas que miden el efecto cruzado
entre cada par de revistas. Las dos medidas que proponemos de in�uencia cruzada
se re�eren a cómo de in�uyente es una determinada revista en otra. En las citas
directas, este concepto haría referencia a qué porcentaje de las citas de una deter-
minada revista A apuntan a una revista B, y re�ejaría lo in�uyente que es B en A.
Nuestra medida Eigenin�uence muestra cuántas de las cadenas de investigación que
parten de A �nalizarían en B, de forma directa o indirecta; mientra que Outerin�u-
ence muestra cuántas de las cadenas de investigación que parten de A incluirían a
la revista B. Asimismo, proponemos dos medidas de contribución cruzada. En las
citas directas, estaríamos pensando que la contribución de la revista A a la revista
B viene dada por el porcentaje que representan las citas de A que apuntan a B
en el total de referencias que apuntan a B. Eigencontribution es el porcentaje de
citas que empezando en A terminan en B entre todas aquellas que terminan en B;
mientras que Outercontribution de A en B es la probabilidad de que una cadena que
termine en B haya utilizado la revista A. Estas medidas pueden ser utilizadas para
la elaboración de medidas de impacto, ya que ofrecen una información más rica que
las referencias directas.
Todas estas medidas las aplicamos a una muestra de 140 revistas de economía.

Utilizando datos de referencias procedentes del JCR 2011, elaboramos un ránking
de revistas calculando su Outerfactor, el número de citas que reciben, Eigenfac-
tor y Factor invariante (en una versión no normalizada por número de artículos).
Outerfactor produce un ránking que coloca a American Economic Review como la
revista de mayor impacto, seguida de Quarterly Journal of Economics, Review of
Financial Studies, Econometrica, y Review of Economic Studies. Cuando normal-
izamos las medidas por el número de artículos de cada revista, Quarterly Journal of
Economics emerge como la de mayor impacto, seguida de Journal of Economic Lit-
erature, Journal of Political Economy, Review of Economic Studies y Econometrica.
A continuación analizamos la robustez de los distintos ránkings, recalculando las
diversas medidas incluyendo las autoreferencias. En este caso, el ránking por Outer-
factor permanece prácticamente inalterado, a diferencia de las otras medidas. Esto
muestra lo resistente de Outerfactor como medida de impacto. Además, simulamos
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diversas potenciales manipulaciones de las referencias, mostrando que Outerfactor
es más robusto que el resto de medidas de impacto indirecto. Finalmente, ilustramos
el caso de las medidas de efectos cruzados con el caso de Review of Economic Stud-
ies, mostrando que: 1) American Economic Review es la revista que más in�uye en
AER; 2) dependiendo de la medida utilizada, American Economic Review o Eco-
nomics Letters son las revistas que más contribuyen al impacto de REStud.

Capítulo 2

El segundo capítulo se titula "Coordination structures" (Estructuras de coordi-
nación). En este capítulo hemos desarrollado el concepto de "red de observación",
con el que modelizamos la estructura social que permite a los individuos observar
las acciones que otros realizan. En este contexto, caracterizamos el conjunto de
redes de observación en las cuales no existen errores de coordinación, cuando dichos
errores son un resultado esperable si dichas redes no existen. A este grupo de redes
las llamamos "estructuras de coordinación". Demostramos que la existencia de un
clique su�cientemente grande, esto es, un conjunto de individuos en el que todos se
observan entre sí, es una condición necesaria y su�ciente para garantizar la ausencia
de errores de coordinación. Extendiendo el análisis para situaciónes de información
privada, obtenemos condiciones su�cientes para la existencia de estructuras de co-
ordinación. Además, mostramos otros tipos de estructuras de coordinación o redes
sociales que aunque no garantizan la coordinación de forma general, sí que lo hacen
bajo ciertas condiciones. Finalmente, estudiamos las implicaciones de las estructuras
de coordinación para problemas de revoluciones y estampidas bancarias.
Los problemas de coordinación aparecen en multitud de situaciones socio-económicas,

y se re�eren a situaciones de equilibrio en las que los individuos eligen lo mejor para
ellos dadas las elecciones del resto de la sociedad, pero esto les hace obtener un
resultado peor del que podrían obtener si coordinaran sus acciones adecuadamente.
De forma especí�ca, analizamos situaciones similares a la "caza del ciervo", una
situación clásica de Teoría de juegos. Inspirada por un ejemplo de Jean Jacques
Rousseau, en la caza del ciervo dos cazadores deben decidir si cazan de forma sep-
arada intentando capturar una liebre, lo que obtendrán con bastante seguridad, o
deciden intentar cazar un ciervo, lo que sólo conseguirán si el otro cazador opta por
la misma opción y ambos colaboran durante dicha caza. Este tipo de situaciónes
se caracterizan por la existencia de una acción segura que garantiza un pago medio
(cazar la liebre) y una acción arriesgada (cazar el ciervo), que ofrece un pago elevado
si el otro individuo colabora pero un pago extremadamente bajo si el otro individuo
no colabora. Este tipo de juegos se utiliza, por ejemplo, para analizar la versoimili-
tud de los cambios institucionales, y está en la base de muchos problemas, como la
adopción de un producto, las revoluciones sociales o las estampidas bancarias.
En el capítulo 2 analizamos una versión ampliada del problema, donde hay un
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conjunto de individuos que deben elegir entre varias posibilidades, siendo la acción
arriesgada preferida sólo si su�cientes individuos están optando también por ella.
Aunque este tipo de situaciones con frecuencia se analizan desde una perspectiva
simultánea, nosotros modi�camos esto introduciendo en el modelos "redes de obser-
vación". Una red de observación es un mapa de las relaciones sociales que conectan
a los individuos, y que en nuestro modelo, nos indican que los individuos van a
ser capaces de observar sus acciones. En concreto, cuando dos individuos pueden
observar sus acciones mutuas, diremos que están enlazados, es decir, que el enlace
que los une pertenece a la red de observación. El efecto que va a tener un enlace en
dicha red es transformar el tipo de interacción que hay entre los individuos: si no
están conectados, a la hora de tomar sus decisiones ignoran qué ha hecho el otro; si
están conectados, cuando el primero que decida tome su decisión, tendrá en cuenta
que su acción va a ser observada por el otro; y el que actúe después, tendrá una
información extra a la hora de tomar su decisión: la acción de su predecesor al que
observa.
En estas condiciones, el objetivo de este capítulo es caracterizar qué redes de ob-

servación van a llevar a los individuos a escoger siempre su acción arriesgada, es decir,
la que lleva al mayor bienestar social, en cualquier posible equilibrio (para analizar
estas situaciones, usamos el concepto de equilibrio secuencial). Demostramos que
si se conocen las preferencias de los individuos, la existencia de un clique su�cien-
temente grande es una condición necesaria y su�ciente para que se coordinen en el
óptimo social. Un clique es un conjunto de individuos completamente conectados; es
decir, cualquier individuo del clique observa las acciones de cualquier otro individuo
del clique. De forma especí�ca, demostramos que si los individuos requieren que al
menos t individuos elijan la opción arriesgada para que ésta les sea más bene�ciosa
que la acción segura, la existencia de un clique de tamaño t es necesaria y su�ciente
para la coordinación. Demostramos que esto es el caso con independencia del orden
en el que los individuos tomen sus decisiones.
A continuación analizamos el caso en el que los individuos conocen que exis-

ten su�cientes individuos dispuestos a tomar la acción arriesgada, pero descono-
cen quienes son. Es decir, estudiamos el caso en el que la sociedad está formada
por individuos con preferencias variadas, de forma que algunos individuos tienen
como acción arriesgada una y otros individuos otra acción distinta; y además, cada
individuo requiere para su participación de una cantidad diferente de individuos
tomando dicha acción arriesgada. En este contexto, demostramos de nuevo la rele-
vancia de los cliques, pues la existencia de un clique su�cientemente grande vuelve
a ser su�ciente para garantizar la coordinación. Sin embargo, esta nueva condición
no es necesaria, y mostramos ejemplos de redes formadas por cliques más pequeños
que también garantizan la coordinación (aunque en este caso, mostramos que dichas
redes requieren de numerosos cliques para ser también estructuras de coordinación).
Finalmente, mostramos que ciertas redes pueden garantizar la coordinación en casos
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particulares: cuando los pagos cumplen ciertas condiciones o la secuencia de decisión
es una determinada. A estas redes de observación las llamamos "quasi-coordination
structures" (Quasi estructuras de coordinación).
La última parte del capítulo analiza las implicaciones de las estructuras de co-

ordinación para tres situaciones estudiadas por la literatura. En el primero de ellos,
analizamos los vínculos entre nuestro modelo y el de Chwe (1999, 2000), que también
caracterizó las estructuras de comunicación que garantizarían la posibilidad de que
una revolución social emergiera. Mientras las condiciones que proporcionaba Chwe
garantizaban la existencia de un equilibrio donde la revolución ocurría, nosotros
mostramos como bajo nuestras condiciones, esas mismas estructuras, si son a la vez
redes de observación, garantizan de hecho que la revolución será el único equilibrio
posible. A continuación, vinculamos nuestro trabajo con el análisis de las acciones
colectivas llevado a cabo por Granovetter (1978). Mostramos que si los individuos
tienen nociones sobre la distribución general de preferencias, esperamos un mayor
nivel de individuos participando en las acciones colectivas que en el caso analizado
por Granovetter; y además, que la relevancia que Granovetter asignaba a los in-
stigadores iniciales desaparece cuando se tienen esas nociones de las preferencias
colectivas: si se sabe que existen su�cientes individuos dispuestos a participar en las
acciones colectivas, cualquier individuo puede iniciar éstas, no necesariamente aque-
llos más proclives a participar. Finalmente, estudiamos las implicaciones del modelo
para el caso de las estampidas bancarias, siguiendo el análisis de Diamond y Dybvig
(1983). En estos modelos, los bancos tienen depositantes que depositan su dinero
antes de saber si lo van a necesitar o no de forma inmediata. Los que lo necesitan de
forma inmediata lo retiran mientras que los pacientes pre�eren esperar a que �nalice
el periodo del depósito y recibir una remuneración por ello. En estas condiciones,
Diamond y Dybvig mostraron cómo si los pacientes intentan retirar su dinero de
forma anticipada, esto se vuelve lo óptimo para cada individuo, y todos intentan
retirar sus ahorros produciéndose una estampida en el banco que lleva a su quiebra
efectiva. Nosotros mostramos que si los depositantes están conectados en una red
de observación que les permita observar sus acciones, la estampida bancaria deja de
ser una situación de equilibrio. El tamaño de la red de observación necesaria para
lograrlo depende del tipo de interés y de las preferencias de los individuos. En este
sentido, argumentamos que bancos locales, en los que todos los depositantes forman
parte de una comunidad en la que todos pueden observarse mutuamente, pueden ser
inmunes a las estampidas bancarias derivadas de problemas de coordinación.

Capítulo 3

Finalmente, el capítulo 3, titulado "Sequentiality and simultaneity in bank runs: an
experimental approach" (Secuencialidad y simultaneidad en estampidas bancarias:
un enfoque experimental), recoge dos trabajos en los que analizamos experimental-
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mente el caso de estampidas bancarias, cuando los individuos actúan secuencial-
mente en vez de de forma simultánea. En la primera parte del capítulo, "On the
E¤ects of Deposit Insurance and Observability on Bank Runs" (Sobre los efectos
del seguro de depósitos y la observabilidad en las estampidas bancarias), estudiamos
experimentalmente los efectos del seguro de depósitos combinado con entornos si-
multáneos o secuenciales en la aparición de las estampidas bancarias. Mostramos
que el hecho de observar acciones y la intensidad del seguro de depósitos no actúan
de forma independiente, sino que la efectividad del seguro de depósitos depende de
si los individuos conocen o no las acciones de otros a la hora de decidir si mantener
sus ahorros depositados en el banco. Especí�camente, observamos que los individ-
uos reducían la cantidad de estampidas bancarias cuanto más alto era el seguro
de depósitos si actuaban de forma simultánea; sin embargo, niveles adicionales de
seguro no tenían un efecto mayor que un nivel medio cuando los individuos observ-
aban sus acciones. En la segunda parte del capítulo, "Do social networks prevent
bank runs?" (¿Previenen las redes sociales las estampidas bancarias?), testamos ex-
perimentalmente un modelo relacionado con el de Estructuras de coordinación del
capítulo 2, para el caso de estampidas bancarias. En el experimento comprobamos
que, aunque la existencia de la red de observación llevaba a los individuos a generar
menos estampidas bancarias, también podía provocarlas, aunque dichas situaciónes
no eran un equilibrio de nuestro modelo teórico. Argumentamos que dichas estamp-
idas bancarias son distintas a las analizadas por la literatura, que se basan en prob-
lemas por los fundamentales del banco o por problemas de coordinación (en los que
se encuadra nuestro trabajo).
Las explicaciones tradicionales sobre las estampidas bancarias se basan en un

enfoque de fundamentales (ocurren cuando los individuos anticipan que los bancos
tienen problemas) o en un enfoque de coordinación (ocurren cuando los individuos
creen que otros individuos van a retirar su dinero y esto se convierte en una profecía
autocumplida que hace quebrar al banco, aunque no habría tenido problemas si
la estampida no ocurriera). La evidencia empírica muestra que los problemas de
fundamentales no explican completamente los casos de estampidas bancarias que
han ocurrido, por lo que parece que los problemas de coordinación juegan un papel
relevante.
Los experimentos que presentamos en el Capítulo 3 se centran en el enfoque de

estampidas bancarias como resultado de problemas de coordinación. Siguiendo el
enfoque clásico del problema, debido a Diamond y Dybvig (1983), consideramos una
sociedad formada por individuos homogéneos que disponen de una dotación inicial.
Dicha dotación puede ser consumida de inmediato o invertida en un activo que la
incrementará de cara al segundo periodo de tiempo. Los agentes sufren un shock de
liquidez que determina si necesitan consumir de inmediato (individuos impacientes) o
por el contrario pueden postergar su consumo hasta el segundo periodo (individuos
pacientes). Como forma de asegurarse contra el shock de liquidez, los individuos
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forman un banco en el que agrupan sus activos, de forma que, en el óptimo, el banco
ofrece un cierto tipo de interés a los individuos que esperan al segundo periodo y
es capaz de suministrar la liquidez a los individuos impacientes. Un tipo de interés
óptimo determina el máximo bienestar social. Sin embargo, el contrato que ofrece
el banco a los depositantes permite un equilibrio con un fallo de coordinación: si
todos los depositantes pacientes intentan retirar su dinero de inmediato, el banco no
podrá hacer frente a los pagos y quebrará; por esa razón, un depositante paciente
pre�ere intentar retirar sus depósitos si cree que los demás depositantes pacientes
van a hacer lo mismo.
Para llevar a cabo el experimento, estudiamos la versión mínima del modelo de

Diamond y Dybvig, formada por tres individuos, de los cuales dos son pacientes
y uno impaciente. Para realizar el experimento, convocamos a estudiantes de di-
versos grados de la Universidad de Alicante que tenían poca o ninguna experiencia
en Teoría de juegos. Una vez en el laboratorio, les fueron explicadas las normas.
Básicamente, se les informaba de que se les había asignado una dotación monetaria
que se encontraba depositada en un banco, en el que también se encontraba de-
positada la dotación de otro compañero en la sala, con el que se le emparejaba de
forma aleatoria, y la misma dotación monetaria por parte del ordenador, de forma
que el banco disponía del triple de los fondos de cada individuo. A continuación
se les informaba de que el ordenador retiraría sus fondos de inmediato y que, por
tanto, quedaba la decisión del individuo y del otro individuo de la sala con el que
se le había emparejado aleatoriamente. Si ambos decidían mantener el dinero en el
banco, conseguirían el máximo pago posible. Si ambos retiraban su dinero, los dos
primeros en hacerlo obtendrían un pago ligeramente superior a la dotación inicial y
el tercero (contando al ordenador, y dada una secuencia exógena que les asignaba
una posición que ellos conocían) obtendría el menor pago posible; �nalmente, si
sólo retiraba de inmediato uno de ellos, obtendría el pago ligeramente superior a la
dotación inicial, mientras que el que esperara obtendría un pago inferior.
Este esquema de pagos es similar al ofrecido por el contrato óptimo que el banco

implementa para conseguir la e�ciencia en el modelo de Diamond y Dybvig. Dicho
esquema lo usamos para cada uno de los dos experimentos, en los que exploramos
dos vías posibles:

1. En "On the E¤ects of Deposit Insurance and Observability on Bank Runs",
analizamos las diferencias que hay entre la probabilidad de que surjan estamp-
idas bancarias dependiendo de si los individuos pueden observar mutuamente
sus acciones o si deciden ignorando la acción del resto. A la vez, estimamos
los efectos que distintos niveles de seguro de depósitos tenían en cada una de
dichas situaciones: cuando el seguro de depósitos era mínimo, los individuos
recibían un pago muy bajo en caso de que ocurriera una estampida bancaria y
ellos decidieran en una posición tardía; cuando el seguro de depósitos era alto,
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se les devolvía todo su depósito inicial; y �nalmente, introducimos también
un seguro de depósito parcial, con un pago intermedio. En cada una de estas
situaciones, los resultados experimentales mostraron que un entorno secuen-
cial, en el que los individuos observan las acciones, reduce la probabilidad de
estampidas bancarias; además, un mayor seguro de depósitos tiene el efecto
esperado de disminuir dichas estampidas. Sin embargo, observamos un efecto
inesperado en nuestros resultados experimentales, consistente en que el mayor
nivel de depósito de seguros (que es una medida costosa) tenía un efecto adi-
cional sólo cuando los individuos actuaban de forma simultánea. Esto sugiere
que, cuando los individuos observan sus acciones, un menor nivel de depósito
de seguros puede ser tan efectivo como uno mayor, por lo que el diseño óptimo
del seguro de depósitos debería tener en cuenta si los individuos son capaces
de observar las acciones de los demás o no.

2. En "Do social networks prevent bank runs", los individuos estaban insertos
en una red de observación que les permitía u observar a todos o alguno de
sus predecesores o saber que serían observados. Con este esquema, estudi-
amos la in�uencia que cada posible enlace entre los depositantes podía tener
en la aparición de estampidas bancarias. La predicción teórica nos decía que
la existencia de un enlace entre el primer y segundo individuo, dado nue-
stro esquema de pagos, era una condición su�ciente para que se evitaran las
estampidas; además, en cualquier situación en la que dicho enlace no existiera,
la posibilidad de estampida pasaba a convertirse en un equilibrio. Los resul-
tados experimentales muestran que las redes de observación en las que menos
estampidas bancarias ocurrían incorporaban dicho enlace entre el primer y
segundo depositante; además, que las redes en las que más estampidas ban-
carias ocurrían carecían de ellas. Este resultado sugiere que, efectivamente, las
redes de observación resuelven, parcialmente, los problemas de coordinación.
Sin embargo, al analizar las acciones concretas de cada individuo, se observa
también que cuando un individuo en la segunda posición observaba al primero
retirando su dinero, tendía también a retirarlo (aunque en el equilibrio teórico,
sólo los impacientes retiraban en la primera posición). Por tanto, el observar
retiros en las primeras etapas del proceso fue capaz de generar, por sí mismo,
la aparición de una estampida bancaria que no se debía ni a problemas de
fundamentales ni a problemas de coordinación, que son las dos explicaciones
que ha desarrollado la literatura.
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Introduction

This thesis is divided into 3 distinct chapters: the �rst, "Outerfactor: a robust
approach to the measurement of in�uence", proposes new measures of the impact
of scienti�c journals, with properties that have no current measures. The second,
"Coordination structures", characterizes a set of social networks to ensure the coor-
dination of the society in the actions that most bene�t it; and the third, "Sequential-
ity and simultaneity in bank runs: an experimental approach", shows experimental
evidence on how bank runs di¤er depending on if individuals observe others or, con-
versely, make their decisions independently. My overall goal in this research is to
identify how speci�c connections modify certain socioeconomic aspects, using the
theoretical, the empirical and the experimental methodology.
In the �rst chapter we develop a new framework for analyzing the impact of

scienti�c journals, which we call the research chain model. In this environment we
propose a new measure of impact, Outerfactor, which takes into account the indirect
impact between journals while assigns to each journal an impact that is independent
of its own citation pattern and number of articles. The research chain model also
allows us to develop four newmeasures of mutual impact between journals, extending
the concept of citation between journals to the indirect impact environment. Finally,
we apply these new measures in a sample of 140 economics journals, showing that
Outerfactor provides rankings comparable with other measures while at the same
time it has a more robust performance against some possible manipulations.
In the second chapter, we develop the concept of observation network, that we

use to model the social structure that allows individuals observe the actions they
perform. In this context, we characterize the set of observation networks in which
there are no coordination failures, networks that we call coordination structures. We
show that a necessary and su¢ cient condition to ensure the inexistence of coordi-
nation failures is the existence of a su¢ ciently large clique, ie a set of individuals in
which everyone is able to observe each other. Extending the analysis to situations
of private information, we �nd su¢ cient conditions for the existence of coordination
structures. Moreover, we show other types of coordination structures and social net-
works that do not guarantee coordination in general, but under certain conditions.
Finally, we study the implications of coordination structures for problems of revolts
and bank runs.
Chapter 3 contains two papers in which we analyze experimentally the case of

bank runs, when individuals act sequentially rather than simultaneously. In the �rst
part of the chapter, "On the e¤ects of deposit insurance and observability on bank
runs", we study experimentally the e¤ects of both in the emergence of bank runs. We
�nd that the fact of observing actions and the intensity of deposit insurance does
not act independently but that the e¤ectiveness of deposit insurance depends on
whether people know or not the actions of others when deciding whether keep their
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savings in the bank. Speci�cally, we �nd that the amount of bank runs was lower the
higher the deposit insurance when they acted simultaneously. However, additional
levels of insurance had no greater e¤ect than an average when individuals observe
their actions. In the second part of the chapter, "Do social networks prevent bank
runs?", We tested experimentally a model related with the Coordination structures
in Chapter 2, for the case of bank runs. In the experiment we found that, although
the existence of the observation network had individuals to generate less bank runs, it
could also cause them, although such situations were not expected in our theoretical
model. We argue that such bank runs are di¤erent from those discussed in the
literature, based on the fundamental problems of the bank or coordination problems.
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Chapter 1

Outerfactor: a robust approach to
the measurement of in�uence

1.1 Introduction

Citation analysis is an area of increasing interest that has become an important
tool for research quanti�cation and analysis. Although it is an imperfect measure of
research impact, the fact that researchers make references to those papers they have
found useful, implies that citation patterns include partial information about the
signi�cance of research papers or journals. In this paper, we propose a theoretical
framework that accommodates several journal impact measures and we construct a
new index of journal impact. We provide also an illustration of our results using a
subset of 140 economics journals.
Measures of journal impact assign scores to journals depending on their position

in a citation graph where journals are represented by nodes and references by links
between those journals. The most direct way of quantifying this in�uence is by
counting how many citations a journal receives. Ceteris paribus, a journal receiving
more citations is more in�uential, since each citation can be regarded as a "vote"
for that journal. This is the idea behind Impact Factor (Gar�eld, 1955), a measure
reported by the JCR. A journal�s Impact Factor is the number of citations per article
that this journal receives.
However, information in the citation graph can be used in a more extensive way.

Direct citation count is only one of many ways to provide information about the
importance of journals. Other measures di¤erentially weigh citations received from
di¤erent articles or journals, so that the impact of a journal depends on its received
citations as well as on the impact of its citing journals, so that these weights are
determined endogenously. Therefore, these measures take into account both direct
and indirect impact. Traditional examples are shortest-path centrality, closeness,
betweenness (Freeman, 1979), eigenvector centrality (Bonacich, 1987) and the Katz
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Chapter 1 Outerfactor: a robust approach to the measurement of in�uence

centrality measure (Katz, 1953).
A more recent in�uential measure of indirect impact is Pagerank (Brin and Page,

1998). In the context of journal citations, Pagerank assigns to each journal the sta-
tionary probability of a Markov chain where a random surfer travels across the
citation graph, jumping to a random journal with a �xed probability. Pagerank is
the founding algorithm used by Google to sort its search results. Several measures
that rely on Pagerank have been speci�cally used for journal ranking. For instance,
the Invariant Method (Pinsky and Narin, 1976; Palacios-Huerta and Volij, 2004)
is closely related to Pagerank, Scopus also assesses journal impact by using Pager-
ank (González-Pereira et al., 2009). Finally, Eigenfactor (Bergstrom, 2007) uses
Pagerank in order to assign di¤erent weights to each journal, and then it counts the
citations of each journal weighting them by the Pagerank of the source. Eigenfactor
(and its per-article version, Article In�uence) is the �rst eigenvector-based measure
that has been included in the Journal Citation Reports.
In this paper, we propose a new measure of journal impact that incorporates both

direct and indirect in�uence, like other eigenvector-based measures.1 The model
relies on the basic concept of a research chain, which is a �nite sequence (or pile)
of journals (or papers) connected through references. Intuitively, in the research
chain model, a researcher starts reading a given article, and then she starts reading
another article from the reference list, and so on. At some point, the researcher
stops this process, resulting in a chain of articles. The measure that we propose
�Outerfactor� is roughly the proportion of research chains in which a given journal
is included, i.e., the probability that a paper from this journal appears at least once
in a research chain. In this sense, the Outerfactor score of a journal can be regarded
as a measure of its impact on other journals. We will also reveal an additional
interpretation of Outerfactor as a measure of contribution to all journals� impact
(measured by Eigenfactor).
The Outerfactor score obtained by a journal depends only on other journals�

citation patterns. Therefore, Outerfactor is independent of own citation patterns:
journal i will not be able to increase its score by promoting citations to the journals
that often cite journal i directly or indirectly (or to itself). Our measure is closely
related to Hopcroft and Sheldon (2008, 2009) who use hitting times in order to
introduce a Pagerank-like measure of reputation for the web. They show that the
reputation of a webpage is independent of the hyperlinks it creates. Another related
property of Outerfactor is that a journal�s Outerfactor score is independent its article
share. In other words, journal i�s score will be robust to journal i "trying" to boost
its Outerfactor by producing more articles.
We de�ne the Indirect self-impact coe¢ cient (ISIC) of a journal as the prob-

ability of the research chain ending in the journal if it starts on it. The main

1Our analysis could be extended to other settings, like the study of in�uence among pages in
the World Wide Web.

19



Chapter 1 Outerfactor: a robust approach to the measurement of in�uence

characteristic of Outerfactor is the use of the ISIC in order to compute journal
impact. A journal�s ISIC indicates how its Eigenfactor relies on the citations made
by this journal. A high Eigenfactor is normally associated to a high ISIC. How-
ever, for journals with similar Eigenfactor score, the Outerfactor measure values
more those journals with lower ISIC. This basic idea connects directly to the low
manipulability of Outerfactor.
Our contribution consists of four inter-related dimensions: we develop the re-

search chain model; propose a new impact meassure with nice properties, Outerfac-
tor; study impact in a sample of 140 economic journals; and �nally, we develop also
new measures of cross-e¤ects.
First, we use a simple framework, the research chain model, that relates eigenvector-

based measures like Pagerank, the Invariant Method, Eigenfactor and Outerfactor in
the same setting in a very natural way, allowing us to easily interpret and compare
all these measures as well-de�ned probabilities.2 In this framework, it is easy to
frame and compare these eigenvector-based measures. More speci�cally the Pager-
ank, Eigenfactor and the Invariant Method scores for a journal i will be identi�ed
as the probabilities of ending at journal i in a research chain. Similarly, journal i�s
Outerfactor is the probability of using (at least once) journal i in a research chain.3

The model enables us to provide a closed-form formula for Outerfactor as a function
of Pagerank or Eigenfactor.
Second, Outerfactor takes into account both direct and indirect citations, while

preserving the invariance to own citation patterns and to own article shares, which is
summarized in Theorem 4 and Proposition 1.2, respectively. The invariance to own
citations patterns means that the score obtained by any journal i will be independent
of the citations i makes to other journals or to itself. Similarly, invariance to own
article shares implies that i�s score does not depend on its share of articles. Impact
factor is invariant to own citation patterns if self-citations are deleted from the data,
but it does not take into account indirect citations. Pagerank, Eigenfactor and the
Invariant Method take into account indirect citations but they do depend on own
citation patterns (even when self-citations are removed).
Third, we illustrate our results for a sub-sample of 140 economics journals. We

compute Outerfactor and compare it with other measures. Results show how the
Outerfactor ranking relates to other measures�, and that Outerfactor tends to reward
journals with low ISIC, that is, journals whose Eigenfactor depends relatively less
on the citations originating at this journals. We show that the ranking obtained
by Outerfactor is robust in two ways. First , it turns out to be very robust to the

2The research chain model is identical to the traditional Markov model used in Pagerank, it
only di¤ers in its interpretation, which will facilitate these comparisons.

3We point out that the research chain model (and the set of measures we propose) is still valid
when the researcher is assumed to complete more than one but a �nite number of research chains,
as we show in the discussion.
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inclusion of self-citations, which constitute a valuable subset of the data. Second,
Outerfactor performs well under manipulation by a journal or by a set of journals
in the dataset.
Finally, the research chain framework allows for the measurement of cross-e¤ects

between any two journals. Cross-e¤ects are an extension of cross-citations to include
both direct and indirect impact. We divide these cross-e¤ects into two classes of
measures: cross-in�uences and cross-contributions. On the one hand, the cross-
in�uence of journal i on journal j refers to how often articles from journal i are used
in research chains that started at journal j, that is, how journal j cites directly or
indirectly journal i. In simple words, cross-in�uence is accounting for the impact
journal i has on journal j. On the other hand, the cross-contribution of journal i to
journal j�s impact refers to how much of j�s impact score (measured by Eigenfactor)
is due to journal i, i.e., how often citations made to journal j make direct or indirect
use of journal i. We build closed-form expressions for all cross-e¤ects as functions
of the Pagerank (or Eigenfactor) of both journals i and j. We �nally explain cross-
e¤ects for the case of the Review of Economic Studies.4

More importantly, measuring these cross-e¤ects will allow us to provide an im-
portant two-fold interpretation of Outerfactor: a journal�s Outerfactor can be seen
as its average in�uence (impact) on other journals, or as its average contribution to
the all journals�impact scores (measured by their Eigenfactor).
Section 2 introduces the research-chain framework. In section 3, we provide a

theoretical study of indirect-impact measures and cross-e¤ects in this framework.
In section 4, we illustrate our results and check for robustness using a dataset with
140 economics journals. Section 5 deals with cross-e¤ects and analyzes them for
the Review of Economic Studies. A discussion appears in section 6, while section 7
concludes.

