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Resumen en castellano
Introducción
La tesis contiene tres artı́culos sobre los estudios experimentales de transmisión
de información en juegos secuenciales. La transmisión de información en juegos
secuenciales tiene una gran cantidad de implicaciones económicas importantes en la
vida real, como la agregación de información en el mercado financiero, la adopción
tecnológica de empresas, etc. Esta tesis estudia experimentalmente el problema de la
transmisión de información en juegos secuenciales a través del método experimental.
En esta tesis exploraremos tres temas relacionados entre si:
• La tensión entre incentivos individuales e información reveladora en configuraciones juegos secuenciales con información incompleta.
• Prueba experimental de la implicación del conocimiento común de la racionalidad en el aprendizaje observacional y cómo la demanda de información se
relaciona con la creencia de la gente en la sostificación de sus oponentes.
• ¿Cómo la complejidad de una tarea afectará la decisión de una persona en el
contexto de un aprendizaje observacional?
El primer capı́tulo de esta tesis se titula Fooling or Pooling: An Experiment on
Signaling. En este capı́tulo, presento la evidencia de un experimento que aprovecha
la rica estructura informativa del llamado Juego de Chinos, que es un juego tradicional que se juega en muchos paı́ses. En este experimento, los sujetos reciben una
señal privada binaria y tienen que adivinar la suma de estas señales. Yo comparo
dos versiones de suma constante del Juego de Chinos. En una versión, llamada
Preemption Scenario, el primer jugador que adivina correctamente gana el premio.
En la otra versión, que se llama el Copycat Scenario, el último jugador que adivina
acertadamente gana el premio. Si bien es sencillo ver que el escenario de preferencia tiene un equilibrio único y totalmente revelador, en todos los equilibrios de los
primeros motores del escenario Copycat, ocultan de manera óptima su información
privada. Sin embargo, mi evidencia experimental muestra que los sujetos “se encuentran” en el escenario Copycat y tienen éxito en hacer eso, aunque ese beneficio
mengua según como el juego avanza.
El segundo capı́tulo de esta tesis se titula Common Knowledge of Rationality
and Information Demand: an Experiment on Observational Learning and Information Consumption. En este capı́tulo, diseño un nuevo enfoque para probar las
implicaciones del conocimiento común de la racionalidad en juegos dinámicos con
1
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información imperfecta. Investigo este problema al probar la noción de inferencia imparcial en un aprendizaje observacional (una forma especial de la dinámica
juego con información imperfecta) y cómo la falta de confianza en la sofisticación
estratégica de otras personas generará una demanda de información para la validación cruzada. En este experimento, implemento un juego de aprendizaje por
observación clásica con diferentes estructuras de observación exógenas que pueden o
no pueden proporcionar el acceso a la información redundante. Controlo las creencias de los sujetos sobre la racionalidad de sus oponentes al dejar que los sujetos
jueguen con jugadores virtuales cuyos grados de sofisticación han sido programados.
Utilizo diferentes tratamientos exógenos de estructura observacional para ver si la
información redundante ayuda a las decisiones de los sujetos. Utilizo estructuras
de observación parcial y completamente endógenas para obtener la disposición de
los sujetos a pagar por la información. Encuentro que aunque no hay evidencia de
que la información redundante ayude a los sujetos en su toma de decisiones, están
dispuestos a pagar un precio más alto que el previsto por el equilibrio. También
encuentro que la sobrevaloración es mayor si a los sujetos se les dio esta información
previamente de forma gratuita o si su confianza en la sofisticación de sus oponentes
es bajo.
El tercer capı́tulo de esta tesis se titula Complexity Effect and Cognitive Reflection in Observational Learning: An Experiment. En este capı́tulo, estudio como la
complejidad afecta la decisión de las personas en el aprendizaje observacional. Uso
dos versiones del juego de aprendizaje observacional de tres etapas, en una versión,
hay un jugador en cada una de las etapas mientras que en la otra versión, hay dos
jugadores que toman una decisión simultánea en la segunda etapa del juego. Desde
la perspectiva del jugador en la tercera etapa, el juego es más complicado en la
segunda versión, ya que hay más información para descifrar. En este experimento,
los jugadores en la primera y segunda etapa son autómatas, que siempre se comportarán de manera completamente racional y solo el jugador en la tercera etapa es un
ser humanos, y el jugador humano sabe que los autómatas siempre se comportan de
manera racional. Encuentro que primero, la complejidad de la tarea no reduce la
precisión de la toma de decisiones de los sujetos, podrı́a sugerir que los sujetos utilicen algunos métodos heurı́sticos, en lugar del aprendizaje bayesiano para actualizar
sus creencias. En segundo lugar, encuentro que la complejidad llevará a los sujetos
a tener una valoración más baja de la información adicional. Tercero, estudio si
el efecto de las asignaturas cognitivas-reflexivas cambió la capacidad con la licenciatura de la complejidad de la tarea. Encuentro que, al ser cognitivo-reflexivo , la
WTP de los sujetos es significativamente menor para obtener información adicional
cuando la tarea es complicada pero no tiene importancia, y afecta cuando la tarea
es relativamente fácil.
En el resto del resumen, voy a describir la motivación del diseño y a discutir los
principales resultados de cada capı́tulo.
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Los resultados y la discusión
Capı́tulo 1
El primer capı́tulo estudia el problema que en un entorno competitivo, un agente
que tiene información aprovechable se enfrenta a dos conflictos incentivos. Por un
lado, ella quiere usar su información privada para obtener algunos beneficios; pero
por otro, quiere ocultar su información privada para evitar que se disipe. Hay
muchas situaciones de la vida real en las que las personas se enfrentan a este tipo de
concesiones. Por ejemplo, en el mercado financiero, los agentes de un comerciante
con cierta información útil quieren usar su información para obtener ganancias, pero
también quieren ocultar la información para evitar que sus oponentes sepan sobre
ella. Igualmente, una firma de cual es la decisión de adoptar una nueva postura,
también se enfrenta a este dilema. Por un lado, quieren usar esta tecnologı́a para
obtener una ventaja competitiva, por otro lado, si adoptan la nueva tecnologı́a,
sus oponentes pueden imitar su tecnologı́a y las ventajas de esta tecnologı́a desaparecerán. Este capı́tulo se basa en la investigación teórica y empı́rica sobre transmisión de información estratégica iniciada por Crawford and Sobel (1982), donde
los primeros motores tenı́an la posibilidad de manipular la información que poseen
a través de sus acciones. Utilizo un entorno estratégico que se basa en la literatura
experimental relacionada, es más abundante que el juego de uso común, pero aún ası́
es manejable e intuitivo. En concreto, diseño un experimento basado en el Versión
para tres jugadores del “Juego de Chinos” (Feri et al., 2011). Este es un juego simple
jugado por niños en muchos paı́ses en donde los jugadores tienen una señal privada
(monedas o guijarros, se esconden en sus manos) y tienen que adivinar la suma total.
En el momento en que un jugador tiene que hacerla adivinar, se le informa sobre
su propia señal y las conjeturas de todos sus predecesores. Diseño dos versiones de
este juego. El primero, que está etiquetado como el Preemption Scenario (PS), el
ganador es el primer jugador cuya conjetura coincide con la suma de las señales.
En caso de que ningún jugador obtenga la respuesta correcta, el premio se otorga
al último jugador de la secuencia. La segunda versión del Juego de Chinos se llama
el Copycat Scenario (CS). El CS comparte la misma forma de juego con el PS, la
única diferencia es que el ganador es el último jugador cuya conjetura coincide con
la suma de las señales. En caso de que nadie obtenga la respuesta correcta, el premio
va al primer jugador.
Estos dos juegos nos permiten explorar en detalle, tanto teóricamente como
experimentando mentalmente, la tensión entre la agrupación (es decir, los sujetos
quieren ocultar su información privada) y el engaño (es decir, los sujetos quieren
manipular su mensaje con el objetivo de engañar a su seguidores).
Hay dos caracterı́sticas de mi diseño experimental. Primero, a pesar de que tanto
PS como CS comparten la misma forma de juego, se diferencian en saldar funciones
dirigidas al comportamiento de equilibrio completamente opuesto para los primeros
motores. Por lo tanto, como lo demostrará mi análisis teórico, mientras que en PS
deben revelar completamente su información privada, en CS deben ocultarla. Por
un lado, el Jugador 1 en PS y el Jugador 3 en CS (yo los llamo los ”jugadores objetivo”) tienen exactamente la misma estrategia de equilibrio , es decir, solo confiarán
en la información de sus propios jugadores privados. Segundo, a equilibrio, las es-
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trategias del Jugador 3 en PS y Jugador 1 en CS (Eso es llamados ellos la “residual
demandantes”) deberı́an llevar contenido no informativo acerca de su propia señal.
Esto se debe a que las posibilidades de ganar del Jugador 3 en PS no dependen en
su propia acción, mientras que el jugador 1 en CS deberı́a sombrearse de manera
óptima (él solo puede ganar si los otros no adivinan correctamente). Finalmente,
respecto al jugador 2, su posición intermedia en la secuencia genera la compensación
estratégica más delicada entre revelando y sombreado. En PS, “Respondiendo a su
señal” (y por lo tanto revelando eso) deberı́a ser óptimo para el jugador 2, pero este
tema de la restricción de él deberı́a no repercutir sobre el Jugador 1 a adivinar. En
lugar de eso, en CS, el Jugador 2 encara un problema incluso más complicado: su
conjetura óptima debe ser involucrar el sombreado, aunque uno muy especı́fico, es
decir, su agrupación estratégica debe maximizar sus posibilidades de salir victorioso
comparado a alguna otra estrategia.
En resumen, PS y CS pueden ser vistos como juegos “gemelos” en el sentido ese
cada posición del jugador en un juego tiene una posición correspondiente en el otro.
Como nosotros deberá ver, al comparar las implicaciones de las dos formas de juego,
tales caracterı́sticas de inverso-twin nos ayudará a comprender la noción clave de la
ventaja posicional. Tenga en cuenta que, en mi modelo, los jugadores que tienen
una ventaja posicional de la manera más clara son los jugadores objetivo, es decir,
el Jugador 1 en PS y el Jugador 3 en CS. Esto, a su vez, se refleja en el hecho de
que, en equilibrio, juegan la misma estrategia y tienen la misma probabilidad de
ganar (la más alta) en ambos juegos. En este experimento, encuentro que primero,
el jugador objetivo en CS (Jugador 3) lo hace mejor que en PS (jugador 1), a pesar
de que eso deberı́a no ocurrir conforme a la predicción teórica. Esto sugiere que el
Jugador 3 en el CS podrı́a ser capaz de decodificar la desviación de su predecesor
del equilibrio. En segundo lugar, encuentro que el jugador de nivel medio (Jugador
2) se desempeña peor en CS que en PS porque apenas puede sacar provecho de los
errores de otros en que ya sea el caso, y la decisión es sustancialmente más compleja
en el CS que en la PS. Tercero, yo encuentro eso para la residual reclamación en CS
(Jugador 1) y en el PS (Jugador 3) hace mejor lo que la teorı́a predice, porque se
benefician de los errores de otros.
De acuerdo con la predicción teórica, las señales privadas del Jugador 1 en la
CS no deben correlacionarse con sus conjeturas. Si sus suposiciones se correlacionan
positivamente con sus señales privadas, están revelando sus señales privadas. Si sus
suposiciones están correlacionadas negativamente con sus señales privadas, están
utilizando la estrategia de engañar. Estudio los efectos de revelar y engañar en las
primeras diez rondas y en las últimas 10 rondas por separado. Encuentro que en las
primeras diez rondas en el CS, el Jugador 1 se beneficia de engañar a su seguidor. En
las primeras diez rondas, encuentro que el Jugador 1 se beneficia significativamente
del uso de la estrategia de engañar y el Jugador 3 se lastima cuando el Jugador 1 usa
la estrategia de engaño , pero el beneficio de la estrategia de engaño para el Jugador
1 desaparece en las últimas diez rondas. Esto sugiere que, al principio, el Jugador
1 puede beneficiarse usando engañando estrategia, pero el beneficio de engañando
disminuye cuando el juego se repite
En resumen, examino empı́ricamente cómo las personas deciden cuándo se enfrentan a la compensación entre el incentivo para reaccionar a la información privada
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y el incentivo para ocultar la información privada. Encuentro que, en contraste con
la predicción teórica, los jugadores con información privada tienden a tergiversar sus
señales, y esta estrategia engañosa distrae a sus oponentes de las estrategias óptimas
y reduce significativamente las probabilidades de ganar a los oponentes. Por lo siguiente, generalmente son crédulos como receptores de información. Este patrón confirma a Forsythe et al. (1999) encontró que, los sujetos presentan diferentes grados
de sofisticación estratégica cuando cambian sus roles de transmisión de información.
Esto también sugiere que las creencias de los jugadores sobre la racionalidad de sus
oponentes podrı́an ser una explicación alternativa para la razón del engaño, que es
un tema para futuras investigaciones. Al agregar nivel, yo encuentro ese, a pesar
de que jugadores podrı́an sacar beneficios desde sus estrategias engañosas, pero las
ganancias de engañar a sus seguidores son compensadas por sus desventajosas posiciones.. Esto implica que, a pesar de los beneficios de engañar a las estrategias,
sus seguidores decodifican con éxito las señales privadas de las interacciones. Los
resultados de este capı́tulo se podrı́an aplicar para explicar una gran cantidad de
fenómenos económicos. Cuando se aplica al estudio de los mercados financieros, los
resultados de este capı́tulo implican que la información en el interior, a través de
las interacciones del mercado secuenciales, se darán a conocer. Esto se hace eco con
Kyle (1985). En Kyle (1985), el autor estudia cómo se revela la información interna
a través de la interacción del mercado en una acción secuencial de valor común en
privado, la información y los resultados de esta son complemento con Kyle (1985),
en mi configuración experimental, los agentes no pagan por sus opciones, pero tienen
incentivos similares a explotar su privada información y señalización a efectos desde
sus elecciones Mis hallazgos también tienen implicación para los estudios de tecnologı́a. Los resultados sugieren que, los pioneros con tecnologı́a avanzada tienen el
incentivo de tergiversar su información privada, pero a través de las interacciones en
el mercado, la difusión de la tecnologı́a será más probable que sea el objetivo como
resultado a largo plazo .