1.2 A model of research chains

Let J be a �nite set of journals and si > 0 the number of articles published by
journal i. Let a the vector of article shares, that is, ai = si=

P
j2J sj > 0. Citation

patterns are summarized through the jJ j � jJ j citation matrix C, where each entry
cij denotes the number of citations from journal j to journal i in a speci�c period
of time. Let ci =

P
j cji be the number of citations made by journal i.

In most cases, we will remove self-citations by making the entries in the diagonal
equal to zero. Hence, we will assume that cii = 0 for all i 2 J .5

4Information on rankings, robustness and cross-e¤ects for the complete set of 140 journals is
available in a web appendix at http://webs.um.es/alfonso.rosa/outerfactor.

5This is inessential to our theoretical contribution. We perform this step in our data in order to
fairly compare Pagerank, Eigenfactor, the Invariant Method and Outerfactor in the same citation
setting, since the computation of Eigenfactor removes self-citations from the matrix C. However,
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In order to describe the research chain process, let us de�ne the matrixH, where

hij =

�
cij=cj if cj > 0
ai if cj = 0

(1.1)

Each entry hij represents the proportion of citations made by j that are pointing
to i. We say that a journal i is a dangling node if it makes no citations to other
journals, that is, ci = 0. Following the literature, expression (1.1) assumes that
a dangling journal cites journal i with probability ai. Thus

P
i hij = 1 for every

journal j, i.e., H is column stochastic. We de�ne Hi as the i�th row vector of H.

1.2.1 Research chains

Our model relies on the notion of research chain, which we use as the basic tool
for measuring journal impact. A research chain is a �nite sequence of journals (for
instance, a pile of articles) that a researcher uses during her research process.6

A research chain is generated by the following random procedure. The researcher
starts the chain in a randomly selected article, i.e., journal k will be selected with
probability ak. At each moment in time �when she is at journal j�with probability
0 � � < 1 she will follow the reference list to read a new journal cited by j, and
with probability 1�� the research chain will terminate. In case of continuation, the
researcher will step from j to i with probability given by hij. The matrix H de�nes
the transition probabilities between journals in this process.
More formally, a research chain in H is a �nite sequence of journals  =

(j0; j1; : : : ; jm) such that hjl+1jl > 0 for 0 � l < m. In this random process, journal
jo is initially chosen with probability aj0. At any moment in time, when the research
process is at journal j, it will continue to journal i with probability �hij, and it will
terminate with probability 1 � �. The length of a particular research chain like
(j0; j1; : : : ; jm) is m. The length of the typical research chain, that is, the expected
number of journals visited by the researcher in this random process, is given by
l (�) = �= (1� �). We adopt a value of � = 0:85, which corresponds to a process
where our random researcher follows chains with an average length of 6 journals,
i.e., the average size a research pile is l (�) = 6 articles.7 We adopt this value for
our analysis.

the invariance properties of our measure (Outerfactor) �and speci�cally the independence of the
score with respect to own cittation pattern�also hold when self-citations are not deleted from the
citation graph. Moreover, as we show in our examples with 140 economics journals, Outerfactor is
very robust to the consideration of self-citations as part of the citation patterns.

6We perform our analysis on journals, as in the Journal Citation Reports, Palacios-Huerta and
Volij (2004), Bergstrom (2007) and Fersht (2009), although the analysis could be carried out at
the article level when data is available.

7The value � = 0:85 was proposed by Brin and Page when implementing Pagerank in Google.
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As an example, consider the following case with three journals J = fA;B;Cg,
where A has 10 articles, B has 6 and C has 4. Their mutual citations are represented
in the following graph:

Example 1

And the corresponding vectors and matrices are, after removing self-citations,

s =

0@ 10
6
4

1A ; a =

0@ 0:5
0:3
0:2

1A
C =

0@ 5 10 0
3 5 4
2 5 1

1A ;H =

0@ 0 0:67 0
0:6 0 1
0:4 0:33 0

1A
1.3 Measures of journal impact

1.3.1 Impact Factor, the Invariant Method, Pagerank and
Eigenfactor

We now describe some of the existing measures in the literature that we will settle
in the research chain framework.

De�nition 1.1. The Impact Factor of journal i is

IFi =

P
j cij

ai

Impact Factor is reported for a sample of 8000 journals by the Journal Citation
Reports. It assigns to each journal the number of received citations, divided by the
number of citable items in the journal.

It is the value usually adopted in the literature. We note that this value could be personalized
for di¤erent scienti�c disciplines. In the discussion, we give a more technical explanations for this
choice.
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For 0 < � < 1, let
Q = �H+ (1� �) a � e>

where e is a vector of ones. Note that a � e> is a matrix where every column is the
vector a, and that Q is also a column-stochastic matrix:

P
i qij = 1 for all j.

The Pagerank vector of journals is de�ned as the principal (probability) eigen-
vector of Q, and it is a function of �, H and a.

De�nition 1.2. The Pagerank vector q (Brin and Page, 1998) is de�ned as the
unique (probability) vector satisfying:

qi =
X
j

qijqj for all i.

Pagerank is the centrality measure used by Google in order to assess the signi�-
cance of webpages. The score of a webpage is recursively obtained using the scores
of the pages pointing to it. It is the stationary probability of a Markov chain de�ned
on the matrix Q. Apart from its Markov interpretation, Pagerank can be framed in
the research chain model, as shown in the following lemma.

Lemma 1.1. The probability that a research chain terminates at journal i is given
by qi.

All proofs appear in the appendix.
Eigenfactor is a successful measure of journal impact (Bergstrom, 2007; Fer-

sht, 2009), which has been included in the Journal Citation Reports since its 2008
Edition.

De�nition 1.3. The Eigenfactor score of journal i is the probability vector

EFi = Hi � q =
X
j

qjhij. (1.2)

Thus, Eigenfactor is weighting each citation source by its Pagerank in order to
assess a journal�s impact.8 Besides being linear transformation of Pagerank in (1.2),
Eigenfactor can be characterized in the research chain model, as summarized in the
following lemma.

8In fact EFi is a modi�ed version of the actual Eigenfactor in Bergstrom, 2007, which is de�ned
as EFBi = � H0

i � q, where � and H 0 are explained in the appendix. As we show in the appendix,
EFi = (1� �)EFBi +�ai, where � is the total Pagerank of dangling nodes. EFi and EFBi coincide
when there are no dangling nodes. Both measures always generate the same normalized (i.e. per
article) rankings.
In our dataset, where we analyze citations in 2010 made to articles in 2008 and 2009, we have

� = 0:0056, and the correlation coe�cient between EFi and EFBi is 0:999995. The reason to use
EFi instead og EFBi is that it has a neat probabilistic characterization given by lemma 1.2.
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Lemma 1.2. The probability that a research chain of length � 1 terminates at
journal i is given by EFi.

Lemmas 1.1 and 1.2 deliver a new probabilistic relationship between Pagerank
and Eigenfactor that is not attainable when we restrict to the Markov chain inter-
pretation. Both Pagerank and Eigenfactor are measuring a journal�s impact as the
probability of terminating at that journal in a research chain. The only di¤erence
between them is that the EF assumes that at least one citation has been followed
by the researcher. This is a reasonable adjustment with respect to Pagerank when
analyzing journal impact since journals with a high article share are receiving a high
Pagerank score. In particular, it is clear that qi � (1� �) ai, where this lower bound
corresponds to the Pagerank of a non-cited journal9. On the contrary, Eigenfactor�s
conditioned probability is bounded below by zero. In fact, if a journal receives no
citations its Eigenfactor score will be zero.
The following result relates Pagerank and Eigenfactor in the opposite direction

to (1.2):

Lemma 1.3. Pagerank and Eigenfactor are related as follows

qi = �EFi + (1� �) ai.

The interpretation of lemma 1.3 is simple. The Pagerank of journal i is an
average between its article share ai (the score that i obtains when the research
chain has length zero) and its Eigenfactor score EFi (the corresponding score when
the research chain has positive length).

De�nition 1.4. The Invariant Method score of journal i is

IMi =
�i
ai
,

where � is the principal eigenvector of H.10

9This lower bound corresponds to the event that the research chain starts from this journal and
has length zero.
10The computation of journal impact using the Invariant Method assumes that the matrix H

is irreducible and this results in a well-de�ned unique principal eigenvector of H. According to
Palacios-Huerta and Volij (2004), the Invariant Method is the vector v that solves

A�1CD�1
C Av = v,

where A is a positive diagonal matrix such that its entry aii is the number of articles of journal i,
that is, aii = ai for all i. Also, DC is a diagonal matrix whose diagonal entries are the total number
of citations made by each journal. Hence, CD�1

C = H. Thus, v is the principal eigenvector of
A�1HA. The principal eigenvector of H is the vector � that solvesH� = �,and therefore � = Av.
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We will refer to � as the unnormalized Invariant Method score. In an in�uential
article, Palacios-Huerta and Volij (2004) showed that the Invariant Method is the
unique ranking method that satis�es four basic axioms.
Brin and Page (1998) initially proposed � = 0:85 for Pagerank, which has become

a standard value. In our framework, a lower value of � implies to give a higher weight
to shorter research chains, and a higher value of � implies to give more weight to
longer chains.
The following lemma frames the invariant method inside the research chain

model, as the terminating probability when the length of research chains grows
to in�nity

Lemma 1.4. The unnormalized Invariant Method is given by:

�i = lim
�!1

qi = lim
�!1

EFi.

Remark 1. Both qi and EFi are functions of �, H and a. In particular, qi and
EFi can vary with citations (hji)j2J made by journal i, and with i�s article share ai.
The unnormalized Invariant Method score �i depends on (hji)j2J but not on a.

Example 2. We illustrate with an example how a journal can change its Eigenfac-
tor, Pagerank and Invariant Method scores by modifying its citation pattern. Con-
sider a set of 3 journals J = fA;B;Cg whose citations and article shares are given
by

H =

0@ 0 0:2 1
0:9 0 0
0:1 0:8 0

1A ; a =

0@ 1=3
1=3
1=3

1A
We use � = 0:85. Journal A obtains scores: qA = 0:365, EFA = 0:371 and �A =
0:368. Then, A can increase its score by increasing its relative citations to C as
follows:

H0 =

0@ 0 0:2 1
0:1 0 0
0:9 0:8 0

1A ; a0 = a

Now, q0A = 0:454 > qA, EF 0A = 0:475 > EFA and �0A = 0:481 > �A.

1.3.2 Outerfactor

Let R be the matrix
R = (1� �) (I� �H)�1 .

In the research chain model, each entry rij of R is precisely the probability that
a research chain starting from journal j will terminate at node i (see Appendix).11

11The inverse is well-de�ned because H is a non-negative matrix and j�j < 1. Moreover, R is a
column-stochastic matrix, that is, rij � 0 and

P
i rij = 1.
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We call rii the indirect self-impact coe¢ cient of journal i (ISICi).12 This coe¢ cient
is a natural extension of self-citations to the case of indirect impact, since it is the
probability of terminating at journal i when the chain started at the same journal.
The ISIC of journal i measures how its impact depends on the citations it makes
to other journals (or to itself).
We introduce a new measure �Outerfactor� that complements these measures

naturally in the research chain framework. It is the probability that a journal is
used (at least once) in a research chain. We now provide a closed-form formula for
Outerfactor as a function of Pagerank (or Eigenfactor, by lemma 1.3).

De�nition 1.5. The Outerfactor (OF ) of journal i is de�ned as

OFi =

qi
ISICi

� ai

� (1� ai)
.

The research chain model can also accommodate Outerfactor allowing an intu-
itive comparison to the other measures.

Proposition 1.1. OFi is the probability that a research chain, that has length � 1
and does not start from journal i, uses journal i.

Outerfactor divides Pagerank qi of the journal i by its corresponding ISIC, rii.
In fact, Outerfactor is adjusting journal impact in order to control for the e¤ect of
a journal�s actions in its score, as shown below in Theorem 4 and Proposition 1.2.
There are two important di¤erences between Eigenfactor and Outerfactor. The

main di¤erence is that EF measures the chance of terminating at a journal in a
research chain (by lemma 1.2), while OF accounts for the probability of using (at
least once) that journal in a research chain. Thus, once journal i is reached for the
�rst time in the chain, OFi does not account for subsequent uses of journal i. This
di¤erence in the de�nition of probabilities has implications in the manipulability of
the scores as we will show in the next paragraphs. A second di¤erence is that OFi
only considers chains that do not start from journal i, whileEFi considers all journals
as potential starting points. This adjustment is merely a normalization since the
(Outerfactor) probability of using journal i would be bounded below by ai otherwise,
which would correspond to the case where a research chain starts at journal i and
then this journal would be trivially used. Nonetheless, this normalization will also
have implications related to manipulation.
Measures that take into account indirect impact typically improve information,

since they assign higher values to those journals cited by more relevant journals,
which can be assumed to cite high quality research. This notion is also behind the
success of Google Pagerank algorithm when assessing the importance of webpages.

12A similar approach of using the diagonal of an inverse matrix is taken in Ballester, Calvó-
Armengol and Zenou (2006).
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Remark 3. The Invariant Method, Pagerank, Eigenfactor and Outerfactor take into
account indirect impact, while Impact factor does not.13

In our �rst main result, we highlight one important dissimilarity between OF
and the other measures: Outerfactor is independent of own citation patterns, that
is, the chance of using journal i in a research chain is independent of i�s citation
pattern, as opposed to remark 1.

Theorem 4. OFi is invariant with respect to i�s citation pattern (hji)j2J .

Proof. This result is a direct consequence of the probabilistic interpretation of Out-
erfactor in the research chain model given in Proposition 1.1. Since OFi measures
the proportion of chains that use journal i, the score cannot depend on the citations
made by i. This is so because once journal i is reached in a research chain, OFi will
not account for future visits to journal i in that chain.

This is in contrast with Eigenfactor, Pagerank or the Invariant Method: under
these scores, journal i could increase the likelihood that a chain terminates at i by
referencing journals that point to i directly or indirectly. Even when self-references
are removed from the citation matrix C, this does not prevent these indirect mea-
sures from being manipulated in this manner, as we showed in example 2.
This has immediate implications when the actual rankings are obtained. With

Eigenfactor and the Invariant Method, manipulation can occur if journal i starts
citing journals that have cited it, because this generates cycles that can increase
journal i�s EF score. As a consequence, journals forming small and closed groups
are usually bene�ted from the existence of these cycles in the citation graph. This
is not the case of OF , which takes into account the mere use of journals: once a
journal is visited by a research chain for the �rst time, Outerfactor will not consider
subsequent visits to this journal in order to assess its impact.
The most basic form of Impact Factor uses total cites received by a journal,

including self-citations. Manipulability of Impact Factor can be easily addressed, by
deleting self-references. This measure is known as the Impact factor without self-
references. Nevertheless, it only takes into account direct impact. EF , q and IM
also include indirect impact but this inclusion triggers some manipulability issues.
Outerfactor is a �rst step towards reconciling the inclusion of indirect impact with
robustness to manipulation, because it does not take into account the e¤ect of i�s
citations on i�s score.
13When � ! 0, indirect impact disappears: qi is just the probability ai, while Outerfactor and

Eigenfactor are closely related: both measures report the share of other journals�citations that
point to a given journal:

lim
�!0

OFi = lim
�!0

EFi
1� ai

=

P
j 6=i ajhij

1� ai
.

See the Appendix for detailed proofs.
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It is important to remark that even when journal i can not vary its own Out-
erfactor, it may a¤ect its ranking position. This is because Outerfactor of other
journals generally depend on citations made by i, and therefore journal i could po-
tentially decrease other journals�Outerfactor in order to increase its own relative
position. However, in an illustration with 140 economics journals, we will �nd that
Outerfactor has a robust performance against ordinal manipulation.
The following result states that if a journal produces new articles (without

changes in the matrix H), its Outerfactor will not change as a measure of total
impact. In particular, the addition by journal i of a new article that receives no
citations does not change journal i�s Outerfactor.

Proposition 1.2. OFi is invariant to ai.

Proof. Once again, this is a consequence of Proposition 1.1: If research chains con-
sidered in OFi cannot start at journal i then the probability of using journal i does
no longer depend on i�s article share, given that article shares only determine where
the research chain starts.

This invariance property is satis�ed also by the unnormalized Indirect Method
�.

1.3.3 Normalized measures

We note that Pagerank (q), the unnormalized Invariant Method (�), Eigenfactor
(EF ) and Outerfactor (OF ) are non-normalized measures or measures of global
impact, that is, they are not computed in a per-article basis.
However, it is convenient to normalize by article shares in order to assess the

average impact of a journal in a per-article basis, leading to the de�nition of nor-
malized measures. For instance, Impact Factor is a normalized measure since it is
dividing total received citations by number of articles. The Invariant Method IM
also reports impact per article. The normalized counterpart of Eigenfactor is Article
In�uence (AI), which is also included as part of the JCR:

AIi =
EFi
ai
.

In the same line, we analyze impact per article by dividing Outerfactor by the
article share, resulting in a new measure of per-article impact, Article-Outerfactor
(AO):

AOi =
OFi
ai

Thus, unnormalized measures report the impact of the whole journal while nor-
malized measures, by contrast, provide information on the impact of the average
article published by the journal.
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The following corollary is a direct consequence of proposition 1.2, and it states
that if a journal increases its number articles, ceteris paribus, it will decrease its
per-article Outerfactor score.

Corollary 5. AOi is decreasing in ai.

This property is also satis�ed by Impact Factor and the Invariant Method. How-
ever, with AI, a new article by journal i has a direct negative e¤ect on AIi by in-
creasing the denominator and an indirect e¤ect by changing EFi that can be positive
or negative.

1.4 Evaluating impact of economics journals

1.4.1 A comparison

We computed rankings and scores for a citation graph with 140 economics jour-
nals. We obtained the citation data from the JCR 2010.14 Citation data for
each journal i are the citations made by journal i in 2010 to articles published
in 2008 and 2009.15 In all relevant cases, we used � = 0:85 corresponding to an
average chain length of 6. We perform our analysis for both non-normalized and
normalized measures.16 Th results for the whole set of journals can be accessed at
http://webs.um.es/alfonso.rosa/outerfactor.
In Table 1 we show non-normalized impact measures (that is, not normalized

by article shares) for the Top 10 journals according to Outerfactor (OF ), as well as
the indirect self-impact coe¢ cient (ISIC), total share of citations (C), Eigenfactor
(EF ) and the unnormalized Invariant Method (�). We also show the rankings that
result from all these measures.17. For the sake of consistency with Eigenfactor, we
have deleted all self-citations from the citation matrix C before computing these
measures.
14We take the union of 100 economics journals from the JCR with the highest Impact Factor

(IF ), Article In�uence score (AI), 5-years Impact Factor, Citations and Eigenfactor. They form
the 140 journals in the dataset.
15We consider a citation window of 2 years, like Impact Factor does in its computation. Eigen-

factor is computed for a 5 years citation window, but in our application we use always a citation
window of 2 years for consistency.
16In our illustration with normalized measures, for the sake of comparability, we will use article

shares in all cases, even though Impact Factor and the Invariant Method both use number of
articles in their formulae. This clearly does not change the rankings.
17Complete rankings are available in the web appendix.
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OF ISIC C RC EF REF � R�

AER 0.3808 0.2243 0.0758 1 0.0855 1 0.0942 1
QJE 0.2244 0.1869 0.0345 4 0.0420 3 0.0469 5
RFS 0.2123 0.2428 0.0475 2 0.0523 2 0.0669 2
ECO 0.1885 0.1845 0.0260 6 0.0348 6 0.0386 7
REStud 0.1884 0.1812 0.0254 7 0.0342 7 0.0389 6
JF 0.1791 0.2301 0.0353 3 0.0417 4 0.0550 3
JFE 0.1719 0.2176 0.0326 5 0.0379 5 0.0482 4
JE 0.1489 0.1919 0.0251 8 0.0289 8 0.0308 8

REStat 0.1430 0.1693 0.0224 11 0.0242 9 0.0243 11
JPubE 0.1315 0.1683 0.0241 9 0.0221 12 0.0216 12

Table 1. Non-normalized impact measures and ranking position for the

Top 10 journals according to Outerfactor.

How can we interpret the value assigned by each measure to each journal? Let
us take the values for the American Economic Review as an example. AER gets
ranked �rst by all non-normalized measures. Outerfactor assigns to it a value of
0.3808, meaning that a researcher uses articles of AER in 38.08% of her research
chains. The eigenfactor score, 0.0855, indicates that 8.55% of all research chains
end at an article from AER. Regarding direct citations (C), AER obtains a score of
0.0758, i.e., 7.58% of all references in our dataset go to articles published by AER.
The unnormalized Invariant Method score of AER is 9.40%, which corresponds to
the stationary probability of a Markov process on the citation matrix H.
The value of ISIC in the second column explains the e¤ect of a journal�s citation

patterns on its impact. In our sample, �nance journals (like Review of Financial
Studies, Journal of Finance and Journal of Financial Economics) have a signi�cantly
higher ISIC compared to other journals with similar (or higher) Eigenfactor scores
like the Review of Economic Studies. This is a natural outcome for relatively spe-
cialized journals: in these cases, it is more likely that indirect citations that originate
at a journal will return to that journal at some point, thus increasing its Eigenfactor
impact. Outerfactor adjusts the Eigenfactor scores with ISIC, giving a relatively
higher position for REStud.
The rankings in Table 1 are all related: it is signi�cant that, in our sample, all

measures agree on the set of the top 8 journals, although they di¤er in the ranking
positions. Interestingly, Outerfactor is the only measure that ranks the Quarterly
Journal of Economics (QJE) as the second journal, and Econometrica (ECO) and
the Review of Economic Studies (REStud) in the Top 5. This fact is explained by
the relatively low ISIC of REStud and ECO.
We observe, in general, smaller cardinal di¤erences under Outerfactor than un-

der other measures. For instance, C, EF and � assign to AER a value which is,
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respectively, 120%, 104% and 100% higher than QJE�s. However, OF assigns to
AER a value which is 70% higher than QJE�s. However, the Review of Financial
Studies is further away from AER under Outerfactor due to its higher ISIC.
These cardinal di¤erences will have consequences on scores when we normalize

by article shares. Normalized rankings appear in Table 2, where we list the Top 10
journals according to Article Outerfactor, as well as ISIC, Impact Factor, Article
In�uence and the Invariant Method of those journals, and their ranking positions
according to them:

AO ISIC IF RIF AI RAI IM RIM

QJE 46.42 0.1869 7.13 2 8.68 1 9.69 1
JEL 44.02 0.1611 7.32 1 7.09 2 7.16 2
JPE 36.83 0.1700 5.48 3 6.26 3 7.19 3

REStud 33.74 0.1812 4.55 4 6.12 4 6.97 4
ECO 30.33 0.1845 4.18 5 5.60 5 6.21 5
BPEA 22.01 0.1553 3.28 9 3.42 11 3.93 11
REStat 20.69 0.1693 3.24 10 3.50 9 3.51 9
JF 19.57 0.2300 3.85 6 4.56 6 6.01 6
JLE 17.42 0.1577 2.53 15 2.75 12 3.00 12
AER 17.36 0.2243 13.46 8 3.90 8 4.3 8

Table 2. Measures normalized by article shares.

IFi is computed as Ci=ai and IMi as �i=ai.

In contrast with Table 1, normalized measures agree only on the set of Top 5
journals. All three measures of indirect impact agree in the ranking positions of
these journals, while Impact Factor ranks the Journal of Economic Literature over
the Quarterly Journal of Economics, the journal with the highest impact according
to all indirect impact measures. Article Outerfactor ranks Brookings Papers on
Economic Activity (BPEA) in the sixth position, re�ecting that the citations this
journal receives are less related to its own citation pattern.

1.4.2 Robustness

As we explained in previous sections, Outerfactor�s score remains invariant to actions
like modifying the citation structure or the size of a single journal. Obviously, this
does not mean that the ordering generated by Outerfactor is constant. In this
section, we compare the robustness of di¤erent measures to two types of situations.
First, we analyze the e¤ect of including self-citations in the dataset. Second, we
examine the e¤ect of manipulation e¤orts by individual journals on their ranking
positions.
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Including self-citations

The popularity and wide use of Impact Factor has been argued as the motivation of
journals in order to in�ate their impact through self-citations (Smith, 1997). In fact,
the JCR is o¤ering both Impact Factor and Impact Factor without self-references.
Additionally, the Eigenfactor and Article In�uence scores used in JCR are computed
by totally discarding self-citations. This methodology is used in order to alleviate
the problem derived from the incentives of journals to increase their impact by
self-citing. However, removing self-citations implies to put apart relevant citation
information. In this section, we analyze how robust Outerfactor is to the inclusion
of self-citations.
In order to analyze the e¤ect on rankings of self-citations, we have computed new

scores when self-citations are included18. Tables 3 and 4 include the Top 5 journals
as an illustration.

OF C RC EF REF � R�

AER 0.3015 0.0548 2 0.0744 1 0.0872 1
QJE 0.1723 0.0247 7 0.0357 3 0.0426 5
RFS 0.1589 0.0430 3 0.0534 2 0.0826 2
ECO 0.1450 0.0195 9 0.0330 5 0.0397 6
REStud 0.1431 0.0178 12 0.0270 8 0.0326 7
Table 3. Non-normalized measures including self-citations.

AO IF RIF AI RAI IM RIM

QJE 35.627 5.105 2 7.376 1 8.799 1
JEL 33.178 5.147 1 5.443 2 5.708 7
JPE 27.526 3.757 3 4.814 5 5.847 5

REStud 25.636 3.178 6 4.840 4 5.821 6
ECO 23.329 3.134 7 5.311 3 6.372 2

Table 4. Normalized measures including self-citations.

Comparing tables 1 and 3, we see that the ranking in the top �ve is exactly
the same for Outerfactor with or without self-references. The same observation can
be made for Article Outerfactor if we look at tables 2 and 4. This is not the case
for the other measures considered. For instance, when self-citations are included,
the Review of Economic Studies drops several ranking positions with other impact
measures, re�ecting its relatively small number of self-citations: In our sample, only
8% of REStud�s citations are self-citations, compared to the average of 27%). In

18In the analysis including self-citations, the journal "International Environmental Agreements:
Politics, Law and Economics" is excluded for the computation of the Invariant Method, because
it is a sink in the citation graph and it becomes the only journal to receive a positive score under
this measure.
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Table 5, we present some descriptive statistics in order to understand the e¤ects of
including self-citations in our dataset:

AO IF AI IM
Maximal Increase 5 110 112 34
Maximal Decrease -9 -34 -38 -15

# of journals better o¤ 38 91 84 45
# of journals worse o¤ 49 42 44 80

Average positions when up 2 27 21 9
Average positions when down -2 -12.64 -11 -5
Spearman�s Rank correlation 0.9989 0.8075 0.878 0.9775
Table 5. E¤ects of the inclusion of self-citations on ranking positions.

When including self-citations, we observe that the journal with highest increase
in raking position under Outerfactor only goes up �ve positions. In the case of IF ,
AI and IM , the maximum raise is 110, 112 and 34 positions, respectively. Within
the set of journals that improve under AI, the average gain in positions is 21, while
it is 2 under OF. Finally, the Spearman�s Rank correlation coe¢ cient con�rms that
the inclusion of self-citations has practically no e¤ects in the ranking by Outerfactor,
while it has e¤ects that are strong for Impact Factor, signi�cant for Article In�uence,
and small for the Invariant Method.
These notable variations in rankings when self-citations are included illustrate

how di¤erent measures evaluate impact di¤erently. In particular, there are 4 jour-
nals experiencing a huge variation of ranking positions: Technological and Economic
Development of Economy (TEDE), the Journal of Business Economics and Manage-
ment (JBEM), the Journal of Banking and Finance (JBF) and Transformations in
Business & Economics (TBE). In Table 6, we show their ranking positions for nor-
malized measures.

Without With
AO IF AI IM AO IF AI IM

TEDE 102 17 54 123 97 4 37 110
JBEM 92 24 55 124 95 9 47 121
JBF 112 120 116 98 112 10 63 64
TBE 130 65 103 132 132 24 87 133

Table 6. Normalized measures. Ranking position of

selected journals without and with self-citations

Journals with relatively more self-citations obtain an important rise in their ranks
under Impact Factor when self-citations are included. In our sample, this is signif-
icant in the case of JBF, which increases 110 positions. This is explained by the
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relatively high number of self-citations of this journal (hii = 0:74) and to the direct
nature of Impact Factor, which does not weight references by the relevance of the
citing journal. A di¤erent instance of this variability can be gathered from the data:
TEDE, JBEM and TBE experience a substantial rise in the ordering under Impact
Factor when self-citations are included (on average 56% of their citations are self-
citations). All indirect impact measures weaken this e¤ect by accounting for the
lower impact of these journals. However, the inclusion of self-citations still bene�ts
these journals under indirect measures, except for Outerfactor. The reason is that
not only these three journals self-cite often, but also they receive most of their ci-
tations from each other: they form a triangle in which more than 95% of citations
point to journals inside the triangle. This intra-group feedback usually boosts the
scores obtained under indirect measures. As we observe in table 6, Outerfactor re-
mains stable in this environment and it turns out to be very robust to the existence
of self-citations: it ranks these clustered journals well below other measures even
when self-citations are included. Finally, we note that the Invariant method also
displays a fairly robust behavior in front of these three journals in the data.

Robustness to changes in citations

As we showed in Theorem 4, the Outerfactor score is independent of individual
citation patterns. However, a journal is potentially able to change other journals�
scores and, consequently, its own position in the ranking. In this section, we study
the sensitivity of a journal�s ranking position to changes in its citation pattern. For
this purpose, we depart from the actual citation dataset of economics journals.
Table 7 considers two di¤erent scenarios: excluding self-citations ("Excl. Self-

Cit.") and including self-citations ("Incl. Self-Cit."). Column "Av." shows the
average increase in ranking positions after deviations made by individual journals,
departing from the actual citation patterns in the dataset. Column "Std." is the
standard deviation of these increases in ranking positions.
Column gOF corresponds to individual deviations where each journal i chooses

the degenerate deviation h0ii = 1 in its citation pattern. Even in the case where
self-citations are not included in the dataset (and hence, h0ii = 1 is not an optimal
deviation), we will not discard the deviating journal�s self-citations for Outerfactor.
Why? Because the resulting increase in ranking positions through this deviation
is an upper bound for the increase that i would get by choosing a rank�optimal
citation pattern

�
h0ji
�
j2J .

19 Thus, this kind of deviation provides an upper bound

19A rank�optimal deviation means that journal i will choose a pattern of citations
�
h0ji
�
j2J such

that its ranking position is highest.
To see why columngOF is an upper bound for the optimal increase in the ranking, suppose that

(hji)j2J is any citation pattern by journal i, leading to Outerfactor scores (OFj)j2J . Then, by
choosing h0ii = 1 instead, we get OF 0i = OFi whilst OF 0j � OFj for all j 6= i: the probability
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for the true manipulability of the Outerfactor ranking.
The rest of columns correspond to deviations where each journal i optimizes as

shown in proposition 1.3 below. For instance, in the case of EF and IM , journal
i chooses a score�optimal deviation h0ji = 1 for some j 2 J (where the deviation
h0ii = 1 is not allowed in the "Excl. Self-Cit." scenario). Consequently, player i�s
increase in ranking positions under this degenerate deviation is bounded above by
any rank�optimal deviation

�
h0ji
�
j2J . In this sense, we are analyzing a lower bound

for the manipulability of EF and IM . In the case of citations C, the deviation is
rank�optimal.
Thus, Table 7 fairly compares upper bounds for the manipulability of OF with

lower bounds for the manipulability of other measures.

Excl. Self-Cit. Incl. Self-Cit.gOF C EF � gOF C EF �

Av. 1.06 0.314 4.70 5.11 0.79 69.5 52.02 69.5
Std. 1.17 0.564 6.39 11.9 1.00 40.56 27.24 40.56
Table 7. Av. and Std. are, respectively, the mean and the standard

deviation across journals of their increase in the corresponding ranking.

In the scenario where self-citations are included, the average increase in ranking
positions is important for all measures, except for Outerfactor. The logic behind this
fact is clear: the highest ranking position is obtained by each journal when it makes
all its citations to itself. This generates huge variations in the Invariant Method:
when a journal receives some citations from other journals and it only cites its own
articles, it becomes a sink, and the research chain remains in�nitely in the journal,
getting the full value of the score.20 This e¤ect is still present but less prominently
in Eigenfactor, since it assigns some probability to short research chains that never
enter the sink. Regarding Citations, any journal can jump to the �rst position as
with the Invariant Method, by increasing self-citations without bound. Additionally,
we observe that there is a lot of variability in the manipulations, measured by the
standard deviation. Outerfactor behaves quite robustly in this scenario: not only its
manipulability remains very low on average, but the standard deviation of ranking
manipulations is small.
But, what happens if self-citations are excluded? As one could expect, all mea-

sures behave more robustly to changes in citations. Di¤erences are less prominent,

of using any journal distinct to i will decrease. Hence journal i cannot be worse-o¤ by choosing
h0ii = 1.
20We note that the Invariant Method is built under the premise that the graph stays connected,

which is not the case if a journal is able to put all the weight of its citations into itself. How-
ever, if journal i is able to make hii close enough to 1 (so that the citation graph is near to
disconnectedness), the same kind of situation will be triggered.
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but still signi�cant in favor of Citations and Outerfactor. In the case of direct
citations, the measure is very robust. In the case of the Invariant method and
Eigenfactor, journals are still able to improve their ranking positions by deviating.
Outerfactor captures the indirect impact while remaining very robust to ordinal
manipulation in this scenario.
It is natural that some journals di¤er from others in their chances to gain posi-

tions in the rankings. In particular, in the scenario without self-citations, the Review
of Economic Studies could raise at least from the seventh to the �fth position under
Eigenfactor, by increasing its citations to the Journal of Economic Growth. Infor-
mally, the chances of journal i to gain positions in the ranking by citing journal j,
are determined by two factors:

1. A relatively high rij in the matrix R. The entry rij 2 [0; 1] is roughly the
impact of journal i on journal j, or the probability of ending at i when the
chain starts at j. For instance, rRES;JEG = 0:053, which is signi�cantly high
in row RRES, relative to the row mean which is 0:030, and Std. Dev. 0:015.

A high rij constitutes a potential chance to create loops from i that go back
to i through j.

2. A low entry hji in H, that is, a low current citation pattern from i to j. This
�combined with a high rij� leaves room for manipulation by creating loops
with feedback from i. In the two-year window of our sample, hJEG;RES = 0.21

We note that the possibility of journal i to manipulate EF by citing journal j, is
independent of journal j�s EF impact. This opens the door to manipulation in the
following sense: if there is journal j such that rij is very high (or if journal i creates
a sibling journal j that only cites i), then journal i can cite journal j and increase
its EF score.
The following result analyzes the manipulability for each measure and is used to

build Table 7.

Proposition 1.3. Suppose an initial situation, with citation matrix C, citation
patterns H and article shares a. Let R be the corresponding matrix, and let C, EF
and IM be the obtained impact scores. The following are optimal deviations when
journal i optimizes its score or ranking position:

21The case of Econometrica�s Eigenfactor is even more remarkable. It could jump from the sixth
to the third position by increasing its citations to The Econometrics Journal. In fact, rECO;EJ =
0:0825, with row mean 0:030 and Std. Dev. 0:016. Thus, potential manipulation is important here
and hEJ;ECO = 0:135, leaving plenty of room to cite to EJ . The Quarterly Journal of Economics
could jump from the third to the second position in the Eigenfactor ranking, by increasing its
citations to the Journal of Economic Growth. In this case, we have rQJE;JEG = 0:066, with row
mean 0:037, Std. Dev. 0:015, and hJEG;QJE = 0.
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1. Citations C: a rank-optimal deviation for journal i is to cite no other journal
(and self-cite unboundedly in the scenario with self-citations)

2. Eigenfactor EF : a score-optimal deviation for journal i is degenerate, i.e.,
h0ji = 1 for some j 2 J . Moreover, an upper bound for the new score is

EF 0i =
EFi
rii

> EFi.

3. The Invariant Method IM : a score-optimal deviation for journal i is degener-
ate, i.e., h0ji = 1 for some j. Moreover, an upper bound for the new score is
1.

The proof is done using the techniques used in the Appendix. We can extract
a probabilistic interpretation out of this result: the probability of terminating at
journal i (EFi or �i, resp.) can be increased by i up to the probability of using
journal i (EFi=rii or 1, resp.).

1.5 Cross-E¤ects

In this section, we take advantage of the research chain framework in order to
address the problem of analyzing cross-e¤ects between pairs of journals. We do
so by studying the interactions between any pair of journals in the same research
chain. We propose di¤erent ways of measuring these cross-e¤ects that allow us
to understand the interplay of journals in determining journal impact, taking into
account both direct and indirect relationships. These measures of cross-e¤ects can
be understood as assessments of how a journal is in�uenced or impacted by others
(cross-in�uence), or how large is the contribution of a journal to the impact score of
others (cross-contribution). Furthermore, Propositions 1.5 and 1.7 provide a double
interpretation for Outerfactor: it can be understood as the average in�uence of a
journal on other journals, or as its average contribution to all journals�impact scores.

1.5.1 Cross-In�uence

Cross-in�uence of journal i on j refers to the relevance of journal i to another journal
j, by analyzing the pattern of direct and indirect citations from journal j to journal
i. It refers to the impact that journal i has on j. In the simplest case of direct
impact, cross-in�uence is the proportion of direct citations from journal j to journal
i. We extend this intuition in order to incorporate indirect impact in the research
chain model. We introduce two new probabilities that incorporate this idea: Eigen-
in�uence of journal i in journal j (EIij), which is the proportion of research chains
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starting from j that terminate at i; and Outer-in�uence of journal i in journal j
(OIij), which is the proportion of research chains starting from j that include (use)
journal i. Therefore, these two probabilities capture how relevant is journal i for the
research published in journal j. Note that both probabilities converge to the simple
case of direct impact if we account only for research chains of length 1, which occurs
when �! 0.

De�nition 1.6. The Eigen-in�uence of journal i in j is.

EIij =
rij
�
,

and for i = j

EIjj =
rjj � (1� �)

�
.

In the research chain model, EIij is the probability that a research chain of length
� 1 that starts at journal j will terminate at node i.22 Consequently,

P
iEIij = 1

for all j 2 J . The following result is straightforward by using the Bayes rule and it
provides an expression for a journal�s Eigenfactor score as its average impact on all
journals.

Proposition 1.4. The Eigen-in�uence EIij is the probability that a research chain
of length � 1 that starts at journal j will terminate at node i. Moreover, journal i�s
Eigenfactor is the weighted average of its eigen-in�uence on all journals:

EFi =
X
j

ajEIij.

We note that EIij is independent of a, but not of citations made by journal i.

De�nition 1.7. The Outer-in�uence of journal i in j is

OIij =
EIij
rii
,

and for i = j
OIii = 1.

OIij is the probability that a research chain of length � 1 that starts at journal
j will use journal i.

22All cross-e¤ects expressions and their interpretation as probabilities in the research chain model
are relagated to the Appendix.
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Proposition 1.5. The Outer-in�uence OIij is the probability that a research chain
of length � 1 that starts at journal j will use journal i. Moreover, the Outerfactor
of journal i can be expressed as the weighted average of its outer-in�uence on other
journals:

OFi =
X
j 6=i

aj
1� ai

OIij.

Interestingly, OIij is independent of both journal i�s citations and ai.

1.5.2 Cross-Contribution

The idea behind cross-contribution is to evaluate how a journal i contributes to the
impact score obtained by journal j. This notion is di¤erent from cross-in�uence
where we study how often i is cited by j; now we study the chance that i appears
in chains that increase j�s impact (where j is cited). Once again, we propose two
usable measures that are equivalent when we restrict to direct citations (i.e., when
�! 0).

De�nition 1.8. The Eigen-contribution of journal i to journal j�s impact is, for
i 6= j,

ECij =
airji
�EFj

,

and for i = j

ECjj =
aj [rjj � (1� �)]

�EFj
.

In the research chain model, ECij is the probability that a research chain of
length � 1 that terminates at journal j started at journal i. Clearly,

P
iECij = 1.

More importantly, from this interpretation we derive that ECij is a measure of
the contribution of journal i to journal j�s Eigenfactor EFj. For instance, when
ECij = 0:2 we say that journal i contributes to 20% of journal j�s Eigenfactor
because journal i is the starting journal in 20% of all chains terminating at j. ECij
depends on citations made by i and on ai, since i is the starting point of all chains
accounted for by this measure.

Proposition 1.6. The Eigen-contribution ECij is the probability that a research
chain of length � 1 that terminates at journal j started at journal i.

De�nition 1.9. The Outer-contribution of journal i to to journal j�s impact is, for
i 6= j,

OCij =
1

�

rji
rii

qi
EFj

.

and for i = j
OCii = 1.
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As we show below, OCij is the probability that a research chain of length � 1
that terminates at journal j uses journal i. The Outer-contribution score captures
the contribution of a journal to other journals� impact measured by Eigenfactor,
because it restricts precisely to chains of positive length that end at journals, that
is, those chains that form the Eigenfactor score. Note that,

P
iOCij � 1 since using

one journal in a chain does not exclude the possibility of using another journal. OCij
is capturing the contribution of journal i to journal j�s eigenfactor EFj in a di¤erent
way than ECij does: when OCij = 0:2, journal i contributes to 20% of journal j�s
eigenfactor because journal i is used at least once in 20% of all chains terminating
at j. Now, we provide an expression of the Outerfactor of a journal as the average
contribution to other journals impact measured by Eigenfactor: the Outerfactor of
journal i is its average contribution to all journals�Eigenfactor scores.

Proposition 1.7. The Outer-contribution OCij is the probability that a research
chain of length � 1 that terminates at journal j uses journal i. Moreover, journal
i�s Outerfactor can be expressed as the weighted average of its outer-contribution to
other journals�impact:

OFi =
X
j

EFj
OCij � ai
1� ai

.

The averaging weights are given by EF . The ratio (OCij � ai) = (1� ai) is just
the same contribution probability as OCij conditioned on the initial node of the
research chain not being journal i. This ratio is an a¢ ne transformation on OCij, it
is independent of ai and it is essential in relating Outerfactor and Outer-contribution.
Finally, we note that OCij is not independent of i�s citation pattern even when it is
accounting for chains that use i. This is so because we analyze research chains that
arrive at j after crossing i. Therefore, these research chains go through i�s references
and are sensitive to i�s citation structure. Similarly, OCij is not independent of i�s
article share because a higher proportion of research chains pointing to j start in
(and therefore includes) journal i when this journal increases its article share.

1.5.3 Cross-e¤ects in Economics

Now, we illustrate cross-e¤ect measures for the case of the Review of Economic
Studies. We list the journals that are the more related to REStud through cross-
in�uence or cross-contribution. In all cases, self-citations have been excluded from
the analysis. Recall that our sample includes citations made in 2010 to articles
published in 2008 and 2009.

Cross-In�uence

Measures of indirect cross-in�uence, Eigen-in�uence and Outer-in�uence, comple-
ment the information obtained by direct in�uence. The direct in�uence of journal i
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in journal j can be measured as the fraction of journal j�s (direct) citations that go
to journal i, that is, hij. In Table 8, we list cross-in�uence measures analyzing what
journals have a greater in�uence in the Review of Economic Studies:23

In�uence in The Review of Economic Studies
Direct In�uence Eigen-in�uence Outer-in�uence
AER, 0.2556 AER, 0.1227 REStud, 1
JME, 0.1 RFS, 0.0505 AER, 0.5472

Six journals, 0.0444 QJE, 0.0504 QJE, 0.2698
JF, 0.0451 ECO, 0.2167
ECO, 0.04 RFS, 0.2081

Table 8. The �ve journals with the highest in�uence on REStud.

The six journals with a Direct In�uence of 0.0444 are the Quarterly Journal of

Economics, Econometrica, the Journal of Econometrics, the Journal of Finance,

the Review of Economics and Statistics and the Journal of International Economics.

We observe that AER is the journal with highest direct impact on REStud:
25.56% of RESdud�s references are pointing to AER. AER is also the journal with
the highest indirect impact on REStud measured by Eigen-in�ucence: the proba-
bility that a research chain starting from REStud will end at AER (conditioned on
following at least one citation) is 12.27%. In the case of outer-in�uence, 54.72% of
all research chains starting from REStud are using AER at some point. Also, it is
clear that OIREStud = 1: if a chain starts from a journal, then it is trivially used. Dif-
ferences between eigen-in�uence and outer-in�uence re�ect how a journal�s in�uence
relies on its citation pattern, that is, on the citations it makes. For instance, Econo-
metrica gets listed below under EI compared to OI, because its Eigen-in�uence in
REStud is less determined by the citations made by Econometrica.

Cross-Contribution

Table 8 shows the journals which contribute more to the impact of REStud. Here the
direct contribution of journal i on journal j is the fraction of j�s received citations
that are made by i:

dij =
cjiP
k cjk

.

23The six 140� 140 matrices of cross-e¤ects can be found in the web appendix.
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Contribution to The Review of Economic Studies�value
Direct Contribution Eigen-contribution Outer-contribution

AER, 0.0922 EcLet, 0.0409 REStud, 1
JET, 0.0507 AER, 0.0301 AER, 0.4653
JIE, 0.0461 ApEcLet, 0.0292 ECO, 0.2367

Four journals, 0.0323 ApEc, 0.0265 QJE, 0.2199
JEBO, 0.0249 RFS, 0.1727

Table 9. The �ve journals with the highest contribution to REStud�s impact.

There are four journals with a Direct Contribution of 0.323: the Journal of the

European Economic Association, the International Economic Review, the Journal

of Economic Dynamics and Control and the Journal of Regional Science.

Direct contribution shows, for instance, that 9.22% of the references that point
to articles in REStud come from the American Economic Review. However, results
for indirect contribution are quite di¤erent. Eigen-contribution shows that most
of the chains ending at REStud started from Economics Letters, AER, Applied
Economics Letters, Applied Economics and the Journal of Economic Behavior &
Organization. This is due in part to the high number of articles that are published
by these journals, which increases the probability of starting from these journals.
Outer-contribution shows that the most central journals are being used between 22%
and 46.5% of the times in chains terminating at REStud. For instance, 21.99% of
REStud�s Eigenfactor score is due to the Quarterly Journal of Economics.

1.6 Discussion

Measures of journal impact are used for many purposes related to research evalua-
tion, a¤ecting incentives to manipulation. In this paper, we propose a new measure
of journal impact �Outerfactor�that addresses this problem while preserving infor-
mation about both direct and indirect in�uence. We note, however, that Outerfactor
is not completely immune to some strategic considerations. For instance, although
a journal can not change its score, it may change score of competitors and modify
its position in the ranking. Nevertheless, we showed in computations that Outer-
factor behaves well in this respect compared to other measures. In addition to this
individual manipulation, a set of journals may modify their scores by agreeing on
their citing strategies. In our dataset, Outerfactor was quite robust to a cluster of
four journals with a high number of citations among them.
Our analysis restricts to the typical research chain as the unit of study. However,

we can think of a researcher starting new research chains after others have been
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completed. This situation where a �nite number of research chains are completed
�ts perfectly into our model. To see this, note that if OFi is the probability of
using journal i in a research chain, and if the researcher follows K di¤erent research
chains, then the adjusted probability for K trials would be 1 � (1�OFi)

K . This
is increasing in OFi, so that the ranking of journals will be the same. Clearly, the
invariance properties of Outerfactor would also hold under this setting.
An interesting consequence of these invariance properties is that if we have two

journals that receive exactly the same citations from the same set of journals, Out-
erfactor assigns a higher score to the journal which cites relatively less this set of
reference sources. Why? Because the less citing journal obtains indirect impact from
the more citing journal. On the contrary, Pagerank, Eigenfactor, Impact Factor and
the Invariant Method will give the same score to both journals. We illustrate this
fact in Figure 1:

OF q IF EF IM
A 0:731 0:225 2 0:221 0:222
B 0:870 0:325 3 0:338 0:333
C 0:700 0:225 2 0:221 0:222
D 0:715 0:225 2 0:221 0:222

Figure1: Outerfactor (OF), Pagerank (q), ImpactFactor (IF), Eigenfactor (EF)

and the Invariant Method (IM) for a set of 4 journals with 10 articles each.

Each link represents 10 citations.

In Figure 1, each node represents a journal. All journals have 10 articles. Each
link represents citations from journal to journal, and for simplicity we suppose that
every link represents 10 citations. Thus, 50% of journal C�s citations go to journal
B and 50% to journal A. As opposed to IF , the other measures OF , q, EF and IM
take into account both direct and indirect impact by weighting di¤erently citations
from di¤erent journals. As we see in �gure 1, they value journals C and D in a
di¤erent way. In particular, all measures except OF assign the same score to C and
D because these journals receive the same citations from the same set journals (A
and B). However, OF ranks D over C, because the value received by D through A
and B is increased by indirect impact of C, while there is less indirect impact from
D to C.
Some alternative ways of quantifying journal impact have not been analyzed

in this paper. Although self-references are usually deleted in order to alleviate
the problem of manipulation, none of these measures circumvents completely the
problem of manipulation when indirect impact is considered, which is precisely the
main feature of Outerfactor. For instance, the Liebowitz-Palmer measure (Liebowitz
and Palmer, 1984) also considers both direct and indirect impact. However, it can
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also be manipulated if a journal increases the number of its citations pointing to
journals that cite it. Note that this strategy can be used even after deleting self-
citations. The H-Index (Hirsch, 2004) was initially proposed for ranking scientists,
but it is also used for journals. It assigns to a journal the maximal number h of its
articles such that each one is cited at least h times. This index can �x manipulation
issues by discarding self-citations, but as in the case of Impact Factor, it does not
account for indirect impact.
Kóckzy and Strobel (2010) address the problem of manipulability providing a

ranking score which is non manipulable through addition of new references. They
compare journals by "tournaments", and the ranking they propose is similar to
the ones typically used in sports leagues. This measure can be manipulated by
decreasing the number of references that a journal makes to other journals, but
Kóckzy and Strobel reasonably argue that this behavior would not be accepted in
the research publication process. Their measure does not take into account indirect
impact. However, it could be easily incorporated in their measure, by comparing
indirect mutual impact between pairs of journals in the tournament, instead of
direct mutual references. Here, measures of cross-in�uence could be used for such a
comparison.
Computational considerations also deserve a special attention. For the compu-

tation of the Outerfactor vector, we need to know the diagonal of an inverse matrix
of size N (or the full inverse in the case of computing all cross-e¤ects). This can
be costly in computational terms if N is large. For cases where N is in the order
of 104, as in the case of scienti�c journals, all our computations can be done in a
regular computer in seconds.
The choice of the continuation probability � = 0:85 can be well justi�ed. This

value of � is associated to an average of l (�) = 6 references followed during the
research chain. A value of � that is too low would imply a higher weight to direct
citations, spoiling the indirect nature of Outerfactor. A very high value of � (for
instance � = 0:95 with l (�) = 19) gives minimum weight to direct citations and
more indirect e¤ects are accounted for. However, both Pagerank and Eigenfactor can
display unusual behaviors when � is too high. As we showed in section 1.3.2, these
measures converge to the Invariant Method as � goes to 1. It is known that the IM
may exhibit anomalous behavior when the citation matrix is close to reducible (see,
for instance, Serrano, 2004), that is, when it is not "well-connected". This behavior
when �! 1 can potentially be transmitted to Outerfactor since it is based on these
measures. Finally, from the computational perspective, there are some reasons that
support this choice. First, when � ! 1 the linear system (1.3) becomes more
ill-conditioned24. A value of 0:85 is moderate enough to avoid this computational
complication. Second, a higher value of � implies a much higher number of iterations

24That is, a small change in the constant coe¢ cients of the linear system results in a large change
in the solution.
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for approximating the solution in (1.3). In summary, � = 0:85 is associated to an
average size of 6, which is su¢ ciently large to capture indirect e¤ects, whilst it still
avoids both anomalous performance and computability problems when � gets close
to 1.

1.7 Conclusion

In this work we propose the research chain model as a uni�ed framework where that
accomodates several di¤erent impact meassures. Within this framework, we propose
a new index of impact, Outerfactor. While most of the measures consider impact
of a journal as a quanti�cation of how many times a researcher ends using that
journal, Outerfactor can be interpreted as how often the researcher needs at least
once the journal during the research process. This new meassure of impact has the
very important property of being robust against the citation pro�le of the journal:
the Outerfactor of a given journal does not depend on the citations it creates.
The research chain model also allow us to develop several meassures of cross-e¤ects,
that extend the concept of citation between two journals to the indirect impact
framework. These meassures extend the concept of citation to the indirect impact,
and can be potentially used to complement other existent meassures.
Finally, we have applied our meassures to a subset of economic journals, and we

�nd that our rankings are similar to those that generate the other meassures, but at
the same time, the ranking by Outerfactor is signi�cantly more robust against several
possible manipultaions. In particular, we �nd huge di¤erences between rankings for
the other meassures depending on wether self-citations are included or not, while it
is not the case for Outerfactor. This suggest that Outerfactor can take into account
self-citations without being strongly a¤ected by the decissions of each journal.
Impact measures are being increasingly used as an easy and objective way of

quantifying importance of research. Moreover, they are increasingly used by libraries
in order to decide wether so subscribe or not, as well as by hiring committes and
others. This provide strong incentives to try to manipulate their result, so that it
is important to develop meassures that, like Outerfactor, are able to control for this
fact.
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1.8 Appendix

Let us de�ne the following events in the research chain model:

i ! : The research chain starts in journal i

i 6! : The research chain does not start in journal i

! i : The research chain ends at journal i

! i!: The research chain includes journal i
+ : The research chain has positive length

Proof of Lemma 1.1. This is simply the result of re-interpreting the eigenvector
q of Q as the unique solution to the linear system:

q = (1� �) a+ �Hq, (1.3)

from which q = (1� �) (I� �H)�1 q. Note that system (1.3) de�nes qi as P (! i)
for all i: with probability (1� �) the research chain has length zero and the likeli-
hood of ending at i is ai; and with probability � the chain continues to i�s neighbors
in the matrix H. QED.

The matrix R
Accordingly, the entry rij of the matrix R is the probability of ending in journal

i conditional on having started the research chain from journal j:

P (! ijj !) = rij.

This is so because R is the unique matrix that solves:

R = (1� �) I+ �HR.

The relation between EFi and EFB
i

We use EFi, as it has a neat interpretation given in lemma 1.2. In fact, the
actual Eigenfactor measure de�ned in (Bergstrom 2007) is:

EFB
i = � H0

i � q

where � is the normalizing constant

� =
1P

jH
0
j � q
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and H0 does not deal with dangling nodes, i.e.,

h0ij =

�
cij=cj if cj > 0
0 if cj = 0.

Now, de�ne � =
P

j:aj=0
qj 2 [0; 1] as the total Pagerank of dangling nodes.

Then, for all j,

EFj = Hj � q
=

X
k:ak 6=0

qkhjk +
X
k:ak=0

qkaj

= H0
j � q+�aj. (1.4)

From here, we get H0
j � q = EFj � �aj, from which

� =
1

1� �
.

From (1.4),

EFi =
1

�
EFB

i + �ai

= (1� �)EFB
i + �ai.

Thus, EFi is a linear combination between ai and EFB
i . When there are no dangling

nodes, � = 0 and EFi = EFB
i . In our dataset, there are four dangling nodes in a

2-year window and � is small (0:0056). The correlation between EFi and EFB
i is

0:999995 and maxi
��EFB

i � EFi
�� = 0:000359:

When normalizing by article shares (obtaining Article In�uence), both rankings
coincide since both measures are related by the linear transformation

EFi
ai

= (1� �)
EFB

i

ai
+ �.

Proof of lemma 1.2. The probability that a research chain of positive length
ends at i is

P (! ij+) =
X
j2J

P (! j) � hij =
X
j2J

qj � hij = Hi � q = EFi.

QED.
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Proof of lemma 1.3. From lemma 1.1:

qi = P (! i)

= P (+)P (! ij+) + P (not +)P (! ijnot +)
= �EFi + (1� �) ai.

QED.
Proof of lemma 1.4. We show that when H is irreducible.

lim
�!1

EFi = lim
�!1

qi = �i.

Note that when �! 1 the event "+" occurs with probability 1 and lim�!1EFi =
lim�!1 qi. When H is irreducible, the unnormalized Invariant Method � is its prin-
cipal eigenvector:

� = H�. (1.5)

By inspecting (1.3), when �! 1 we have q � Hq. Then, by (1.5), lim�!1 q = �.
QED.

Lemma 1.5. The Pagerank score of journal i is

qi = P (! i!) rii.

Proof. First, note that P (! i!) is the probability of reaching journal i for the
�rst time in a research chain. Then, the probability of ending at a journal i is the
probability of journal i being reached for the �rst time, times the probability of
returning to journal i.

Proof of Proposition 1.1. We show that the probability of using journal i is
OFi:

P (! i! ji 6!;+) =
P (! i!; i 6!;+)

P (i 6!;+)
=
P (! i!; i 6!)
P (i 6!;+)

=

=
P (! i!)� P (! i!; i!)

P (i 6!;+)
=

qi
rii
� P (i!)

P (+) � P (i 6!) =

=

qi
rii
� ai

� � (1� ai)
= OFi.

QED.

Relation between measures when �! 0
We show that

lim
�!0

EFi
1� ai

= lim
�!0

OFi.
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First,

lim
�!0

qi = lim
�!0

[(1� �) ai + �Hiq]

= ai

and therefore

lim
�!0

EFi
1� ai

= lim
�!0

Hiq

1� ai
=

P
j2J hijaj

1� ai
=

P
j2J;j 6=i ajhij

1� ai

De�ne now hH
k

ij as the ij�entry of the matrix Hk. Then,

lim
�!0

OFi = lim
�!0

qi
rii
� ai

� � (1� ai)
= lim

�!0

P
j2J ajrij
rii

� ai

� � (1� ai)
= lim

�!0

P
j2J;j 6=i ajrij

rii
+ airii

rii
� ai

� � (1� ai)
=

= lim
�!0

P
j2J;j 6=i aj(1��)

�
�hij+�

2hH
2

ij +:::
�

(1��)

� � (1� ai)
= lim

�!0

P
j2J;j 6=i aj(1��)�hij

(1��)

� � (1� ai)
=

=

P
j2J;j 6=i ajhij

(1� ai)

We then conclude lim�!0
EFi
1�ai = lim�!0OFi.

Proof of Proposition 1.4. For i 6= j:

P (! ijj !;+) =
P (! i;+jj !)
P (+jj !) =

P (! ijj !)
P (+)

=
rij
�
= EIij.

And for i = j:

P (! iji!;+) = 1�
X
j 6=i

P (! jji!;+) = 1�
X
j 6=i

rji
�

= 1� 1� rii
�

=
rii � (1� �)

�
.

Finally,

EFi = P (! ij+) =
X
j

P (j ! j+)P (! ijj !;+)

=
X
j

P (j ! j+)P (! ijj !;+)

=
X
j

P (j !)P (! ijj !;+)X
j

ajEIij.
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QED.
Proof of Proposition 1.5. For i 6= j:

P (! i! jj !;+) =
P (! ijj !;+)

P (! iji!) =
EIji
rii

For i = j:
P (! i! ji!;+) = 1.

Finally,

OFi = P (! i! ji9;+)

=
1

P (i9 j+)
X
j 6=i

P (j ! j+)P (! i! jj !;+)

=
1

P (i9)
X
j 6=i

P (j !)OIij

=
1

1� ai

X
j 6=i

ajOIij.

QED.
Proof of Proposition 1.6. For i 6= j:

P (i! j ! j;+) =
P (i!;! j;+)

P (! j;+)
=
P (! j;+ji!) � P (i!)

P (! jj+) � P (+) =

=
P (! jji!) � P (i!)
P (! jj+) � P (+) =

rji � ai
EFj � �

= ECji

For i = j:

P (i! j ! i;+) =
P (! i; i!;+)

P (! i;+)
=
P (! i;+ji!) � P (i!)

P (! i;+)
=

=
(rii � (1� �)) � ai

EFi
= ECii.