Capı́tulo 2
En este capı́tulo, pruebo las implicaciones del conocimiento común de la racionalidad (CKR, en adelante) en juegos dinámicos con información imperfecta. Durante
varias décadas, las implicaciones de la CKR en diferentes juegos se han explorado
teóricamente y se han probado empı́ricamente con cuerpos ricos de literatura. Por
ejemplo, en juegos estáticos con información completa, CKR implica la eliminación
iterada de estrategias estrictamente dominadas, una implicación que se ha probado
en varios experimentos. En juegos dinámicos con información perfecta, Aumann
(1995) prueba que CKR implica inducción hacia atrás, y esta implicación ha sido
examinada en Palacios-Huerta and Volij (2009a). Ellos encuentran que cuando los
jugadores profesionales de ajedrez, que son considerados la mejor subpoblación de
seres humanos a representar jugadores racionales, son conscientes de que sus oponentes son más sofisticados, es más probable que esos jugadores elijan el algoritmo
de inducción hacia atrás. Pero las implicaciones de CKR en el juego dinámico con
información imperfecta nunca se han probado empı́ricamente en parte debido al hecho de que la implicación de CKR en el juego dinámico con información imperfecta
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es difı́cil de encontrar. En general es cierto, pero hay al menos una excepción: el
juego de aprendizaje observacional. En el aprendizaje observacional, CKR tiene implicaciones directas: inferencia imparcial Eyster and Rabin (2014), lo que significa
que un agente sólo tendrá en cuenta la información de sus vecinos inmediatos (otra
información se contará como información redundante). Si ella cree de inmediato que
sus vecinos son racional, la elección de su vecino inmediato será un corporativo todo
lo necesario de información que ella necesita saber. Esta implicación Proporciona
una hipótesis comprobable en el laboratorio.
En este capı́tulo, yo diseño un nuevo experimento a prueba de la noción de inferencia imparcial. El juego de aprendizaje observacional, es un juego secuencial de 3
jugadores. Cada uno de los jugadores tiene una señal privada y esta señal privada es
una variable binaria. Los tres jugadores adivinan secuencialmente, y cada jugador
puede ver su propia señal privada y la conjetura de sus predecesores. Por lo tanto,
el Jugador 1 ve su señal privada y hace una conjetura, luego el Jugador 2 ve su
propia señal privada y la del Jugador 1 el Jugador 3 hace la conjetura en el último
y ella puede ver las conjeturas del Jugador 1 y del Jugador 2. En el equilibrio, el
Jugador 3 solo necesitará usar su propia señal privada y la conjetura del Jugador 2.
Porque si CKR se mantiene, la conjetura del Jugador 2 contendrá la información del
Jugador 1. Por lo tanto, la conjetura del Jugador 1 es la información redundante
para el Jugador 3. Por lo tanto, si CKR se mantiene, el Jugador 3 puede ver la
conjetura del Jugador 1. Si en un tratamiento, el jugador 3 puede ver las conjeturas
del jugador 1 y en otro tratamiento, Jugador 3 no poder ver al Jugador 1 adivinar
nosotros deberı́amos esperar los dos tratos que deberı́a tener el mismo resultado.
Esta es la idea central de este capı́tulo de que la información redundante no deberı́a
ayudar a la decisión de los participantes. Para hacer que CKR se mantenga en el
laboratorio, Jugador 1 y Jugador 2 son autómatas en estos experimentos, y los patrones de comportamiento de los autómatas se informan a los sujetos. Al hacer esto,
puedo controlar las creencias de los sujetos sobre la racionalidad de su oponente .
Habrá cuatro tratamientos. En el tratamiento 1 y el tratamiento 2, el Jugador 1 y
el Jugador 2 siempre se comportarán racionalmente, por lo tanto, se satisfacen las
condiciones para el conocimiento común de la racionalidad. En el tratamiento 3 y
el tratamiento 4, el jugador 1 siempre es racional, pero el jugador 2 no siempre es
racional, por lo tanto, las condiciones para el conocimiento común de la racionalidad
no se cumplen. La diferencia entre las frecuencias de los sujetos del tratamiento 1 y
el tratamiento 2 serán los efectos de la información redundante y la diferencia entre
el tratamiento 1 y el tratamiento 3 o entre el tratamiento 2 y tratamiento 4 serán los
efectos de las creencias en la racionalidad oponentes . Además de mirar las frecuencias ganadoras de cada tratamiento, otra forma de probar la inferencia imparcial es
mirar la disposición a pagar del Jugador 3 para ver la información del reproductor
1 y 2. Por lo tanto, en la segunda fase del experimento, los 4 tratamientos a jugar
el juego de nuevo, pero en esta fase, los sujetos tienen que pagar para ver conjetura
del jugador 1. Al sujeto se le da una lista de diez precios, ellos tiene que decidir
si están dispuestos a pagar el precio para ver la conjetura del Jugador 1. Una de
las diez decisiones será elegido al azar como su decisión. Si en el elegido decisión,
su respuesta es sı́, ella pagará el precio correspondiente y verá las conjeturas del
Jugador 1; de lo contrario, no paga nada y no ve la conjetura del jugador 1. Esta
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segunda fase se llama la fase de estructuras de observación parcialmente endógenas.
En la tercera fase de los experimentos, los sujetos siguen jugando el mismo juego con
los mismos oponentes, pero tienen que pagar para ver las conjeturas del jugador 1 y
del jugador 2. La tercera fase se llama la fase de estructuras de observación completamente endógenas. En resumen, la idea esencial de este capı́tulo es la comparación
de los resultados del Tratamiento 1 y el Tratamiento 2 en la Fase 1, donde se lleva
a cabo el CKR. El Tratamiento 3 y el Tratamiento 4 usan las mismas formas de
juego que el Tratamiento 1 y el Tratamiento 2, pero la condición para el CKR no se
cumple (el Jugador 2 no es completamente racional). La Fase 2 y la Fase 3 son dos
pasos para endogenizar progresivamente las estructuras de observación en el sentido
de que el Jugador 3 debe pagar para ver la información de sus predecesores. Los
propósitos de la Fase 2 y la Fase 3 son estudiar la valoración del Jugador 3 (WTP)
de sus predecesores información. Encuentro eso en la Fase 1, ahı́ no es significativa
la diferencia entre el tratamiento 1 y el tratamiento 2. En términos de frecuencias ganadoras empı́ricas implica que la información redundante no ayuda al sujeto
en su toma de decisiones. Este patrón se mantiene también en la primera ronda.
En cuanto a la dinámica de aprendizaje, encuentro que para el Tratamiento 1 y el
Tratamiento 2, la media de frecuencias victoriosas significativamente incrementa,
mientras que para el tratamiento 3 y el tratamiento 4, no hay una diferencia significativa en los promedios de las frecuencias ganadoras empı́ricas entre las primeras 5
rondas y las últimas 5 rondas. Esto sugiere que el efecto de aprendizaje es más fuerte
si los sujetos se enfrentan a oponentes racionales. En la fase 2, encuentro que para
todos los tratamientos, los sujetos pagan un precio más alto que lo que predice la
teorı́a. Por otra parte, hay algunos patrones destacados de su sobreprecio. Primero,
encuentro que la licenciatura de sobreprecio de tratamiento 1 es más grande que la
del tratamiento 2 y el grado de sobrevaloración del tratamiento 3 es mayor que ese
del tratamiento 4. En la fase 2, se asigna en todos, los cuatro, tratos son jugando
al mismo juego, por lo tanto, e es esperado que el tratamiento 1 y tratamiento 2
deberı́a tener los mismos resultados que tratamiento 3 y tratamiento 4, que deberı́an
además tener los mismos resultados. Pero encuentro que ese no es el caso, la única
diferencia entre el tratamiento 1 y tratamiento 2 (tratamiento 3 y tratamiento 4)
es que en esa fase 1, jugador 3 en tratamiento 1 y 3 puede ver al jugador 1 adivinar gratuitamente mientras que el jugador 3 en tratamiento 3 y tratamiento 4 no
puede. En otras palabras, asignando al pasado experiencia tiene este un efecto en su
valuación de información. Yo llamo a este efecto “dotación de información” lo que
significa que gente valora más la información si ellos tenı́an acceso libre a ella. Esto
sostiene para ambos la redundante información (Tratamiento 1 y Tratamiento 2) e
información relevante (Tratamiento 3 y Tratamiento 4). Estos resultados también
sugieren que, aunque no lo hacemos encontrar evidencias en el Jugador 1 (redundante) en la que la información ayuda al Jugador 3 en la toma de decisiones en la
Fase 1 para tratamiento 1 y tratamiento 2, desde las obtenidas WTP, nosotros podemos claramente identificar eso las asignaturas con valor de redundante información
y que su pasado experimenta formas de su evaluación .Además, yo encuentro que
la licenciatura de sobreprecio de tratamiento 3 es mayor que la de tratamiento 1 y
la licenciatura de sobreprecio de tratamiento 4 es mayor que la de tratamiento 2,
cual sugiere que si la gente tiene una baja percepción de su opositores sofisticados,
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ellos son complacientes en buscar información adicional,. como para el aprendizaje
a efectos, comparo el medio de WTP de las primeras 5 rondas con el de las últimas
5 rondas para cada tratamiento. Me parece que el medio de WTP de asignaturas
de tratamiento 1 y tratamiento 2, su WTP consigue más cerca a la teórico WTP
como el juego se repite. Mientras que para el tratamiento 3 y tratamiento 4, ahı́
no es evidencia del efecto del aprendizaje, cual otra vez sugiere esa asignación de
aprender mejor con opositores racionales. Además investigo, ya sea la información
de las asignaturas a comprar en la fase 2 que aumenta sus probabilidades de salir
victorioso. Los resultados muestran que la adicional información del tema que consigue el Jugador 1 no ayuda a incrementar su victoriosa probabilidad. En suma,
nosotros encontramos la asignación mayor que el justo precio para la información
pero además paga también mucho para la información que ellos no podrán utilizar
bien. En general, en el capı́tulo 2, yo proporciono una diseño a prueba de la trascendencia común del saber borde de la racionalidad en juegos dinámicos con información
imperfecta. Investigo este problema por pruebas de la noción de imparcial inferencia
en la observación de un aprendizaje (una forma especial del juego dinámico con información imperfecta) y cómo crecen las creencias en opositores La sofisticación está
relacionada con la información adquirida con el comportamiento. En este experimento, nosotros implementamos una clásica observación de aprendizaje a juego con
diferentes agentes exógenos de observación estructuras que no proporcionan acceso a
Información redundante. Tenemos el control de las creencias de los sujetos acerca de
su opositores racional-y por dejando la asignatura jugar con autómatas cuyo grados
de sofisticación está programado. Nosotros utilizamos diferentes agentes exógenos
de observación de estructuras para ver ya sea redundante la información que nos
ayuda a obtener o no. Nosotros utilizamos parcialmente y completamente agentes
endógenos de observación de estructuras para obtener asignaturas WTP para encontrar formación. Encuentro que no hay evidencia que indique que la información
redundante ayuda a los sujetos a tomar mejores decisiones, lo que significa que los
sujetos en el tratamiento donde tienen acceso a la información redundante no se
desempeñan mejor que los sujetos en el tratamiento dónde la asignaturas a hacer
no tienen acceso a la redundante información, y este resultado es consistente con
mi predicción teórica. Pero si observamos la demanda de información de los sujetos
(WTP para ver la conjetura del Jugador 1), encuentro que surgen varios patrones
de comportamiento. Primero, los sujetos están dispuestos a pagar precios más altos
que los teórico predicción . Este resultado hechos para aquellos de Bou Ysàs et al.
(2013) y Powdthavee and Riyanto (2015), quienes encuentran que las personas pagan una cantidad significativa de dinero por información inútil. Segundo, encuentro
patrones persistentes en la sobrevaloración de información de los sujetos : el primer
patrón es que tienden a pagar más dinero por información adicional si tienen una
baja percepción de la sofisticación de sus oponentes . El segundo patrón es lo que
llamamos efecto de dotación de información , lo que significa que si los sujetos alguna vez tuvieron información gratuita, tienden a pagar más dinero a mantener eso
en la futuro. Muchas investigaciones han cuestionado el supuesto fundamental de la
capacidad de los agentes humanos para hacer inferencias correctas y tener acceso a
la contribución y la revisión del modelo canónico de aprendizaje observacional. Dos
alternativas importantes son la negligencia en la correlación, lo que significa que los
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agentes tratan las señales correlacionadas como señales independientes y el exceso de
confianza. En este capı́tulo contribuyen a esta rama de la literatura enfocándose en
el supuesto de CKR y probando los efectos de los cambios en la creencia acerca de la
sofisticación de los oponentes . Tengo un proyecto en curso que va un paso más allá
en la dirección de este capı́tulo. Implementaré un experimento sobre aprendizaje
observacional que los sujetos enfrentarán tanto con oponentes racionales como con
oponentes irracionales que cometen el error de negligencia de correlación, un error
común que las personas cometen en el proceso de aprendizaje observacional (Eyster
et al., 2018), y los sujetos han de identificar los patrones de toma de decisiones de
sus predecesores. En este proyecto, voy a ser capaz de examinar cómo las personas
detectan errores de otras personas y aprender de forma selectiva de otras personas
en el proceso de observación de aprendizaje.

Capı́tulo 3
En el capı́tulo 3, se estudia cómo la complejidad de una tarea afecta a la toma de
decisiones de las personas en la contexto de de juegos de observación del aprendizaje.
Los juegos de observación del aprendizaje son aquellos secuenciales que aparecen en
un entorno de valor común, y cada jugador tiene información limitada sobre el estado del mundo. Cada jugador en el juego trata de formar la mejor estimación del
estado del mundo en función de su propia información privada y la información que
infieren a partir del comportamiento de otras personas. Debido a que el aprendizaje
por observación implica el proceso de decodificación de la información privada de
otras personas de su comportamiento, el efecto de la complejidad podrı́a desempeñar
un papel importante en el proceso de interacción y una forma de aumentar la complejidad de la tarea es aumentar la información que necesita estar descifrado. Es
ampliamente reconocido que la complejidad de una tarea afecta a la toma de decisiones de la gente y los modelos económicos para su papel de la complejidad. Con
respecto a los efectos de la complejidad en la toma de decisiones, en general se cree
que la complejidad reduce la precisión de la toma de decisiones y las personas tienen
una tendencia natural a evitar tareas complejas. Hay algunos estudios empı́ricos
que apoyan esta visión. Por ejemplo, Ellison and Ellison (2009) estudian cómo las
compañı́as de Internet usan la debilidad de las personas para manejar la complejidad y encuentran que cuanto más fácil sea la búsqueda de precios, mayor será la
sensibilidad al precio y las compañı́as frustrarán intencionalmente las búsquedas de
precios de los consumidores (ya que los autores lo etiquetan como una ofensa ) para
reducir la sensibilidad al precio del consumidor. Sitzia and Zizzo (2011) encuentran que en el mercado minorista, la complejidad del producto tiene el potencial de
aumentar el consumo. Wilcox (2011) estudia los efectos de incentivos en asignaturas de actuación en las opciones binarias con diferentes grados de complejidad y
encuentra que cuando los incentivos son bajos, la complejidad afecta negativamente
la precisión de las decisiones, pero el efecto de la complejidad desaparece cuando
los incentivos son altos. Sonsino et al. (2002) presentan evidencia experimental que
muestra que los sujetos tienen una aversión hacia la complejidad en las elecciones
con incertidumbre y la complejidad conducirá a decisiones subóptimas. Huck and
Weizsäcker (1999) encuentran que, en el contexto de elecciones experimenta, los su-
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jetos que son más propensos a desviarse de las elecciones óptimas si el número de
resultados posibles aumenta. Además, muestran que los sujetos tienen una tendencia a evitar alternativas relativamente complejas y su actitud de riesgo también se ve
afectada por la complejidad de la tarea. Charness et al. (2018) encuentran que los
resultados de obtención de género diferencia en riesgo las preferencias de depender
en la complejidad de los protocolos utilizado en el experimento
Hay principalmente tres preguntas de investigación que quiero estudiar: primero,
¿será complejo afectar la precisión de la toma de decisiones de un sujeto en el proceso
de observación de aprendizaje? En segundo lugar, ¿cómo afecta la complejidad de
la tarea a la información de las personas? ¿Adquisición en el proceso de aprendizaje
observacional? En tercer lugar, ¿cambiarán los efectos de la capacidad de reflexión
cognitiva de los sujetos con el grado de complejidad de la tarea?
Adopto juegos de aprendizaje observacional de 3 etapas en mi experimento.
Cada jugador tiene una señal privada, que es un código binario variable. Todos los
jugadores deben adivinar la total suma de señales privadas de todos los jugadores.
Hay dos tipos de formas de juego utilizadas en mi experimento: los tratamientos de
tarea simple , en los que solo hay un jugador en cada etapa. Otro tipo de formas de
juego utilizadas en este experimento se denominan tratamientos de tarea compleja ,
en los que yo creo una tarea de aprendizaje más compleja al agregar un jugador en
la segunda etapa a los tratamientos de tarea simple . En los tratamientos de tarea
compleja , hay dos jugadores que toman decisiones simultáneamente en la segunda
etapa. Desde la perspectiva del jugador en la última (tercera) etapa, las tareas
en los tratamientos de tarea compleja son más complicadas que las tareas en los
tratamientos de tarea simple en el sentido de que el jugador en la última etapa en
tratamientos de tarea compleja tiene más información a decodificar. Al comparar el
desempeño de los sujetos en estos dos tratamientos, podemos responder la Pregunta
1. Utilizo estructuras observacionales exógenas y endógenas en mis experimentos.
Este diseño me permite estudiar no solamente la actuación de jugadores sino también
su comportamiento de adquisición de información. Esto me permite responder a la
segunda pregunta. Además, utilizo los datos recopilados al final de mis experimentos
sobre preferencias de riesgo y capacidad de reflexión cognitiva para estudiar, cómo
la reflexión cognitiva afecta el comportamiento de los sujetos. También me interesa
estudiar si los efectos de la reflexión cognitiva cambian cuando cambia el grado de
la tarea. Al hacer esto, puedo abordar la tercera pregunta.
Como para la primera pregunta, encuentro que, en el contexto de mi experimento
la flexibilidad de una tarea no reduce la precisión de la toma de decisiones. Este
resultado parece contradictorio en el sentido de que la complejidad no reduce la
precisión de la toma de decisiones de los sujetos, lo cual no es compatible con muchos
estudios empı́ricos. La explicación es que los sujetos adoptan un enfoque heurı́stico
no bayesiano para procesar la información (por ejemplo, podrı́an simplemente tomar
el promedio de las conjeturas de sus predecesores Garcia-Retamero et al. (2006). por
lo tanto , los tratamientos de tarea compleja pueden no ser más complicados que los
tratamientos de tarea simple para los sujetos.
Respecto a la segunda cuestión. Encontramos que los sujetos con la tarea más
complicada están menos dispuestos a pagar dinero para buscar información adicional. Es posible que los sujetos en los tratamientos de tareas complejas tengan
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más fuentes de información de los jugadores en la segunda etapa del juego, y toda
la información de los jugadores en la segunda etapa esté correlacionada con la información del jugador 1, por lo tanto, el jugador 3 cree que no es necesario comprar
información adicional al Jugador 1. La otra explicación es que, dado que tenemos
una capacidad limitada de procesamiento de información , los sujetos en los formularios de juego de tareas complejas pueden sentirse sobrecargados o satisfechos con
la información que ya tienen, por lo tanto, tienen una menor disposición a pagar
por información adicional.
Con respecto a cómo la reflexión cognitiva afecta la decisión de los sujetos, encuentro que los sujetos reflexivos pagan menos para comprar información adicional
en tratamientos de tareas complejas, mientras que en los tratamientos de tarea simple, no hay evidencia de que la reflexión cognitiva tenga algún efecto sobre el comportamiento de los sujetos. En otras palabras, los efectos de la reflexión cognitiva
dependen de la complejidad de la tarea. Este resultado con Charness et al. (2018),
quien encontrar que los resultados de género diferencian en riesgo preferencial cualitativamente, cambia cuando cambia el grado de complejidad del mecanismo de la
elicitación. Ellos usan el Holt and Laury (2002) el mecanismo de elicitación, con una
representación más simple para obtener la preferencia de riesgo de los sujetos. Si
bien los estudios que utilizan la elicitación de Holt y Laury (2002) como mecanismo
generalmente hacen que no se encuentre un significativo género de diferencias en
riesgo preferencial, Charness et al. (2018) encuentran que la presentación más simple del mecanismo de provocación de Holt y Laury (2002) dé como resultado una
diferencia significativa de género en cuanto que las mujeres son más adversas al riesgo
que los hombres. En mi experimento, no encuentro evidencia de que el desempeño
de los sujetos en CRT pueda predecir su comportamiento en los tratamientos de
tarea simple, pero en los tratamientos de tarea compleja, los sujetos reflexivos están
dispuestos a pagar un precio significativamente más bajo por información adicional
que el resto de las asignaturas. Para Charness et al. (2018), se encuentran con que
los resultados y las diferencias de género se ven afectados por el grado de complejidad utilizado en el experimento, y yo encuentro con que el efecto de la reflexión
cognitiva también se ve afectada por el grado de complejidad de la tarea. Por lo
tanto, tanto Charness et al. (2018) y este capı́tulo confirman que la complejidad de
los protocolos que utilizamos en mis experimentos puede afectar cualitativamente a
las conclusiones.