QED.
Proof of Proposition 1.7. For j 6= i

P (! i! j ! j;+) =
P (! i!;! jj+)

P (! jj+) =
P (! i!;! j;+) =P (+)

EFj
=
i6=j

=
P (! i!;! j)

�EFj
=

qi
rii
rji

�EFj
.

When i = j it is clear that P (! i! j ! i;+) = 1.
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Chapter 2

Coordination structures

2.1 Introduction

Coordination failures occur when agents fail to coordinate on an equilibrium in
which they are better-o¤ than in an alternative in which they end up. Jean-Jacques
Rousseau presented this idea as an illustration of a problem which has become
known as the stag-hunt game. In this game, there are two hunters who have to
decide whether to hunt a stag or a hare. Hunting the stag is risky, because the
payo¤ it yields depends on whether the hunters manage to coordinate. If they do
so, then their payo¤ is higher than the one related to the safe choice of going for the
hare. There are many socioeconomic situations in which this kind of coordination
failures may occur (as in many Keynesian models (Cooper and John, 1988), bank
runs (Diamond and Dybvig, 1983) or revolts (Chwe, 2000), among others).
We study coordination problems where the agents have to choose between a

risky and a safe action. The safe action yields the highest payo¤, except in the case
in which the agent chooses the risky action and there are su¢ ciently many other
agents choosing it as well. The number of agents required is given by a threshold. We
assume that agents decide in a sequence, the order being exogenously determined.
They are able to observe only the actions of those predecessors whom they are
connected with. The objective of this paper is to study how observation should be
structured in this class of games in order to ensure that e¢ cient coordination is
achieved.
The agents we study are embedded in a social network that allows to observe ac-

tions.1 For simplicity, we focus on the undirected case, so if two agents are connected
by an undirected link, the one who acts later observes the other agent�s decision who

1Typically, social networks are used to model the interactions among agents. As far as we know,
Choi et al. (2011) and Kiss et al. (2009) are the �rst papers that use networks to model the actions
that agents are able to observe.
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is aware that her action will be observed.2 The e¤ect of a link, in this case, is to
change the interaction between the agents, from simultaneous to sequential. We
say that a network allowing the observation of actions is an observation network.
Therefore, an observation network allows to model a situation where some of the
agents decide simultaneously but others decide after observing the action of their
predecessors.
In the class of games that we study, everybody choosing the safe action is an

equilibrium of the simultaneous game which is Pareto-dominated by another equi-
librium where everybody chooses the risky action. We look for observation networks
that imply that the coordination game has a unique equilibrium in which all agents
take their preferred risky action, independently of the order of decision. If this oc-
curs for any possible payo¤s that allow for the type of coordination failures that
we study, we say that these observation networks are coordination structures. In
particular, if this type of games are completely sequential (i.e., all agents observe
all previous actions), it is easy to show that the e¢ cient equilibrium is achieved.3

So that, in the two extremes, we have that the complete network (i.e., everybody
observes the action of everybody else) is a coordination structure, while the empty
network (i.e., no action is observed) is not. Our aim is to characterize the minimal
amount of observation that is required in order to have the �rst best as the unique
outcome of the game.
As a �rst example, we can imagine two individuals deciding whether to use

a particular computer operating system. Suppose that in the case both choose
Linux, they get the highest utility. If it is not the case, they prefer Windows rather
than Linux. The question we want to answer is how much observation is required
for guaranteeing coordination. Note that if they both decide simultaneously, the
coordination on one or on the other operating system may be an equilibrium (as well
as other equilibria in mixed strategies). However, if they act sequentially, the �rst
individual would choose Linux knowing that, after observing it, the second one would
adopt it as well. Therefore, an observation network where they are able to mutually
observe each other, is su¢ cient for guaranteeing the successful coordination. A more
general question would include several agents, who can potentially coordinate on
di¤erent actions, and in which each agent requires a di¤erent amount of coordinating
people in order to prefer to play it.
A key network concept in our model is the one of clique. A clique is a group of

agents completely connected among them. We �nd that, when agents are homoge-
nous (i.e., all of them share the same risky action and threshold) the existence of
a clique is necessary and su¢ cient to guarantee coordination: coordination failures
can be sustained in equilibrium if such a clique does not exist, while in any obser-

2A directed link between two agents would represent which one of the agents is able to observe
the action of the other.

3This is the case since it is the unique subgame perfect equilibrium.
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vation network where the clique exists the unique equilibrium is the e¢ cient one.
In this case, the size of the clique is equal to the threshold, for any payo¤s and for
any order of decision. Therefore, for this case, any observation network including
a clique with so many components as the threshold, is a coordination structure.
Our general model studies the case of di¤erent agents with private types (i.e., with
thresholds and preferred actions that are private information), and we �nd a suf-
�cient condition on the size of a clique that guarantees that, for any payo¤s and
order of decision, only the e¢ cient outcome can be sustained in equilibrium. For
this case, however, it is not a necessary condition, and we �nd other structures that
also guarantee the coordination. These structures are built by a higher number of
nodes forming several cliques.
When agents are heterogenous and type is private information, we discuss also

the case of observation networks that are su¢ cient to guarantee coordination for
certain orders of decision or certain payo¤s, and we name these networks quasi-
coordination structures. In this context, we show with an example that more con-
nections may generate coordination failures, a fact that is absent in coordination
structures.
Our setup extends naturally to various examples. Revolts succeed if enough

individuals join them and they can be modelled as coordination problems. Several
papers (e.g. Granovetter, 1978 and Chwe, 1999 and 2000, among others) study
what are the conditions for a revolt to succeed. Bank runs also may be viewed
as coordination failures (Diamond and Dybvig, 1983). If many patient depositors
try to withdraw, the bank su¤ers a bank run and it becomes optimal for all patient
depositors to withdraw. Agents in these situations decide after observing the actions
chosen by some predecessors, but ignoring also actions of some others. Our approach
has the advantage of modelling simultaneous and sequential decisions in a uni�ed
framework.
Granovetter (1978) studies the case of collective action when individual partici-

pation depends on the existence of enough other participating people. He assumes
that each previous action can be observed and analyzes how the distribution of
thresholds must be so that a revolution occurs. In our model, we introduce the ob-
servation network that limits the amount of previous actions that can be observed.
In contrast with Granovetter, in our model the agents are called to participate just
once and decide strategically: they take into account what they observe and also
the strategies of the other players. In the model of Granovetter the agents observe
all past actions, while our aim is precisely to characterize the minimal requirements
on observation of actions in order to ensure the coordination on the risky action.
Our paper is mainly related to Chwe (1999, 2000), who analyzes how the struc-

ture of a communication network must be so that it enables revolts to succeed. The
condition for coordination requires that agents know through the network that suf-
�ciently many other agents are also willing to revolt. Chwe shows the key relevance
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of cliques in the formation of the local common knowledge that enables the revolts.
Our aim is similar in the sense that we characterize also a family of networks un-
der which coordination emerges. However, in the model by Chwe there exists local
knowledge of types but complete uncertainty about the global distribution, while in
our model we assume knowledge about the global distribution of types but uncer-
tainty about its local con�guration. This means that the network studied by Chwe
allow that each agent learns the type of her neighbors, while our network does not
allow that but only the knowledge of the actions previously chosen. We complement
the results by Chwe showing that the coordination on the risky action is in fact the
unique equilibrium under our conditions, while the conditions of Chwe guarantee
that coordination is one of the equilibria.
Our research is also closely related to Choi et al. (2011), who show the impact

of di¤erent observation networks on the coordination of agents in an experiment.
Agents had to decide simultaneously during three rounds whether to contribute
or not to a public good. They were embedded in a network that allowed them
to observe the actions of their neighbors only if they were linked. They �nd that
di¤erent structures have di¤erent impact on the possibilities of coordination. In
their environment, they show that the agents, depending on their network position,
decide to delay or to commit. By contrast, we study a di¤erent game where agents
are called once to decide and therefore these e¤ects are absent. In the third Chapter
of this thesis, the e¤ect of having links in an observation network is analyzed in a
bank run experiment. It is shown that links may promote coordination but also
failures, depending on the particular action that is observed.
The observation of other agents�actions has an e¤ect on coordination that has

been studied in several strands of the economic literature. In herding models (e.g.
Banerjee, 1992, or Bikhchandani, Hirshleifer and Welch, 1992) agents face a binary
decision and receive a private signal about the quality of the alternatives before
deciding. They also observe the actions of their predecessors. They use the infor-
mation conveyed by these sources in order to choose the alternative that is expected
to give the highest utility. In our setup, there is no uncertainty about the utility
the alternatives yield, but the issue is to �nd the information structure that ensures
that su¢ ciently many agents take their risky action and enjoy the highest possible
utility. However, a similarity with herding arises when an agent takes into account
that many other agents with low threshold may coordinate on their risky action. In
this case, since the number of other agents choosing the risky action is su¢ cient, she
will also choose the risky action, so a herd of risky action forms. However, notice
that the reasons and mechanisms in herding papers are very di¤erent from ours.
Costain (2007) shows in a model that nests global games and herding models that if
most agents observe a few previous actions instead of playing a simultaneous-move
game, then in the face of fundamental uncertainty multiplicity of outcomes is pre-
vailing. Our paper - without considering fundamental uncertainty - asks how the
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social structure enabling observability of previous actions should be so that agents
choose optimally and hence a unique outcome is obtained.
The rest of the paper is organized as follows. In the following section we de�ne

formally our model. In Section 3 we provide the results that allow us to determine
the characteristics of the coordination structures. In section 4 we discuss the validity
of our results as well as the case of structures that guarantee coordination under
certain circumstances. Section 5 applies the model to riots, revolts and bank runs
and section 6 concludes. Most of the proofs are relegated to the Appendix.

2.2 The model

2.2.1 The game

First we start with the general version of our model, in which each agent is endowed
with her own particular risky and safe actions, as well as her threshold. Let be N =
f1; 2; :::; ng the set of agents. These agents are embedded in an observation network
� that connects them. An observation network � is a collection of pairs ij such
that if ij belongs to �, then agents i and j are linked and are able to observe each
other�s actions,4 with i; j 2 N . For convenience, we assume that an agent is always
neighbor of herself, i.e. ii 2 �,8i 2 N . We assume that the network is undirected,
ij 2 � () ji 2 � and common knowledge.5 Agents that are linked are called
neighbors. We de�ne the set of neighbors of i as Ni � N : f8j : j 2 Ni $ ij 2 �g.
A key network concept throughout the paper is the concept of clique. Given a
network � a clique is a subset of agents q � N such that they are completely
connected, i.e. 8i; j 2 q ! ij 2 �.
We name A = f�; �0; �00; :::g the set of pure actions. Let ai 2 A be the action

chosen by agent i and a = fai : 8i 2 Ng the action pro�le, which contains the action
chosen by every agent.
Payo¤s of agents depend on their actions and actions of others and are given by

a utility function u. We study generalizations of the stag-hunt game. Each agent
is characterized by a risky action, say � 2 A, and a safe action, � 2 A, as well as
a threshold t. If at least t agents are choosing �, then the agent has the highest
utility if she is choosing �. If less than t agents are choosing �, the individual prefers
instead her safe action �:

4However, it is relevant only for the one who plays later.
5The requirement of common knowledge about the network structure is strong. Results similar

to those in the paper can be obtained with a less demanding condition: knowledge about the
relations among the neighbors. We use a common knowledge structure because of its simplicity (a
similar approach is used in Chwe, 2000).
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ui (�a
0) > ui (�a

00) > ui (�a
000) (2.1)

with

(
�a0 :

 
�a0i = �;

X
j2N

I�a0j=� � ti

!)
; f�a00 : �a00i = �g ; �a000 =2 f�a0; �a00g (2.2)

where Iaj=� is the indicator function that takes the value 1 if the agent chooses �
and ai is the action taken by agent i. Note that in this de�nition of the problem,
the threshold t may vary across agents. Action � is the safe action, yielding a �xed
utility independently of the other agents�choices.
At the beginning of the game, Nature reveals privately to each agent her risky

and safe action as well as her threshold, which we name the type of the agent,
� i = f�i; �i; tig 2 A2 � N. We assume that the number of agents of each type is
�xed, common knowledge and given by k

k :
�
A2 � N

�
! N

k (�; �; t) = # fi : � i = (�; �; t)g

and therefore type is randomly assigned to each agent as in a sampling without
replacement.
This is a strong assumption, since it means that the agents know exactly the

number of agents of each type that exists, although they ignore the exact type
of each agent (except the own type). A more standard assumption would be one
where types are randomly drawn from a given distribution. However, we use our
assumption because it allows us to focus on pure coordination problems, as explained
later. We assume that Nature assigns types unconditionally, so that ex ante all
agents can be of a given type with the same probability, given by k.
Consistency requires X

(�;�;t)2A2�N

k (�; �; t) = n: (2.3)

Let denote by
K (�; t) =

X
�
t0�t

k (�; �; t0)

the number of agents whose risky action is � 2 A and who have a threshold that is
at most t.
We restrict our attention to situations in which coordination is possible, i.e.

maxK (�; t) � max ft0 : k (�; �; t0) > 0g ;8� 2 A

This condition implies that coordination is a rational outcome: the highest threshold
of each risky action is smaller than the number of agents who prefer that action.
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This implies speci�cally that if all agents who prefer the risky action are choosing
it, they are in fact behaving optimally. Our assumption of a �xed amount of agents
of each type allows us to study pure coordination problems. Since the number of
agents of each type is known, we are restricting our attention to environments where
coordination is always an equilibrium outcome: every perfectly rational agent would
best respond choosing her own risky action if everyone else were choosing it also, and
it is known that it is possible. Therefore, any equilibria di¤erent from the e¢ cient
one is always the result of a pure coordination failure. Our aim is to characterize
the conditions over the observation network such that the e¢ cient equilibrium is the
only one possible.

The coordination game

Agents act in a consecutive manner according to the order of decision �(N), which
assigns a position to each agent. Let �(N) = f�i : 8i 2 Ng such that �i 2 f1; 2; ::ng
and �i 6= �j,8i; j 2 N: For instance, �i = 5 indicates that agent i is the �fth to take
the decision. Let �(N) denote the set of all possible orders of decision, which is
equivalent to the set of possible permutations on f1; 2; ::ng. This order is randomly
assigned by the Nature according to some probability P (� (N)), which is assumed to
be common knowledge: agents ignore the precise order of decision, but they know
actions of their neighbors who have already decided. The order of decision and
the observation network de�ne the information set of each individual. Note that
given this information, agents have partial information about their position. The
agent knows exactly her position only if P (� (N)) is degenerated or if the agent
is connected to every other individual. In this last case, the agent is able to infer
perfectly her position because she knows exactly how many of the individuals have
decided and how many have not. Whenever she is not linked with an individual,
she cannot know whether the agents who are not connected with her have already
decided or not.
For instance, an empty network corresponds to a simultaneous game, since no-

body observes no other action: in this case, information sets only contain the private
type of each individual. Links allow observation, transforming the game into a se-
quential one. In the other extreme case, the complete network, all the previous
actions belong to the information set of the agent and she is able to infer perfectly
her exact position in the order of decisions. Notice that the connections in the
network and the position in the order of decision make agents heterogeneous.
A coordination game starts with the Nature selecting the order of decision with

the probability P (� (N)). We assume that this distribution is common knowledge
(but not the realized order).6 The network and the order of decision determine the

6A natural extension of the model would endogenize the sequence. In this paper we analyze
only the last stage of that extended version of the game. Since we allow for general P (�), any
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information set of each agent,  i. It includes the type of the agent and the actions
played by those neighbors who have decided before the agent:

 i = f� i; faj : ij 2 �; �j < �i; �j; �i 2 � (N)gg : (2.4)

where faj : ij 2 �; �j < �i; �j; �i 2 � (N)g is the ordered set of actions of the pre-
ceding neighbors of i, in the order of decision selected by the Nature. The knowledge
of the network enters the information set by allowing the observation of neighbors�
actions. The set of all possible information sets in which agent i could be is denoted
by 	i.
A strategy is a mapping from all possible information sets into actions. We allow

for mixed strategies, so
si : 	i !4fAg :

The complete history of the game up to agent i contains the order of decision,
the actions up to agent �i and the type of each agent, and is de�ned as follows:

Hi =
n
� (N) ; faj;8j : �j < �i; �j; �i 2 � (N)gj2N ; f� j0 ;8j

0 2 Ng
o

(2.5)

From this history, the agent i only knows her own type and the actions chosen
by her neighbors who have already decided, but neither the type of the rest of
individuals nor the actions of those individuals not connected to her. The belief of
agent i is the probability that she assigns to each history that may have occurred
before she takes her decision, given her information set. Hence, the belief is de�ned
as

�i = Pr (Hi j  i) � 0 :
X
Hi

Pr (Hi j  i) = 1: (2.6)

Now we are ready to de�ne the coordination game.

De�nition 2.1. A coordination game is de�ned by N;�; A; k; P (� (N)) and u (:)
that satis�es condition (2.1).

A coordination game is de�ned by the observation network �, that connects the
agents, the probability distribution over the di¤erent orders of play as well as the
utility function that depends on the actions, which satis�es condition (2.1).
The following example clari�es each of the elements in a coordination game.

Example 6. There are three agents, N = fB;G; Y g. All of them prefer Linux if at
least two of them adopt it. Otherwise they would rather use Windows than being the
only person using Linux. They are set in an observation network that links agents B

possible result of the �rst stage could be represented by it.
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and G, so � = fBGg. The action set for all of them is A = 4fL;Wg, L denoting
the choice of Linux (W denoting Windows). The utilities are given by:

ui(L;
X
j2N

Iaj=L � 2) = 4;

ui(W ) = 3;

ui(L;
X
j2N

Iaj=L < 2) = 1:

The extensive form of the coordination game is as follows:
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Figure 1

The coordination game associated with the network starts with Nature selecting
one order of decision with probability P (� (N)), we illustrate the order GYB. This is
the case in which � (N) = f3; 1; 2g (remember that we have de�ned N = fB;G; Y g).
Figure 1 shows that B is the third one who decides, and observes the action taken
by G but not the action taken by Y, who is the second to decide. This is a case with

k =

�
3 for (a; �; t) = (L;W; 2)

0 otherwise

We use sequential equilibrium as the solution concept. A sequential equilibrium
is de�ned by a pro�le of behavioral strategies in each information set and beliefs
such that the strategies are best responses to the strategies of the other agents con-
ditional on beliefs, and the beliefs are consistent with Bayes rule for some sequence
of completely mixed strategies that converges to the equilibrium ones.

De�nition 2.2. Let (�0;�0) be an assessment, a pro�le of behavioral strategies and
beliefs for each player in each of her information sets. The assessment (��;��) is
a sequential equilibrium (Kreps and Wilson, 1983) if
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1. (��;��) is consistent:

(��;��) = lim
n!1

(�n;�n) ; f(�n;�n)g � �0;

�0 =

(
(�;�) : � is completely mixed and

�(x) = P�(x)
P�( (x))

)

where x is a decision node included in the information set  (x), and P� (x)and
P� ( (x)) are the probability assigned to x and to  (x) respectively,by the
system of beliefs �.

2. (��;��) is sequentially rational:

E
�
uij���i; ��i

�
� i
�
;��; � i

�
� E

�
uij���i; �i

�
� i
�
;��; � i

�
;8i 2 N;8� i 2  i

Our aim is to �nd the observation networks that lead to the Pareto-superior equi-
librium in the coordination game de�ned by N;�; A and k, for any �(N) ; P (� (N))
and u (:).

De�nition 2.3. An observation network � is a coordination structure for N , A
and k, if for all order of decision and utilities satisfying condition 2.1, 8P (� (N))
and 8u (:), all agents take the risky action on the equilibrium path in any sequential
equilibrium of the associated coordination game.

If the amount of agents who prefer each action is known, then � being a coor-
dination structure implies that the unique equilibrium coincides with the e¢ cient
coordination. The observation network allows that some individuals in the game
play sequentially instead of simultaneously, and as a consequence some Nash equi-
libria of the simultaneous version cannot be sustained as sequential equilibria. We
can understand the concept of coordination structure as the social network such
that, if it is known to exist, an agent not belonging to it would choose the risky ac-
tion, since she can infer that the structure promotes the coordination on the e¢ cient
outcome.

2.3 Coordination Structures

We start our analysis with some illustrative examples of the simplest case with het-
erogenous individuals. Imagine a society formed by 6 agents, where 5 are willing to
take the action � and the other agent always chooses �. We name her the "unwill-
ing" agent. If types are private information, how are the coordination structures if
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agents that prefer � have threshold t = 2? Figure 2 shows some examples.

Figure 2

If there is an observation network as 1 or 2, in any sequential equilibrium, for any
payo¤s, and for any order selected by the Nature, agents willing to take � choose
it on the equilibrium path. Why? Since the agents have threshold t = 2; any
of them would best respond by choosing � if she observes that a predecessor has
chosen also �. In the network 1, the �rst agent in the clique who has to choose,
knows that her action is observed by at least one agent willing to take the action
(she is observed by 2 agents, and only 1 in the society does not want to choose �).
Therefore, she responds by choosing �, since then the �rst best is obtained. The
second agent who decides in the clique, when choosing, if she observes that the �rst
one has not chosen � must believe with probability 1 that she was the unwilling
agent, and assigns probability 1 to be observed by a willing agent. Therefore, on
any equilibrium path, the willing agents in the clique choose �, and agents who does
not belong to the clique best respond to these strategies by also choosing �. Note
that every agent, belonging or not to the clique, chooses � in the unique equilibrium.
And this occurs for any possible payo¤s and order of decision. A similar argument
can be applied in the network 2.
However, in network 3 a di¤erent equilibrium can be sustained. Imagine that

everyone is playing � after observing � and that the utility of choosing � if nobody
else chooses it is extremely low. If the sequence of decision goes from one extreme
of the line to the other, these strategies can be sustained in equilibrium. If the �rst
agent who decides is located at one of the two extremes and plays �, with positive
probability she is observed by the unwilling agent, who would choose also �. Given
the strategy, if the next individual who decides is a neighbor of that unwilling agent,
she will choose �, and so on all the neighbors. In this case, therefore, the initial
agent has a pro�table deviation from �, since there is some probability of everybody
choosing �. Thus, a coordination failure equilibrium can be sustained (although it
is required for the result that the �rst agents who decide are in the extremes).
Structure 3 does not guarantee that coordination failures do not emerge.
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2.3.1 General result

The previous examples show some coordination structures for a very particular case:
one where all the society shares the same risky action and threshold except for
one individual. We have found some simple structures, as cliques, and some other
complex structures. Here we explore if we can obtain more general results. We �nd
that the existence of one su¢ ciently large clique guarantees the coordination.
Let us focus on the case of agents who share the same risky action � but with

di¤erent thresholds t. Given our environment, an agent knows that there are su¢ -
ciently many people willing to take her own risky action in the clique if the clique
is of a size at least n � K (�; t) + t. This is the case since K (�; t) is the number
of people in the society who prefer � with a threshold smaller or equal than t. The
following lemma proves that, if there exists such a clique, the agent with threshold
t chooses the risky action:

Lemma 2.1. An agent of type f�; �; t0g ; t0 � t takes the risky action on any equi-
librium path if there exists a clique of size n�K (�; t) + t:

Proof. See Appendix

In words, Lemma 2.1 says an agent with threshold t chooses the risky action in
any sequential equilibrium if there exists a clique su¢ ciently large such that there
are for sure in the clique at least t agents with the same risky action and a threshold
smaller or equal than t. In the Appendix we prove that this is the case.
Because of Lemma 2.1, an agent of type (�; �; t) takes the risky action if there is

a clique of size at least n�K (�; t) + t. Suppose that such a clique does not exist,
but there exists another smaller clique such that the agents with threshold �t < t
take the risky action �. Note that if the cardinal of this type of agents is higher than
t, our initial agent will also choose the risky action in equilibrium. These insights
are summarized in the following theorem:

Theorem 7. An agent of type f�; �; tg takes the risky action on any equilibrium
path if there exists a clique q � N of size #q = q(t) where

q (t) = q� (r� (t)) ;

where r� (x) = min fN �K (�; t) + t : 8t � xg

q� (x) =

�
r� (x) if r� (y) < x
r� (y) if r� (y) � x

; y = max ft : y < xg

where q� (x) is constructed iteratively from the lowest threshold x for the action �.

Proof. See Appendix.
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Theorem 7 shows that the existence of certain cliques guarantees that the agent
takes the risky action in any sequential equilibrium. This result can be applied for
environments where people di¤er in their objectives of coordination. The result of
Lemma 2.1 is incorporated in r� (x), which includes that an agent takes the risky
action when the condition of the Lemma 1 is met by the agents with some threshold
equal or larger than her threshold. The possibility that there are more than t agents
choosing the risky action with a threshold smaller than t is incorporated in q� (x),
which is constructed recursively and says that, if there are more than t agents with a
threshold smaller than t0 < t, the size of the clique required by agents with threshold
t is the same than the one required by the agents with threshold t0. The following
example of a society of 25 agents who share the same risky action � but di¤er in
their thresholds, and 1 agent who prefers �0, illustrates the result.

Example 8. Suppose a set of agents N = f1; 2; :::; 26g who play a game of coordi-
nation. The type of agents is given by

k (:; :; :) =

8>>>>>>>><>>>>>>>>:

5 for (�; �; 2)
5 for (�; �; 6)
8 for (�; �; 10)
2 for (�; �; 14)
5 for (�; �; 21)
1 for (�0; �; 1)
0 otherwise

We can compute here the size of the clique required by each agent in order to be sure
that she chooses the risky action in any equilibrium:

t k (�; �; t) N �K (�; t) N �K (�; t) + t r� (t) q� (r� (t))

2 5 21 23 18 18
6 5 16 22 18 18
10 8 8 18 18 18
14 2 6 20 20 18
21 5 1 22 22 22

Table 1

If there is a clique of size 23, agents with threshold t = 2 know that there are at
least 2 people with threshold 2 in the clique, and therefore, they are going to take
the risky action. Agents with threshold at most 10 (t � 10) know that if there is a
clique of size 18, it includes with certainty at least 10 agents with a threshold equal
or smaller than 10. Therefore, those agents with threshold at most 10 in the clique
coordinate on their e¢ cient action in any equilibrium, and - since the network is
common knowledge - also any other agent with the same threshold in the society will
do so.
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Finally, there is an "amplifying" e¤ect, that generates that agents with threshold
14 take the risky action also when there is a clique of size 18. This occurs because
this clique implies that all agents with a threshold smaller or equal than 10 take the
risky action on any equilibrium path; and since there are 18 such agents, the e¤ect
of the clique a¤ects also to those agents with threshold at most 18 (in this case, the 2
agents with threshold 14). However, the agents with threshold 21 will not necessarily
follow suit. They require the existence of a su¢ ciently large clique to know that 21
agents will coordinate: in this case, a clique of size 22.

Note that, in the example, if there is a clique of size 22, every individual chooses
her risky action. This means that an observation network � including a clique of size
22 is, in fact, a coordination structure. Nevertheless, if the highest threshold were 14
instead of 21, then a clique of size 18 would be a coordination structure. Therefore,
we obtain a su¢ cient condition for the existence of a coordination structure, that
follows directly from Theorem 7:

Corollary 9. A network � is a coordination structure if there exists a subset s of
agents that forms a clique such thatn

s � N : #s = max fq� (r� (t))g8�2A;8t
o

Proof. If there exists a clique of size
n
s � N : #s = max fq� (r� (t))g8�2A;8t

o
, given

Theorem 7, for any agent in N there exists a su¢ ciently large clique such that she
takes the risky action on any equilibrium path. Therefore, everyone takes the risky
action and � is a coordination structure.

Agents of each type require a clique of a given size for choosing the risky action
for sure. Corollary 1 says that if the largest of the required cliques exists, everyone
chooses her risky action. And therefore � is a coordination structure. This can be
applied when in the society there are groups of agents who di¤er in their risky action
�. Under these conditions, Corollary 1 shows that if a su¢ ciently large clique exists,
the unique equilibrium outcome is the Pareto-e¢ cient one.
This result provides us with a su¢ cient condition to obtain coordination in the

case of heterogenous agents with private types. It is interesting to note that the �rst
agents to decide are not always those whose threshold is the lowest (see agents with
t = 6 in the previous example). However, this does not impede coordination, because
agents�choices are strategic and consequently even an agent with a high threshold
takes the risky action if the observation network enables coordination. The ability
to observe others�actions facilitates coordination. When people know that there is
a su¢ cient number of other agents, and that they are observing each others�actions,
they are able to signal their type to the rest of members of the group by choosing
their preferred action. This happens only if the group is su¢ ciently large to ensure
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that enough people with the same type will observe the action: coordination failures
are less likely when there are larger groups of people able to observe each other (even
if they do not communicate). The assumption of mutual observability may become
very demanding as the cardinal of people increases. Being this a limitation of the
model, it can be likely in some environments, given the weak social interaction
entailed by an observation network.
Figure 3 illustrates the case of a coordination structure when there are di¤erent

risky actions (although for simplicity, we assume that all thresholds are the same).
Suppose a society of 24 individuals who have to dress for a party. We assume that
each one has a preferred color to dress, 7 of them preferring to dress in green, 6 in
red, 6 in pink and 5 in blue. However, they prefer it only if at least 2 other people
wear their preferred color. If not, they prefer to dress in black. Formally, this is a
case where N = f1; 2; :::; 24g, A = fgreen; red; pink; blue; blackg and

k (�; �; t) =

8>>>><>>>>:
7 if (�; �; t) = (green; black; 3)
6 if (�; �; t) = (red; black; 3)
6 if (�; �; t) = (pink; black; 3)
5 if (�; �; t) = (blue; black; 3)

0 otherwise

Imagine that some of the people live in the same residence or building, so that all
those who live there will see how the �rst one who goes to the party is dressed. In
this situation, what observation networks are coordination structures?
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IfIf agentsagents areare isolatedisolated,, eacheach typetype couldcould coordinatecoordinate oror notnot inin theirtheir
preferredpreferred actionaction, as a, as a resultresult inin somesome SequentialSequential EquilibriumEquilibrium

CirclesCircles representrepresent cliquescliques. In. In thethe firstfirst case,case, therethere existsexists aa cliqueclique ofof sizesize 20. In20. In anyany
SequentialSequential EquilibriumEquilibrium,, agentsagents whowho preferprefer greengreen dressdress itit,, independentlyindependently ofof ifif theythey
belongbelong oror notnot toto thethe cliqueclique;; ifif thethe cliqueclique isis ofof sizesize 22, in22, in anyany SequentialSequential EquilibriumEquilibrium

firstfirst bestbest isis obtainedobtained..

Figure 3

Theorem 1 shows that, if there is a clique of size 20 (i.e., if 20 of the individuals
live in the same building), every agent whose preferred action is green chooses it in
any sequential equilibrium. It is not necessary true for the other agents. A clique of
size 22 is a coordination structure, since the agents who prefer blue are those who
require the highest clique, and it is of size 22. If such an observation structure exists,
in any order of decision, for any payo¤s satisfying condition 2.1, every agent chooses
her risky action on the equilibrium path and the �rst best is obtained: all agents will
dress their favorite colors. That is, if at least 20 people live in the same building so
that they will be able to observe how each one dress for the party, our result states
that every person who prefers green will dress it in any equilibrium, even if she does
not live in the building. If 22 people live there, everybody would dress her preferred
color. So that the clique with 22 people is a coordination structure. It is important
to remember that we are analyzing a situation where agents do not communicate.
Our conditions are su¢ cient if the individuals in the clique are able just to observe
what the others �nally wear.
The clique required by Theorem 1 and Corollary 1 may be very large, which

is typically not likely to occur. However, the kind of social interaction that we
are studying is mild: a link between two subjects only implies that they are able to
observe their actions. This can be simply the case of living in the same neighborhood.
Imagine the case of revolts. People may prefer go to the streets if enough other people
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are going to revolt. We require these actions to be observable. One can imagine
that a city would be in fact a clique that connects all its citizens, since in a city,
each agent would observe if other agents are in the streets. Our result implies that if
there es a su¢ ciently large clique, coordination emerges. In the revolt environment,
we would say that if there is a su¢ ciently large city, where people are able to observe
each other, we expect that revolt occurs. We argue that this mechanism can give
some insights about the cities being places where revolts generally start. In fact, we
are saying that if people know that there is a su¢ ciently large city, where there are
for sure su¢ ciently many people willing to revolt, everyone would decide to revolt,
even people who are not in the city, and even people who require high thresholds
for participating. Given that information is private, the agents take the decision
although they do not know which of their neighbors are willing to choose it. We
show that in this situation the unique outcome is the e¢ cient one when a su¢ ciently
large clique exists. The key point is to know that there are su¢ ciently many people
willing to revolt.

2.3.2 Coordination structures with smaller cliques

An agent that has to coordinate with a part of the society in order to maximize
utility chooses her risky action if she knows that there is a su¢ ciently large clique,
as determined by Theorem 7. But note that it is not a necessary condition: it
is possible to �nd structures with cliques of smaller sizes that also guarantee the
coordination on the risky action for any payo¤s and order of decision. Figures 4 and
5 illustrate the case when there is 1 agent in the society who will play always the
safe action and the required threshold is t = 2 or t = 3 respectively. Here we discuss
how these structures can be constructed. We focus on the simplest case, when there
is a group of agents with the same risky action �, the same threshold t and the
rest of the society chooses always the safe action �. We name n� the cardinal of
agents who prefer � if at least t agents choose it and n� the cardinal of agents who
always choose �. Abusing the notation we say that an agent is of type � or of type
� respectively. In this kind of situations, following Corollary 1, a clique of size n�+ t
is a coordination structure. In fact, any larger structure including a clique of size
n� + t is a coordination structure. But what about structures formed by smaller
cliques?
What do we know about any sequential equilibrium, for any order and payo¤s?

Any equilibrium strategy pro�le must include that an agent of type � chooses the
action � in all those information sets where she observes t � 1 actions �. For the
simplest case, when t = 2, an agent of type � chooses it if she knows that she is
followed by another agent of the same type. If in the society there is only one agent
of type �, n� = 1, an agent of type � who has two neighbors who have not played
yet will choose action � in equilibrium. The simple structure where we know that
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there will be a initial player with two neighbors is a triangle, the clique of size 3.
For this case, one clique of size 3 is su¢ cient. In fact, it is just a special case of
Lemma 1.
For this case, there other coordination structures, as depicted in Figure 4. A

square is also a coordination structure: an agent of type � has two neighbors and
will choose �; consistent beliefs imply that, if she does not play �, then she must
be the type � agent with probability 1. The square is an example of coordination
structure formed by cliques of size 2 for the case t = 2, n� = 1.
For the case of t = 2, n� = 2 each agent requires to have 3 successors in order

to play the risky action if being of type �. In a clique of size #q = t + n� = 4,
every agent has 3 followers, and therefore if the �rst one plays �; consistent beliefs
imply that she is a type � agent. In order to obtain a coordination structure, we
need agents who have 3 successors. In this way, an agent of type � will choose � in
any sequential equilibrium, because having 3 successors she knows that at least 1 is
of type �. It can be obtained with a clique of size 4 or with other structures with
more nodes and connections but cliques of smaller size. In Figure 4 we have drawn
di¤erent coordination structures when t = 2 and the amount of agents of type � is
between 1 and 4. for the case of t = 2, we obtain coordination structures if there
are su¢ ciently many agents with n� + 1 neighbors.

Figure 4
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When coordination is more di¢ cult, that is, when more agents are required to
obtain coordination, coordination structures become more complex. In Figure 5 we
have drawn the coordination structures formed by cliques of size 3 for the case when
t = 3 and n� = 1 and n� = 2. In these cases, cliques of size 4 and 5 would be
su¢ cient, following Corollary 1. But structures become much more complex when
using smaller cliques. In the simplest case, when t = 3 and n� = 1, a square with
all corners linked with a "center" implies that, if the center is the �rst who plays,
she will choose � if she is of such a type.7 To obtain a coordination structure, we
must ensure that each of the agents is the center of a square. Figure 5 shows how a
network where it occurs looks like. When n� = 2, the center of an hexagon whose
opposite corners are connected would also choose � if she is of such type and is the
�rst to play. Therefore, we can construct a coordination structure if we guarantee
that each node is the center of an hexagon of that type. Note that in such an
hexagon, the highest clique is of size 2, and therefore, if agents connect to some
center, the highest clique remains of size 3.

Figure 5

Figure 5 illustrates the complexity that is required to have a coordination struc-

7Note that in a square with all corners connected to a center the largest clique is of size 3.
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ture when the size of the cliques is limited. Corollary 1 guarantees the existence
of a coordination structure with relatively low requirements in terms of amount of
nodes and connections. Moreover, it guarantees the existence of some coordination
structure when there are su¢ ciently many agents for the coordination: if t � Fa (t),
that is, if there are enough agents for coordination, a complete network always con-
tains a clique of size n�Fa (t)+ t, and we can guarantee that, at least the complete
network, is a coordination structure.

2.3.3 Homogenous case

We name homogeneous the case in which all the agents share the same risky action
and threshold t. Importantly in this case, every agent knows that the rest of players
has the same threshold as she has. The threshold t represents the number of agents
that are required to take the risky action in order to make it the optimal decision.
In this version of the problem, agents face a binary decision. Let A = f�; �g be the
pure action set. We name � the risky and � the safe action, meaning that agents�
highest payo¤ is obtained when choosing � if su¢ ciently many other agents choose
it also. The preferences that we study are represented as follows:

ui

 
ai = �;

X
j2N

Iaj=� � t

!
> ui (ai = �) > ui

 
ai = �;

X
j2N

Iaj=� < t

!
; (2.7)

where Iaj=� is the indicator function that takes the value 1 if the agent choose
� and ai is the action taken by agent i. Action � is the safe action, yielding a �xed
utility independently of the other agents�choices. Note that the utility does not
depend on the position in the network or the order of decision, it is only a function
of the actions taken by the agents.
One can imagine this setup as the generalized version of the example in the

Introduction. In a large department, everybody may prefer Linux (the risky action),
but only if enough other agents adopt it as well. Otherwise, they prefer the safe
option and use Windows.
For this homogenous case, we �nd a necessary and su¢ cient condition:

Proposition 2.1. In the homogenous case with threshold t, an observation net-
work � is a coordination structure if and only if there exists a subset of agents
fq 2 N : #q = tg that forms a clique.

Proof. See Appendix.

A clique is su¢ cient by an argument of backward induction. If there is a clique
of size t, in any order the last agent in the clique chooses the risky action if she
observes t� 1 risky actions. Agent in position t� 1 in the clique best responds to a
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strategy of this type by choosing the risky action if she observes t� 2 risky actions,
and so on. Therefore, any agent in the clique in position r among those that also
belong to the clique, chooses the risky action when observing r � 1 risky actions.
Thus, the �rst agent in the clique chooses it, and any agent out of the clique best
responds to these strategies by choosing the risky action, since there are t agents who
choose it. Everyone chooses the risky action on the equilibrium path. We prove that
the clique is necessary by constructing an equilibrium assessment in which, on the
equilibrium path, everyone chooses the safe action when the clique does not exist.
If everyone believes that everyone else is going to choose the safe action, everyone
choosing the safe action can be sustained in equilibrium, if the clique does not exist.
This is the case because an initial agent cannot know if her action will be observed
by su¢ ciently many people who are also mutually observing their actions in order
to be sure that the �rst best is obtained. Note also that any structure that contains
the clique is also a coordination structure. In this sense, a clique of size t can be
said to be minimal and su¢ cient.
Figure 6 illustrates the importance of the clique. In this example, there are two

di¤erent network structures of n = 8, and it is required that at least 3 agents take
the risky action so that it becomes pro�table.

This network has 16 links but no clique of
size 3. It is not a coordination structure.
We can find a sequential equilibrium with a
coordination failure

n=8, t=3

This network has 3 links forming a clique of size 3. It is a
coordination structure. All agents choose the risky action
in any sequential equilibrium. Coordination failures may
not occur.

Figure 6

The network structure on the left has 16 connections but no clique of size 3.
Given our result, in the structure one the left, coordination failures are possible. In
fact, they may occur with any sequence of decision as well as for arbitrarily close
payo¤s. However, in any sequential equilibrium in the structure on the right, the
Pareto-dominant equilibrium is the only one that emerges.
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2.4 Discussion

2.4.1 Relevance of cliques: consistency

Our results support the importance of cliques in the emergence of coordination from
a new point of view. Cliques, usually understood as the representation of groups,
enable coordination because the agents are able to signal their decision in those
structures. Importantly for our results, it holds for any utility function (it does not
depend on u): it is not possible to �nd a coordination failure equilibrium if the clique
does exist, and in the homogenous case, it is possible always if the clique does not
exist. This has relevant implications. Imagine the case of a society deciding whether
to revolt. Our homogenous case would describe a society where everyone wants to
revolt and it is known, but a certain number of actually revolting people is required
to make the uprising successful. In this situation, in a simultaneous set up (i.e., an
empty network in our model), both situations are equilibria, everyone or nobody
revolting. In principle, the equilibrium that emerges would depend on the relative
payo¤s.8 For instance, if the punishment after a failed revolt is very large, we would
expect that people do not revolt. However, once the clique exists, relative payo¤s
do not matter, and everyone would choose the risky action even if the punishment
is very large. This intuition makes clear that dictators are interested in destroying
such type of cliques, since punishment per se would not matter.
How important are the assumptions that we use for this result? Is it consistent?

Our model requires several strong assumptions. First of all, our results rely on
the perfect rationality of the agents. In particular, most of the results proceed
from backward induction arguments. However, experimental and empirical evidence
(i.e. on the centipede game and other related experiments) show that many people
do not use backward induction. Another weakness is the requirement of knowing
the distribution of types and the network structure, which are very demanding
conditions.
However, we argue that there are several arguments that support the consistency

of our results and that the existence of a clique really plays a crucial role. With
respect to the previous literature, Chwe (2000) obtained a result that is connected
with ours (we detail this connection in a later section). Importantly, he shows
that the existence of cliques has a key role in generating the common knowledge
that allows coordination (among other results). We assume common knowledge and
show that cliques play also a crucial role for obtaining coordination as the unique
expected outcome.
One of the main points is the independence of the result with respect to utilities:

8This kind of simultaneous situations have been succesfully analyzed with global games (Carls-
son and Van Damme, 1993). These models show the importance of the relative riskyness of each
equilibrium in determining which one is selected.
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if the clique exists and the bene�t of coordination is arbitrarily small, the unique
equilibrium implies that coordination emerges; if the clique does not exist, even if
many agents are able to observe each other, and even if the bene�t of coordination is
arbitrarily large with respect to the failure, it is possible to construct an equilibrium
characterized by coordination failure.
The clique is su¢ cient for coordination for any possible order of decision, but

it is also necessary in the homogenous case. In such a environment, no matter
how the structure or the payo¤s are, no matter who starts to play, the existence of
the clique guarantees the e¢ cient coordination, and the non-existence of the clique
guarantees the existence of a coordination failure. In fact, the existence of the clique
is necessary and su¢ cient for any order of decision: there is no structure in which
the coordination failure may not be sustained, even if the �rst agent who decides is
observed by many other people (but not forming a clique of size t).
The existence of a su¢ ciently large clique guarantees the coordination of agents

given any payo¤s and any order of decision. Now we discuss the case of structures
that guarantee the coordination for particular payo¤s or order of decisions (a case
that we name quasi-coordination structures).

2.4.2 Quasi-coordination structures

Up to now, we have analyzed how are the structures in which coordination problems
do not occur for any payo¤s and for any order of decision. However, in particular
situations, it is possible also that the unique equilibrium is the one where every-
body chooses her risky action with other structures, for particular payo¤s and/or
sequences of decisions. In this subsection, we study this situation. These are interest-
ing cases since, posibly, the observation structure cannot be changed, but modifying
the payo¤ or stablishing e¢ ciently the order of decision may help to reach the �rst
best. We focus, as previously, on the simplest coordination problem in a heteroge-
nous society: a society formed by n� agents. These agents prefer � over the safe
action � if at least t agents are choosing �. There are also n� agents who always
choose action �.
The agents who face the coordination problem are homogenous with respect to

their threshold, so that the utility of agents of type � can be reduced to the payo¤s
u�;�t > u� > u�;<t, that represent the utility they get if choose � or �, depending
on whether �nally there are less than t people choosing � or not. Since we deal now
with speci�c payo¤s, we assume that agents are expected utility maximizers.

Quasi-coordination structures for certain payo¤s

We say that a network � is a quasi-coordination structure for certain payo¤s if,
for any possible order of decision, any agent chooses always her risky action on
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the equilibrium path, under certain restrictions over the payo¤s. The following
proposition shows that an isolated clique of size #q = t can be su¢ cient. An
isolated clique q � N is a set of individuals such that 8i 2 q; ij 2 � () j 2 q. It
occurs when the bene�t of the risky action is su¢ ciently high.

Proposition 2.2. In any sequential equilibrium, any agent of type � chooses � on
the equilibrium path, for any order of decision, if there is an isolated clique q � N
of size #q = t when

u�;�t � u�;<t
u� � u�;<t

>
(n� + n� � 1)! (n� � t� 1)!
(n� + n� � t� 1)! (n� � 1)!

=
1

~p
and n� > t

Proof. See Appendix.

This proposition reveals that, even when types are uncertain, a clique of size t
may be su¢ cient for coordination. This is true if u�;�t and u�;<t are su¢ ciently large
with respect to u�. Under these circumstances, an agent who is not connected to
the clique assigns a su¢ ciently high probability to the event that there are t agents
of type � in the clique who are going to coordinate (in the Appendix we prove that
it is the case). In fact, ~p is the probability of having t agents of type � in the clique
conditional on having one agent of type � out of the clique: Therefore, any agent who
is not connected to the clique best responds by choosing �, and everyone chooses
the risky action on the equilibrium path. In general, when there are larger cliques,
the probability of having su¢ ciently many agents of type �0 in the clique increases,
and there is a larger set of utilities under which coordination would emerge for any
order of decision. This reasoning connects with Lemma 1: when there is a clique of
size n�K (�; t) + t, it includes for sure a set of t agents with threshold t. Since it
occurs with probability 1, every agent chooses the risky action for general payo¤s
u�;�t > u� > u�;<t.

Non-isolated case: more connections may destroy coordination Interest-
ingly, more connections can potentially generate coordination failures. Our general
results of coordination structures show some kind of networks such that, if the struc-
ture exists, coordination emerges always, independently of whether there are more
connections or not. It is not the case with quasi-coordination structures for cer-
tain payo¤s. Note that Proposition 2 requires the existence of an isolated clique.
When it exists, nobody knows what is occurring in the clique, agents believe that
coordination occurs with su¢ cient probability, and they take the risky action. But
if agents observe what occurs in the clique, with positive probability there are in
the clique agents not of type �. These agents will play �. The agents who do not
belong to the clique but observe these actions know that there are other agents
observing the clique who are of type �. And they will decide simultaneously (i.e.,
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neither observing nor being observed by others) with the rest of agents of type �.
In this case, under some sequences of decision, agents of type � would choose the
safe action on some equilibrium path (speci�cally, when they play after agents in
the clique, and agents in the clique are not of type �). In Figure 7 we present two
di¤erent networks. For the case in which n� = 4, n� = 3, we have that a clique of
size 3 includes 3 agents of type � with probability p = 4

35
. An agent of type � who

does not belong to the clique believes that it is formed by agents of type � with
probability ~p = 1

20
.9 If utilities are given by u�;�t = 21; u� = 1; u�;<t = 0, the agents

of type � who are not connected to the clique in the network on the left choose the
risky action in any equilibrium, and agents in the clique best respond to it by also
choosing �, even if they observe that some agent in the clique does not choose �.

Figure 7

However, in the �gure on the right all the agents are connected to the clique. If
the sequence is such that the agents in the clique are the �rst to decide and they
are of type �, all agents out of the clique know that they are playing simultaneously
with the rest of agents of type � and coordination may fail in equilibrium, just by
assuming that in such information set anyone of them chooses �. In this sense, more
connections, more information, may be detrimental for coordination.10

Quasi-coordination structures for certain orders of decision

We have shown that smaller networks may be quasi-coordination structures for cer-
tain payo¤s. Now we study the case of quasi-coordination structures that guarantee
the e¢ cient equilibrium for certain sequences of decision but general payo¤s. We
show some examples, using the same framework that in the rest of this subsection.
Suppose that there are n� = 2 and n� = 1 individuals, and that threshold is t = 2.

9It is the probability of the 3 agents in the clique being of type � conditional on one agent out
of the clique being of type �. Note that in such circumstances, there are 3 agents of type � and 3
agents of type � that can be in the clique, and the probability of everyone being of type � is given
by ~p = 3

6 �
2
5 �

1
4 =

1
20

10It is not the case for coordination structures, but it may occur with the quasi-coordination
structures for certain payo¤s.
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The central agent in a segment of three nodes chooses the risky action in this con-
text. Therefore, if in the order of decision the central agents choose �rst and there
are two segments of three individuals, the risky action is played by everyone. Figure
8 illustrates some examples for the cases in which t = 2 or t = 3 and n� = 1 or
n� = 2. Tese networks are quasi-coordination structures for any possible payo¤s if
the nodes with an assigned position play in that position, and for any order of de-
cision of the nodes for those we have not written a position. If the order of decision
is known, since at least t agents will choose �, any agent of type � in the society
who is not included in those structures chooses it as well.

Figure 8

Quasi-coordination structures for certain orders of decision can be especially
relevant if we think of an extended version of the coordination game where we would
endogenize the order of decisions. Speci�cally, the conditions in which the extended
model would have a unique e¢ cient equilibrium can be explored. If it is the case,
we could obtain the e¢ cient coordination with less demanding requirements over
the social structure.

2.5 Applications

In this section we relate our model to the minimal su¢ cient networks in Chwe (1999,
2000), the threshold models by Granovetter (1978) and apply it to a bank run model
à la Diamond and Dybvig (1983).

2.5.1 Networks that allow the revolts are su¢ cient for them

The aim of this paper is very close to the one by Chwe (1999, 2000), as explained
in the introduction. Our work characterizes the type of structures where coordi-
nation emerges among agents when the network enables observability of actions
and type distribution is known, although type may be private information. Chwe
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characterized how the structure of a communication network must be in order to
allow coordination. Both approaches stress the importance of cliques to achieve this
coordination.
In the model of Chwe there is a set of agents who have to decide whether to

revolt (r, the risky action) or not (s, the safe action). Agents are of type willing (w)
or unwilling (x). An agent of the willing type prefers the risky action to the safe
one if all the other agents are choosing the risky action; an agent of the unwilling
type, always prefers the safe action. Utilities of agents of willing type are assumed
to be supermodular in the action of the others, i.e., the di¤erence in utility for an
agent of type w between r and s is increasing in the amount of other agents who
choose r: for an agent of type w, the action of revolting is increasingly attractive
when there are more people participating in the revolt.
The agents are embedded in a communication network. When two agents are

connected through a directed link i ! j (that we represent as ij), it means that i
"talks" to j. This communication process allows in practice that the private type
of i is revealed to j. The network structure is common knowledge, so that if two
connected agents talk to each other, say i and j are connected and talk to k, this
means that k knows the types of i and j, as well as that they talk between themselves
and know their respective types. In this sense, the network generates "local common
knowledge".
In this environment, Chwe studies the structure of the minimal su¢ cient net-

works for coordination. The main concern in his work is how is a communication
network that enables coordination independently of the agent�s beliefs. Chwe ana-
lyzes in which situations would all the agents take part in the revolt for the case in
which every agent is of the willing type. He studies in which case each agent has in-
centives to revolt if she only has information about her neighbors. Chwe shows that
the minimal networks that enable coordination can be described by a set of cliques
in sequence, such that there exists some leading cliques who decide to revolt and
who are followed by other cliques. This type of structure allows people to recognize
that there are su¢ ciently many people willing to revolt, who at the same time know
that there are su¢ ciently many people willing to revolt.
The concept of su¢ cient network of Chwe requires that revolting is a possibility

for any distribution of the unknown types. In particular, in a minimal su¢ cient
network, an agent knows the types of those neighbors that talk to him and this
allows him to know that there are enough people for successful coordination (given
her preferences): a minimal su¢ cient network in the sense of Chwe guarantees the
existence of one equilibrium where agents decide to revolt, i.e., take their risky
action. Given their information, agents know that every agent has information
about the existence of enough people willing to participate, and they best respond
by choosing the risky action if anyone else chooses the risky action.
The aim in our paper is to characterize the set of structures in which, when we
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assume that the existence of that equilibrium is known, only the e¢ cient outcome
can be sustained in a (sequential) equilibrium. In our set up the revolt equilibrium
(the Pareto e¢ cient one) always exists: our assumption is that agents know that
there are enough people for coordination, because either everyone of them is ho-
mogenous or because they know the �xed amounts of agents of each type, which
allows the coordination. In this sense, the cases that we study are speci�cally the
situations that allow coordination in the sense of Chwe. We add conditions over the
observation network that generate that coordination becomes the unique equilibrium
outcome.
How related are then the su¢ cient networks by Chwe and the coordination struc-

tures of the present work? Applying our concepts of sequential decision, we show
now that if the communication network which is su¢ cient in the sense of Chwe ex-
ists and everyone is of the willing type, given that information of types is restricted
to those transmitted by the network, all agents choose the risky action on any se-
quential equilibrium, independently of the order of decision. This result holds when
observation of actions occurs in the same way as communication transmission:

Proposition 2.3. Suppose a set of agents N embedded in a su¢ cient network �
such that everyone is willing to revolt in the sense of Chwe (2000). Suppose that
Nature selects an order of decision according to P (� (N)) and that if ij 2 �, ai is
in the information set of j if i < j. Then every agent chooses to revolt in any weak
perfect Bayesian equilibrium.11

Proof. See Appendix.

In a su¢ cient network, there are "leading cliques" where in some equilibria any
agent in the clique best responds to the action of revolting by also revolting. There
are other cliques whose members "are talked" by the participants in the leading
clique. Those "followers" best respond by revolting to the action of members in
their clique and in the leading clique.
The result by Chwe states that an equilibrium exists where everyone revolts (if

everybody is willing to do so). The communication structure reveals private types to
agents in the leading clique. Therefore, any of the members of the clique knows that
there are su¢ ciently many people for coordination in such a clique. For any order,
we know that the last one who decides in the clique would best respond to anyone
else choosing to revolt by also revolting. And we can do the backward induction
argument used for the su¢ ciency part of the result of coordination structures. For
any order, in equilibrium, agents in cliques which follow the leading clique have to
best respond to strategies of agents in the leading clique which imply that they

11This implies that it is also chosen in any sequential equilibrium, the equilibrium concept used
across the paper.
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revolt. And therefore, it can be shown that every agent will revolt in a su¢ cient
network.
Our results reinforce those by Chwe, showing that coordination must emerge

when cliques exist, with independence of the relative payo¤s. Revolts are not only
a possibility, they become the unique possibility.

2.5.2 Riots are not necessarily initiated by the most radical
people

Granovetter (1978) modeled the conditions required for the emergence of collective
behavior starting from an individual distribution of preferences. In his model, agents
decide to join a riot depending on how many agents are taking part in it. Given a
distribution of those thresholds, Granovetter studied how many agents actually take
part in the revolt. Interestingly, two very similar societies could generate completely
di¤erent outcomes.
Agents decide in a dynamic context. Initially, the agents who have threshold 0 go

to the streets. The threshold represents the amount of people that an agent requires
to join the riot. People with threshold 0 (or very low) are the initial "instigators".
They want to participate in the revolts independently of others, and when they are on
the streets, other people whose willingness is not so high, also decide to participate.
This generates a cascade e¤ect that determines how many people is �nally in the
streets. Let h (t) be the amount of people with threshold t and H (t) =

Pt
k=0 h (k).

In the model by Granovetter, the amount of people that joins the riots is given
by n� = max fH (t) : k � H (k) ;8k � tg. The reason is that people with a certain
threshold joins the riots when they observe that at least as many people as their
threshold is taking part in it.
This process of collective behavior also shows that two very similar societies in

their microstructure (preference distribution, as stated by h (t)) can generate very
di¤erent aggregated behavior. Granovetter illustrates this fact showing two similar
societies formed by 100 citizens.12 In one of them each agent i has threshold i for
i 2 f1; 2; :::; 100g. The other society is exactly the same but agent i has threshold
2. In the �rst society, everyone takes part in the riots: the agent 1 starts, then the
agent 2 (who observes 1 people revolting), then the agent 3 (who observes 2 people
already revolting), and so on. In the second society, nobody revolts, since there
exists no "initial demonstrator". Granovetter emphasizes two points: two societies
which are basically identical can generate outcomes hugely di¤erent; and the key
role that initial demonstrators play in generating social movements.

12The original threshold model by Granovetter establishes decisions with respect to the propor-
tion of the citizens that take part. We use a version were thresholds depend on the amount of
agent that participate. Both models are equivalent.
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Based on Granovetter�s assumptions, we study the e¤ect of strategic behavior
when the agents have information about the aggregate distribution of types. Con-
necting the case studied by Granovetter with our model, we assume that agents are
called once to decide by Nature in some exogenously order and that the distribution
of type h (t) is common knowledge. Since in the model of Granovetter agents re-
spond to the actions of their predecessors, we assume that all actions are known. In
our terminology, we would say that a complete observation network � is connecting
the agents. Under this circumstances, we ask how many agents take part in the
revolts, and if there is some di¤erence depending on whether initial agents called
to decide are those with low or high thresholds. The following Proposition answers
these questions:

Proposition 2.4. For any order of decision, each agent i with a threshold ti �
max ft : H (t) � tg chooses the risky action on the path of any sequential equilibrium.

Proof. This Proposition follows from Lemma 2.1, for a unique risky action when
there exists a complete observation network.

In line with our results over coordination structures, the revolt emerges for any
order in which agents are called to decide. When threshold distribution is known,
all the agents take the risky action on the equilibrium path, independently of the
order in which they are called to decide: in this sense, collective action is not neces-
sarily initiated by those agents with the lowest threshold, while it is the case when
distribution is unknown. Therefore, we can infer from the model that unexpected
collective actions, that is, those that occur when people did not know about the
existence of su¢ ciently many willing people, must be initiated by a set of initial
"instigators" (as named by Granovetter), who start the process and that generate
that people realize that there exist su¢ ciently many people willing to take part.
But when it is known that there are su¢ ciently many people willing to take part,
i.e. the existence of a certain distribution is known although people do not know
which threshold each particular individual has, we show that social movements are
initiated by any of the willing people, independently of her threshold.
Another important di¤erence between ignoring or knowing the distribution is the

amount of people that take part in the revolts. When the distribution is unknown,
people go to the streets only if there is a certain amount of previous instigators,
and the amount of total people who participate is given by the �rst crossing point
between the type distribution and the 45o line, when we plot the distribution H (t)
against thresholds, as shown by Granovetter. This is the case because before that
crossing point, people observe that an amount of people higher than their threshold
is participating in the revolt. But the people with higher thresholds do not observe
that and stay at home. When distribution is known, all the people who know that
in the society there are su¢ ciently many other people willing to take part in the
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revolts, would in fact take part (and even if they are the �rst to decide and do not
observe anything). In the graph, the amount of people would be given by the last
point where distribution H (t) where over the 45o line. Figure 10 illustrates this
with an example:

Figure 9. Example of distribution of thresholds and number of people who
participate in the revolts when distribution is known or unknown.