Chapter 1
Fooling or Pooling: An
Experiment on Signaling 1
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CHAPTER 1. POOLING OR FOOLING

1.1

Introduction

The analysis of positional advantages in sequential markets with incomplete
(asymmetric) information has been the object of an extensive discussion within the
theory of Industrial Organization.2 This literature has been enriched by the theoretical and empirical research on strategic information transmission pioneered by
Crawford and Sobel (1982), where better informed first movers have the possibility
of manipulating the information they hold via the actions they take.3 These issues
are of primary importance in a wide variety of economic scenarios -e.g. in financial
markets, where traders deal with information as their main economic resource. But
other contexts display this same trade-off, such as when competing firms have to decide on the timing of adoption of a new technology -or a specific marketing strategyunder some uncertainty over the underlying technology or consumer preferences.
In all these situations, there are two conflicting considerations faced by early
movers:
(i) On the one hand, choosing early on a revealing strategy may have a preemption
component, in that it could reduce the strategic possibilities of late movers
(Hopenhayn and Squintani, 2011). For instance, in financial markets, traders
may want to maximize the chances to buy/sell the right assets in the right
moment and, by doing so, eliminate the arbitrage opportunities of later movers.
(ii) On the other hand, early movers may prefer to choose a non-revealing strategy
and thus hide their private information. This may happen, for instance, in
situations in which firms compete under uncertain demand and early movers
may suffer from revealing their private information if the latter is not perfectly
correlated with that of their competitors (Gal-Or, 1987).
To analyze these issues, this chapter considers a strategic environment that,
building upon the related experimental literature, is richer than the commonly used
setup but still manageable and intuitive. Specifically, we design an experiment
inspired on the 3-player version of the so-called Chinos Game (Feri et al., 2011;
Ponti and Carbone, 2009). This is a simple game played by kids in many countries
in which players hold a private signal (coins, or pebbles, they hide in their hand)
and have to guess, in some pre-specified order, their total sum. At the time a player
has to produce her guess, she is informed about her own signal and the guesses of
all her predecessors.4
We study two versions of this game. In one of them, labeled the Preemption
Scenario (PS), the winner is set to be the first player whose guess coincides with
the sum of signals or, in case no player gets the sum of signals right, the prize goes
2

Gal-Or (1985), for example, shows that first movers have a positional advantage in games with
strategic substitutabilities; Rasmusen and Yoon (2012) proves an analogous conclusion when the
amount of information first movers hold is only modestly superior to that of their competitors.
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There is also another strand of literature that studies positional advantages from a psychological point of view. See, for example, Apesteguia and Palacios-Huerta (2010), ?, Kocher et al.
(2012) or Feri et al. (2013).
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to the last player in the sequence.5 As the alternative treatment, we consider a
second version of the Chinos Game that we call the Copycat Scenario (CS). The CS
shares the same game-form of the PS, the only difference being that the winner now
coincides with the last player whose guess coincides with the sum of the signals or,
in case nobody gets it right, with the first player in line.
However stylized, our experimental setup captures an essential dilemma faced by
agents in many signaling situations. To fix ideas, consider the following example.
Example: A fresh “window” for investment opens up in a certain market, associated with some new technology developed elsewhere. (For example, faster
Internet access allows new ways to provide entertainment to the household.)
A priori, there are a finite number of possible approaches that can be pursued. In practice, however, only one of them is really technologically adequate
(or matches sufficiently well consumer preferences). That is, all other firms
perform much worse and, for simplicity, we assume that comparably so.
To start with, there are three firms operating in this market. Each of them
receives a binary signal in the set {0, 1}, indicating how to address a particular aspect of the problem. In the end, as it turns out, the right investment
approach is uniquely characterized by the sum of the three signals received by
the firms. In this respect, all three firms are symmetric. There are, however,
two other respects in which they are not. On the one hand, they have to make
their investment choice in some pre-specified order and this is an important
source of asymmetry. On the other, one of them enjoys a dominant position
in the market, in the sense that, if no adequate approach is undertaken by
any firm, then the dominant firm captures the market with its suboptimal
approach.
In principle, one may combine order- and dominance-asymmetry in different
ways. Here, for the sake of focus, we consider the following two possibilities,
which are those that arguably highlight most starkly the issues involved by
balancing preemption and dominance.
PS. The dominant firm moves last and early movers enjoy a preemption advantage, i.e. if a firm develops the right approach first, it captures the
whole market.
CS. The dominant firm moves first and late movers enjoy a copycat advantage,
i.e. if a firm is the last one to develop the right approach, it captures the
whole market.
The two possibilities considered in the above examples provide economic illustrations of the game-theoretical setups that will be formally introduced below. These
two games allow us to explore in detail, both theoretically and experimentally, the
tension between pooling (i.e., hiding own private information with the aim of acquiring an informational advantage over followers) and fooling (i.e., manipulating own
5

In the commonly played Chinos Game, if no player gets the sum of the signals right, the game
is repeated afresh. We introduce this modification to the original game-form to avoid across-game
strategic considerations that would have substantially complicated the analysis.
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message with the aim of deceiving followers) that is the core of many signaling setups
in economics. They help us understand, in particular, how certain off-equilibrium
behavior (an attempt to fool the opponents) may naturally arise in the latter case
but not in the former, although fooling behavior, per se, cannot be justified on the
ground of some equilibrium behavior. Indeed, as we shall see, such an “irrational”
behavior is found in our experiments and also pays off, at least in the early instances
of repeated play.
A first point to note is that, even though both PS and CS share the same gameform, their contrasting outcome functions dictate completely opposite equilibrium
behavior to first movers, Thus, as our theoretical analysis will show, while in PS
they must fully reveal their private information, in CS they must hide it. In fact,
these games are, in a certain sense, symmetric. On the one hand, Player 1 in PS and
Player 3 in CS (we call them the “target players”) have exactly the same equilibrium
strategy, i.e. to rely on their own signals alone when formulating their guesses.
On the other hand, at equilibrium, the strategies of Player 3 in PS and Player 1
in CS (we call them the “residual claimants”) should carry no informational content
about their own signal. This is because Player 3’s winning chances in PS do not
depend on her own action, while Player 1 in CS should optimally shade (she can
only win if others fail to guess correctly).
Finally, concerning Player 2, her intermediate position in the sequence yields the
most delicate strategic trade-off between revealing and shading. In PS, “responding
to her signal” (and hence revealing it) should be optimal for player 2, but this is
subject to the additional consideration that it never pays to repeat Player 1’s guess.
Instead, in CS Player 2 faces an even more complicated problem: his optimal guess
must involve shading, although a very a specific one, i.e. her pooling strategy must
maximize her winning chances compared to any other such strategy.
In summary, PS and CS can be seen as “twin” games in the sense that each
player’s position in one game has a corresponding position in the other. More precisely, they are inverse-twin games because for Players 1 and 3, the symmetric player
position in the other game is the opposite one. As we shall see, by comparing the
implications of the two game-forms, such inverse-twin feature will help understand
the key notion of positional advantage. Note that, in our model, the players who
hold a positional advantage in the most clear-cut manner are the target players –
i.e. Player 1 in PS, and Player 3 in CS. This, in turn, is reflected in the fact that,
in equilibrium, they play the same strategy and hold the same (highest) winning
probability in both games. Indeed, the fact that they enjoy such a high winning
probability is also confirmed, at a qualitative level, by our experimental evidence.
The experiments, however, also show significant disparities between actual and
equilibrium behavior, as well as in actual and equilibrium winning probabilities.
(This will be clearly shown in Figure 1.1 below.) To anticipate our conclusions in
this respect, these can be succinctly summarized as follows.
• The target player in CS (Player 3) does better than in PS (player 1) because
the former can exploit/decode deviations from equilibrium while the latter
cannot.
• The residual claimants in CS (Player 1) and in PS (Player 3) do better than
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predicted at equilibrium because they “passively” benefit from the (unavoidable) mistakes of others.
• The middle player (Player 2) does worse in CS than in PS because
(a) she can hardly profit from the mistakes of others in either case, but
(b) her decision is substantially more complex in the CS (and hence worsetailored to available evidence).
In sum, we shall argue that the combined analysis of PS and CS provides an ideal
environment to understand signaling in a multilateral context. In particular, it can
shed light on the tension between pooling and fooling that – because of bounded
rationality and the non-equilibrium behavior entailed – plays a key role in so many
real-world applications. Conceptually, the notion of fooling is related to that of
deception discussed in the literature (Crawford, 2003; Gneezy, 2005; Sobel, 2016),
in that it presumes some “model of opponents’ mind.” Indeed, our experiments show
that first movers in the CS often try to fool their followers and they gain by it.
The remainder of the chapter is organized as follows. Section 1.2 provides a brief
synopsis of the theory underlying the experiment. In Section 1.3 we describe the
experimental design, while Section 1.4 summarizes our main results. These include
a comparison of the winning probabilities of “twins position” in each game and also
the effects of various out-off-equilibrium behaviors, as follows. Our results indicate
-among others- that i) in both games residual claimants win more frequently than
in equilibrium -which is already an indirect sign of the relevance of off-equilibrium
behavior and that ii) in CS first-movers successfully fool their followers, but the
benefits from strategic manipulation are diminishing as the game proceeds. Finally,
Section 1.5 concludes, followed by Appendices containing the experimental instructions, the derivation of the equilibrium predictions, and further statistical evidence.

1.2

The model

1.2.1

Game-form

Three players, indexed by i ∈ N = {1, 2, 3}, privately receive an iid signal, si ∈
{0, 1}, with si = 1 with probability p ∈ (0, 1), uniform across players. Players act in
sequence, as indicated by their indices, and have to make a guess, gi ∈ G = {0, 1, 2, 3},
over the sum of players’ private signals, σ = ∑i si . By the time player i makes her
guess, she is informed of her own signal, si , and the guesses of her predecessors,
gj , j < i.

1.2.2

Equilibrium prediction

In what follows, for both PS and CS, we characterize the Perfect Bayesian Equilibrium (PBE) guessing sequences.6 By analogy with our experimental conditions,
we posit p > 32 (with p = 34 in the experiment). This assumption greatly simplifies
6

1B.

A complete description of the PBE equilibria strategies and beliefs can be found in Appendix
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the analysis, since the distribution over the sum of k signals (binomially distributed
as Bin(k, p), for k ≤ 2) is unimodal. Specifically, if Mk (p) is the mode of Bin(k, p)
-i.e., the most likely realization of the sum of k signals- then, for all p > 23 , M1 (p) = 1
and M2 (p) = 2.
In PS the prize goes to the first player who guesses right, i.e., for whom
gi = σ. Otherwise, the prize goes to Player 3. Given the realized vector of signals
(s1 , s2 , s3 ), let g T = (giT ) denoting the PBE guessing sequence of treatment T, with
T ∈ {P S, CS}.
Prediction for PS. In PS all PBE share the following guessing sequence, g P S ∶
g1P S = s1 + 2, g2P S = g1P S − 1 and g3P S ∈ G.

(1.1)

For a complete derivation of the PBE, see Appendix 1B. In words, player 1 has
an incentive to maximize her chance to guess right by choosing the fully revealing
strategy g1P S = s1 + M2 (p) = s1 + 2. As for Player 2, if she observes g1 = 2, she then
learns that s1 = 0. Thus, in order to maximize her chances to guess right, she should
choose g2 = 1 if s2 = 0 and choose g2 = 2 if s2 = 1. However, if she repeats Player
1’s choice (i.e., if g2 = 2) she gets a null payoff. Therefore, it is also optimal for
Player 2 to choose g2 = 1 when s2 = 1. Likewise, if Player 2 observes g1 = 3, then
she learns that s1 = 1. Thus, in order to maximize her chances to guess right, she
should choose g2 = 2 if s2 = 0 and g2 = 3 if s2 = 1. However, since she is restricted by
the non-repetition constraint (i.e., g2 = 3 does not pay), it is also optimal to choose
g2 = 2 when s2 = 1. Finally, any possible choice of the residual claimant Player 3
is part of the equilibrium, since the payoffs of all players (including herself) do not
depend on g3 .
The equilibrium properties of CS are summarized in the following
Prediction for CS. In CS all PBE share the following guessing sequence, g CS ∶
g1CS ∈ G independent of s1 , g2CS = 2 and g3CS = s3 + 2.

(1.2)

For a complete derivation of the PBE, see Appendix 1B. In words, player 1 wins
only if both players 2 and 3 guess wrong. Thus, any pooling strategy by player
1 is consistent with a PBE. As for Player 2, she only gets the prize if she guesses
right and Player 3 does not repeat. Thus, Player 2’s PBE strategy solves optimally
the trade-off between maximizing her winning chances and hiding her own signal to
Player 3. If p > 2/3, this trade-off is solved by an optimal (pure) pooling strategy,
that prescribes g2CS = 2 independent of s2 and g1 . As for player 3, since both Player
1 and Player 2 pool, in equilibrium, she can only condition her play to her own
signal and prior probabilities. This, in turn, implies g3CS = s3 + M2 (p).
Let wiT denote player i’s ex-ante winning probability in treatment
T ∈ {P S, CS}, conditional of any PBE of the corresponding treatment. As for
PS, from (1.1) it follows that w1P S = p2 , w2P S = 2p(1 − p) and w3P S = 1 − p2 − 2p(1 − p).
If p = 3/4 (as in the experiment), then
w1P S = 0.56, w2P S = 0.38 and w3P S = 0.06.
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From (1.2) it follows that w1CS = 1−p2 −2p2 (1−p); w2CS = 2p2 (1−p) and w3CS = p2 .
If p = 3/4, then
w1CS = 0.16, w2CS = 0.28 and w3CS = 0.56.
Notice that
1. Target players do not rely on others’ guesses, but only on their own priors.
Therefore, their strategy (and the corresponding winning probability) is exactly the same.
2. Player 2 is better off in PS despite the no repetition constraint, since, in PS,
Player 1’s guess is fully revealing, while in CS it has no informational content.
It is Player 2 who faces the trade-off between revealing and shading, which is
optimally solved in favor of the former (latter) in PS (CS), respectively.
3. This, in turn, implies that, as for residual claimants, Player 1 in CS is better
off than Player 3 in PS.

1.3
1.3.1

The experimental design
Sessions

Four experimental sessions (two sessions per treatment) were run at the Laboratory for Theoretical and Experimental Economics (LaTEx), at the Universidad
de Alicante. A total of 96 subjects (24 per session) were recruited among the undergraduate population of the University, mainly, undergraduate students from the
Economics Department with no (or very little) prior exposure to game theory. Depending on the session, they played 20 rounds of either CS or PS, between-subjects.
The experimental sessions were computerized. Instructions were provided by a selfpaced, interactive computer program that introduced and described the experiment.
Subjects were also provided with a written copy of the experimental instructions,
identical to what they were reading on the screen.7
After each round, all subjects were informed of all payoff-relevant information,
that is, i) the signal and choice profiles for all group members and, consequently,
ii) the identity of the winner. In addition, they were also provided with a “history
table” tracking down the sequence of signals and guesses of all group members in
previous rounds.

1.3.2

Matching

In all 20 rounds, group composition and role assignment were kept constant.
Both these important features of the experimental design were publicly announced
at the beginning of each session. In every round, each player’s signal was the outcome
of an iid random draw with p = 3/4. Given these experimental conditions, we were
able to collect, for each treatment, 16 independent observations.
7

The experiment was programmed and conducted with the software z-Tree (Fischbacher, 2007).
A copy of the instructions, translated into English, can be found in Appendix 1A.
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1.3.3

Payment

All monetary payoffs in the experiment are expressed in Spanish Pesetas (SP: 1
e=166 SP). All subjects received 1000 SP just for showing up. The fixed prize for
each round was set equal to 100 SP. Average winnings in the experiment were 1660
SP (i.e., 10 e), for an experiment that lasted, on average, 45 minutes.

1.4
1.4.1

Results
Aggregate behavior

Figure 1.1 reports the winning frequencies by treatment and player position and
compares them with the corresponding equilibrium probabilities.8 For each player
position i, let ŵiT be the observed winning frequency in treatment T ∈ {P S, CS},
with ∆wiT = ŵiT − wiT denoting the difference between observed frequencies and
equilibrium probabilities.

Figure 1.1: Observed and theoretical winning probabilities
As for PS, Player 1 (3) wins less (more) frequently than in equilibrium (both
differences are significant at 1% confidence using binomial tests), whereas no significant difference is found for Player 2. As for CS, it is player 1 who wins at a higher
frequency, whereas Player 2 wins less (again, these differences are significant at 1%
confidence), while there is no significant difference between observed and predicted
winning frequencies for Player 3.
Some considerations are in order at this point. As for target players, along
with the equilibrium path, both Player 1 (3) in PS (CS) should guess based on own
private information only: the former because she is the first in line, the latter because
both her predecessors should optimally shade their private signal. However, if early
movers in CS play off-equilibrium -and, by doing so, partially reveal something
8

Figure 1.4 in Appendix 1C is a bar graph of winning frequencies by treatment and player
position with 95% confidence interval bar.
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about their private signal- players’ 3 optimal response consists in exploiting her
predecessors’ signaling. Whether player 3 in CS can benefit from her predecessors’
deviations -and, consequently, gaining a comparative advantage with respect to her
“twin player” in PS- depends on her ability to correctly “decode” such deviations.
Along similar lines, also residual claimants may be affected asymmetrically by
off-equilibrium play. While in PS Player 3 is really “residual”, in the sense that she
wins the prize independently of her own behavior in that none of her predecessors
has guessed right, off-equilibrium signaling from Player 1 in CS may, or may not,
increase her winning chances. To the extent she is able to “fool” her successors (this
is what Sobel (2016) defines as deception), she may outperform her equilibrium
winning chances; if, instead, her signaling is correctly decoded by successors, offequilibrium play may be detrimental.
Finally, comparing the strategic situation of Players 2 in PS and CS, remember
that the behavior of the former is restricted by the non-repetition constraint. By
contrast, Player 2 in CS is restricted by her successor: if both make the same
guess, it is Player 3 who gets the prize. Thus, Player 2 in CS faces the trade-off
between maximizing her winning chances and hiding her own signal from Player 3.
Moreover, Player 2 in CS must also minimize the chances that Player 3 repeats her
own choice. Thus, the nature of the restriction is inherently more compelling in CS
which, in turn, implies that Player 2’s theoretical winning probability in CS is lower
(w2P S = 0.37 and w2CS = 0.28).
In what follows, we shall look at Figure 1 with the aim of identifying to which
extent off-equilibrium play affects players’ performance.
Result 1 (target players). The mean of individuals’ observed winning frequency
of Player 3 in CS is significantly higher than that of Player 1 in PS (at 5%
confidence, Mann Whitney test), although -in equilibrium- they should be
exactly the same.
While Player 1 in PS and Player 3 in CS are in strategically similar positions,
when mistakes occur they are in drastically different ones. No significant differences
should be expected in a once-and-for-all play of the game: payoffs should be approximately equal. However, if the game is repeated over time and players can learn
the “deviation patterns” of others, Player 3 in CS can profit from learning how to
decode such patterns, while Player 1 in PS cannot. This manifests itself in the fact
that Player 3 in CS obtains significantly higher payoffs than Player 1 in PS. 9
In other words, Result 1 indicates that Player 3 in CS exploits her positional
advantage. This suggests that, in environments where there is conflict of incentives
among agents who act sequentially, late-movers may be able to properly use the
information obtained from predecessors’ mistakes and benefit from it.
Result 2 (residual claimants). In both treatments, residual claimants win more
compared with the theoretical prediction. There is no significant difference
between ∆w1CS and ∆w3P S .
9

Please see the results of action classification method where we investigate the effects of Player
1’s off-equilibrium behavior.
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Interestingly, both residual claimants -Player 3 (1) in PS (CS), respectively- win
significantly more with respect to their equilibrium benchmark. This is already indirect evidence of suboptimal play on behalf of the other group members. Remember
that Player 3 in PS -contrary to Player 1 in CS- does not have any possibility to
influence others. Since the theoretical winning probabilities differ across residual
claimants (w3P S = 0.06 and w1CS = 0.16), we compare the differences between observed and theoretical winning frequencies.
Since players’ payoff shares deviate significantly from those induced by equilibrium, significant deviations from equilibrium must occur. Who benefits from these
deviations? Residual claimants do. This means that these players residual role in
terms of the rule of the game (they win when others do not) gets transformed into
in an equal share in the residual payoffs that are left on the table when others make
mistakes.
Thus, there are no significant differences in the residual claimants’ performance,
compared with the equilibrium benchmark. However, they may be heterogeneity
across groups, so that some of Player 1 in CS could be more able to exploit their
first-mover advantage, compared to others. In other words, the more sophisticated
Player 1 may be more able to use her positional advantage to mislead her followers and increase her own payoff. To check this conjecture, Result 3 compares the
performance between the 75% of best-performing residual claimants in PS and CS.
Result 3 (best-performing residual claimants). For the best performing residual claimants, ∆w1CS is significantly higher than ∆w3P S (at 5% confidence).
Finally, in order to check whether the extra complexity of the restriction in
CS hurts Player 2 compared to her counterpart in PS, we compare the differences
between observed and theoretical frequencies, ∆w2 , in the following result.
Result 4 (intermediate players). ∆w2CS is significantly lower than ∆w2P S (at 1%
confidence).
As explained in Results 1-3, when mistakes occur, the payoff differences across
players in strategically similar positions in CS and PS are essentially due to either differences in learning potential or differences in fooling/revealing potential.
Mistakes, however, also bring about an additional consequence: they complicate
the analysis of the strategic situation. The equilibrium can no longer be used to
predict/understand the behavior of others and, therefore, players must resort to
decoding systematic patterns from past evidence. The difficulty of this endeavor
depends on how sharply defined are the incentives of the agents whose behavioral
patterns are to be decoded. In this sense, PS is much simpler than CS : in PS, any
player simply wants to guess right. In contrast, in CS, depending on the player
position, there are incentives both to guess right -for Player 3 and, partially, for
Player 2- and to hide information -for Player 1 and, partially, for Player 2. This
is why CS is the game where mistakes introduce higher complexity in the analysis.
And, given such complexity, the player most affected by it should be Player 2, who
is simultaneously facing the need to guess right and hide private information. This
explains Result 4, which tells us that Player 2 is the player whose payoff share falls
significantly below the equilibrium prediction.
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Individual behavior

This section looks at two complementary informational dimensions, which play
different roles in the two treatments.
1. Signaling: the extent to which players’ guesses reveal their own private signals. This may appear in two forms: revealing, when own guesses are positively
correlated with own signals; or fooling, when own guesses are negatively correlated with own signals.
2. Decoding: the extent of players’ ability to gather the private information
held by their predecessors.
In principle, both forms of signaling, either revealing or fooling, are suboptimal in CS, as they give followers a chance to decode. By contrast, (no repetition
constrained) revealing is the only rational behavior in PS.
As we have just shown, off-equilibrium behavior has asymmetric effects in the
two game-forms under scrutiny:
• in PS, if Player 1 fails to signal her private information, this may give her followers improved winning chances, although her mistakes might mislead others,
giving rise to error cascades (Feri et al., 2011);
• in CS, if Player 1 fails to hide her private information (by either revealing, or
fooling), this may give her followers improved winning chances conditional on
their ability to decode the signaling content of predecessors.
Given these considerations, we analyze subjects’ off-equilibrium behavior by way
of two complementary methods:
1. Correlation method. We compute i) the correlation between subjects’ own
private signals and guesses and ii) the correlation between own guesses and
those of predecessors. The former is a proxy of the signaling content of guesses;
the latter measures the extent of decoding.
2. Actions classification method. We first partition actions according to their
signaling content. In PS we look at the consequences of Player 1’s deviation
from her (fully revealing) optimal strategy; in CS we distinguish between revealing and fooling on behalf of Player 1 and look at the consequences of these
alternative behaviors on winning frequency profiles.
In what follows, we shall report the results of the correlation methods. The
analysis of the action classification method (to be considered as a robustness check
and remedy for the problem of sample sample in correlation method) can be found
in Appendix 1B. There we find that i) in PS off-equilibrium play from Player 1
mostly favors Player 2 and is reduced as the game proceeds and ii) in CS fooling
behavior from Player 1 is successful, mostly at the expense of Player 3 although also
this phenomenon is drastically reduced in the last repetitions of the game.
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Let c(gi , si ) (c(gi , gj ), i < j) denote, respectively, the correlation coefficients between own guesses and signals (own and predecessors’ guesses) evaluated across the
20 rounds of play, where the former is a proxy of the degree with which a subject
reveals her private signal and the latter captures the dependence of followers’ guesses
on the information revealed by predecessors.
Table 1.7 in Appendix 1C reports the correlation coefficients between guesses
and private signals for all 32 matching groups. There are some results of the
CS worth highlighting: As for Corr(g1 , s1 ) and Corr(g2 , s2 ), the PBE predicts
Corr(g1 , s1 ) = Corr(g2 , s2 ) = 0, meaning that Player 1 and 2 hide their private signals by not relating their private signals with their guesses, but we find that in 9
out 16 groups, g1 and s1 are negatively correlated and 7 out of 16 groups, g1 and
s1 are positively correlated. For 14 out of 16 groups, Corr(g2 , s2 ) is positive and
the mean of Corr(g2 , s2 ) is 0.480. These results indicate that Player 1 and Player 2
do not hide their private signals well and they might try to mislead their followers.
For Player 3 in CS, the PBE predicts that Corr(g3 , g1 ) = Corr(g3 , g2 ) = 0, which
means that Player 3 should ignore the information from Player 1 and Player 2, but
for Corr(g3 , g1 ), we find that, in 12 out of 16 groups, g3 are positively correlated
with g1 and in 4 out of 16 groups, g3 is negatively correlated with g1 . The similar
pattern holds for Corr(g3 , g2 ), 15 groups have positive correlation coefficients of g3
and g2 , and the mean of Corr(g3 , g2 ) is 0.485. In summary, Player 1 and 2 in CS
do not behave as the theory prescribes to pool and Player 3 tries to decode Player
1 and Player 2’s private signals.
Table 1.1 reports the estimated coefficients of some OLS regressions,
pwini = α + ∑ β1i c(gi , si ) + ∑ ∑ β2i,j c(gi , gj ) + uit ,
i

(1.3)

i j<i

where the dependent variable, pwini , is the relative frequency of winning rounds
for the player i of some matching group. The most interesting fact is that, in
CS, the winning probability of Player 1 (3) is decreasing (increasing) in c(g1 , s1 ),
respectively. This result shows that Player 3 gets hurt if Player 1 fools.

1.5. CONCLUSION
PS
VARS.
pwin1
c(g1 , s1 ) 0.144**
(0.052)
c(g2 , s2 ) 0.016
(0.065)
c(g3 , s3 ) -0.002
(0.091)
c(g2 , g1 ) -0.01
(0.048)
c(g3 , g1 ) 0.061
(0.082)
c(g3 , g2 ) -0.13
(0.075)
Constant 0.352***
(0.055)
Obs.
16
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pwin2
-0.12
(0.098)
0.08
( -0.122)
0.205
(0.172)
0.005
(0.092)
0.262
(0.156)
-0.161
(0.142)
0.374***
(0.104)
16

pwin3
-0.024
(0.1)
-0.096
(0.124)
-0.204
(0.175)
0.005
(0.093 )
-0.323*
(0.158)
0.291*
(0.144)
0.274**
(0.106)
16

CS
pwin1
-0.196*
(0.096)
-0.099
( -0.086 )
-0.263**
(0.109)
0.033
(0.074)
-0.024
(0.093)
0.024
(0.128)
0.425***
(0.089)
16

pwin2
-0.124
(0.084)
0.071
(0.075)
-0.171
(0.096)
-0.033
(0.065)
0.047
(0.081)
-0.402***
(0.112)
0.368***
(0.078)
16

Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

pwin3
0.319**
(0.127)
0.028
(0.114)
0.434**
(0.145)
0
(0.098)
-0.023
(0.123)
0.378*
(0.17)
0.207
(0.119)
16

Table 1.1: OLS regression of winning frequencies on correlations coefficients
As Table 1.1 shows, while in PS the coefficient of c(g1 , s1 ) is positive (this indicating that revealing pays off for Player 1), the reverse occurs in CS. In addition,
in CS the impact of c(g1 , s1 ) on pwin3 is positive and highly significant. We are
interested in determining whether these results from CS are due to the fact that
fooling behavior is successful (harmful) for Player 1 (Player 3), rather than revealing is harmful (successful) for Player 1 (Player 3), respectively. With this objective,
Table 1.6 in Appendix 1C decomposes the effect of c(g1 , s1 ) into two components,
depending on whether it is positive or negative. As Table 1.6 shows, we see that
fooling has an impact on winning prospects of players 1 and 3 while revealing has
not.

1.5

Conclusion

This chapter builds upon the intriguing structure of a sequential game that
enriches the strategic content of classic models of signaling. The comparison between
PS and its “opposite twin”, CS, unravels, in its simplicity, the tension between
signaling and shading, between pooling and fooling. If we focus on target players
(i.e., those who enjoy a positional advantage) and residual claimants (i.e., those who
suffer a positional disadvantage), in PS there are no confounding factors determining
how players’ performance is affected by off-equilibrium behavior. This is due to the
fact that the target Player 1 exclusively suffers from her own deviations (regardless of
others’ choices) and the residual claimant Player 3 exclusively benefits from others’
deviations (regardless of her own choice). By contrast, in CS the effects of outof-equilibrium behavior for targets and residual claimants are more intricate: in
addition to suffering from her own deviations, the target Player 3 may either benefit
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or be harmed by predecessors’ deviations, to the extent to which she is able to
properly decode or is fooled. Relatedly, deviations from equilibrium of the residual
claimant Player 1 can also affect her performance, either negatively (if successors
are, to some extent, able to infer her private information) or positively (if she is
able to fool her followers). In this sense, PS may be conceived as a benchmark
and the comparison of CS with PS allows us to study whether (out-of-equilibrium)
manipulation pays off. In this sense, the position of Player 1 in PS is strategically
comparable with that of Player 1 in the All Win Game (AWG) analyzed in Feri et al.
(2011), that is, a (non zero-sum) variant of the Chinos Games analyzed here in which
all players who guess correctly win the prize. In this game, players’ incentives are
perfectly aligned, so that full revealing is the only admissible strategy. Interestingly
enough, the winning frequency for Player 1 in AWG is slightly higher than in PS,
where we cannot reject the null of no difference in means of individual winning
frequencies across treatments using Mann-Whitney test (p > 20%).
In this respect, the relative success of fooling behavior in CS, against the equilibrium prediction can be interpreted as their belief in their opponents’ lack of sophistication. It is important to notice that, in our experimental setting, fooling pays off
in CS, although only in short-run. This pattern confirms the findings of Forsythe
et al. (1999), in that players who are most frequently lied to are less gullible in
the continuation of the experiment, although subjects who observe that others are
particularly gullible, do not exploit the observation with more lying.
Overall, we find that first movers’ gains from fooling are offset by their positional
disadvantage and that followers are more successful in decoding prior messages as the
game proceeds. This may confine fooling as a short-run phenomenon. Additionally,
the asymmetric effects of fooling and revealing strategy echo the results of Sutter
(2009), suggesting that also truth-telling might be a tool for strategic manipulation.
In sum, our simple games of incomplete information embody -in a stylized setupthe incentives to signal and shade one’s own private information that arise in most
interesting applications. In this respect, Result 2 plays, essentially, a reassuring
role: residual players in each game are symmetrically affected by mistakes. The
main insights then follow from Results 1, 3 and 4, all of which highlight a separate
important factor: Result 1 centers on coding, Result 3 on fooling, and Result 4
on complexity. To understand their role, we have considered pairs of agents who
are placed in strategically similar positions in each game, so that their respective
behavior predicted at a (mistake-free) equilibrium is similar as well. Admittedly,
the factors highlighted in our analysis are particularly stark because of the equally
stark contrast displayed by the two games under consideration. However, the same
three factors should be at play in more complicated games as well.

1.5. CONCLUSION
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Appendix 1A Experimental Instructions
Part of the instructions common to CS and PS:
Welcome to the experiment! This is an experiment to study how people solve
decision problems. Our unique goal is to see how people act on average; not what
you, in particular, are doing. That is, we do not expect any particular behavior
of you. However, you should take into account that your behavior will affect the
amount of money you will earn throughout the experiment. These instructions
explain the way the experiment works and the way you should use your computer.
Please do not disturb the other participants during the course experiment. If you
need any help, please, raise your hand and wait quietly. You will be attended as
soon as possible.
How to get money! This experimental session consists of 20 rounds in which
you and two additional persons in this room will be assigned to a group, that is
to say, including you, there will be a total of three people in the group. You and
each of the other two people will be asked to make a choice. Your choice (and the
choices of the other two people in your group) will determine the amount of money
that you will earn after each round. Your group will remain the same during the
whole experiment. Therefore, you will be always playing with the same people.
During the experiment, your earnings will be accounted in pesetas. At the end of
the experiment, you will be paid the corresponding amount of Euros that you have
accumulated during the experiment.
The game. Notice that you have been assigned a player number. Your player
number is displayed at the right of your screen. This number represents your player
position in a sequence of 3 (Player 1 moves first, Player 2 moves after Player 1 and
Player 3 moves after Players 1 and 2). Your position in the sequence will remain the
same during the entire experiment. At the beginning of each round, the computer
will assign to each person in your group (including yourself) either 0 tokens or 1
token. Within each group, each player is assigned 0 tokens with a probability of
25% and is assigned 1 token with a probability of 75%. The fact that a player is
assigned 0 tokens or 1 token is independent of what other players are assigned; that
is to say, the above probabilities are applied separately for each player.
At each round, the computer executes again the process of assignment of tokens
to each player as specified above. The number of tokens that each player is assigned
at any particular round does not depend at all on the assignments that he/she had in
other rounds. You will only know the number of tokens that you have been assigned
(0 or 1), and you will not know the number of tokens assigned to the other persons
in your group. The same rule applies to the other group members (each of them
will only know his/her number of tokens).
At each round you will be asked to make a guess over the total the number of
tokens distributed among the three persons in your group (including yourself) at
the current round. The other members of your group will also be asked to make
the same guess. The order of the guesses corresponds to the sequence of the players
in the group. That is to say: Player 1 makes his/her guess first, then Player 2
makes his/her guess and, finally, Player 3 makes his/her guess. Moreover, you will
make your guess knowing the guesses of the players in your group that moved before
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yourself. Therefore, Player 2 will know Player 1’s guess and Player 3 will know both
Player 1 and Player 2’s guesses.
At each round, there is a unique prize of 50 pesetas that will be assigned to one
player in the group. The remaining players will earn nothing.
Part of the instructions specific of PS:
The rule for assigning the prize in the group is as follows: (i) If for one or more
players of the group, the guess coincides with the total number of tokens distributed
in the group, the prize is assigned to the first player in the sequence who guessed
the total number of tokens. (ii) If there is no player whose guess coincides with the
total number of tokens in the group, the prize is assigned to Player 3.
Let us see examples of case (i): If all the three players guess the total number
of tokens, the prize is assigned to Player 1. If only Players 2 and 3 guess the total
number of tokens, the prize is assigned to Player 2. Obviously, if only one player
guesses the total number of tokens, the prize is assigned to her.
Part of the instructions specific of CS:
The rule for assigning the prize in the group is as follows: (i) If for one or
more players of the group, the guess coincides with the total the number of tokens
distributed in the group, the prize is assigned to the last player in the sequence who
guessed the total number of tokens. (ii) If there is no player whose guess coincides
with the total number of tokens in the group, the prize is assigned to Player 1.
Let us see examples of case (i): If all the three players guess the total number
of tokens, the prize is assigned to Player 3. If only Players 1 and 2 guess the total
number of tokens, the prize is assigned to Player 2. Obviously, if only one player
guesses the total number of tokens, the prize is assigned to her.