2.5.3 Local banks may be immune to runs

In this section we adapt our general setup to the canonical model of depositor
decision by Diamond and Dybvig (1983). We �nd how connected a given society
must be in order to prevent bank runs as the result of coordination failures. The
required clique is decreasing in the pro�tability of the long-term investment. This
possibility of observing other depositors�actions is not likely in large banks but it is
possible in local banks in a given community (such as some small thrifts in the US
or Cajas Rurales in Spain). In such situation, it is likely that decisions on whether
withdraw the money or not from the bank are observed in the local community.
Therefore, since the community may act as an observation network that guarantees
coordination, the result suggests that small local banks may be less likely to su¤er
bank runs as coordination failures, but they may be more susceptible to fundamental
problems.13

13Obviously, bank runs may occur as the result of problems with the fundamentals of the bank.
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The environment

Let N = f1; 2; :::; ng denote the set of depositors. There are three time periods
denoted by t = 0; 1; 2 and depositor i�s consumption in period t is denoted by
ct;i 2 R+: Depositors may be patient and impatient. Impatient depositors only
care about consumption at t = 1 whereas patient depositors value consumptions at
t = 1; 2. Depositor i�s utility function is given by

ui(c1;i; c2;i; �i) = ui(c1;i + �ic2;i): (2.8)

If �i = 1 (0); depositor i is (im)patient. The utility is strictly increasing, strictly
concave, twice continuously di¤erentiable and satis�es the Inada conditions. The
relative risk-aversion coe¢ cient �ciu00i (ci)=u0i(ci) > 1; for every ci 2 R+; and all
i 2 N:
The number of patient depositors is assumed to be constant and given by p 2

[1; n]: The remaining depositors are impatient. The number of patient and impatient
depositors is common knowledge.
At t = 0; each depositor i 2 N has one unit of a homogeneous good which she

deposits in the bank. The bank has access to a constant-return-to-scale productive
technology which pays a gross return of one unit for each endowment withdrawn at
t = 1; and a �xed return of R > 1 for each endowment withdrawn at t = 2:
The bank acts in the interest of the depositors and tries to maximize their ex-

pected utility. If the bank could observe each depositor�s consumption preferences,
then she would be able maximize the sum of depositors�utilities with respect to
c1;i and c2;i subject to a resource constraint and p: The optimization problem is the
following:

maxc1;i;c2;i (n� p)ui(c1;i) + pu(c2;i) s. t.
(n� p)c1;i + [pc2;i=R] = n:

(2.9)

The solution to this problem is

u0i(c
�
1;i) = Ru0i(c

�
2;i); (2.10)

which - as in Diamond and Dybvig (1983) - implies that R > c�2;i > c�1;i > 1. This
is the unconstrained e¢ cient allocation. The bank insures against the privately ob-
served liquidity risk, which is only realized at the beginning of t = 1; by o¤ering a
simple demand-deposit contract that implements the unconstrained e¢ cient alloca-
tion. The simple demand-deposit contract o¤ers to pay c�1;i to any depositor i who
withdraws at t = 1 as long as the bank has funds. Any patient depositor i who
waits until t = 2 receives a pro rata share of the funds available then. Let � 2 [0; p]
be the number of depositors who wait at t = 1: Given �; depositor i�s consumption
at t = 2; if she waits is
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c2;i(�) =

(
maxf0; R(N�(N��)c

�
1;i)

�
g if � > 0

0 if � = 0
(2.11)

If � = p; that is, only impatient depositors withdraw at t = 1; then c2;i(�) = c�2;i and
patient depositors enjoy a higher consumption than impatient ones. However, if � is
too low, then to withdraw at t = 1 is better also for patient depositors since to wait
until t = 2 yields them strictly less than c�1;i : if the number of patient depositors who
keep the money in the bank is below ��; a threshold value for �; then their period-2
consumption is strictly below c�1;i:

Lemma 2.2. There is 1 � �� � p such that for all i 2 N;

c2;i(�� � 1) < c�1;i; for any � � �� � 1; and
(2.12)

c�1;i � c2(��); for any � � ��:

Based on the equality of c�1 = c2(��) we obtain that

�� =
Rn(c�1 � 1)
c�1(R� 1)

:

The value of �� is the threshold for patient depositors. Notice that this threshold
is the same for all of them. Hence, in this application there are two types: �(0; 1)
and �(1; ��). That is, impatient depositors always choose to withdraw, independently
of what other depositors do, whereas patient depositors prefer to wait if at least ��
other depositors wait.

Information and decisions

At the beginning of period 1 liquidity types (patient or impatient) are realized
privately. Let �N = f0; 1gN and �N = (�1; :::; �N) denote the type vector of the

depositors that satis�es
NX
i=1

�i = p. After the realization of types, depositors contact

the bank sequentially at t = 1 according to the order of decision given by �(N):14

The depositors are embedded in an observation network �. Depositors choose if
they want to withdraw (action 0) or to keep their money deposited (action 1) and

14We de�ne here �(N) only to conform to the original setup. Knowing the exact order of decision
is not necessary to obtain the result.
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they observe the choices of their neighbors who precede them.15 Depositor i�s
information set is de�ned as

 i = f� i; � (N) ; faj : ij 2 �; �j < �i; �j; �i 2 � (N)gg : (2.13)

Note that depositor i observes previous actions enabled by the network, but she
does not observe types. A strategy is a mapping from all possible information set
into actions. We allow for mixed strategies, so

si : 	i !4f0; 1g :

The bank pays immediately to those who choose to withdraw. Consumption in
period 2 is determined by equation 2.11.
The bank does not know the network and consequently cannot condition the pay-

ment to depositors on it. The bank has to respect the sequential service constraint,
so the bank cannot make depositors wait and condition payment on information
which is not available at the time the depositor wants to withdraw.
We �nd that bank runs as coordination failure do not occur in equilibrium if the

depositors are su¢ ciently connected.

Proposition 2.5. In the �nite-depositor version of the Diamond-Dybvig model, if
there is a clique of size at least (n� p) +

Rn(c�1�1)
c�1(R�1)

, then there is no bank run in any
sequential equilibrium.

Proof. The result follows from Theorem 7, given that Rn(c�1�1)
c�1(R�1)

is the threshold such
that a patient agent prefers the risky action of not to withdraw over the safe one.

The e¢ cient payo¤s that generate the multiplicity of equilibria allowing for a
bank run, imply the coordination in the no run equilibrium if the depositors are
su¢ ciently connected. This result shows that small, local banks, whose depositors
are able to observe each other, should not fall prey to bank runs as the result of
coordination failures. Deposit insurance has been proposed as one of the most e¤ec-
tive mechanisms to avoid this undesirable bank runs. Our result suggests that small,
local banks, may be less likely to su¤er them just because of the social con�guration
of their depositors.

2.6 Conclusion

We introduce in this paper the notion of observation network to model the type of
social structure that allows agents to observe each others�actions. We characterize

15We use "to keep the money deposited" and "to wait" as synonyms. We assume that depositors
observe this action following Green and Lin (2003).
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the structure of such networks that yield that agents coordinate on the e¢ cient
equilibrium in games related to the generalization of the stag-hunt game. We provide
necessary and su¢ cient conditions on the size of the clique such that, if it exists,
the e¢ cient coordination emerges as the unique outcome, and the social network is
considered a coordination structure. We apply our model to revolutions and bank
runs, but it also applies to any other situation where coordination failures may
emerge, as problems of product adoption. We �nd that the existence of cliques play
a crucial role in guaranteeing the coordination of the agents, and so our analysis
naturally complements the one by Chwe (1999, 2000).
We study situations in which it is known that coordination is possible, so the

problems that we study are pure problems of coordination. With this aim, we
focus on the case in which the amount of agents of each type is known. All agents
know that e¢ cient coordination is a possible outcome, and the networks that we
characterize avoid the problem of coordination failure. A di¤erent approach would
occur if we assumed that types are randomly drawn from some distribution. In this
situation, agents would not know with certainty if there are su¢ ciently many agents
for getting coordination. The role of an observation structure in such circumstances
is out of the scope of this paper, but is an interesting line of future research.
The unique equilibrium prediction when the observation network meets our con-

ditions is an issue that can be tested. In the third Chapter of this Thesis, we carry
out some related experiments for the bank run environment that provide mixed ev-
idence on the issue: although some structures generate more coordination, agents
are a¤ected also by the particular observations. However, more evidence is required
to be sure on the e¤ects of observation networks on the behavior.
The model invites us to explore many issues that we have not discussed in this

article. Although our agents decide sequentially, they decide just once, so dynamic
considerations are not studied and they play relevant roles in many coordination
issues, as those that we study (bank runs and revolts). In this context, it is also
likely that social learning plays a role in the emergence of the e¢ cient equilibrium.
Another interesting issue is to study the incentives to form the network. Would
agents choose a social structure that may lead to a coordination failure? And if so,
under which conditions?
Moreover, some of our assumptions are too restrictive. For instance, some of the

actions in real life may be only observed if they are chosen. In the case of bank runs,
typically the action of withdrawing is observed but the action of waiting is not. In
the case of revolts, the action that is observed is typically the one of taking part, but
not staying at home. Note that in the �rst case the observed action is the safe one
and in the second is the risky one. Other issue is what occurs with other coordination
problems, as for instance for generalizations of the battle of sexes. Also free-riding
may be relevant: how would the results change if once the su¢ cient amount of
people chooses the risky actions, the rest of agents does not have incentives to take
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it.
These related issues are of special interests. We require in our analysis that

agents have access to a large amount of information, and to be able to observe the
precise order in which actions are chosen. New internet social networks, such as
Facebook and Twitter are a way of communication and they allow to show own
actions to other agents, so that each time more individuals are informed about the
actions carried out by other individuals. This can generate several e¤ects, including
those that our results postulate, that coordination on e¢ cient situations may be
facilitated. A �rst approach to this kind of topics is done in Kiss and Rosa-García
(2011) that studies how the coordination is facilitated when agents get information
through internet social media in contrast with traditional social media. We �nd
that social media are a better way of coordination and may facilitate revolutions,
as it has been argued in the recent Arab revolts. Up to which point this is really
a relevant e¤ect and if its relevance can be applied to the related extensions of the
analysis of coordination structures is still an open question.

2.7 Appendix

Lemma 2.1: An agent of type f�; �; t0g ; t0 � t takes the risky action on any
equilibrium path if there is a clique of size n�K (�; t) + t

Proof. Suppose that there is a clique q of size #q = n�K (�; t) + t.
A history up to agent i is de�ned by the order of decision (�), a type for

each agent � , and the sequence of actions chosen by the predecessors of i, ai =
fa�k : �k 2 [1; 2; :::; �i � 1]g.
From now on and without loss of generality, we focus on agents that belong to

the clique and name them according to their order of decision among the individuals
in the clique. Therefore, agent i is the agent who decides in the ith position among
those that belong to the clique. For simplicity, we say that an agent j is of type ��
if � j = f�; �; t00g ; t00 � t.
The information set of agent i is formed by the type of i and the actions that

she observes. For i 2 q, we de�ne as ai;q the actions observed by i chosen by agents
in the clique and as ai;�q the actions observed by i chosen by agents who do not
belong to the clique. The information set of i is given by 'i = f� i; fai;�qg ; fai;qgg,
where ai;�q = faj : j 2 Ni; �j < �i; j =2 qg and ai;q = faj : j 2 Ni; �j < �i; j 2 qg.
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Let de�ne as �� (�) the set of information sets such that

'i 2 �� (�), 9r :

8>>>>>><>>>>>>:

i 2 q (1)
� i = �� (2)

# faj = � : j 2 q; j < ig = r (3)
#q � i � t� r � 1 (4)

�j
�
'j
�
= �; 8'j :

�
j 2 q; j < i; faj;qj'ig 2 'j; � j = �� ; aj 6= �

	
(5)

9hi  'i : P (ajj�) > 0;8 faj 2 hi : aj 6= � [ j =2 qg (6)

Let us brie�y explain how are the information sets included in �� (�). In those
information sets, agent i is of type �� and observes a certain amount r of actions �
chosen by predecessors in the clique. After her there are in the clique more agents
(#q � i) than the risky actions required in order to obtain her �rst best if she
chooses the risky action (t� r� 1). Moreover, given the strategy �, any of the safe
actions observed by i in the clique cannot be chosen by an agent of type �� , because
any predecessor j of i, if is of type � j = �� , would have chosen � after observing
the sequence of actions in the clique in any possible information set. Finally, there
exists a history such that the actions observed out of the clique or in the clique
which di¤er from � are chosen with positive probability given �.
Note that in these information sets any consistent belief assigns probability 0

to any history in which the actions di¤erent from � are chosen by agents of type
�� . If 'i occurs with positive probability (i.e., 'i is on the equilibrium path) the
actions di¤erent from � cannot be chosen by agents of type �� given (5). If 'i occurs
with probability 0, given that we are using the concept of sequential equilibrium,
the beliefs must be dynamically consistent with �. The condition (6) requires the
existence of a history in which those actions which do not correspond to actions �
observed in the clique are chosen with positive probability by agents from a type
di¤erent of �� . Because of condition (5), moreover, any agent of type �� in the clique
would have chosen � in any possible information set consistent with 'i. These two
conditions together imply that there exists no history with positive belief in which
there are agents of type �� choosing any of the actions di¤erent from � observed by i
in the clique. Therefore, any possible belief consistent with � assigns probability 0
to those actions being chosen by agents of type �� . The maximum amount of agents
of type �� who are in the clique and have already chosen equals r, the amount of
actions of type � observed by i. But it implies that there are (N � F (��)� i+ r + 1)
or less agents of a type di¤erent from �� after i in the clique. This means that i has
at least t� r � 1 successors of type �� in the clique with probability 1.
Now we prove that, if agent i is in an information set 'i 2 �� (�) with r � t� 2

and she chooses �, she expects with probability 1 that the next agent of type �� will
be also in an information set that belongs to �� (�) for any equilibrium strategy.
Let j be the following agent of type � j = �� . For simplicity, let be j the position

of the agent among those in the clique. The agent i has N �F (��)+ t� i successors
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in the clique. With probability 1 she believes that at least t � r � 1 are of type
�� . Therefore, she believes with probability 1 that j 2 [i+ 1; N � F (��) + r + 2].16

Suppose that i chooses � in 'i 2 �� (�). 17 Note that i expects that for j the
conditions 1 to 4 that de�ne an information set that belongs to �� (�) hold with
probability 1. First, take into account that j will observe at least r0 = r+ 1 actions
� in the clique. Therefore:

1. j 2 q

2. � j = ��

3. # faj0 = � : j0 2 q; j0 < jg = r0 � r + 1

4. #q � j � #q � (N � F (��) + r + 2) = N � F (��) + t� (N � F (��) + r + 2) =
t� r � 2 � t� r0 � 1

Suppose now that � is an equilibrium strategy. Suppose, moreover, that agent
k is in an information set 'k 2 �� (�) and that �k0 ('k0) = �; 8k0 > k; 'k0 2 �� (�).
Then, if k plays �, the following agent of type �� is expected to be in an information
set of type �� (�) with probability 1. Note that in this case, conditions (5) and (6)
also hold:

5. �k ('k) = �;8'k :
�
k 2 q; k < j;

�
ak;qj'j

	
2 'k; � j = �� ; aj 6= �

	
(5), this holds

if k chooses �, even if �k ('k) 6= �, since if k chooses � her action is not required
to satisfy this condition.

6. 9hi  'i : P (ajj�) > 0;8 faj 2 hi : aj 6= � [ j =2 qg, which still holds for k0 if
it holds for k , since that history must exist for those actions di¤erent from �
observed in the clique.

Therefore, we have proved that, if individual k is in an information set 'k 2 �� (�)
and k chooses �, and moreover �k0 ('k0) = �;8k0 > k; 'k0 2 �� (�), then she expects
with probability 1 that the following individual of type �� is also in an information
set of type �� (�). We prove now that that in an equilibrium strategy in such a
situation, agent k plays �. Suppose that �k ('k) = �. Agent k has no pro�table
deviation: the following agent of type �� is expected to choose � and there are enough
agents who, with probability 1, are expected to choose �, so that the expected payo¤
is the maximum one (more than t0 individuals choose � with probability 1). It is
not possible to sustain that �k ('k) 6= �, since there is a pro�table deviation: if k
chooses � the following individuals of type �� are expected to be in information sets

16Note that given (3) and that r � t� 2, we have that N � F (��) + r + 2 � i+ 1.
17Importantly, we are not saying that � ('i) = �. So here we are also studying the case of a

possible deviation of i with respect to �.
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belonging to �� (�), who by assumption choose �, and therefore k would increase her
payo¤ by deviating.
But note that in an equilibrium strategy, �k0 ('k0) = �; 'k0 2 �� (�) ;8r > t� 2. ,

so that by backward induction we have that, for any agent i who is in an information
set 'i 2 �� (�), she believes with probability 1 that the following individual of type
�� is in an information set of type �� (�) if she chooses � and � is an equilibrium
strategy. Under this circumstances, we have also proved that the best response
in such an information set is to choose �. So that, in equilibrium, we have that
�i ('i) = �;8'i 2 �� (�).
The question now is if the set �� (�) is empty or not. But take any equilibrium

path and the �rst individual of type �� who chooses in the clique. Her information set
belongs to �� (�) since (1� 6) hold. Therefore, her successors of that type will play
with probability 1 the action �. Since there are in the clique at least t individual
of that type, it is a best response to any agent of type �� to choose the action �,
independently of if she belongs to the clique or not. Q.E.D.

Theorem 7: An agent of type f�; �; tg takes the risky action on any equilibrium
path if there exists a clique q � N of size #q = q(t) where

q (t) = q� (r� (t)) ;

where r� (x) = min fN �K (�; t) + t : 8t � xg

q� (x) =

�
r� (x) if r� (y) < x
r� (y) if r� (y) � x

; y = max ft : y < xg

where q� (x) is constructed iteratively from the lowest threshold x for the action �.

Proof. Take an agent of type t. Lemma 2.1 implies that any agent with threshold t
chooses also the risky action r if there exists a clique of size

r� (t) = min fN �K (�; t) + t : 8t � xg

(note that it is the smallest size of clique required for thresholds higher than t).
Note that if the agents with the threshold immediately lower to t (that we note by
t�1) are K (t�1) � t, any agent with threshold t takes the risky action if there exists
a clique su¢ ciently as large as required by agents of threshold t�1. This possibility
is incorporated by q� (x).

Proposition 2.1: In the homogenous case with threshold t, an observation
network � is a coordination structure if and only if there exists a subset of agents
fs 2 N : #s = tg that forms a clique.

Proof. Su¢ ciency: An observation network � is a coordination structure if there
exists a subset of agents fs 2 N : #s = tg that forms a clique.
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We prove this by backward induction. Let f�� (') ;�i (Hij')g be an assessment
that de�nes a sequential equilibrium. Let fq � N : #q = tg be a set of t agents
completely connected under �, i.e. a clique of size t. From now on, agent i; i =
1; 2; ::; t is the agent who is in the ith position in the clique according to � (n). In any
sequential equilibrium assessment f�� (') ;�i (Hij')g, the agent i = t chooses � in
any information set 't in which she observes t� 1 risky actions by her predecessors
in the clique. Agent in position i = t � 1 best responds by choosing � in any
information set 't�1 where she observes t � 2 risky actions by her predecessors in
the clique. Applying this idea recursively, agent i in the clique best responds to the
equilibrium strategy by choosing � in those information sets 'i where she observes
i � 1 risky actions chosen by her predecessor in the clique. Then the agent i = 1
chooses the risky action although she does not observe anything. And thus, in any
sequential equilibrium, the t agents in the clique choose the risky action on the
equilibrium path. Any agent who does not belong to the clique best responds by
also choosing �. Therefore, if there exists a clique of size t, every agent chooses her
risky action on the equilibrium path.18 Q.E.D.
Necessity: An observation network � is a coordination structure only if there

exists a subset of agents fs 2 N : #s = tg that forms a clique.
For proving this part of the result, we propose a strategy and a consistent belief

that de�ne a sequential equilibrium where the strategy pro�le implies that all the
agents choose the safe action on the equilibrium path.
First, let de�ne Q�;k � P (N) where P (N) is the power set of N , as the set of

cliques of size k in �:

q 2 Q�;k ()

8<:
q � N
#q = k

8i; j 2 q ! ij 2 �

For the information set 'i of the agent i, we de�ne Q
�
�;k;'i

� Q�;k as the set of
cliques of size k in � such that the agent i does not observe the action of any agent
belonging to the clique,

q 2 Q��;k;'i ()
�

q 2 Q�;k
8j 2 q ! j 2 ffNnNig [ fj0 2 Ni : �j � �ij'igg

We de�neNi;<�i;'i � Ni as the set of neighbors of i with an order of decision previous
to i given the information set 'i,

j 2 Ni;<�i;'i , j 2 Ni \ fj : �j < �ij'ig
18The strategy in equilibrium implies to choose the risky action over the equilibrium path for

arbitrary beliefs. This means that, in fact, we have proved also that there is a unique equilibrium
path in any Weak Perfect Bayesian Equilibrium, which is a much softer equilibrium concept.
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For the information set 'i and the clique q 2 Q��;k;'i, we de�ne as #�q;'i the amount
of actions of type � that belong to 'i, and that are taken by agents who are neighbors
of all members of q, plus the cardinal of q:

#�q;'i = #q +#
�
aj = � :

�
k 2 q; j 2 Ni;<�i;'i

	
! jk 2 �

	
For the agent i, we de�ne as �'ri the set of information sets in which the maximal

#�q;'i is r:
'i 2 �'ri , max

�
#�q;'i

	
= r

We prove now that �� (') ;�� (Hj') where

��i ('i) =

�
� if 'i 2 �'ri : r < t

��i ('i) if 'i 2 �'ri : r � t; for some optimal ��i

��i (hij'i) =

�
0 if hi : # faj 2 hi : aj = �; j =2 Nig > 0 and 'i 2 �'ri : r < t

�� otherwise

de�nes a sequential equilibrium for an appropriate ��i ('i) ;�i (hij'i) in which the
safe action is played on the equilibrium path when when there is no clique of size t
in �.
We show, �rst, that this strategy de�nes a path where everybody takes the safe

action. If there is no clique of size t, any agent who does not observe any risky action
is in an information set �'ri < t. This is the case because in such case we have that
#
�
aj = � : 8k 2 q; j 2 Ni;<�i;'i ! jk 2 �

	
= 0 and #�q;'i = #q, which is smaller

than t, for any clique q � �. Therefore any agent who does not observe any action �
plays � according to �� (') ;�� (Hj'), and therefore � is played by everyone along
the equilibrium path.
Second, note that 'i 2 �'ri : r < t are information sets where the agent observes

t�2 or less actions of type �. This is the case because the agent herself is a clique of
size 1 who observes all the actions she observes, and therefore these information sets
occur when a maximum of r � 1 < t � 1 actions of type � are observed. Choosing
� in those information sets is an optimal decision if it is expected that nobody else
is going to play � and nobody else has played it (this last statement occurs with
probability 1 according to ��).
Third, we show that the strategy is a best response to ���i (') given �

� (Hj').
If the agent i plays the safe action her expected payo¤ is

Ehi
�
ui
�
�; ���i

�
j��i (hij'i) ; 'i 2 �'ri : r < t

�
= ui (ai = �)

We focus on the information sets 'i 2 �'ri : r < t. In those information sets, the
beliefs assign probability 0 to other actions of type � being chosen by predecessors
of i who have not been observed. Take now the agent j who plays after i. We show
that she will play � according to �� (') ;�� (Hj'). Suppose that r � t� 2. Since i
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is in an information set 'i 2 �'ri : r < t and she believes that there is no predecessor
who has played � and is not observed by i, any successor j is, at maximum, in an
information set 'j 2 �'rj ; r = t � 1, and plays �. Suppose that r = t � 1. Here we
can have 2 di¤erent cases, depending on whether i belongs to the clique, i 2 q, such
that any agent in the clique observes the same r �#q actions or i may not belong
to it, i =2 q. Suppose that i =2 q. In such a case, the �rst agent who decides, j, in
that clique will be in an information set 'j 2 �'rj : r < t, since not all the agents
in the clique observe the action of i (since i =2 q). Finally, suppose that i 2 q. But
then, since 'i 2 �'ri : r = t � 1 and i 2 q, if i chooses �, the rest of agents in q
will be still in an information set 'j 2 �'rj : r = t � 1. This is the case because
they observe one risky action more than i but the clique has one individual less.
Therefore, they would play � according to �� (') ;�� (Hj'). This means that given
the beliefs and the strategies, if the agent plays � nobody else is expected to play �
and the expected payo¤ is

Ehi
�
ui
�
�; ���i

�
j��i (hij'i) ; 'i 2 �'ri : r < t

�
= ui

 
ai = �;

X
j2N

Iaj=� < t

!
<

< ui (ai = �)

And therefore playing � is a best response to ���i;�i (hij'i) in the information sets
'i 2 �'ri : r < t.
Fourth, the belief is dynamically consistent in the information sets 'i 2 �'ri :

r < t. Suppose that any agent j in an information set 'j 2 �'rj : r < t plays the
completely mixed strategy ("; 1� "), representing the probability of playing (�; �).
Note that this strategy converges to ��j

�
�'rj
�
when "! 0. Since the �rst agent who

decides is in an information set 'j 2 �'rj : r < t, and that all agents play � the
subsequent agents are also in an information set of type �'r : r < t, the belief that
assigns probability 0 to any non-observed agent having chosen � is consistent with
those strategies.
Up to now, we have proved that the strategy is optimal over all the information

sets in which 'i 2 �'k;mi : k < t � m. In the other information sets, the agents
would choose any best response; however, optimality of the equilibrium strategy
on the equilibrium path is independent of what occurs in those information sets.
Note that the existence in those information sets of the equilibrium is guaranteed
by standard arguments. Since we allow for mixed strategies, the equilibrium in
those information sets could be the same that in a reduced version of the game
where the Nature chooses directly � instead of the agents in the information sets
'i 2 �'ri : r < t.
Thus, a coordination failure may be sustained, Q.E.D.

Proposition 2.2: In any sequential equilibrium, any agent of type � chooses �
on the equilibrium path, for any order of decision, if there is an isolated clique of
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size q � N;#q = t if

u�;�t � u�;<t
u� � u�;<t

>
(n� + n� � 1)! (n� � t� 1)!
(n� + n� � t� 1)! (n� � 1)!

Proof. Suppose that

u�;�t � u�;<t
u� � u�;<t

>
(n� + n� � 1)! (n� � t� 1)!
(n� + n� � t� 1)! (n� � 1)!

Let us de�ne

~p =
(n� + n� � t� 1)! (n� � 1)!
(n� + n� � 1)! (n� � t� 1)!

Then we have that

! (u�;�t � u�;<t) � ~p > u� � u�;<t

! ~p � u�;�t + (1� ~p) � u�;<t > u�

and let f�� (') ;�� (Hj')g be an assessment that de�nes a sequential equilibrium.
�i (Hij') are dynamically consistent and therefore they are obtained from �� (')
whenever possible. The probability that there are t agents of type � in a clique of
size q;#q = t, is given by

P (� j = �; 8j 2 q) = (n� + n� � t� 1)! (n� � 1)!
(n� + n� � 1)! (n� � t� 1)! = ~p

For simplicity, we name from now on agents in the clique q with her position in
the sequence selected by Nature among the agents in the clique. So agent i = 1,
1 2 q is the �rst agent who decides in the clique and agent i 2 q is the ith who
decides in the clique. The probability of having a sequence of t� i agents of type �
in the last t� i positions in the clique, conditional on the �rst ith individuals being
of type � is given by

~pi =
((n� � i) + n� � (t� i)� 1)! ((n� � i)� 1)!
((n� � i) + n� � 1)! (n� � i� (t� i)� 1)! =

=
(n� + n� � t� 1)! (n� � 1)!
(n� + n� � 1)! (n� � t� 1)! = ~p

Agent t in the clique, if she observes t�1 predecessors choosing �, chooses also � in
any equilibrium if she is of type � t = �. Suppose that the agent t�1 2 q has a belief
~�t�1 such that the probability of being followed by an agent of type � is pt�1� � ~p.
Her best response 't�1 = ~'t�1 to an information set where she observes t�2 actions
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of type � by her predecessors conditional on �t�1 is �, since her expected payo¤ of
choosing � is

Eu
�
�; ~'t�1; ~�t�1

�
� pt�1� � u�;�t +

�
1� pt�1�

�
� u�;<t

� ~p � u�;�t + (1� ~p) � u�;<t � u�

Take an agent j =2 q of type � who does not observe anything, apart from her type
'j = f� j = �g. The system of equilibrium beliefs �� must be consistent applying
Bayes rule to the equilibrium strategies �� ('). A best response of agent j =2 q who
does not observe anything but her type must respond assigning probability ~p to the
event of agent i 2 q in the clique being in an information set such that she is of type
�, she observes i�1 actions of type � and is followed by t� i agents of type �. This
is the case because Bayes rule requires that beliefs are consistent with the strategies,
and therefore, the ex-ante probability must be consistent with the system of beliefs.
Hence, agent j =2 q assigns probability ~p to the event of all agents in the clique
being of type � and choosing it according to f�� (') ;�� (Hj')g. The best response
ogr the agents who do not observe anything is therefore � if they are of such type,
since ~p � u�;�t + (1� ~p) � u�;<t � u�. Agents who observe some actions must assign
probability 0 in her consistent beliefs to the event of an action which is not � being
chosen by an initial agent of type �. This means that posterior agents either assign
a higher probability to the event of being there t agents in the clique choosing � (if
they do not observe actions of type �) or require less agents in the clique being of
type � (if they observe actions of type �). And therefore, in equilibrium, any agent
who does not observe actions in the clique best responds by choosing �. Since the
clique is isolated, every agent chooses � on the equilibrium path and agents in the
clique best respond to it by also choosing �, in any information set.

Proposition 2.3: Suppose a set of agents N embedded in a su¢ cient network
� such that everyone is willing to revolt in the sense of Chwe (2000). Suppose that
the Nature selects an order of decision according to P (� (N)) and that if ij 2 �,
ai is in the information set of j if i < j. Then every agent chooses to revolt in the
path of any weak perfect Bayesian equilibrium.

Proof. We brie�y state the model by Chwe (2000). There is a �nite set of agents
N = f1; 2; :::; ng. There are two types, w (willing to revolt) and x (unwilling). Each
person i chooses an action ai 2 fr; sg that states for revolting (r, the risky action)
and not (s, the safe action). Utility of each person depends on own type and the
full pro�le of actions. If a person is of type x, action s is a dominant strategy.
If a person is of type w, her utility is supermodular, i.e., the di¤erence in utility
between r and s is increasing in the amount of people who chooses to revolt. A
person of type w prefers the action r if everyone else is choosing r. A network �
is a collection of pairs such that if ji 2 � it means that person j talks to i, i.e. i
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knows the utility function of j. � is common knowledge. � is a su¢ cient network if
when everyone is willing to revolt then there exists an equilibrium where everyone
revolt, regardless of the belief over the type of unobserved agents. This means that
there exists an equilibrium where everyone revolts even if the agent believes that
all those non-observed agents are of type s. Let ti be such that the agent i gets a
higher utility by choosing r than s if at least ti � 1 other agents choose r. Suppose
that the Nature calls to decide to the agents according to P (� (N)) and that agent
i observe the action chosen by j if and only if ji 2 � and �j < �i.
Chwe shows that, if � is su¢ cient, there is a sequence of cliques that cover N .