1.5. CONCLUSION

17

Appendix 1B Theory: Perfect Bayesian Equilibria
(PBE)
We focus on behavioral strategies, defined in conventional fashion as a mapping
from information sets to (possibly probabilistic) choices. Let Hi denote the collection
of player i’s information sets. For player 1, we can simply write H1 ≡ {h = s1 ∶ s1 =
0, 1}, since she has only two information sets that can be associated to each of the
possible realizations of s1 . For players 2 and 3, information sets can be defined as
H2 ≡ {h = (g1 , s2 )} and H3 ≡ {h = (g1 , g2 , s3 )}, respectively. Player i’s behavioral
strategy is denoted by γi ∶ Hi → ∆(G), where γih (gi ) stands for the probability of
choosing gi at information set h.
Next, we define players’ beliefs as systems of probabilities of signals conditional
on choices. Given that signals are iid and choices are publicly observed, we make the
simplifying assumption that later movers hold common beliefs of previous signals.
First, we have the system {µ1 (g1 )}g1 ∈G , where µ1 (g1 ) ∈ [0, 1] is the probability
associated (by players 2 and 3) to s1 = 1 when the choice of player 1 has been g1 .
Analogously, we have {µ2 (g1 , g2 )}g1 ,g2 ∈G , where µ2 (g1 , g2 ) ∈ [0, 1] is the probability
associated (by player 3) to s2 = 1 when the choices of players 1 and 2 have been g1
and g2 , respectively.
Perfect Bayesian Equilibrium of the Preemption Scenario
Since in PS Player 3’s behavior is irrelevant, let us define the PBE focusing on
γ1 , γ2 and {µ1 (g1 )}g1 ∈G . Let p > 2/3. In a PBE of the PS, the following conditions
must hold:
(s )
γ1 1 (s1 + 2) = 1 for all s1 ∈ {0, 1}
(g ,s )
(1.4)
γ2 1 2 (g1 − 1) = 1 for all g1 ≥ 2 and s2 ∈ {0, 1}
1
1
µ (2) = 0, µ (3) = 1.
Out of the PBE equilibrium path, i.e. when g1 < 2, µ1 (g1 ) is unrestricted.
(g ,s )
Depending on the specific values adopted for such belief, the corresponding γ2 1 2 (.)
would follow. For completeness, we shall construct a complete PBE of the PS
combining (1.4) and (1.5):10
(0,s )

γ2 2 (s2 + 1) = 1 for all s2 ∈ {0, 1}
(1,0)
(1,1)
γ2 (0) = γ2 (2) = 1
µ1 (g1 ) = 0 for all g1 < 2.

(1.5)

Perfect Bayesian Equilibrium of the Copycat Scenario
Let p > 2/3. In a PBE of the CS, the following conditions must hold:
10

Here we are using the same (out of equilibrium) belief criterion as ?: if a player plays suboptimally, successors believe that she has the signal that, conditional on her choice, minimizes
losses.
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(0)

(1)

γ1 (g1 ) = γ1 (g1 ) for all g1 ∈ G
(g ,s )
γ2 1 2 (2) = 1 for all g1 ∈ G and s2 ∈ {0, 1}
(g ,g ,s )
γ3 1 2 3 (s3 + 2) = 1 for all g2 ≥ 2 and s3 ∈ {0, 1}
µ1 (g1 ) = p for all g1 ∈ G
µ2 (g1 , 2) = p for all g1 ∈ G
µ2 (g1 , 3) ≥ p/(3p − 1) for all g1 ∈ G

(1.6)

Note that, in order to have an equilibrium, it is necessary that Player 3 believes,
with a sufficiently high probability, that Player 2 is rational: That she does not
choose g2 = 3 when s2 = 0. When g2 < 2, µ2 (g1 , g2 ) is unrestricted. Depending on the
(g ,g ,s )
specific values adopted for such belief, the corresponding γ3 1 2 3 (.) would follow.
For completeness, we shall construct a complete PBE of the CS combining (1.6) and
(1.7):11
(g ,g ,s )
γ3 1 2 3 (s3 + 1) = 1 for all g2 < 2 and s3 ∈ {0, 1}
(1.7)
µ2 (g1 , g2 ) = 0 for all g2 < 2.

It can be shown that, independently of the value of µ2 (g1 , g2 ) for each g2 < 2 and the cor(g ,g , )
responding best response of Player 3 (γ3 1 2 s3 ), Player 2 never finds it profitable to deviate to
choose g2 < 2.
11

1.5. CONCLUSION
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Appendix 1C Additional statistical
We now look at the effects of off-equilibrium behavior of Player 1 on players’
winning chances and the resulting learning dynamics using the action classification
method. In PS we look at the consequences of Player 1’s deviation from her optimal
fully revealing strategy; in CS we focus on the effects, on behalf of Player 1, of using
a signaling strategy, either revealing or fooling.12 In both cases, we look at the full
dataset first and then we split it into the first (last) ten rounds, in search of possible
learning effects.
• PS: Is my predecessor’s mistake a curse or a blessing?

.2

.4

Frequency

.6

.8

As we know from the prediction for PS, Player 1 has a unique -and relatively
simple- optimal guess, which consists of adding 2 to her private signal. We find that
54% (172/320) of choices of Player 1 in PS fits this criterion. At the individual level,
the relative frequency of adoption of the equilibrium strategy for the 16 subjects
acting as Player 1 in PS range from 35% to 70%, with a median of 53%. Figure
1.2 tracks the relative frequency with which Player 1 deviates from the equilibrium
strategy across rounds. As Figure 1.2 shows, the average trend is decreasing, but
the suboptimal play does not seem to vanish as the experiment reaches the end.

0

5

10
Period

15

Player 1 deviates from equilibrium choices

20
Fitted values

Figure 1.2: Player 1’s off-equilibrium behavior in PS
We estimate the following random-effect linear probability model:
P (yit = 1) = α + βx1t + uit ,

(1.8)

where yit = 1 if Player i wins the prize in round t and x1t = 1 if Player 1 deviates from
the equilibrium strategy (1.1). Table 1.2 reports the estimated coefficients using the
full sample. As Table 1.2 shows, Player 2 significantly benefits from Player 1’s
deviation (at the 1% level), while the same result does not hold for Player 3.
12

Obviously, when looking at an individual action -as opposed to the full sequence- we cannot
define a pooling strategy. As a consequence, it may well happen that some actions we classify as
part of a revealing plan (or fooling) plan are indeed part of a pooling strategy. We are well aware
of this limitation of the action classification method, although the latter can really take advantage
of the panel structure of our dataset, something which is completely neglected by our correlation
method.
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Table 1.2: Regression of winning probability on specific strategy in PS

Player 1 deviates

Constant
Number of Obs

Player1
-0.325***
(0.050)

Player2
0.285***
(0.054)

Player3
0.058
(0.050)

0.581***
(0.031)
320

0.256***
(0.028)
320

0.154***
(0.033)
320

Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

Table 1.3 splits the dataset between the first and last 10 rounds. Here we find
that, in the first 10 rounds, both Player 2 and Player 3 benefit from Player 1’s
deviation. However, in the second half of the experiment only Player 2 gains, and
twice as much with respect to the first half. These results suggest that the learning
effects enhance Player 2’s positional advantage over Player 3 in the continuation of
the game.
Table 1.3: Regression of winning probability on specific strategy in PS

Player 1 deviates

Constant
Obs.

First 10 rounds
Player1
Player2
Player3
-0.324*** 0.199** 0.134**
(0.077)
(0.091)
(0.068)

Last 10 rounds
Player1
Player2
Player3
-0.337*** 0.387***
-0.049
(0.047)
(0.059)
(0.071)

0.597***
(0.062)
160

0.570***
(0.022)
160

0.290***
(0.051)
160

0.108***
(0.032)
160

Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

0.230***
(0.037)
160

0.200***
(0.039)
160
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Figure 1.3: Player 1’s off-equilibrium behavior in CS
• CS: Does Fooling Work?
In CS we focus on the effects of strategic manipulation. In this context, “fooling”
on behalf of Player 1 is defined as a guessing strategy which is incompatible with
the realized signal, namely,
g1 = {

3, if s1 = 0
0, if s1 = 1

We find that 24.7% (79/320) of choices of Player 1 fits this definition. At the
individual level, the frequencies of fooling for the 16 subjects acting as Player 1 in
CS ranges from 0% to 50%, with a median of 30%.
By the same token, “revealing” on behalf of Player 1 is defined as the equilibrium
guessing strategy in PS, namely, if g1 = s1 + 2. We find that 22% (72/320) of choices
of Player 1 fits into this category. The individual frequencies of revealing for the 16
subjects acting as Player 1 range from 5% to 45%, with a median of 22%. Figure
1.3 tracks the relative frequencies of use of either strategy across the 20 rounds. As
Figure 1.3 shows, there is an increasing (decreasing) the trend in the frequencies of
use of the revealing (fooling) strategies, respectively.
To analyze the effects of Player 1’s signaling on winning probabilities, we estimate
the following random-effect linear probability model:
P (yit = 1) = α + β1 x1t + β2 z1t + uit ,

(1.9)

where yit is a binary index which is positive if player i wins the prize at round t
and x1t (z1t ) is positive if player 1 uses the fooling (revealing) strategy, respectively.
Table 1.4 reports the estimation results. As Table 1.4 shows, if Player 1 uses fooling
strategy, her own winning probability increases by 15%, mostly at the expense of
Player 3. As for Player 2, she seems to benefit from player 1’s fooling. This suggests
that Player 2 decodes Player 1’s signals better than Player 3. By contrast, the
adoption on behalf of Player 1 of a revealing strategy has no significant effect on
any player’s winning probability.
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Table 1.4: Decoding and learning dynamics in CS (I)
Player1
0.152**
(0.068)

Player2
0.088*
(0.052)

Player3
-0.219**
(0.094)

-0.000
(0.059)

0.031
(0.056)

-0.025
(0.087)

0.253***
(0.032)
320

0.129***
(0.031)
320

0.611***
(0.053)
320

Player 1 fools

Player 1 reveals

Constant
Obs.

Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

Once again, Table 1.5 splits the dataset into the first (last) 10 rounds, respectively, to look for learning effects. As Table 1.5 shows, benefits from fooling for
Player 1 are limited to the first 10 periods only and disappear as the experiment
proceeds. In the meantime, Player 2 (much more than Player 3) seems to learn on
how to decode Player 1’s fooling, while Player 3’s performance does not improve. If
Player 1 reveals, this has no significant effects on anyone’s winning expectations.
To summarize: the results for the full sample seem mostly driven by what happens in the first 10 rounds. In the second half of the experiment, the pattern changes
dramatically, in that fooling does not seem sustainable in the long run.
Table 1.5: Decoding and learning dynamics in CS (II)

Player 1 fools

Player 1 reveals

Constant
Obs

First 10 rounds
Player1
Player2
0.230***
-0.009
(0.087)
(0.059)

Player3
-0.216**
(0.110)

Last 10 rounds
Player1
Player2
0.071
0.215***
(0.105)
(0.077)

Player3
-0.222*
(0.123)

0.083
(0.103)

-0.079
(0.082)

0.001
(0.140)

-0.076
(0.061)

0.118**
(0.059)

-0.027
(0.083)

0.187***
(0.044)
160

0.165***
(0.053)
160

0.646***
(0.080)
160

0.316***
(0.051)
160

0.097**
(0.041)
160

0.570***
(0.072)
160

Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

1.5. CONCLUSION
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Table 1.6: Identifying the effect of fooling from revealing in CS

PS

CS
Player 1

Player 2

Player 3

Figure 1.4: Observed and theoretical winning probabilities with 95 % confidence
interval bars
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ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Mean
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
Mean

Corr(g1 , s1 )
0.593***
0.516**
0.584***
0.497**
0.306
0.811***
0.367
0.594***
0.203
-0.057
0.167
0.155
-0.034
1.000***
1.000***
0.594***
0.507
0.200
-0.339
-0.017
0.342
0.039
0.418*
-0.267
0.478**
-0.016
-0.163
-0.329
0.393*
0.332
-0.506**
-0.543**
-0.355
-0.016

Corr(g2 , s2 )
0.889***
0.753***
0.665***
0.225
0.772***
0.302
0.396*
0.387*
0.231
0.437*
0.856***
0.813***
0.650***
0.245
0.284
0.166
0.416
0.696***
0.455**
0.663***
0.385*
-0.192
0.670***
0.594***
0.140
0.325
0.561**
0.383*
0.755***
0.454**
0.504**
0.563***
-0.013
0.480

Corr(g2 , g1 )
0.142
0.157
0.259
-0.009
-0.100
0.083
-0.514**
0.186
-0.081
-0.260
-0.506
-0.298
0.033
-1.000***
0.034
-0.402
-0.045
0.624***
-0.124
-0.222
0.651
0.488
0.341
0.054
0.025
0.545
-0.136
-0.585
0.606
0.404*
0.040
-0.051
-0.361
0.047

Corr(g3 , s3 )
0.042
0.607***
0.267
0.252
0.442*
-0.103
0.459**
-0.415*
0.442*
0.282
0.065
0.152
0.460**
0.709***
-0.100
0.112
0.260
0.485**
0.216
0.058
0.522**
0.653***
0.672***
0.457**
0.572***
0.186
0.050
0.196
0.109
0.527**
0.515**
0.726***
0.527**
0.500

Corr(g3 , g1 )
-0.210
0.051
0.211
-0.714***
-0.626***
-0.212
0.115
0.000
-0.356
-0.373
0.103
-0.225
0.000
-0.241
0.459**
-0.033
-0.122
0.319***
0.103
-0.079
-0.147
0.151
0.551*
0.381**
0.584**
0.712***
0.399**
0.021
0.109
0.327
-0.414
0.105
-0.077
0.13

Table 1.7: correlation coefficients between guesses and private signals by matching
groups

Corr(g3 , g2 )
-0.663***
0.409*
0.066
-0.393*
-0.145
-0.495***
0.630
-0.557***
0.000
-0.432**
-0.046
-0.167
0.000
0.241*
0.438
-0.405
-0.096
0.487***
0.562***
0.808***
-0.134
0.486
0.330
0.514**
0.308
0.724***
0.593
0.473
0.236
0.565**
0.415***
0.496***
0.185
0.485
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2.1

Introduction

The notion of common knowledge of rationality (CKR, henceforth), first proposed by philosopher David Lewis (1969) and formalized by game theorist Robert
Aumann (1976), is the cornerstone for all solution concepts in classical game theory. CKR means that a player believes that her opponents will choose the strategy
that maximizes their expected utilities while her opponents also believe that their
opponents choose the utility-maximizing strategies, and so on. The implications
of CKR in different games and applied fields have been explored theoretically and
tested empirically in the past several decades. In static games with complete information, CKR implies iterated elimination of strictly dominated strategies (Pearce,
1984; Bernheim, 1984), an implication that has been tested in various experiments
(Nagel, 1995; Crawford et al., 2013; Gill and Prowse, 2016). In dynamic games with
perfect information, Aumann (1995, 1998) proves that CKR implies backward induction, and this implication has been examined in Palacios-Huerta and Volij (2009b).
They find that when professional chess players, who are considered the best subpopulation of human beings to represent rational players, are aware that their opponents
are more sophisticated, it is more likely that those players will choose the backward
induction algorithm.
There is, to the best of our knowledge, one category of games in which the
implications of CKR have not been tested yet: dynamic games with imperfect information. One explanation might be that dynamic games with imperfect information
are generally more complicated than other games, therefore the implications of CKR
in these kinds of games are difficult to discover and test. But there is at least one exception: observational learning games.1 Observational learning games are a special
form of dynamic games with imperfect information in which players act sequentially
and have aligned preferences and private information about the states of the world.
Eyster and Rabin (2014) point out that, in an observational learning game, CKR
implies impartial inference in that an agent will consider only information from their
immediate predecessors, even though they can observe the behavior of all their predecessors. This is a testable hypothesis; and nonetheless, quite counter-intuitive.
In reality, we do not always disregard information that is redundant in theory. Instead, We use it as a cross-validating tool to form a better estimation of the world
(Shannon, 1949).
In this chapter, we design an experiment to test the implications of CKR in
dynamic games with imperfect information by examining how agents use redundant
information in the context of observational learning. We let subjects play with
automata whose degree of sophistication has been programmed and revealed to subjects. By using automata, we can control subjects’ belief about their opponents’
sophistication, thus artificially construct an environment where CKR is satisfied.
We examine their attitudes toward redundant information through two aspects. In
the exogenous observation structures, we examine the effects of redundant information by comparing subjects’ performance in the treatments where the subjects
have access to redundant information with that of treatments in which subjects do
1

In this chapter, when we use the term observational learning games, we are referring to singlefile observational learning games, which means that there is only one player at each stage.
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not have access to this information. We also endogenize the observational structures by allowing the subjects to pay to see their predecessors’ decisions. Through
this methodology, we elicit subjects’ willingness to pay (WTP) for information under different observational structures and different beliefs about their opponents’
sophistication.
Because we use endogenous observational structures, subjects’ WTP for information can be elicited. This provides a channel to examine how demand for information
is related to subjects’ perception of other their opponents’ sophistication. Contrary
to the canonical theory of demand for information, which claims that agents seek
information because it enables them to make better decisions (Stigler, 1961), we find
that overpricing is prevalent, not only for useful but also for redundant information.
Additionally, we find several salient patterns of overpricing. First, we find that
when people have a low perception of their opponents’ sophistication, their demand
for additional information significantly increases (more than doubled in this experiment). Second, we find that people tend to overprice the information if they once
possessed for free, which we call the endowment effects of information. This experiment complements a large body of literature which studies the behavioral factors
that drive the demand for information, such as the power of the force of curiosity
(Loewenstein, 1994), or the psychological utility of anticipation (Loewenstein, 1987).
This chapter is structured as follows. Section 2.2 illustrates the key idea of this
experiment through a concrete game which is also used in the experiment. Section
2.3 sheds light on the design and implementation of this experiment, while Section
2.4 provides the theoretical predictions, which will serve as the benchmark for data
analysis. Section 2.5 presents the results of the experiment; Section 2.6 presents
the conclusions of this study with some remarks. This is followed by appendices
containing the proofs of section 2.4, as well as some complementary results and the
instruction of the experiment translated from the Spanish version.