These cliques are hierarchically connected such that there is a leading clique in which
agents talk to each other, and everyone talks to the following cliques, and so on.
Agents in the leading clique best responds to the rest of the agents in the leading by
choosing r if they choose r. This means that the clique contains su¢ ciently many
people willing to take r. Since agents in the clique know that because they talk to
each other and know their types, by Proposition 1 they choose r in any order of
decision. The clique in the following position is formed by agents that are talked by
all agents in the leading clique, and therefore know the types in the leading clique
and in the following clique. They best respond to agents in the leading clique and to
the agents in the following clique by choosing r if they choose r. Since in equilibrium
all the agents in the leading clique choose r and there are su¢ ciently many agents
in the following clique for making r optimal, we can apply again Proposition 2.1 to
the agents in this clique, conditioning on the fact that agents in the leading clique
choose r. We can apply recursively this argument for all agents in N to show that
every of them chooses r for any P (� (N)). Q.E.D.
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Chapter 3

Sequentiality and simultaneity in
bank runs: an experimental
approach

3.1 Introduction

Several bank runs have emerged during the recent Great Recession1. Since the case
of Northern Rock in the UK in 2007, other banks in developed countries have expe-
rienced runs, such as the Bank of East Asia in Hong Kong or Washington Mutual,
Countrywidebank or the IndyMac Bank in the US. Investment funds and other non-
bank institutions have also experienced massive withdrawals very similar to bank
runs. Two examples are the collapse of Bear Stearns and the temporary suspension
of redemptions in a Spanish real estate investment fund, Banif Inmobiliario.
In this chapter, I present the results of two experimental studies on bank runs.

Both explore the e¤ects of sequentiality and simultaneity on their emergence, but
in separated dimensions. In the �rst part of the chapter, "On the e¤ects of deposit
insurance and observability on bank runs", we investigate the e¤ect of di¤erent levels
of deposit insurance in a simultaneous and in a sequential setup. The second part,
"Do social networks prevent bank runs?", studies how particular observations drive
behavior of depositors.
With respect to the di¤erent levels of deposit insurance, we �nd that its e¤ects

depend on the type of strategic interaction between agents: higher levels of deposit
insurance reduce the likelihood of bank runs when agents act simultaneously but not
necessarily when they decide sequentially. When analyzing the precise behavior of
agents, we �nd theoretically that observing the �rst agent may prevent bank runs.

1For the Great Depression, Bernanke (1983) showed that much economic loss was directly caused
by bank runs.
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However, the experimental results show that the observation of agents withdrawing
the money promote bank runs. This is the case even though agents should anticipate
that this fact does not lead to the bankruptcy of the bank.
The leading explanations proposed in the literature for the occurrence of bank

runs2 can be grouped into two main categories: the degradation of market funda-
mentals (e.g., macroeconomic shocks, speci�c industrial conditions) and coordina-
tion failure by depositors (e.g., self-ful�lling prophecy). Empirical evidence suggests
that bank runs cannot be explained by changes in the fundamentals alone (Calomiris
and Mason, 2003) but rather that coordination problems also play an important
role. Diamond and Dybvig (1983) provide the seminal model of coordination prob-
lems between depositors. They represent the depositor coordination problem as a
simultaneous-move game in which multiple equilibria emerge, one of which has de-
positors participating in a bank run. Although many researchers have continued
to use and build on this seminal model of depositor coordination, descriptions of
real-world bank runs and statistical data make clear that depositors�decisions are
not entirely simultaneous but partially sequential. As a result, many depositors
have information about what other depositors have done, and they react to this
information when making their decisions. This chapter attempts to capture the ef-
fects of observability as a determinant of bank runs, an issue that has mostly been
disregarded by the literature. With this aim, we analyze experimentally a minimal
sequential version of the Diamond and Dybvig�s model.
The lack of detailed data about depositors� behavior in real-world situations

complicates the analysis of these issues, so carrying out laboratory experiments that
mimic bank run situations may be a fruitful way to shed light on this topic. Our
experiment resembles a bank-run environment with three depositors in the line of
a common bank, in which earlier they deposited their endowments. Depositors are
randomly assigned a position (that is made known to them) in the sequence of deci-
sion and choose between waiting or withdrawing their money from the bank.3 Each
depositor knows her own liquidity needs, which is private information. Following
the literature, we consider two types of depositors. There is an impatient depositor
who has an immediate need for funds and always withdraws her deposit. The other
two depositors are the patient ones. They do not need their money urgently and
decide whether to withdraw their funds from the bank or keep them deposited. In
this environment, we de�ne a bank run as a situation in which at least one of the
patient depositors withdraws.
In the experiment, patient depositors choose between waiting or withdrawal dur-

2See Gorton and Winton (2003) for a comprehensive survey on �nancial intermediation dealing
in depth with banking panics

3We use "keeping the money deposited" and "waiting" in an interchangeable manner. The
assumption about the perfect knowledge of the position is often considered in theoretical models
(Andolfatto et al., 2007; Green and Lin, 2000; Ennis and Keister, 2009).
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ing 15 rounds, with variation of information and position in each round. If both of
the patient depositors decide to wait, they receive the highest possible payo¤. With-
drawal yields a lower, but a still relatively high payo¤ to the �rst two depositors who
decide to withdraw, regardless of their liquidity needs. The payo¤ for a depositor
that withdraws after two withdrawals are the funds remaining in the bank. Finally,
the payo¤ of a patient depositor who waits alone depends on the deposit insurance.
We study �rst how di¤erent levels of deposit insurance and observability of ac-

tions a¤ect the emergence of bank runs. Deposit insurance is regarded as one of the
pillars of modern �nancial safety nets, but Northern Rock su¤ered massive with-
drawals within days despite that bank deposits in the UK were insured.4 Media
coverage that made observable the lines in front of the bank o¢ ces might have con-
tributed to the protraction of the run. The main objective of deposit insurance
is to protect depositors who cannot generally make an informed assessment of the
risk that the bank to which their funds are entrusted may fail. During the recent
crisis, one of the public aims has been to maintain the con�dence in the �nancial
intermediation and to avoid runs on banks without fundamental problems5.
In our experiment, deposit insurance becomes relevant when a patient depositor

waits alone. We consider three possible treatments: a benchmark case and a lower
and a higher level of deposit insurance. Given the payo¤s we use in the experiment,
bank runs can be approached as a coordination problem, meaning that a patient
depositor prefers to wait if the other patient depositor does so as well. Whether
the other depositors�decisions are observable is determined by the position in the
sequence and the informational setup. We focus on two setups: the simultaneous and
the sequential one. In the simultaneous setup depositors do not have any information
about what other depositors have done whereas in the sequential setup each previous
decision is observable and depositors that act early are aware that their decisions
will be observed.6

The experimental data show that observability plays a role in the emergence
of bank runs as the sequential setup decreases signi�cantly the likelihood of bank

4They were fully insured up to GBP 2000, and 90% of the deposits was insured above this sum
up to GBP 35000.

5To this purpose, the level of deposit insurance has been increased worldwide. In the US, the
deposit insurance changed from convering the �rst $100.000 to the �rst $250.000 in 2008. In the
EU, the new Directive 2009/14/EC protects the �rst e100.000, in contrast with a minimum of
90% of the �rst e20.000 protected by the previous Directive. In the UK, deposit insurance covered
100% of the �rst £ 2.000 and 90% of the �rst £ 35.000 by the time of the run on Northern Rock.
Several changes since then increased the limit until 100% of the . . . rst £ 85.000. These measures
have been reinforced by some governments announcing an implicit unlimited protection to the
deposits.

6In the experiment we considered all informational setups that may arise in a bank with three
depositors, so we had structures with partial information. For instance, depositor 3 knows what
depositor 2 has done but she has no information about depositor 1�s decision. These situations
are explored in the second part of this Chapter.
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runs with respect to the case of simultaneous decisions. Deposit insurance is also
important in reducing the likelihood of bank runs since low insurance increases and
high insurance decreases the likelihood of bank runs in the simultaneous setup.
We are able to investigate the interplay between the di¤erent levels of insur-

ance and observability, showing that their e¤ects are not independent. If decisions
are not simultaneous but sequential, we �nd that a low deposit insurance increases
the likelihood of bank runs, but the marginal e¤ects of the high insurance is not
signi�cant (but it is signi�cant in the simultaneous set up). This is the main con-
tribution of this section, since it shows that the e¤ectiveness of di¤erent levels of
deposit insurance depends on the degree of observability, a �nding that is absent
in the literature. This fact has policy implications, since it implies that in such an
environment preventing bank runs is less costly, and minimizing the likelihood of
bank runs and keeping down the moral hazard implied by deposit insurance are not
mutually excluding aims.
In the second part we analyze how speci�c individual actions generate bank runs.

We focus in the benchmark case (the intermediate deposit insurance) and study
di¤erent observational structures, allowing that some of the agents act sequentially
and some other simultaneously. We study the behavior of depositors depending on
their position in the sequence and on the information they have. We model the
structures that allow that agents observe their actions through networks. If agent
A observes agent B, we say that both are linked in an observation network. We
show that if the link between the �rst two depositors to decide (henceforth, link 12)
is in place, no bank run arises in equilibrium. That means that in an observation
structure where the action of the depositor who decides �rst is observed by the
depositor who decides the second, patient depositors should wait, regardless of their
position and what they observe.7 Thus, in our 3 depositor environment, the link 12
(and not the information it transmits) represents a su¢ cient condition to prevent
bank runs. We show that if depositors 1 and 2 are not connected, bank runs may
occur in equilibrium because of a coordination failure.
Our analysis is the �rst to use a network to model information �ow among depos-

itors in the classic bank-run problem. Our modeling choice has various advantages.
First, it �ts the empirical descriptions of bank runs well. Second, it allows for
the representation of both simultaneous and sequential moves to exist in the same
framework and is the �rst model in the bank run literature to do so. Third, the
use of networks reveals the importance of the information structure in determining
whether the equilibrium is unique or equilibrium failures may arise.8

7Our model relies on local information so that depositor 3 (that is, the depositor in the third
position) does not know whether the link 12 exists. However, we construct the model in such a
way that it is always optimal for depositor 3 to wait if patient.

8Diamond and Dybvig (1983) and Peck and Shell (2003) are examples of models with multiple
equilibria. Goldstein and Pauzner (2005) show in a global games setup that both run and no
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The idea of the link 12 as a su¢ cient condition to prevent bank runs represents
a clear-cut prediction to be tested in the experiment. Statistical tests partially
con�rm the theoretical prediction. In those networks in which the link 12 exists,
depositor 1�s withdrawal rate is signi�cantly lower than in those without this link.
We also see that with respect to the case in which depositor 1 has no links, the link
13 has a considerable e¤ect in reducing depositor 1�s withdrawal rate. This result
suggests that -besides the existence of the link 12- being observed matters for a
patient depositor 1. We interpret that depositor 1�s behavior is driven by the fact
that her action is observed. By waiting, depositor 1 can induce the other patient
depositor to follow suit.
Regarding depositor 2, the experimental data con�rm that the link 12 a¤ects her

withdrawal rate. We see that when depositor 2 observes a waiting, it decreases the
likelihood of withdrawal, which is in line with our prediction. If depositor 2 observes
a withdrawal, then she is likelier to withdraw; a �nding that is not in line with our
prediction.
We also observe that depositor 3�s choice is partially a¤ected by what she ob-

serves. Depositor 3 tends to wait upon observing that predecessors did the same,
but observing withdrawals does not increase her likelihood of withdrawal.
The experimental evidence suggests that the existence of a link at the beginning

of the sequence can prevent the emergence of bank runs, but only under certain
conditions. If depositor 1 is patient and her action is observed, bank runs occur less
often than in the case in which no actions are observable. However, if depositor
1 is impatient, then being observed sparks bank runs. This result suggests a new
source for the occurrence of bank runs, which are not due to fundamentals or to
coordination problems.

3.1.1 Literature review

Our experiment explores the causes of bank runs as the result of coordination fail-
ures. Calomiris and Mason (2003) show that problems with the fundamentals ex-
plain much of the bank runs during the Great Depression, but there are still a part of
them that does not correspond to such fundamental but to coordination problems.
The seminal approach to bank runs as coordination problems is due to Diamond and
Dybvig (1983). They build a model where the bank o¤ers to the agents a demand-
deposit contract. Given the contract, if patient depositors wait they act optimally
and get the highest payo¤. But if all the patient depositors try to withdraw their
money immediately, they behave also optimally and run on the bank. Green and
Lin (2003) showed that if general contracts are allowed banks are able to implement

run are possible equilibria but that the fundamentals determine unambigously which one occurs.
Green and Lin (2003) show that a bank can o¤er a complex contract that uniquely implements
the e¢ cient outcome.
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uniquely the e¢ cient equilibrium where everyone waits. Peck and Shell (2003), how-
ever, show that even in such a case bank runs are an equilibrium outcome, if the
utilities of the agents are slightly perturbed. Goldstein and Pauzner (2005) study
the problems of coordination being originated by the fundamentals, using a global
game approach.
Our experiment is based in the basic model of Diamond and Dybvig, but we

introduce sequentiality instead of the simultaneous approach.9 Most of the theoret-
ical models on bank runs use a simultaneous approach. One recent exception is Gu
(2011), which studies bank runs as a herding problem, and Ennis and Keister (2011),
who consider that depositors observe withdrawals as they occur. Descriptions of
bank runs usually explain how agents act after observing that other depositors are
running on the bank (Sprague, 1910; Wicker, 2001). There is also some statistical
evidence on this fact. Starr and Yilmaz (2007) show that withdrawal decisions of
small depositors responded to previous withdrawals of other small depositors, in the
case of a bank run in Turkey in 2001. As a result, many depositors have information
about what other depositors have done, and they react to this information when
making their decisions. Kelly and O Grada (2000) shows evidence on this for the
Irish community in New York, during the banking panics in 1854 and 1857, and Iyer
and Puri (2011) for a bank run in India in 2001.
The experimental literature on bank runs has studied factors that favor or pre-

vent bank runs. Madies (2006) shows that bank runs as coordination failures were
a likely equilibrium outcome in his experiment. He �nds also that (i) deposit insur-
ance neither prevents nor stops the propagation of bank runs, as depositors with a
75% insurance do not behave di¤erently from uninsured depositors, and that (ii) the
likelihood of bank runs is higher when the level of deposit insurance is lower, in spite
of the ine¤ectiveness of deposit insurance. Schotter and Yorulmazer (2009) study
the case in which depositors observe after each period the number of depositors that
have withdrawn and the amount that has been withdrawn, but within any period
decisions are simultaneous. In this context, the authors �nd that deposit insurance
guaranteeing 50% of the initial deposit helps to decrease the occurrence of bank runs,
whereas the 20% insurance level does not a¤ect depositors�behavior compared with
the no-insurance case. Moreover, they also �nd some other interesting results, as the
relevance of insiders who know the fundamentals of the bank. Arifovic et al. (2010)
show that when depositors perceive coordination to be di¢ cult, bank runs are more
likely to emerge. On the contrary, when coordination is perceived to be easy, depos-
itors�behavior is likely to converge to the no-run equilibrium. We �nd that a higher
level of deposit insurance reduces the likelihood of bank runs when agents decide
simultaneously, but not necessarily when they act sequentially. Garratt and Keister
(2009), show that forced withdrawals increase the di¢ culty of coordination and thus

9Green and Lin(2003) consider that agents are also in a sequence although their decisions are
simultaneous.
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the likelihood of bank runs.10 When subjects were given multiple opportunities to
withdraw, they were informed about the total number of withdrawals in their bank
after each opportunity. Forced withdrawals occurred with some probability as some
subjects were not allowed to decide on their own but were forced to withdraw; thus,
the other subjects observed these forced withdrawals. In our experiment, we have
also some forced withdrawals due to the impatient agent.11 Klos and Sträter (2010)
test the prediction of the global game approach to bank runs in a laboratory experi-
ment, with subjects receiving a noisy signal on the fundamentals of the bank. They
�nd that agents follow the threshold strategy predicted by the theory with some
small deviations.
The �rst part of the chapter is related also with the literature on deposit insur-

ance. The literature studies issues of the design and implementation, as well as the
impact of deposit insurance on bank stability and �nancial development. This liter-
ature identi�es partial insurance as an important element of good design (Demirgüc-
Kunt et al., 2008), and states that high level of insurance enhances moral hazard
that in�icts big damages on �nancial stability (Demirgüc-Kunt and Detragiache,
2002). The optimal level of deposit insurance, however, is an open theoretical ques-
tion. There exist many factors that determine the optimal level such as the stage of
development of the �nancial system, the macroeconomic conditions, or the political
environment (Manz, 2009). As a result, setting adequate levels of deposit insurance
is usually identi�ed as being country-speci�c.12 Our results show that the optimal
level of deposit insurance may be dependent also on the type of strategic interaction
among the depositors.
The second part of the chapter is related to the literature on coordination games

in experimental economics. More speci�cally, the spirit of our experiment is very
much related with coordination problems in networks.13 Choi et al. (2011) analyze
how network structure a¤ects coordination in a public-good game. Despite obvious
di¤erences in the model there is a striking similarity in the results. They call strate-
gic commitment the tendency to make contributions early in the game to encourage
others to contribute. This commitment is of strategic value only if it is observed by
others. Our �nding that depositor 1 is more likely to wait when observed by any of
the subsequent depositors can be seen as a case of strategic commitment. Similar
results are obtained by Brandts and Cooper (2006), who focus on the importance

10Forced withdrawals mean that some subjects were not allowed to decide on their own but
forced to withdraw. Using forced withdrawals, the authors capture the idea that in crisis times
more depositors need to withdraw their funds from the bank, reducing the amount of available
liquidity to meet further withdrawals.
11In our experiment, the computer played always as an impatient agent.
12For more detail, see "Deposit Insurance Coverage", a discussion paper by the International

Association of Deposit Insurers.
13See Devetag and Ortmann (2007) for a comprehensive discussion of coordination games in

experiments. Kosfeld (2004) provides a special survey on network experiments.
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of observability in the context of coordination in organizations.
The rest of the paper is organized as follows. In the following section we detail

the experimental design. Section 3 studies the theoretical prediction and the experi-
mental results with respect to deposit insurance. Section 4 shows the prediction and
experimental results with respect to the impact of di¤erent observation networks in
bank runs. Section 6 concludes, and we include an Appendix with the instructions
used for the experiment.

3.2 Experimental design

A total of 192 students were recruited from the undergraduate population of the
Universidad de Alicante. Students had no (or very little) prior exposure to game
theory. The experiment was conducted at the Laboratory of Theoretical and Exper-
imental Economics (LaTEx), using the experimental software z-Tree (Fischbacher,
2007). The laboratory consists of 24 computers in separate cubicles and any form
of communication between subjects was strictly forbidden.
We run a total of 8 sessions. In each session, instructions14 were read aloud with

each subject in front of his or her computer. We let subjects ask about any doubts
they may have had before starting the experiment.The average length of each session
was one hour. Subjects received on average 12 Euros for participating, including
the show-up fee.
In each session subjects were divided into two matching groups of 12. Subjects

from di¤erent matching groups never interacted with each other throughout the
session. Subjects within the same matching group were randomly and anonymously
matched in pairs at the end of each round. Each of these pairs was assigned a
third depositor, simulated by the computer so as to create a three-depositor bank
in each round. Subjects knew that one of the depositors in the bank was simulated
by the computer. We refer to the computer as the impatient depositor whereas the
experimental subjects are called patient depositors.
In each session, the three depositors played a coordination problem for 15 rounds.

In each round, depositors invested an initial endowment of e = 40 monetary units
in the bank.15 Then, they were randomly assigned a position in the sequence of
decision and asked to decide consecutively, as if they were in the line of a bank.
Subjects knew their position in the line. It was known that the impatient depositor

14Instructions can be found in the Appendix.
15We use Spanish pesetas as experimental currency. The reason for this design choice is twofold.

First, it mitigates integer problems, compared with other currencies (USD or euros, for example).
On the other hand, although Spanish pesetas are no longer in use, Spanish people still use pesetas to
express monetary values in their everyday life. In this respect, by using a "real" currency we avoid
the problem of framing the incentive structure of the experiment using a scale (e.g., "experimental
currency") with no cognitive content.
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(i.e., the computer) was programmed to withdraw always, regardless of the position
in the sequence. The patient depositors were allowed to decide between waiting
or withdrawing in each round. Before making this decision, depositors possibly
observed previous decisions (but not types) and they knew whether they would
be observed by subsequent depositors. In the experiment, we considered di¤erent
information structures in each round.16 That is, agents were in a di¤erent position or
being in the same position they observed or not their predecessors (or were observed
or not by their successor). When studying deposit insurance, we focus on the two
polar cases of simultaneity and sequentially. The impact of di¤erent observational
structures is studied later.
To describe depositors�payo¤s, let yi 2 f0; 1g for i = 1; 2; 3 denote depositor

i�s decision, where 0 denotes keeping the money in the bank, whereas 1 indicates
withdrawal. We denote as ci1 depositor i�s payo¤ upon withdrawal and c

i
0 the payo¤

if she waits for i = 1; 2; 3. If a depositor decides to withdraw, she receives her payo¤
immediately. Payo¤ upon withdrawal is ci1 = c1 = 50 for i 2 f1; 2g, and for i = 3 it
is

c31 =

�
c1 = 50 if

P
j 6=3 y

j < 2

c11 = 20 if
P

j 6=3 y
j = 2

:

In words, if depositor 1 or 2 withdraws, she receives c1 = 50: This amount
corresponds to the depositor�s initial endowment (e = 40) plus an interest rate of
10 monetary units.17 If depositor 3 withdraws, she receives c31 = c1 = 50 if she
is the �rst or second withdrawing depositor. If depositor 3 withdraws after two
withdrawals, then she gets the remaining funds in the bank (c11 = 3e � 2c1 = 20)
which is less than her initial endowment.
If a depositor chooses to keep the money in the bank, she has to wait until

everybody has decided. If both patient depositors wait, then each of them receives
70 monetary units. Deposit insurance becomes e¤ective if there is only one depositor
who decides to wait. We study three levels of insurance. In the benchmark case
(BE), the only depositor who decides to keep her funds deposited receives a payo¤
of 30 monetary units. This payo¤ is such that the sure payo¤ of withdraw (50)
for the �rst two agents is just in the middle of the possible payo¤s of waiting (70
if the other agent waits but 30 if the other agents withdraws). In the case of low
insurance (LI), the depositor lacks any protection and receives the residual funds
the bank has after two withdrawals (20 monetary units). We run two sessions with
this treatment. High insurance (HI) means that a depositor who chooses to wait

16Subjects faced a di¤erent problem in each round. To see if subjects learnt how to play or if
they considered each round as a "new game" we carried out a Chow test. It reveals that subjects
did not behave di¤erently in the second part of the experiment, suggesting that there were no
learning e¤ects. It is the case in all treatments.
17In the optimal contract o¤ered by the bank in the model by Diamond and Dybvig, the payo¤

to the agents that withdraw inmediately is higher than their initial endowment.
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receives 40 monetary units. We run four sessions with this treatment.18 Payo¤s
for any patient depositor i 2 f1; 2; 3g that decides to wait can be summarized as
follows:

ci0 =

8>><>>:
c00 = 70 if

P
j 6=i y

j = 1

cLI01 = 20 if
P

j 6=i y
j = 2

cBE01 = 30 if
P

j 6=i y
j = 2

cHI01 = 40 if
P

j 6=i y
j = 2

;

where the �rst symbol (0) in the subscript shows that depositor i waits, while the
second symbol denotes the other patient depositor�s decision. Superscripts stand for
the treatment.
The payo¤s resemble the ex ante optimal contract in Diamond and Dybvig (1983)

and allow for coordination problems, satisfying the following relations:

c00 > c1 > e � cS01 � c11;

where S 2 fBE;LI;HIg : A key element of the model is that when depositors
decide, they know their position but they may not be sure of the payo¤ they will
receive. For instance, if a patient depositor 2 observes a withdrawal and decides to
wait, then her payo¤ depends on if depositor 1 was the impatient depositor or not.
Similarly, if depositor 3 in the simultaneous setup decides to withdraw, she does not
know whether she will receive c1 = 50 or c11 = 20.
For the �rst part, where we study the interaction between deposit insurance and

observability, we use all the observations in which agents acted simultaneously or
sequentially. When we study if social networks prevent bank runs, we use the data
of the benchmark case, corresponding to the 48 students that participated in the
two of the sessions where cBE01 = 30.
Subjects were informed about their position in the line.19 They knew that this

position (i = 1; 2; 3) was randomly and exogenously assigned and that it was sub-
jects�private information. Furthermore, they knew that positions were equiprobable
and independent of previous rounds (e.g., the computer was not more probable to
be at the beginning of the sequence).
We de�ne a bank run in the following way.

De�nition 3.1. A bank run occurs if at least one patient depositor withdraws.

This is the broadest de�nition, according to which a withdrawal due to a patient
depositor already constitutes a bank run.

18In the experiment we did not use the word "deposit insurance". See the Instructions in the
Appendix for further details.
19The assumption about the perfect knowledge of the position is often considered as well (An-

dolfatto, Nosal and Wallace, 2007; Green and Lin, 2000; Ennis and Keister, 2009b).
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3.3 On the E¤ects of Deposit Insurance and Ob-
servability on Bank Runs

We investigate now how deposit insurance and observability a¤ect the emergence
of bank runs. Whether the other depositors�decisions are observable is determined
by the position in the sequence and the informational setup. We focus here on
two setups: the simultaneous and the sequential one. In the simultaneous setup
depositors do not have any information about what other depositors have done
whereas in the sequential setup each previous decision is observable and depositors
that act early are aware that their decisions will be observed.

3.3.1 Theoretical set up and hypothesis

Remember that the payo¤s resemble the ex ante optimal contract in Diamond and
Dybvig (1983) and allow for coordination problems, satisfying the following relations:

c00 > c1 > e � cS01 � c11;

where S 2 fBE;LI;HIg. Given these payo¤s, coordination problems among
the �rst and the second agents may emerge. As we are analyzing the simultaneous
and the sequential environment, we use for both cases the concept of weak per-
fect Bayesian equilibrium, although for the simultaneous case it coincides with the
Nash equilibrium. The following proposition clari�es under which conditions the
coordination failure is a likely outcome:

Proposition 3.1. When agents decide simultaneously, there are multiple equilibria,
including the one of bank run,

1. for cBE01 = 30 if agents are risk averse.

2. for cLI01 = 20 if agents are risk averse or not too risk lovers.

3. for cHI01 = 40 if agents are su¢ ciently risk averse.

When agents decide simultaneously, there is a unique equilibrium without bank
run,

1. for cBE01 = 30 if agents are risk lovers.

2. for cLI01 = 20 if agents are su¢ ciently risk lovers.

3. for cHI01 = 40 if agents are risk lovers or not too risk averse.

When agents decide sequentially, there is a unique equilibrium without bank run.
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Proof. Let focus �rst on the simultaneous case. An impatient agent always with-
draws. A patient agent, if she is in the third position, best responds by waiting,
since she gets c1 or cS01 by waiting and c11 if she withdraws. Now we analyze the
decision of a patient depositor who is in the �rst or in the second position.
Suppose that cS01 = 30. Suppose that the �rst agent (the second agent) decides to

withdraw if she is patient. The second agent (�rst agent), if she is patient, believes
with probability 1

2
that the �rst agent (second agent) is patient and with probability

1
2
that the third agent is patient. If she withdraws, she gets c1 = 50. If she waits,

she gets with probability 1
2
the payo¤ cS01 = 30 and with probability 1

2
the payo¤

c00 = 70. The best response of the second agent (�rst agent) is to withdraw if she is
risk averse, and to wait if she is risk lover. So the coordination failure (the bank run
equilibrium) can be sustained if the agents are risk averse (then they best respond
by choosing to withdraw if the other agent withdraws), but not if the agents are risk
lovers (note that in such case they prefer the lottery that pays them 30 or 70 with
probability 1

2
).

Suppose that cS01 = 20. To sustain the bank run equilibrium, the �rst agent
(second agent) must best respond to the strategy of the second agent (�rst agent)
choosing to withdraw if the other agent also withdraws. Since in such a case the
agent has the sure payo¤ of c1 = 50 if withdraws and the lottery cS01 = 20 and
c00 = 70 with probability 1

2
, any risk averse and some risk lovers prefer to withdraw

(the expected payo¤ of the lottery is 45). So for them the bank run equilibrium can
be sustained. But it can not be sustained if the agents are too risk lovers
Suppose that cS01 = 40. As before, in such a case the agent has the sure payo¤

of c1 = 50 if she withdraws and the lottery cS01 = 40 and c00 = 70 with probability
1
2
. The expected payo¤ of the lottery is 55. So the bank run equilibrium cannot
be sustained neither for risk lovers nor for some risk averse agents. But it can be
sustained for agents who are su¢ ciently risk averse.
Let focus now on the sequential case. The impatient agent always withdraws and

the patient agent waits if she is third and she observes that at least one agent waits.
The second agent waits if she is patient and observes that the �rst agent waits.
The �rst agent, if patient, best responds to the previous equilibrium strategies by
waiting. Therefore, the second agent, if patient, observes with probability 1

2
that

the �rst one waits and with probability 1
2
that she withdraws. Consistent beliefs

assign probability 1 to the event of the �rst agent being impatient if a withdrawal
is observed, and therefore the third one is patient with probability 1. The best
response of the second agent if observes a withdraw is then to wait. Therefore, the
bank run equilibrium cannot be sustained in the sequential case.

The implications of the previous proposition are not straightforward. Apparently,
it suggests that there must be less bank runs when the deposit insurance is higher.
But bank runs occur in the model when there are multiple equilibria, and this does
not provide us with any probability for their occurrence. However, since we expect
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that experimental subjects are risk averse, bank runs should be a likely outcome
for cLI01 = 20 and cBE01 = 30. It could potentially not be the case if agents are not
too risk averse for the case of cHI01 = 40. Although it cannot be deduced from the
model, we do expect a lower level of bank runs (or at least not increasing) when
the deposit insurance is higher. The reason is that, if deposit insurance is higher,
waiting until the next period becomes increasingly less risky, so we expect that the
bank run equilibrium is selected with lower probability.