2.2

An illustration of the essential ideas of the
experimental design

In this section, we adopt the game-form used by Feri et al. (2011) with small
modifications to illustrate how we use the idea of impartial inference to examine
the implication of CKR in observational learning and how beliefs in other people’s
sophistication influence the demand for information.2 .
Consider a game with three players, indexed as i ∈ {1, 2, 3}. Each of them
receives a private signal, which is an i.i.d signal si ∈ {0, 1} with p = 80% probability
that si = 1.3 The players are required to guess the sum of all the private signals
σ = s1 + s2 + s3 . By the time she makes her guess gi ∈ G ≡ {0, 1, 2, 3}, she knows her
own private signal si and the guesses of those players j < i who acted before her in
2
The games in this session are the games we use at Phase 1 of our experiment as detailed in
session 2.3
3
Compared to the original game-form in Feri et al. (2011), we change the parameter p from
0.75 to 0.80, however, as Feri et al. (2011) shows, as long as p > 2/3, the equilibrium will remain
the same.
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the sequence. A player who guesses correctly (gi = σ) wins a fixed prize, otherwise
she gets zero. This incentive structure guarantees that players have an unambiguous
incentive to reveal their private signals. As Feri et al. (2011) proves, the game has
a unique sequence of guesses gi along the equilibrium paths:
ḡ1 (s1 ) = s1 + 2,
ḡ2 (g1 , s2 ) = s2 + 1 + I(g1 = 3),
ḡ3 (g2 , s3 ) = s3 + 2I(g2 = 3) + I(g2 = 2),

(2.1)

where I(.) is an indicator function that is 1 if condition (.) holds, and 0 otherwise.
Note that in Player 3’s equilibrium path, only her own private signal and Player 2’s
guess enter into her decision function. This means that even if she observes Player
1’s guess, she ignores it. This is because if CKR holds, she believes that Player 2’s
guess incorporates all the information she needs. This is what impartial inference
means in our context.
If the observational structure changes, and a player can only observe the guess
of her immediate predecessor, meaning that Player 2 can observe Player 1’s guess
and player 3 could only observe Player 2’s guess; condition 2.1 does not change. As
Figure 2.1 illustrates, these two observational structures should generate identical
results.4 Apart from looking at players’ winning frequencies, we can elicit Player 3’s
WTP to see Player 1’s guesses as well. If CKR holds, Player 3’s WTP for observing
Player 1’s guesses should be 0. Therefore, there are two channels through which
we can investigate the notion of impartial inference. The first one is to see the
empirical winning frequency of Player 3, and the second one is to see the demand
for information of Player 3.

Figure 2.1: Two observational structures that generate identical results if CKR holds
In section 2.3, we describe the details of the experimental design, such as how we
4

The arrow means that the player at the starting point could observe the guess of the player at
the end point.
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control subjects’ belief about their opponent’s rationality and how we elicit subjects’
WTP for the information from other players.

2.3

The experiment

In this section, we describe the design of the experiment and its implementation.
1. Game-forms. The game-forms in this experiment are borrowed from Feri
et al. (2011), with various modifications in observational structures. There
are three players in this game, indexed as i ∈ {1, 2, 3}, and each of them
receives a private i.i.d binary signal si , with probability p = 4/5 that si = 1
. The three players play sequentially as indicated by their indices. Each of
them must make a guess (gi ) about the total sum of players’ private signals
(σ = s1 + s2 + s3 ). Anyone whose guess (gi ) coincides with the total sum of the
private signals (σ) wins 100 pesetas, otherwise, she gets zero.5 Depending on
the observational structures, There are four game-forms in this experiment:
Game-form 1: In Game-form 1, Player 2 can observe Player 1’s
guess, and Player 3 can see both Player 1’s and Player 2’s
guesses.
Game-form 2: In Game-form 2, Player 2 can observe Player 1’s
guess, and Player 3 can observe only Player 2’s guess. Both
Game-form 1’s and 2’s observational structures are exogenously
given, therefore they are labeled as exogenous observational structures.
Game-form 3: In Game-form 3, Player 2 can observe Player 1’s
guess and Player 3 can observe Player 2’s guess for free. At the
beginning of the game, Player 3 will be given a list of ten prices
from 10 pesetas to 100 pesetas, with 10 pesetas as an interval.
For each price, she must decide whether she is willing to pay
this price to see Player 1’s guess. One of the ten price choices
is randomly drawn as the final decision.6 If at this price choice,
Player 3 chooses “Yes”, she pays the price and sees Player 1’s
guess. Otherwise, she does not pay anything and she cannot see
Player 1’s guess. Game-form 3 is labeled as partially endogenous
observational structure.
Game-form 4: In Game-form 4, Player 2 can observe Player 1’s
guesses for free. Player 3 must pay to see Player 1’s and/or
Player 2’s guesses. The procedure to elicit the WTP is similar
to Game-form 3; Player 3 must decide on the prices they are
willing to pay to see Player 1’s and Player 2’s guesses separately.
Peseta is a virtual currency unit used in the laboratory of University of Alicante, 1 e equals
200 pesetas.
6
The screen-shot of the interface for price elicitation could be seen in Figure 2.19 of Appendix
2C.
5
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Game-form 4 is labeled as completely endogenous observational
structure.
The observational structures of the four game-forms are illustrated in Figure
2.2, where the arrow means the player at the starting point can observe the
guess of the player at the endpoint. The solid line means the player at the
starting point can observe the guess of the player at the end point for free, and
the dashed line means that the player at the starting point has to pay a price
to observe the guess of the player at the endpoint. p1 and p2 mean Player 3
has to pay a price p1 to see Player 1’s guesses and a price p2 to see Player 2’s
guesses.

1

1

1

1

2

2

2

2

p1

3
Game-form 1

3
Game-form 2

p1

3
Game-form 3

p2

3
Game-form 4

Figure 2.2: The observational structures of the four game-forms
2. Treatments and sessions. There are 4 treatments in this experiment. Each
treatment runs a session of 24 subjects. The subjects were undergraduate
students of the University of Alicante who did not have experience of similar
experiments. They were recruited using ORSEE (Greiner, 2015) from a pool
of more than 3000 subjects.
3. Players.. In this experiment, Player 3 is the only human subject. Player 1 and
Player 2 are, instead, automata. In Treatment 1 and Treatment 2, Player 1 and
Player 2 always choose the strategies that maximize their winning probability,
and Player 2 also “knows” that Player 1 acts in a rational manner. While in
Treatment 3 and Treatment 4, Player 1 always chooses the optimal strategy.
Player 2 has a 50% chance to choose the choices that maximize its winning
probability. However, with another 50 % chance, she simply makes random
choices within her choice set. When Player 2 is in a “rational state”, she
acts as if she believes that Player 1 is rational. Therefore, Treatment 1 and
Treatment 2 are labeled as rational-neighbor groups where the condition for
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CKR is satisfied while Treatment 3 and Treatment 4 are labeled as mixedneighbor groups where the condition for CKR is not satisfied.
4. Phases and observational structures. Each session of this experiment has
three phases. The observational structures vary between different treatments
and phases. In each phase, the game-forms are repeated for 10 rounds.
Phase 1: Exogenous observational structures. At Phase 1, the
observation structures are exogenously provided. The subjects
of Treatment 1 and Treatment 3 play Game-form 1 while The
subjects of Treatment 2 and Treatment 4 play Game-form 2.
Phase 2: Partially endogenous observational structures. At Phase
2, the subjects of all treatments play Game-form 3.
Phase 3: Completely endogenous observation structures. At
Phase 3, the subjects of all treatments play Game-form 4. The
observational structures and the sophistication of Player 1 and
Player 2 are summarized in Table 2.1.
Treatment 1

Treatment 2

Treatment 3 Treatment 4
Player 1 always behaves rationally
Sophistication Player 1 and 2 always
Player 2 behaves rationally with
of opponents
behave rationally
50% chance
Phase 1
Game-form 1 Game-form 2 Game-form 1 Game-form 2
Phase 2
Game-form 3
Phase 3
Game-form 4
Table 2.1: Observational structures for each phase of all treatments
In summary, the essential idea of this chapter is the comparison of the results
of Treatment 1 and Treatment 2 in Phase 1 (as illustrated in Section 2.2),
where CKR holds. Treatment 3 and Treatment 4 use the same game-forms
as Treatment 1 and Treatment 2, but the condition for CKR is not satisfied
(Player 2 is not fully rational). Phase 2 and Phase 3 are two steps to progressively endogenize the observational structures that Player 3 has to pay to see
the information from their predecessors. The purposes of Phase 2 and Phase
3 is to study Player 3’s valuation(WTP) of their predecessor’s information.
5. Instructions. The experiment was conducted in the Laboratory of Theoretical and Experimental Economics at the University of Alicante, Spain. The
experiment was programmed in z-tree(Fischbacher, 2007). At the beginning
of each session, subjects received written instructions, which were also read
aloud by an experimenter, through which they were informed about the experiment’s content, and reminded that no deception of any kind could be used
in economics experiments.7
7

A copy of the instruction translated from Spanish could be found at Appendix 2D
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6. Payoff. The total payoffs are the sum of the prizes subjects win in all rounds,
which will be converted into Euros at the end of the experiment. Each session
lasted about 1.5 hours and the subjects received 15.2e on average.
7. Ex-post information. After each round, all the payoff-relevant information
was revealed to the subjects.

2.4

Theoretical predictions

We now describe the theoretical predictions associated with our game-forms,
which will serve as benchmarks for our empirical analysis.8
Let Hi (i = 1, 2, 3) denote the collection of Player i’s information sets. For Player
1, her information sets can be written as H1 ≡ {h = s1 }. The collection of information
sets of Player 2 is H2 ≡ {h = {g1 , s2 }}. At Phase 1, Player 3’s information sets are
exogenously given. For Treatment 1 and Treatment 3, the information set for Player
3 is H3 ≡ {h = {g1 , g2 , s3 }}, and for Treatment 2 and Treatment 4, the information
set of Player 3 is H3 ≡ {h = {g2 , s3 }}. At Phase 2 and Phase 3, the information
set Player 3 faces will depend on her WTP to see the information from Player 1
and Player 2 and the random draws of the computer. At Phase 2, the collection of
information sets for Player 3 is : H3 ≡ {h = {g2 , g1 , s3 }; h = {g2 , s3 }}. At Phase 3,
the collections of information sets for Player 3 is: H3 ≡ {h = {s3 }; h = {g1 , s3 }; h =
{g2 , s3 }; h = {g1 , g2 , s3 }}.
We will describe the theoretical predictions in two steps. First, we describe the
theoretical prediction of the optimal guesses of Player 3 in different information sets
(observational structures). Then we can calculate the theoretical winning probability
in different information sets.9 Second, we are going to see if Player 3 must decide on
the price she is willing to pay for observing the guesses from Player 1 or/and Player
2 (At Phase 2 and Phase 3), what is their WTP assuming that they are risk-neutral
(this theoretical WTP is labeled as fair price).10

2.4.1

Optimal guesses of Player 3

The equilibrium guess of Player 3 (g¯3 ) depends on the realized observational
structure and the degree of sophistication of her opponents. We discuss the optimal
guesses of each treatment in different information sets as follows.
For Treatment 1 and Treatment 2
First, we describe the optimal guesses for Player 3 in Treatment 1 and Treatment
2 where Player 1 and Player 2 are completely rational. Because Player 1 and Player
8

In this section, we present only the final results. The detailed derivation could be found in
Appendix 2A.
9
The Perfect Bayesian Equilibrium for Player 3 of Phase 1 consists only the optimal guesses in
that information set h = {g1 , g2 , s3 }(Treatment 1 and Treatment 3) or h = {g2 , s3 } (Treatment 2
and Treatment 4).
10
Note that for redundant information, subjects’ risk attitude should not affect their WTP. For
useful information, risk aversion will drive down the WTP.
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2 are programmed automata, Player 1 in all treatments and Player 2 in Treatment
1 and Treatment 2 follow the same decision rule, which is:
ḡ1 (s1 ) = s1 + 2,
ḡ2 (g1 , s2 ) = s2 + 1 + 1(g1 = 3), .
For Player 3, there are four possible information sets that she could be in, we discuss
her optimal guess in each information set.
Information set 1 and 2: h = {g2 , s3 } or h = {g1 , g2 , s3 }.
These two information sets include both the circumstances in which Player 3 sees
both Player 1’s and Player 2’s guesses and in which Player 3 does not see Player
1’s guesses but sees Player 2’s guesses. Therefore the observational structures of
Treatment 1 or Treatment 2 at Phase 1 belong to this case. In Treatment 1 and
Treatment 2, Player 3 knows that Player 1 and Player 2 are rational and Player 2
behaves as if she “knows” Player 1 is rational. Therefore, impartial inference holds
and Player 3 will not consider the information from Player 1. Player 3’s optimal
guesses in these two information set are the same:
ḡ3 (g2 , s3 ) = s3 + 2I(g2 = 3) + I(g2 = 2)
In these information sets, the theoretical winning probability of Player 3 is 100%.
Information set 3: h = {g1 , s3 }.
Player 3 is only possible to be in this information set at Phase 3. If Player 3 sees
only Player 1’s guess and her own private signal, her optimal guess will be:
ḡ3 (g1 , s3 ) = I(g1 = 3) + 1 + s3
In this information set, the theoretical winning probability of Player 3 is 80%.
Information set 4: h = {s3 }.
In this information set, because Player 3 can only rely on her own private signal,
her equilibrium choice will be:
ḡ3 (s3 ) = s3 + 2
In this information set, the theoretical winning probability of Player 3 is 0.82 =
64%
For Treatment 3 and Treatment 4
In Treatment 3 and Treatment 4, With 50% probability, Player 2 follows the same
equilibrium path as the Player 2 in Treatment 1 or Treatment 2, and with another
50% probability, they make random choices from their choice sets. Therefore, we
can calculate the probability that they make each guess in Table 2.2.
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g2
0
Probability 0.125

1
2
3
0.145 0.285 0.445

Table 2.2: Probability of Player 2 in Treatment 3 and Treatment 4 for making each
guess
Now we specify the optimal guesses of Player 3 in each information set.
Information set 1: h = {g1 , g2 , s3 }.
In this information set, Player 3 can observe Player 1’ and Player 2’s guesses.
Her optimal choice is:
ḡ3 (g1 , g2 , s3 ) = {

s3 + 2I(g2 = 3) + I(g2 = 2), if g1 = g2 ,
I(g1 = 3) + 1 + s3 , otherwise

which means that if the guesses of Player 1 and and Player 2 are the same, Player
3 will treat Player 2 as if Player 2 has acted rationally. Otherwise, Player 3 will
ignore the information from Player 2. The theoretical winning probability of Player
3 in this information set is 84.13%.
Information set 2: h = {g2 , s3 }.
In this information set, Player 3 can observe Player 2’s guesses. Her optimal
guess is:
ḡ3 (g2 , s3 ) = {

s3 + 21(g2 = 3) + 1(g2 = 2), if g2 = 2 or g2 = 3,
s3 + 2, otherwise

In other words, if Player 3 sees that Player 2 guesses 2 or 3, although she does
not know whether Player 2 is behaving rationally or not, she will treat Player 2’s
guesses as if Player 2 was choosing rationally. If Player 2 guesses 0 or 1, she will
disregard the information from Player 2. The theoretical winning probability of
Player 3 in this information set is 72.58%.
Information set 3: h = {g1 , s3 }.
In this information set, Player 3 can observe Player 1’s guess and her own private
signal, and her optimal guess is:
ḡ3 (g1 ) = 1(g1 = 3) + 1 + s3
The theoretical winning probability of Player 3 in this information set is 80%.
Information set 4: h = {s3 }.
In this information set, Player 3 does not see any information from her predecessors,
her optimal guess is straightforward:
ḡ3 (s3 ) = s3 + 2
The theoretical winning probability of Player 3 in this information set is 64%.
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Fair price and winning probabilities

After obtaining the optimal guesses in each possible information set and corresponding winning probabilities for Player 3, we can get the fair price and Player 3’s
theoretical winning probability.

Phase 2
Phase 3

Treatment 1&2
Treatment 3&4
p1 = 0
p1 = 5.78
p1 = 6.60; p2 = 17.47 p1 = 7.91; p2 = 4.11

Table 2.3: Fair price (unit: peseta) of Player 3

Phase 1
Phase 2
Phase 3

Treatment 1
100%
100%
67.67%

Treatment 2
100%
100%
67.67%

Treatment 3
84.13%
72.58%
64.81%

Treatment 4
72.58%
72.58%
64.81%

Table 2.4: Theoretical winning probability of Player 3

2.5

Experimental results

Our analysis of the experimental results develops along two dimensions. The first
dimension is a between-subject analysis, comparing subjects’ performance between
different treatments in each phase. We compare the behavior between Treatment
1 and Treatment 2 and between Treatment 3 and Treatment 4 to see the effects
of the additional information from Player 1 at Phase 1, and between Treatment
1 and Treatment 3 and between Treatment 2 and Treatment 4 to see the effects
of opponents’ rationality and the effect of belief about opponents. The second
dimension is to examine the efficacy of information that was purchased by subjects.

2.5.1

Exogenous observational structures (Phase 1)

As for Phase 1, our analysis focuses on comparing means of subjects’ empirical
winning frequencies in different treatments. This comparison tests the key idea of
this chapter that is illustrated in section 2.2. According to the predictions about
empirical winning frequencies at Phase 1, we obtain Hypothesis (1).
Hypothesis (1). Under exogenous observational structures (Phase 1), the average
empirical winning frequency of subjects of Treatment 1 and Treatment 2 should have
no significant difference, and the average empirical winning frequency of subjects of
Treatment 3 should be higher than that of Treatment 4.
Table 2.5 reports the statistics of the empirical winning frequency of subjects at
Phase 1 by treatments. We do not find any significant difference between Treatment
1 and Treatment 2.11 This indicates that there is no significant evidence for showing
11

See Table 2.9 in Appendix 2B for the statistical tests of means of individuals’ empirical winning
frequencies across treatments.
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that redundant information helps subjects in making their decisions. The means of
individuals’ empirical winning frequencies of subjects of Treatment 1 and Treatment
2 are 86.3% and 86.7% respectively, which means that, on average, a subject loses
only once or twice in ten rounds. Given that there are no practice rounds and there
are 9 out of 24 subjects in Treatment 1 and 9 out of 24 subjects in Treatment 2
who always win, it is fair to say that the empirical winning frequency is quite high
when subjects have completely rational opponents and correct beliefs about their
opponents. The average winning frequency of subjects of Treatment 3 is higher
than that of Treatment 4 at 5% level according to a Mann-Whitney test, which is
consistent with our theoretical prediction.12 In addition, according to the results of
Table 2.10 in Appendix 2B, this pattern holds in the first round as well.
Moreover, the mean of individuals’ empirical winning frequency of the subjects
of Treatment 1 is higher than that of Treatment 3 (significant at 1% level) and
the mean of individuals’ empirical winning frequency of the subjects of Treatment
2 is higher that of Treatment 4 (significant at 1% level), which is in line with our
theoretical prediction.
In order to study the learning effect, we compare the means of individuals’ empirical winning frequency of the first 5 rounds with that of the last 5 rounds for
each treatment. According to the results of Table 2.11 at Appendix 2A, we find
that for Treatment 1 and Treatment 2, the means of subjects’ winning frequencies
significantly increase in the last first rounds, while for Treatment 3 and Treatment
4, there is no significant difference in the means of individuals’ empirical winning
frequencies between first 5 rounds and last 5 rounds. This suggests that the learning
effect is stronger if the subjects face rational opponents.

Theoretical prediction
Mean
(Std. Dev)
Min
Max
No. of subjects
who always win
No. of observations

Treatment 1 Treatment 2 Treatment 3 Treatment 4
rational-neighbor
mixed-neighbor
1.000
1.000
0.841
0.750
0.863
0.867
0.67
0.55
(0.163)
(0.140)
(0.149)
(0.221)
0.4
0.6
0.4
0
1
1
0.9
0.9
9

9

0

24

24

24
24
Treatment 3 has a higher
empirical winning frequency and
it is significant at 5% level

Difference w.r.t
Not significant
observational structures

0

Table 2.5: Individuals’ empirical winning frequency (Player 3) under exogenous
observational structures (Phase 1)

12

In this chapter, when we test the difference of means between independent samples, we use
Mann-Whitney test.
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Partially endogenous observational structures (Phase
2)

According to the theoretical prediction, we have Hypothesis 2a and 2b concerning
subjects’ decision-making at Phase 2.
Hypothesis (2a). Under partially endogenous observational structures (Phase 2),
subjects of Treatment 1 and Treatment 2 should have the same WTP for observing
Player 1’s guesses, and the average WTP is zero; subjects in Treatment 3 and Treatment 4 should also have the same WTP for observing Player 1’s guesses. Moreover,
the average WTP of subjects of Treatment 3 should be higher than that of Treatment
1 and the average WTP of subjects of Treatment 4 should be higher than that of
Treatment 2.
At Phase 2, Player 3 must decide on a price to pay to see Player 1’s guesses.
Because there is no difference in observational structures, subjects in Treatment 1
and subjects in Treatment 2 are playing the same game-form, as are Treatment
3 and Treatment 4. However, from Table 2.6, we find that this is not the case.
First, in all treatments, the average WTP is significantly higher than its fair price.
Second, to observe Player 1’s guesses, subjects of Treatment 1 pay more than double
of the price that subjects of Treatment 2 pay (17.959 vs. 8.420). 13 Note that the
only difference between Treatment 1 and Treatment 2 is that Player 3 in Treatment
1 can see Player 1’s guess at Phase 1 while Player 3 in Treatment 2 does not.
The same pattern holds between Treatment 3 and Treatment 4. The subjects of
Treatment 3 pay a higher price on average than subjects in Treatment 4 pay (50.345
vs. 19.381, also more than double and the difference is significant at 1% level).
This fact shows the existence of endowment effects of information, meaning that
people value information more if they once had it for free. This holds for both the
redundant information (Treatment 1 and Treatment 2) and relevant information
(Treatment 3 and Treatment 4). Moreover, these results also suggest that, although
we do not find evidence that Player 1’s (redundant) information helps Player 3 make
decisions at Phase 1 for Treatment 1 and Treatment 2, from the elicited WTP, we
can clearly identify that the subjects value the redundant information and that their
past experience shapes their valuation
13

The unit of price and WTP in this chapter is all peseta.
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Fair price
Mean
(Std. Dev)
Min
Max
Num. of subjects
who always pay zero
Num. of subjects
Difference

Treatment 1 Treatment 2 Treatment 3 Treatment 4
rational-neighbor groups
mixed-neighbor groups
0
0
5.775
5.775
17.959
8.420
50.345
23.414
(16.313)
(12.617)
(19.171)
(19.381)
0
0
2.86
0
52
41
71
47
6

12

24
24
Subjects in Treatment 1
pay a higher price and
it is significant at 5% level

0

1

24
24
Subjects in Treatment 3
pay a higher price and
it is significant at 1% level

Table 2.6: WTP (unit: peseta) for observing Player 1’s guesses at Phase 2
Figure 2.3 presents the bar graphs of the degree of overpricing of each treatment,
which is defined as the difference between subjects’ estimated WTP and the fair
prices. We find that the degree of overpricing of the subjects of Treatment 3 is
higher than that of Treatment 1 and it is significant at 1% level. The subjects of
Treatment 4 have a higher degree of overpricing than subjects of Treatment 2 and
the difference is significant at 1% level.14 These results suggest that low confidence
in opponents’ rationality will make subjects have a higher desire to seek additional
information.
Moreover, our results also suggest that, although we do not find evidence that
Player 1’s (redundant) information helps Player 3 make decisions in the rationalneighbor groups at Phase 1, from the elicited WTP, we can clearly identify that
the subjects value the redundant information and that their past experience shapes
their (over)valuation.
As for the learning effects, we compare the mean of WTP of the first 5 rounds
with that of the last 5 rounds for each treatment. According to the results of Table
2.16, the mean of WTP of subjects of Treatment 1 in last 5 rounds is lower than that
of the first 5 rounds (11.667 versus 24.251) and it is significant at 1% level according
to a Wilcoxon signed-rank test. For Treatment 2, the mean of WTP at last 5 rounds
is lower than that of the first 5 rounds (7.194 versus 9.726) and it is significant at
10% level. While for Treatment 3 and Treatment 4, there is no evidence of learning
effect, which suggests that subjects learn better with rational opponents.
14

Please see the p-values of Mann-Whitney tests in Table 2.15 in Appendix 2B.
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Treatment 1

Treatment 2

Treatment 3

Treatment 4

Figure 2.3: Degree of overpricing for observing Player 1’s information at Phase 2
Hypothesis (2b). Under partially endogenous observational structures (Phase 2),
subjects of Treatment 1 and subjects of Treatment 2 should have the same average
empirical winning frequency. Subjects of Treatment 3 and subjects of Treatment 4
should also have the same empirical winning frequency. In addition, the average
empirical winning frequency of subjects of Treatment 1 should be higher than that of
Treatment 3 and the average empirical winning frequency of Treatment 2 should be
higher than that of Treatment 4.
Because at Phase 2, subjects of Treatment 1 and Treatment 2 are playing the
same game-form, and subjects in Treatment 3 and Treatment 4 are also playing the
same game-form, Treatment 1 should have the same empirical winning frequency as
Treatment 2, the same applies to Treatment 3 and Treatment 4.
The results from Table 2.12 and 2.13 in Appendix 2B confirm Hypothesis 2b that
there is no significant difference in empirical winning frequency between Treatment
1 and Treatment 2 or between Treatment 3 and Treatment 4. However, the average
empirical winning frequency of the subjects of Treatment 1 is higher than that of the
subjects of Treatment 3 (significant at 1% level) and the empirical winning frequency
of Treatment 2 is higher than that of Treatment 4 (significant at 1% level).

2.5.3

Completely endogenous observational structures (Phase
3)

Concerning the demand for information for observing Player 1’s and Player 2’s
guesses, we have Hypothesis (3a) and (3b).
Hypothesis (3a). Under completely endogenous observational structures (Phase 3),
subjects of Treatment 1 and subjects of Treatment 2 should have the same average
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WTP for observing Player 1’s guesses. Subjects of 3 and subjects of Treatment 4
should also have equivalent average WTP for observing Player 1’s guesses.
Hypothesis (3b). Under completely endogenous observational structures (Phase 3),
Treatment 1 and Treatment 2 should have the same WTP for observing Player 2’s
guesses; Treatment 3 and Treatment 4 should also have the same WTP for observing
Player 2’s guesses.

0

Degree of overpricing
10
20
30

40

As in the analysis of Phase 2, we focus on the degree of overpricing, Figure 2.4
presents the bar graph of the degree of overpricing to observe Player 1’s guess for
each treatment and Figure 2.5 presents the bar graph of the degree of overpricing
to observe Player 2’s guess for each treatment.

Treatment 1

Treatment 2

Treatment 3

Treatment 4

Figure 2.4: Degree of overpricing for observing Player 1’s information at Phase 3
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Treatment 1

Treatment 2

Treatment 3
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Figure 2.5: Degree of overpricing for observing Player 2’s information at Phase 3
As for the WTP for observing Player 1’s guesses, as shown in Figure 2.4, we find
that, for Treatment 1 and Treatment 2, subjects can approximate the fair prices
reasonably well and there is no evidence of overpricing. However, in Treatment 3
and Treatment 4, subjects still price the information significantly higher than the
fair prices and we also find that the endowment effect of information still holds for
mixed-neighbor groups. Subjects of Treatment 3 pay a significantly higher price for
observing Player 1’s information than subjects of Treatment 4 pay. The degree of
overpricing of Treatment 3 is significantly higher than that of Treatment 1 and the
degree of overpricing of Treatment 4 is significantly higher than that of Treatment
2, both differences are significant at 1% level. This again confirms that the degree
of overpricing increase if subjects have low confidence in their opponents’ sophistication. For the WTP to observe Player 2’s guesses, subjects in all of the four groups
pay significantly more than the fair prices.

2.5.4

Efficacy of purchased information

After investigating the behavior patterns of subjects in the various treatments,
we focus in this subsection on the efficacy of information that is purchased.
In our design, There is a special channel to identify the efficacy of information.
For the subjects of treatment 2 and Treatment 4, the difference between Phase 1
and Phase 2 is that at Phase 1, subjects in both treatments cannot observe Player
1’s guesses, while at Phase 2, they are given the option to pay to observe Player
1’s guesses if they believe that Player 1’s guesses are helpful. Therefore, from the
difference of their performances (profits) in these two phases, as stated in Hypothesis
4, we can determine whether more freedom of choice will benefit the subjects. If
we conduct a within-treatment comparison of the profit made at Phase 1 with their
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profit made at Phase 2, we can see the effect of more freedom of choice they are
given at Phase 2.
Hypothesis (4). The average profit of subjects of Treatment 2 at Phase 1 and
Phase 2 should not have a significant difference, while the average profit of subjects
of Treatment 4 should be larger at Phase 2 than at Phase 1.

Phase 1
Phase 2
Number of observations
Within-group difference

Treatment 2
86.67
84.35
24
Not significant

Treatment 4
55.4
45
24
Profit at Phase 2 is lower at 5% level

Table 2.7: Profits (unit: peseta) of Treatment 2 and 4 at Phase 1 and 2
From the results of Table 2.7, we find that for Treatment 2, in line with our
conjecture, there is no significant evidence that the profit at Phase 1 and Phase 2
have a significant difference. However, for Treatment 4, the average profit decreases
significantly at Phase 2. This suggests that subjects do not perform better if they
are given more freedom of choice. To see whether the purchased information (Player
1’s guesses) helps Player 3’s decision, we implement the following linear probability
panel regression:
P (yit = 1) = α + +βxit + uit ,
(2.2)
where yit is a binary variable that is 1 if subjects i wins the prize at round t and xit
is a binary variable that xit = 1 if subject i obverses Player 1’s guess at round t.

xit
Constant
Number of Obs

Treatment 1
-0.402∗∗∗
(0.059)

Treatment 2
-0.300∗∗∗
(0.072)

Treatment 3
-0.154∗∗
(0.062)

Treatment 4
-0.216∗∗∗
(0.074)

0.929∗∗∗
(0.029)
240

0.900∗∗∗
(0.034)
240

0.606∗∗∗
(0.060)
240

0.549∗∗∗
(0.036)
240

Robust standard errors in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 2.8: Linear probability regressionrandom effect of empirical winning frequency
on purchased information at Phase 2
Table 2.8 reports the results of this linear probability model with random effects.15 We find no evidence that observing Player 1’s guess increases Player 3’s
empirical winning frequency. On the contrary, for all treatments, observing Player
1’s guesses significantly reduces Player 3’s empirical winning frequency at Phase 2.
15

Table 2.17 at Appendix 2B reports the estimates of the same model with fixed effects. The
pattern of the results is similar. For Treatment 1, 2 and 4, observing Player 1’s guess significantly
reduced Player 3’s winning probability.
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For Treatment 1,2 and 4, the effects are significant at 1% level and for treatment
2, the effect is significant at 5% level. This reinforces the results that the subjects
are paying too much for the information. They do not only pay higher than the fair
price for the information but also pay too much for the information they are not
able to use well.

2.6

Conclusion

In this chapter, we provide a design to test the implications of common knowledge of rationality in dynamic games with imperfect information. We investigate
this problem by testing the notion of impartial inference in observational learning (a
special form of the dynamic game with imperfect information) and how subjects’ belief in opponents’ sophistication is related with information acquisition behavior. In
this experiment, we implement a classical observational learning game with different
exogenous observational structures that may or may not provide access to redundant information. We control subjects’ beliefs about their opponents’ rationality by
letting the subjects play with automata whose degrees of sophistication have been
programmed. We use different exogenous observational structure treatments to see
whether redundant information helps subjects’ decisions. We use partially and completely endogenous observational structures to elicit subjects’ WTP for information.
We find that there is no evidence indicates that redundant information helps
subjects to make better decisions, meaning that subjects in the treatment where
they have access to the redundant information performs no better than the subjects
in the treatment where the subjects do not have access to the redundant information, and this result is consistent with our theoretical prediction. But if we look
at the subjects’ demand for information (WTP to see Player 1’s guess), we find
that various behavioral patterns emerge. First, subjects are willing to pay higher
prices than the theoretical predictions. This result echoes those of Bou Ysàs et al.
(2013) and Powdthavee and Riyanto (2015), who find that people pay a significant
amount of money for useless information. Second, we find persistent patterns in
subjects’ overpricing of information: the first pattern is that they tend to pay more
money for additional information if they have a low perception of their opponents´
sophistication. The second pattern is what we call endowment effect of information,
which means that if subjects once had a piece of information for free, they tend to
pay more money to keep it in the future.
A series of investigations have challenged the assumption of human agents’ capacity to make correct inferences and has contributed to the revision of the canonical
observational learning model. Two prominent alternatives are correlation neglect,
which means that agents treat correlated signals as independent signals (Eyster and
Rabin, 2010; Angrisani et al., 2017) and overconfidence (Hung and Plott, 2001; Nöth
and Weber, 2003; Goeree and Yariv, 2015). In this chapter, we contribute to this
branch of literature by targeting the assumption of CKR and testing the effects
of changes in belief about opponents´ sophistication. In our ongoing project (Ma
and Yu, 2018), we plan to go one step further in the direction of this chapter. We
will implement an experiment on observational learning that subjects will face both
rational opponents and irrational opponents who commit the error of correlation
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neglect, a common mistake people make in the process of observational learning
(Eyster et al., 2018), and the subjects have to identify the patterns of their predecessors’ decision-making. In this project, we will be able to examine how people
spot other people’s errors and learn selectively from other people in the process of
observational learning.

2.6. CONCLUSION
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Appendix 2A: Theoretical Derivations
For Treatment 1 and Treatment 2
For rational-neighbor groups, the equilibrium choices at Phase 1 and Phase 2
are straightforward. The equilibrium choice will be the same as the equilibrium
in the example of session 2.2, which is ḡ3 (g2 , s3 ) = s3 + 2I(g2 = 3) + I(g2 = 2). At
Phase 2, because the information from Player 1 is redundant information, so for
both treatments, the optimal price is p¯1 = 0. A Phase 3, if Player 3 is willing to pay
p1 to see Player 1’s guess and p2 to see Player 2’s guess. The probability that she is
p2
p1
)(1 − 100
); the probability
in the information set is h = {s3 } is: P (h = {s3 }) = (1 − 100
p1
p2
that she is in the information set h = {g1 , s3 } is: P (h = {g1 , s3 }) = 100
∗ (1 − 100
);
the probability that she is in the information set h = {g2 , s3 } is: P (h = {g2 , s3 }) =
p2
p1
100 ∗(1− 100 ) and the probability that she is in the information set h = {g1 , g2 , s3 } is :
p2
p1
p2
p1
∗ 100
. The objective function is: Π(p1 , p2 ) = 100
∗ 100
∗ (100 −
P (h = {g1 , g2 , s3 }) = 100
p1
p2
p1
p2
p1
p2
p1− p2 ) + (1 − 100 ) ∗ 100 ∗ (100 − p2 ) + 100 ∗ (1 − 100 ) ∗ (80 − p1 ) + (1 − 100 )(1 − 100 ) ∗ 64.
Assume that Player 3 is risk neutral, the profit maximization problems is:
maximize
p1 ,p2

Π(p1 , p2 )

subject to:
p2
p2
p1
p1
(1 −
) + p2 ∗
(1 −
)+
p1 ∗
100
100
100
100
p1
p2
∗
∗ (p1 + p2 ) + 64 ≤ 100
100 100
p1 ≥ 0
p2 ≥ 0
The solution to this program is {p1 ≈ 6.60, p2 ≈ 17.47}, the expected value of the
objective function is 67.47.