Hypothesis 1. For the simultaneous case, we expect the higher the level of deposit
insurance, the lower the rate of withdrawals.

In any case, if there are bank runs as the result of coordination failures, they
must disappear in the sequential case. Although our experimental subjects may
generate bank runs di¤erent from those predicted by the model, the theory suggests
that in the sequential environment bank runs should decrease.

Hypothesis 2. We expect a rate of bank runs in the sequential case no higher than
the level in the simultaneous case.

3.3.2 Experimental Evidence

In this section we analyze the data gathered during the experimental sessions. The
main results and insights are summarized in Table 1. In this table, we report the
likelihood of bank runs in each treatment. We present the data for both the simul-
taneous and the sequential setup separately. The number of observations appears
in brackets.

We observe that di¤erent levels of deposit insurance a¤ect the likelihood of bank
runs in a di¤erent way. Table 1 shows that deposit insurance reduces the likelihood
of bank runs, as this likelihood is higher when there is no insurance both in the
simultaneous and the sequential setup. Other insight is that observability has a
crucial e¤ect on the likelihood of bank runs, since they are less likely in the sequential
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setup except for the case of more insurance. In fact, the third important e¤ect is that
observability and deposit insurance do not have an independent e¤ect. Although
without insurance the likelihood of bank runs in the simultaneous setup is smaller
and with a higher insurance it is reduced, it does not seem to be the case in the
sequential setup, where we do not observe an additional e¤ect of more insurance.
Importantly, we observe that bank runs occur always, even although we expected
that they should not occur in the sequential case. This means that we observe some
bank runs that are not due to coordination problems.

Result 1. We observe bank runs in all environments, in the simultaneous and in
the sequential setup. Bank runs are more likely when agents act simultaneously
and have lower insurance.

We observe bank runs in all the environments, which contradicts the prediction
for the sequential set up. However, this is a likely outcome in an experiment, where
it is possible some level of random behavior. The fact of observing the highest rate
of bank runs in the simultaneous case with the lowest insurance is in the line of what
we expected.
In order to clarify the e¤ects of deposit insurance and observability, we estimate

a logit model in which the dependent variable is the probability of bank run.20 The
dummy variables LI and HI, take the value 1 when there exists less (LI) and more
(HI) insurance than in the benchmark, being 0 otherwise. We de�ne SEQ as a
dummy variable that takes the value 1 if the setup is sequential, and it is 0 if it is
simultaneous. We propose the following speci�cation:

Pr (Bank Run)= F (�0 + �PILI + �FIHI + �SEQSEQ+ �PISEQLISEQ+ �FISEQHISEQ)
(3.1)

where z(z) = ez=(1 + ez) and the variables LISEQ and HISEQ are de�ned
as the product of the two dummy variables LI, HI and SEQ. Thus, LISEQ
(HISEQ) allows to determine whether there is some additional e¤ect of having
both the sequential setup and less (more) deposit insurance, apart from the e¤ect
that these features have separately. We run equation (3.1) over a total of 760
observations, which correspond to 760 banks, each of them with 2 patient depositors
and the computer. We report the marginal e¤ects in the column (1) of Table 2. In
column (2), the marginal e¤ects of partial and full insurance in the sequential setup

20The probit speci�cation yields qualitatively the same results.
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are reported.

The benchmark is the simultaneous setup, when the deposit insurance is cBE01 =
30. In column (1), �rst we look at the e¤ects that deposit insurance and observ-
ability have separately. We observe that when the insurance is decreased in the
simultaneous setup, the likelihood of bank runs increases by roughly 40%; whereas
the high deposit insurance reduces this likelihood by approximately 27%. We also
see that sequentiality reduces the likelihood of bank runs by roughly 28%. The fact
that all these probabilities are signi�cantly di¤erent from zero implies that higher
levels of deposit insurance and observability decrease the likelihood of bank runs.
We observe also that, respect to the benchmark case, the selected level of higher
deposit insurance and observability have a similar e¤ect in reducing the likelihood
of bank runs. These �ndings are summarized as follows:

Result 2. A lower deposit insurance signi�cantly increases the likelihood of bank
runs. A higher deposit insurance and observability signi�cantly reduce the
likelihood of bank runs.

We also want to study the interplay between deposit insurance and observability.
In column (1) we see that LISEQ is not signi�cantly di¤erent from zero. This indi-
cates that lower insurance and observability do not have any additional joint e¤ect
on reducing the likelihood of bank runs apart from the e¤ect that these variables
have separately (i.e., the combined e¤ect is the summation of both e¤ects). As
a result, we �nd that if there exists a lower insurance (observability), introducing
observability (lower insurance) signi�cantly decreases (increases) the likelihood of
bank runs.21 Finally, we also see in column (1) that the marginal e¤ect of HISEQ
is positive and signi�cantly di¤erent from zero. Therefore, the total e¤ect of having
high insurance and a sequential setup is not just the sum of the individual e¤ects.
More precisely, the high insurance has no additional e¤ect on reducing the likelihood

21We reject both the hypothesis thatH0 : �SEQ+�LISEQ = 0 because �21 = 8:26 and p�value =
0:0040, and the hypothesis that H0 : �LI+�LISEQ = 0; because �21 = 25:65 and p�value = 0:0000
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of bank runs once observability is in place.22 Observability does not have any impact
on reducing the likelihood of bank runs if the high insurance already exists.23 We
summarize these �ndings as follows:

Result 3. Once depositors�decisions are observable, less insurance signi�cantly in-
creases the likelihood of bank runs, but a higher insurance does not signi�cantly
reduce it. If we add observability to low insurance, the likelihood of bank runs
signi�cantly decreases. Nevertheless, adding observability to full insurance does
not have a signi�cant e¤ect on the likelihood of bank runs.

The fact that observability ceases to be relevant when the depositors are fully
insured suggests a relationship between the optimal level of deposit insurance and
observability. In the column (2) of Table 2, we study the impact that both lower
and higher insurance have on the likelihood of bank runs when depositors decide
sequentially. We observe that the lower level of deposit insurance increases this
likelihood by roughly 45% but that the higher level of deposit insurance has not a
signi�cant e¤ect. We summarize this result as follows:

Result 4. If depositors�decisions are not observable, a higher insurance decreases
the likelihood of bank runs with respect to the benchmark case. It is not the
case when decisions are observable.

This result is important as it highlights that if �nancial intermediation is charac-
terized by an information structure that allows observability, then there is no need
to provide high level of deposit insurance. The e¤ect of a properly chosen partial
insurance cannot be enhanced always by a higher insurance. It has two important
consequences. On the one hand, in an environment characterized by plentiful infor-
mation it may be cheaper to avoid bank runs. On the other hand, these experimental
results suggest that the information structure may facilitate the goal of minimizing
the likelihood of bank runs, without increasing the moral hazard associated to a
large insurance.
Why do we observe this behavior? The sequential set up should avoid any bank

run as a coordination problem, so our hypothesis is that the level of bank runs that
we observe in the sequential set up with the lower insurance are not due to coordi-
nation problems. However, we �nd that a higher deposit insurance is able to reduce
this kind of experimental bank runs, but not always. The e¤ect of deposit insur-
ance in the reduction of bank runs goes further than the prevention of coordination
failures, but we �nd that its e¤ectiveness is dependent on the information structure
of the society.
22We accept the hypothesis that H0 : �HI +�HISEQ = 0; given that �21 = 0:46 and p� value =

0:4953
23We cannot reject the hypothesis that H0 : �SEQ + �HISEQ = 0 at any common signi�cance

level because �21 = 0:50 and p� value = 0:4774
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3.4 Do social networks prevent bank runs?

The previous results show the relevant role of sequentiality. Now we explore the
question deeper, analyzing the di¤erent role that the connections play. With this
aim, we focus on the benchmark case of cS01 = 30, where coordination failures are a
likely outcome for risk averse agents (and only for them). In this context, we analyze
how each possible observation network a¤ects the likelihood of bank runs. We model
the structures that allow that agents observe their actions through networks. If agent
A observes agent B, we say that both are linked in an observation network. Our
analysis is the �rst to use a network to model information �ow among depositors in
the classic bank-run problem.

3.4.1 Theoretical set up and hypothesis

The Network Structure

In each round, subjects invested their initial endowment in the bank and were asked
to choose between withdrawing or waiting. In addition, subjects might have in-
formation about other depositors�action. We model the information �ow among
depositors through a network.
A network (�) is the set of existing links among the depositors. Two depositors

are neighbors if a link connects them. A link is represented by a pair of numbers ij
for i; j 2 f1; 2; 3g, i < j: For instance, 12 denotes that depositor 1 and depositor 2
are linked; therefore, depositor 1 knows that depositor 2 will observe her action and
that depositor 2 chooses after observing depositor 1�s action. Then, when depositor
i has to decide, she knows: (a) the actions of neighbors who acted earlier, and (b)
whether her action would be observed by neighbors deciding later. Depositor i
does also know her own type and her position in the line. The network structure,
however, was not commonly known, meaning that information was local and thus
no depositor knew whether the other two depositors were connected.24

Links were independent of types, so depositors of the same type were not more
likely to be linked, nor was there any relationship between types and the number of
links. Subjects were aware of these features and knew that the information structure
was exogenously given (i.e., it was not the depositor�s choice to decide her position
in the line or the number of links). Finally, it was commonly known that position
in the line, the network structure, or both changed in each round.

24Given the nature of bank runs, it seems reasonable to consider this assumption. However,
our theoretical result also holds when the network structure is known. Importantly, the network
allows the depositors to obtain information about what happened in their bank in each round, but
subjects do not get any information about the history (e.g., they never know what their neighbors
have done in previous rounds or the networks that their neighbors have played in).
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We considered all of the possible networks: (12; 23; 13), (12; 23), (12; 13), (13; 23),
(12), (13), (23), (;), where (;) stands for the empty network, which has no links
at all, whereas the structure (12; 23; 13) contains all the possible links and is called
the complete network. The empty network can be interpreted as a simultaneous-
move game where depositors have no information about other depositors�actions,
as in Diamond and Dybvig (1983). On the other extreme, the complete network
represents a fully sequential setup, meaning that depositors observe predecessors�
actions.

Payo¤s

As before, the contract  = (c00; c1; c01; c11) = (70; 50; 30; 20) allows for coordination
problems. Remember that a key element of the model is that when depositors decide,
they know their position, but they may not be sure of the payo¤ they will receive.
For instance, if a patient depositor 1 waits, then her payo¤ depends on what the
other patient depositor does (i.e., c10 2 f70; 30g). Similarly, if depositor 3 has no
links and decides to withdraw, she does not know whether she will receive c1 = 50
or c11 = 20. For this case, the theoretical result states that the link 12 prevents
bank runs.

Proposition 3.2. If the link 12 exists, the unique weak perfect Bayesian equilibrium
satis�es the condition that bank runs do not occur. In any network in which the link
12 does not exist, bank runs may occur in equilibrium.

Proof. Remember that the impatient depositor always withdraws and that the pa-
tient depositor waits is she is in the third position. If the link 12 exists, the second
depositor best responds by waiting if she observes that the �rst one waits. The
�rst depositor, if patient, best responds to the previous equilibrium strategies by
waiting. Therefore the second depositor, if observes that the �rst one withdraws,
believes with probability 1 that she is impatient, and that the patient is the third
agent and therefore best responds waiting. Therefore every patient depositor waits
in the equilibrium path and there is no coordination failure if the link 12 exists.
If the link 12 does not exist, the �rst two agents play simultaneously. If they wait,

they get c1 = 50 and if the other patient depositor waits, they play a lottery that
pays them c01 = 30 with probability 1

2
and c1 = 70 with probability 1

2
. Therefore

the bank run equilibrium can be sustained for risk averse agents.

Proposition 1 helps us to disentangle network structures in which the equilib-
rium is unique and network structures in which there is multiplicity of equilibria.
Therefore, in the set of networks comprised of f(12; 23; 13); (12; 23); (12; 13); (12)g
bank runs should never occur. This lead to our last hypothesis:

Hypothesis 3. In networks where the link 12 is present, patient depositors should
not withdraw.
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3.4.2 Experimental Evidence

In this section, we analyze the data gathered during the experimental sessions. The
general results and insights are summarized in Table 1. We report the network struc-
ture in the �rst column. The second column speci�es the position of the impatient
agent (i.e., the computer), and the third column shows the number of observations.25

In the next three columns, we present the frequency of withdrawal for depositors 1,
2 and 3. The bank run column indicates the frequency of bank runs in each scenario.
Recall that there is no bank run if neither of the two patient depositors withdraws;
therefore, this column contains the likelihood of the complementary of that event.
Finally, the last column ranks the information structures according to the frequency
of bank runs, with the lowest ranking belonging to the lowest frequency of run.

25Remember that neither the entire network structure nor the position of the impatient depositor
was known to the patient depositors, who were only informed about their own position, their links
and the predecessor neighbor�s actions.
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To appreciate the e¤ect of the network structure, it is worth looking �rst at the
case without any link (i.e., the empty network). In that case, depositors know their
position, but it is of no help to prevent bank runs. This �nding is con�rmed by the
frequencies of bank runs, which are in the worst third of the cases. Contrariwise, we
see that the complete network has the lowest frequency of bank runs (0% and 13%),
which suggests that if information abounds due to the existence of many links, then
bank runs are less likely to occur. However, in the complete network, it is also worth
noting that when the impatient depositor is the �rst one to decide, the frequency of
a bank run surges and reaches a level that is comparable to the case of the empty
network. This is an indication that both the amount of information and what is
being observed matter.
Theoretically, we have seen that the existence of the link 12 prevents bank runs.

This prediction is partially con�rmed since Table 3 shows that the top-three network
structures have the link 12. On the contrary, three out of four network structures
at the bottom of the ranking do not contain this link.
At the individual level, we see in Table 3 that depositor 1�s withdrawal rate is

between 0% and 25% when the link 12 is present, whereas it is between 18% and
73% when the link 12 does not exist. However, the evidence is not so clear for
depositor 2, as her decision seems to be a¤ected by the position of the impatient
depositor. In particular, when the link 12 exists, depositor 2 is more likely to
withdraw when the depositor 1 is the computer. This result suggests that observing
a withdrawal with certainty plays a role in depositor 2�s decision.26 Therefore,
the descriptive statistics suggest that depositor 1 acts according to the theoretical
prediction, whereas depositor 2�s behavior is a¤ected by the impatient depositor�s
position. Next, we analyze depositors�behavior in detail.
We estimate a logit model in which the dependent variable is the probability of

withdrawal.27 Recall that yi 2 f0; 1g for depositor i = 1; 2; 3 denotes her decision,
where 0 stands for keeping the money, whereas 1 indicates withdrawal. We propose
the following speci�cation for depositor 1.

Pr(y1 = 1) = F (�0 + �1L12 + �2L13 + �3L12L13) (3.2)

where z(z) = ez=(1 + ez) and the explanatory variable Ljk is de�ned as a
dummy variable that takes the value 1 (0) when link ij is (not) present for i = 1
and j 2 f2; 3g. L12L13 is then obtained as the product of the two dummy variables
L12 and L13, and it stands for the cases in which both links are present (networks
(12; 13) and (12; 13; 23)). L12L13 enables us to see whether there is some additional
e¤ect of having both links apart from the e¤ect that the links generate separately.

26In Table 1, we can also see that in any network in which the link 12 does not exist, the
smallest frequency of bank runs occurs when depositor 1 is impatient. This �nding con�rms that
the impatient depositor�s position is relevant.
27The probit speci�cation yields the same results.
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Equation (3.2) accounts for all the possible information that depositor 1 might
have and states that the probability of withdrawal for depositor 1 may depend on
the existence of the links 12 and 13. We run the logit model in (3.2) over 238
observations. The results are presented in Table 4. The estimated standard errors
of the parameters take into account the matching group clustering.28

All the coe¢ cients are signi�cantly di¤erent from 0 except �3, so the links 12
and 13 jointly have no additional e¤ect apart from the separate e¤ects that they
have. The marginal e¤ects in Table 4 reveal that the probability of withdrawal
depends negatively on the existence of the links 12 and 13. The link 12 decreases the
probability of withdrawal for depositor 1 around 20% whereas the link 13 decreases
this probability by 10%. Both probabilities are signi�cantly di¤erent from zero at the
1% signi�cance level. If we test the hypothesis that the link 12 has the same impact
as link 13 in reducing the probability of depositor 1�s withdrawal (i.e., H0 : �1 =
�2); we cannot reject that hypothesis at any common signi�cance level (�21 = 0:98;
p� value = 0:3213). These �ndings are summarized as follows.

Result 5. Compared with the case with no links, the link 12 signi�cantly reduces
the probability of withdrawal of depositor 1. We do not reject that the link 13
has a similar e¤ect.

If the link 12 is in place, we cannot reject the hypothesis H0 : �2 + �3 = 0 at
any signi�cance level (�21 = 0:85; p � value = 0:3568). This means that the link

28An important feature is to investigate whether learning a¤ects our results. Because subjects
have di¤erent information in each round (i.e., they probably face a di¤erent problem with a dif-
ferent equilibrium prediction) we cannot disentangle whether changes in behavior are due to the
experience in previous rounds or due to the new information structure. However, we tested whether
they changed their behavior after some rounds. If subjects in the lab changed their behavior, we
should observe changes in the regression coe¢ cients. For this purpose, we consider a Chow test
in equation (3.2) where we de�ne a dummy variable that takes the value 1 if decision is taken in
the last 7 rounds (see, for example, Kennedy, 2008). The results indicate that there is no learning,
as we reject that depositor 1 behaves di¤erently in the last part of the experiment (�23 = 10:94;
p� value = 0:0121): The same result is obtained for depositor 2 (�23 = 2 � 105; p� value = 0:0000)
and depositor 3 (�23 = 6047:74; p� value = 0:0000).

117



Chapter 3 Sequentiality and simultaneity in bank runs: an experimental approach

13 does not reduce the probability of withdrawal if the link 12 is already in place.
On the contrary, the link 12 helps to reduce the withdrawal rate even if the link 13
already exists, given that the null hypothesis H0 : �1 + �3 = 0 is rejected at 5%
signi�cance level (�21 = 5:62; p � value = 0:0178). These results suggest that the
link 12 fosters most the elimination of the bank-run outcome, as predicted by the
theory. We summarize these �ndings in the following way:

Result 6. When depositor 1 has the link 13, the link 12 has an additional e¤ect in
reducing the probability of withdrawal. The opposite is not true.

In order to analyze depositor 2�s behavior, we de�ne the dummy variable Y 1
(Y 0), which takes the value 1 when depositor 2 observes withdrawal (waiting) and
is zero otherwise. Therefore, if depositor 1 and 2 are not connected, Y 1 = Y 0 = 0.
We propose to model depositor 2�s choice as follows:

Pr(y2 = 1) = z(�0 + �1Y 1 + �2Y 0 + �3L23 + �4Y 1L23) (3.3)

where z(�) is de�ned as above. We consider the explanatory variable L23 for
the existence of the link 23. The variable Y 1L23 combines information about what
player 2 observes and whether she is observed. This variable takes the value 1
only if depositor 2 observes a withdrawal and has a link with depositor 3. We
run the regression (3.3) over 207 observations, taking into account matching group
clustering.29

In Table 5, we present the results. The fact that the coe¢ cients �1 and �2
are signi�cantly di¤erent from 0 suggests that the link 12 considerably a¤ects the
behavior of depositor 2 with respect to the case in which she has no links. However,
with the link 23, �3 is not signi�cantly di¤erent from 0.

Result 7. Compared with the case with no links, the link 12 a¤ects depositor 2�s
behavior, whereas the link 23 does not.

29The explanatory variable Y 10L23 � Y 10 �L23 predicts waiting perfectly (36 observations). As
a result, when depositor 2 observes a waiting and is linked with depositor 3, she always waits. We
do not consider these observations in Table 3.
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The marginal e¤ects in Table 5 show that observing a withdrawal, increases
the probability of withdrawal by nearly 20%, while observing waiting decreases
this probability by 33%. Both probabilities are signi�cantly di¤erent from zero at
the 1% signi�cance level. The theoretical prediction states that no matter what
depositor 2 observes, she must always wait. We test H0 : �1 = �2 to con�rm
that observing a withdrawal or a waiting is equally important for depositor 2 given
any network structure. We reject that hypothesis at any common signi�cance level
(�21 = 8:42; p-value=0:0032). Therefore, our data suggest that the link 12 does
matter for depositor 2, and unlike what the theory predicts, the decision observed
also matters.30

Result 8. Depositor 2�s behavior is a¤ected by what she observes, and observing a
waiting (withdrawal) signi�cantly decreases (increases) her probability of with-
drawal.

Finally, we consider depositor 3. We de�ne the dummy variables Z1, Z11, Z0 and
Z10 by relying on each of the possible information sets that depositor 3 may have.
Therefore, depositor 3�s decision may come after observing a withdrawal (Z1 = 1),
after observing two withdrawals (Z11 = 1), after observing a waiting (Z0 = 1), after
observing a withdrawal and a waiting (Z10 = 1) or simply after observing nothing
(Z1 = Z11 = Z0 = Z10 = 0). As a result, we propose the following speci�cation to
model depositor 3�s behavior:

Pr(y3 = 1) = z(�0 + �1Z1 + �2Z11 + �3Z0 + �4Z10) (3.4)

where z(�) is de�ned as above. In Table 6, we present the results, that are
obtained after running the regression (3.4) over 237 observations, taking into account
matching group clustering.

30We cannot reject the hypothesis that depositor 2 acts at random upon observing a withdrawal,
but we reject the random behavior when waiting is observed. The Wilcoxon rank-sum test yields
W = 7:216, p � value = 0:0000 when testing the hypothesis H0 : Pr(y2 = 1 j Y 1 = 1) = 0:5; and
we get W = 0:492, p � value = 0:6225 for the null H0 : Pr(y2 = 1 j Y 0 = 1) = 0:5. A plausible
explanation would be that depositor 2 panics and behaves at random upon observing a withdrawal.
However, we cannot really test for that interpretation in the light of our data.
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Because a patient depositor 3�s dominant strategy is to wait, we expect her to
do so. The dominant strategy also implies that the network structure should not
a¤ect her behavior. However, our data suggest that observing waiting or with-
drawal has a di¤erent e¤ect on depositor 3�s choice. The marginal e¤ects reveal
that compared to the case without links, depositor 3 does not change her behavior
upon observing only withdrawals, whereas observing a waiting (or a waiting and a
withdrawal) signi�cantly decreases her probability of withdrawal by roughly 15%.
In fact, once depositor 3 observes waiting, it does not matter whether a withdrawal
is also observed (i.e., we cannot reject the null hypothesis H0 : �3 = �4 given
that �21 = 0:10, p � value = 0:7554). If a withdrawal is already observed, we re-
ject the hypothesis that depositor 3 changes her behavior if another withdrawal is
observed (i.e., we reject the hypothesis that H0 : �1 = �2 given that �21 = 1:74,
p � value = 0:1871), but we cannot reject the hypothesis that depositor 3 changes
her behavior if a waiting is observed (i.e., we cannot reject H0 : �1 = �4 given that
�21 = 4:51, p� value = 0:0338). We summarize these �ndings as follows.

Result 9. Compared with the case with no links, if depositor 3 observes waiting,
her probability of withdrawal signi�cantly decreases. It does not occur when
she observes a withdrawal.

Given these �ndings on the individuals�behavior we may draw some conclusions
about whether information structures modeled through social networks matter for
the emergence of bank runs. The answer is positive as, when it is compared with
the case without any links, we see that the frequency of bank runs is di¤erent in
networks that enable the observation of other depositors�decision. We see also that
theory predicts some behavior fairly well. When a patient depositor 1 is linked
to other depositors, she tends to signal that she is patient and waits, inducing the
other patient depositor to follow suit. We also observe in the experimental data that
link 12 has a crucial role in eliminating the bank-run outcome, as it decreases the
probability of withdrawal, even though the link 13 exists. Observing a waiting also
leads to choices predicted by theory. Nevertheless, we also observe behaviors that
are not in line with the theoretical �ndings. In particular, depositor 2 observing
a withdrawal tends to withdraw, although the withdrawal is due to the impatient
depositor. We also observe that depositor 3 is less likely to withdraw upon observing
waiting.

3.5 Conclusion

An important question regarding the emergence of bank runs is what kind of in-
formation depositors have about other depositors�decisions. Existing theoretical
models leave aside this issue and use a simultaneous-move game to approach the
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problem. We generalize the information structure and suppose that an underlying
social network channels the information among depositors. This modeling choice
allows for incorporating both simultaneous and sequential decisions in the same
framework. This conform to the empirical descriptions of bank runs, which sug-
gest that depositors account for other depositors�behavior when making their own
decisions.
We have studied the e¤ects of deposit insurance and observability on the emer-

gence of bank runs, theoretically and by the means of a controlled laboratory ex-
periment. Our empirical results show when depositors�decisions are simultaneous,
higher levels of deposit insurance signi�cantly decrease the likelihood of bank runs.
However, when depositors�decisions are observable, we do not �nd any signi�cant
e¤ect of a higher insurance with respect to our benchmark case. These results may
have important implications for setting the optimal level of deposit insurance, which
should depend upon the information that depositors have about other depositors�
decisions. We contribute to the literature by suggesting that any optimal deposit
insurance scheme should rely upon the information structure. In particular, our
data suggest that there is no need to provide full insurance to depositors when the
degree of observability is high, so that it seems that in such an environment prevent-
ing bank runs is less costly and minimizing the likelihood of bank runs and keeping
down the moral hazard implied by deposit insurance are not mutually excluding
aims. In the present context, the increasing use of the online banks makes more un-
likely the fact of actions being observed. So our results suggests that in the present
situation, higher deposit insurance may add more protection than when depositors
were able to observe each other decisions.
When studying the e¤ect of observation of actions in our benchmark case, we

prove that no bank run emerges as a unique equilibrium if the �rst two depositors
to decide are connected. This result does not depend on the type sequence and
pinpoints the importance of links enabling information �ow among the depositors
at the beginning of the sequence.
In our experiment, we observe that depositor 1�s behavior is in�uenced by the link

12, as predicted by theory. The link 12 also a¤ects the choice made by depositor 2,
who tends to act as her observed predecessor. The information transmitted through
the links matters also for depositor 3, who withdraws less often upon observing
waiting.
Although our setup is simple, our results imply that policy should be careful

about the information channels. Early withdrawals are seen as signs of a bank run,
inducing patient depositors to withdraw. As a result, if there are many withdrawals
at the beginning of the sequence of decision, observability may ignite a bank run,
which does not occur because of fundamentals or coordination problems, the two
main culprits of bank runs identi�ed by the literature. On the other hand, if patient
depositors are the �rst to decide, then making their decisions observable helps to
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prevent bank runs.

3.6 Appendix

Welcome to the experiment! 31

This is an experiment to study decision making, so we are not interested in your
particular choices but in individuals�average behavior. Therefore, during the ex-
periment you�ll be treated anonymously. Neither the experimenters nor the people
in this room will ever know your particular choices.
Next, you will �nd the instructions in the computer screen explaining how the

experiment unfolds. The instructions are the same for all subjects in the laboratory
and will be read aloud by experimenters. It is important for you to understand the
experiment before starting, as the money that you will earn will depend on your
choices. You also have a copy of the instructions on your table.

Number of rounds

This experiment has 18 rounds in total. The �rst 3 rounds are for you to become
familiar with the software. The remaining 15 rounds will be used to determine your
�nal payo¤, so please be sure that you understand the experiment before starting
the 4th round. This will help you to earn more money.

What is this experiment about?

At the beginning of each round, you will be provided a certain amount of money (40
pesetas) to be deposited in a bank, The same will be done with two other depositors.
The bank in which you will invest your money will be formed by 3 depositors: one
of them is you, the other one is someone else in this room and the third depositor is
simulated by the computer. Therefore, the bank in which you deposit your money
will have 120 pesetas per round in total.

Choice and earnings

In principle, your decision is to choose whether to withdraw your money from the
common bank in the �rst period or to wait until the second period, taking into
account that your earnings will depend not only on your choice but also on other
depositors�choices. Indeed, it is important to know that the computer will always
withdraw her money and, thus that your earnings in each round will only depend
on your choice and the choice of the other depositor in this room.

31Instructions are originally in Spanish.
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Speci�cally, if you both wait until the second period to withdraw your money, you
will get 70 pesetas, corresponding to your initial investment plus interests generated
during the �rst period of time (in which you have decided to wait).
If only one of you withdraws the money, then the one who withdraws takes 50

pesetas (exactly the same amount that the computer will take in this case). The
depositor who waits will receive 30 pesetas. In this case, this depositor receives the
amount that remains in the bank after the �rst period -20 pesetas- plus an additional
quantity of interest.
Finally, it might be the case that you both withdraw your money in the �rst

period. As a result, your earnings will depend on the available amount in the bank
and your position in the line. Therefore, if you are at Position 1 or Position 2 in the
line and decide to withdraw, you will take 50 pesetas, but if you are the last one in
the line (Position 3), only 20 pesetas will remain in the bank and this is exactly the
amount of money that you will receive.
Therefore, your payo¤s can be summarized in the following table:

Please remember that the depositor simulated by the computer will always with-
draw the money in the �rst period.
Before starting, it may be important for you to consider that:
1. The person with whom you are linked will change every round. As a result,

do not think that you are going to play with the same person.
2. You will always know your position in the line, but this position might change

in each round. In particular, you may be located at Position 1, Position 2 or Position
3 with the same probability. The same is true for the computer.
3. In each round, you will have di¤erent information about what other depositors

at your bank have done. Therefore, in some cases, you will know what has happened
before you arrived at the bank (number of deferrals and withdrawals) and in some
other cases, you will not. At the time of making your choice, you will also know
whether someone else will observe your decision. It may be of your interest to
consider this information when making your decision. The information will appear
at the left-hand side of the computer screen:
E.g., You are at Position 1. Depositors at Position 2 and Position 3 will observe

your choice.

123



Chapter 3 Sequentiality and simultaneity in bank runs: an experimental approach

E.g., You are at Position 2. Depositor at Position 1 has waited. Depositor at
Position 3 will not observe your choices
We are now going to start with the �rst three rounds. At the end of the three

rounds, you can ask any questions to make sure that you have understood the
procedure. If you have any doubt afterwards, please raise your hand and remain
silent. You will be attended by the experimenters as soon as possible. Talking is
forbidden during this experiment.
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