For Treatment 3 and Treatment 4
Imagine we are in the information set of h = {(g1 , g2 , s3 )}. If Player 3 sees both
Player 1’s and Player 2’s guesses 1 or 2, Player 3 could use Player 1’s guess to judge
the accuracy rate of Player 2’s guess.
• If g1 = 3.
If Player 1 guesses 3 and Player 2 guesses 0 or 1, Player 2 must not be in
rational states, therefore,
P (g2 = ḡ2 ∣g2 = 0, g1 = 3) = 0,
P (g2 = ḡ2 ∣g2 = 1, g1 = 3) = 0,
where g2 = ḡ2 means that Player 2’s guess coincides with the equilibrium choice
of Player 2.
P (g2 = ḡ2 ∣g2 = 2, g1 = 3)
= P (Player 2 is rational) ∗ P (g2 = ḡ2 &(g2 = 2, g1 = 3)∣Player 2 is rational) +
P (Player 2 is irrational) ∗ P (g2 = ḡ2 &(g2 = 2, g1 = 3)∣Player 2 is irrational) =
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0.5 + 0.5 ∗ 0.2 = 0.6 < 0.8

P (g2 = ḡ2 ∣g2 = 3, g1 = 3)
= P (Player 2 is rational) ∗ P (g2 = ḡ2 &(g2 = 3, g1 = 3)∣Player 2 is rational) +
P (Player 2 is irrational) ∗ P (g2 = ḡ2 &(g2 = 3, g1 = 3)∣Player 2 is irrational) =
0.5 + 0.5 ∗ 0.8 = 0.9 > 0.8
• If g1 = 2.
If Player 1 guesses 2 and Player 2 guesses 0 or 3, Player 2 must not be in
rational states, therefore,
P (g2 = ḡ2 ∣g2 = 0, g1 = 2) = 0
P (g2 = ḡ2 ∣g2 = 3, g1 = 2) = 0

P (g2 = ḡ2 ∣g2 = 1, g1 = 2)
= P (Player 2 is rational) ∗ P (g2 = ḡ2 &(g2 = 1, g1 = 2)∣Player 2 is rational) +
P (Player 2 is irrational) ∗ P (g2 = ḡ2 &(g2 = 1, g1 = 2)∣Player 2 is irrational) =
0.5 + 0.5 ∗ 0.2 = 0.6 < 0.8

P (g2 = ḡ2 ∣g2 = 2, g1 = 2)
= P (Player 2 is rational) ∗ P (g2 = ḡ2 &(g2 = 2, g1 = 2)∣Player 2 is rational) +
P (Player 2 is irrational) ∗ P (g2 = ḡ2 &(g2 = 2, g1 = 2)∣Player 2 is irrational) =
0.5 + 0.5 ∗ 0.8 = 0.9 > 0.8
Therefore, Player 3 will take Player 2’s information into account only when
g1 = g2 , otherwise she will rely only on Player 1’s guess and her own private
signal. Her optimal guess is:
ḡ3 (g1 , g2 , s3 ) = {

s3 + 2I(g2 = 3) + I(g2 ) = 2, if g1 = g2 ,
I(g1 = 3) + 1 + s3 , otherwise

The theoretical winning probability of Player 3 in this information set is:
0.8(0.555 ∗ 0.8 + 0.445 ∗ 0.9) + 0.2(0.285 ∗ 0.9 + 0.715 ∗ 0.8) = 84.13%
Because we have calculated the winning probability in each information set, we can
proceed to calculate the willingness to pay in partially and completely endogenous
observational structures. First, let’s calculate the willingness to pay to see Player
1’s guess in partially endogenous observational structure. Assume that for Player 3,
as a risk neutral subject, her maximum willingness to pay is p1 , then the probability
p1
and the
that she is in the information set h = {g1 , g2 , s3 } is: P (h = {g1 , g2 , s3 }) = 100
p1
probability that she is in the information set h = {g2 , s3 } is: P (h = {g2 , s3 }) = 1 − 100
p1
p1
, and her expected payoff will be: 100
∗ 84.13% ∗ 100 + (1 − 100
) ∗ 72.58% ∗ 100. Her
p1
expected payment will be 100 ∗ p1 . The profit maximization problem for Player 3 at
Phase 2 is:
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maximize
p1

47
p1
p1
p1
∗ 84.13 + (1 −
) ∗ 72.58 −
∗ p1
100
100
100

subject to
p1 ≥ 0;
p1
∗ p1 + 72.58 ≤ 100
100
The solution to this maximization problem is p1 ≈ 5.78, and the theoretical expected
payoff for Player 3 is 72.91.
Now, we are going solve the optimization problem in the complete endogenous
observational structure (Phase 3). Assuming her maximum willingness to pay for
Player 1 The probability that she is in the information set is h = {s3 } is: P (h =
p2
p1
)(1 − 100
); the probability that she will be in the information set
{s3 }) = (1 − 100
p2
p1
∗ (1 − 100
); the probability that she is in the
h = {g1 , s3 } is: P (h = {g1 , s3 }) = 100
p2
p1
information set h = {g2 , s3 } is: P (h = {g2 , s3 }) = 100
∗ (1 − 100
) and the probability
p1
p2
that she is in the information set h = {g1 , g2 , s3 } is : P (h = {g1 , g2 , s3 }) = 100
∗ 100
.
p2
p1
p2
p1
The objective function is: Π(p1 , p2 ) = 100 ∗ 100 ∗ 84.13 + (1 − 100 ) ∗ 100 ∗ 72.58
p2
p1
p2
p1
p2
p1
) ∗ (1 − 100
) ∗ 64 + (1 − 100
)(1 − 100
) ∗ 64 − 100
∗ p1 − 100
∗ p2
+ (1 − 100
p2
p1
p2
p1
p2
p1
∗ (1 − 100
)∗
V (p1 , p2 ) = 100 ∗ 100 ∗ (84.13 − p1− p2 ) + (1 − 100 ) ∗ 100 ∗ (72.58 − p2 ) + 100
p1
p2
(80 − p1 ) + (1 − 100 )(1 − 100 ) ∗ 64. Assuming that Player 3 is risk neutral, the profit
maximization problems is:
maximize
p1 ,p2

Π(p1 , p2 )

subject to:
p1
p2
p2
p1
p1 ∗
(1 −
) + p2 ∗
(1 −
)+
100
100
100
100
p2
p1
∗
∗ (p1 + p2 ) + 64 ≤ 100
100 100
p1 ≥ 0
p2 ≥ 0
The solution for this program is {p1 ≈ 7.90, p2 ≈ 4.11}, and the expected value of the
objective function is 64.81.
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Appendix 2B: Additional Results
Appendix 2B.1. Exogenous observational structures (Phase
1)
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Figure 2.6: Histograms of empirical winning frequency at Phase 1

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.948
0.000***
0.000***

0.000***
0.000***

0.022**

Treatment 4

Table 2.9: P-values of Mann-Whitney tests of empirical winning frequencies for each
treatment at Phase 1 where the null hypothesis states that the means of empirical
winning frequencies are identical across treatments. ∗p − value < 0.1, ∗ ∗ p − value <
0.05, ∗ ∗ ∗p − value < 0.01
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Figure 2.7: Empirical winning frequency of each treatment at Phase 1 disaggregated
by period

Mean
Std. Dev
Num. of observations
Difference

Treatment 1 Treatment 2 Treatment 3 Treatment 4
70.83%
62.50%
45.83%
45.83%
0.46
0.50
0.51
0.51
24
24
24
24
Not significant
Not significant

Table 2.10: Empirical winning frequencies in the first round of Phase 1

Treatment 1
0.783
First 5 rounds
(0.263)
0.942
Last 5 rounds
(0.111)
P-value
0.003

Treatment 2 Treatment 3 Treatment 4
0.817
0.642
0.542
(0.204)
0.204)
(0.239)
0.917
0.701
0.567
(0.131)
(0.196)
(0.270)
0.032
0.338
0.757

Table 2.11: Empirical winning frequencies of each treatment at Phase 1 disaggregated by first and last 5 rounds the standard deviations are in the parenthesis.
The last raw contains the P-values of Wilcoxon signed-rank tests where the null
hypothesis states that the means of first 5 rounds and the last 5 rounds are the
same.
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Appendix 2B.2. Partially Endogenous Observational structures (Phase 2)

Theoretical winning prob.
Mean
(Std. Dev)
Min
Max
Num. of subjects who always win
Num. of subjects
Difference

Treatment 1: Treatment 2: Treatment 3: Treatment 4:
1.000
1.000
0.726
0.726
0.842
0.858
0.510
0.470
(0.166)
(0.166)
(0.178)
(0.156)
0.5
0.5
0.2
0.2
1
1
0.9
0.9
10
9
0
0
24
24
24
24
Not significant
Not Significant

Table 2.12: Empirical winning frequencies at Phase 2

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.610
0.000***
0.000***

0.000***
0.000***

0.466

Treatment 4

Table 2.13: P-values of Mann-Whitney tests of empirical winning frequencies for
each treatment at Phase 3 where the null hypothesis states that the means of
empirical winning frequencies are identical across treatments. ∗p − value < 0.1,
∗ ∗ p − value < 0.05, ∗ ∗ ∗p − value < 0.01
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Figure 2.8: Histograms of empirical winning frequencies at Phase 2
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Figure 2.9: Empirical winning frequency of each treatment at Phase 2 disaggregated
by period
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Treatment 1
0.842
First 5 rounds
(0.195)
0.842
Last 5 rounds
(0.212)
P-value
0.747

Treatment 2 Treatment 3 Treatment 4
0.791
0.525
0.475
(0.239)
(0.282)
(0.235)
0.925
0.501
0.483
(0.129)
(0.236)
(0.195)
0.002
0.774
0.977

Table 2.14: Empirical winning frequencies of each treatment at disaggregated by
first 5 and the last 5 roundsthe standard deviations are in the parenthesisat Phase
2. The last raw contains the P-values of Wilcoxon signed-rank tests where the null
hypothesis states that the means of first 5 rounds and the last 5 rounds are the
same.

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.020**
0.000***
0.606

0.000***
0.001***

0.000***

Treatment 4

Table 2.15: P-values of Mann-Whitney tests of degree of overpricing to see Player
1’s guesses for each treatment at Phase 2 where the null hypothesis states that the
means of degree of overpricing across treatments are the same.
∗p − value < 0.1, ∗ ∗ p − value < 0.05, ∗ ∗ ∗p − value < 0.01
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Figure 2.10: Histograms of WTP for observing Player 1’s guesses at Phase 2
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Figure 2.11: WTP of each treatment for observing Player 1’s guesses at Phase 2
disaggregated by period

Treatment 1
24.251
First 5 rounds
(19.286)
11.667
Last 5 rounds
(14.881)
P-value
0.000

Treatment 2 Treatment 3 Treatment 4
9.729
50.694
22.501
(14.332)
(20.002)
(20.694)
7.194
49.958
24.507
(11.442)
(19.427)
(18.940)
0.091
0.421
0.292

Table 2.16: WTP of each treatment at Phase 2 disaggregated by first and last 5
rounds at Phase 2 (the standard deviations are in the parenthesis). The last raw
contains the P-values of Wilcoxon signed-rank tests where the null hypothesis states
that the means of WTP of first 5 rounds and of the last 5 rounds are the same.

xit
Constant
Number of Obs

Treatment 1
-0.377∗∗∗
(0.081)

Treatment 2
-0.254∗∗
(0.091)

Treatment 3
-0.082
(0.071)

Treatment 4
-0.180∗∗
(0.086)

0.923∗∗∗
(0.018)
240

0.893∗∗∗
(0.013)
240

0.562∗∗∗
(0.043)
240

0.538∗∗∗
(0.028)
240

Robust standard errors in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table 2.17: Linear panel regression of empirical winning frequency on purchased
information at Phase 2 with fixed effects

2.6. CONCLUSION
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Appendix 2B.3. Completely Endogenous Observational structures(Phase 3)

Theoretical winning prob.
Mean
(Std. Dev)
Min
Max
Num. of subjects
Difference

Treatment 1 Treatment 2 Treatment 3 Treatment 4
rational-neighbor groups
mixed-neighbor groups
0.648
0.677
0.479
0.438
0.442
0.508
(0.196)
(0.188)
(0.147)
(0.153)
0.2
0.5
0.1
0.3
0.8
1
0.7
0.9
24
24
24
24
Not significant
Not significant

Table 2.18: Empirical winning frequencies at Phase 3

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.632
0.744
0.340

0.357
0.748

0.244

Treatment 4

Table 2.19: P-values of Mann-Whitney tests of empirical winning frequencies for
each treatment at Phase 3 where the null hypothesis states that the means of
empirical winning frequencies are identical across treatments. ∗p − value < 0.1,
∗ ∗ p − value < 0.05, ∗ ∗ ∗p − value < 0.01
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Figure 2.12: Histograms of empirical winning frequency at Phase 3
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Figure 2.13: Empirical winning frequencies of each treatment at Phase 3 disaggregated by period
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Mean
(Std. Dev)
Min
Max
Num. of people who
always pay zero
Num. of subjects
Difference

57
Treatment 1 Treatment 2 Treatment 3 Treatment 4
rational-neighbor groups
mixed-neighbor groups
5.708
4.347
35.500
22.718
(8.710)
(8.267)
(14.697)
(15.252)
0
0
2
0
30
37
60
50
14

14

24
24
not significant

0

3

24

24

Treatment 3 pays a higher price and it is significant at 5% level

Table 2.20: Player 3’s WTP (unit: peseta) for observing Player 1’s guesses at Phase
3

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.765
0.000***
0.001***

0.000***
0.000***

0.001***

Treatment 4

Table 2.21: P-values of Mann-Whitney tests of degree of overpricing to observe
Player 1’s guesses of each treatment at Phase 3 where the null hypothesis states
that the means of degree of overpricing across treatments are the same.
∗p − value < 0.1, ∗ ∗ p − value < 0.05, ∗ ∗ ∗p − value < 0.01
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Figure 2.14: Histograms of WTP for observing Player 1’s guesses at Phase 3
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Figure 2.15: Average WTP of each treatment to observe Player 1’s guesses at Phase
3 disaggregated by period
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Treatment 1
8.583
First 5 rounds
(12.860)
9.250
Last 5 rounds
(13.841)
P-value
0.761

Treatment 2 Treatment 3
6.937
44.000
(11.880)
(17.336)
7.083
45.000
(13.055)
(16.111)
0.546
0.751

Treatment 4
32.000
(20.216)
28.750
(18.499)
0.342

Table 2.22: WTP (unit: peseta) of each treatment to see Player 1’s guess at Phase
3 disaggregated by first and last 5 rounds at Phase 3 (the standard deviations are in
the parenthesis). The last raw contains the P-values of Wilcoxon signed-rank tests
where the null hypothesis states that the means of WTP of first 5 rounds and of
last 5 rounds are the same.

Mean
(Std. Dev)
Min
Max
Num. of subjects
who always pay zero
Num. of subjects
Difference

Treatment 1 Treatment 2 Treatment 3 Treatment 4
rational-neighbor groups
mixed-neighbor groups
30.375
28.417
26.491
18.833
(14.071)
(22.010)
(12.253)
(12.997)
0
0
0
0
53
70
50
47
2
1
24
24
not significant

1
24

3
24

The average WTP of Treatment 3 is higher and it is significant at 5%

Table 2.23: Player 3’s WTP (unit: peseta) for observing Player 2’s guesses at Phase
3

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.657
0.023**
0.967

0.040**
0.421

0.021**

Treatment 4

Table 2.24: P-values of Mann-Whitney tests of degree of overpricing to observe
Player 2’s guesses of each treatment at Phase 3 where the null hypothesis states
that the means of degree of overpricing across treatments are the same.
∗p − value < 0.1, ∗ ∗ p − value < 0.05, ∗ ∗ ∗p − value < 0.01
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Figure 2.16: Histograms of WTP for observing Player 2’s guesses at Phase 3

15

20

WTP
25

30

35

Graphs by (mean) session

0

2

4

6

8

10

Period
Treatment 1
Treatment 3

Treatment 2
Treatment 4

Figure 2.17: Average WTP of each treatment for observing Player 2’s guesses at
Phase 3 disaggregated by period
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Treatment 1
41.583
First 5 rounds
(17.285)
36.751
Last 5 rounds
(16.171)
P-value
0.009

61
Treatment 2 Treatment 3 Treatment 4
35.501
36.001
26.667
(25.238)
(13.806)
(17.992)
34.251
35.333
25.667
(28.366)
(14.101)
(16.457)
0.816
0.434
0.283

Table 2.25: WTP (unit: peseta) of each treatment to see Player 2’s guess at Phase
3 disaggregated by first and last 5 rounds at Phase 3 (the standard deviations are in
the parenthesis). The last raw contains the P-values of Wilcoxon signed-rank tests
where the null hypothesis states that the means of WTP of first 5 rounds and of
last 5 rounds are the same.
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Appendix 2C: Screen-shots of interaction interface

Figure 2.18: Interaction interface for the decision-making at Phase 1

Figure 2.19: Interaction interface of the strategy method to elicit willingness to pay

2.6. CONCLUSION
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Appendix 2D: Instruction
This is the instruction for Treatment 1, and the differences between the instruction of Treatment 1 and Treatment 2,3,4 are annotated in the footnotes.
WELCOME TO THE EXPERIMENT!
This is an experiment studying how people make decisions. This instruction is
easy to follow, and reading it carefully will significantly increase your chances of
winning. Our interest is in studying how individuals behave on average. We are not
interested in the behavior of a certain person. Therefore, do not think that we are
expecting a certain behavior from you. Instead, think that the amount of money
you earn depends on your behavior, therefore try to do your best.
Notice that on the table you have the instruction printed on paper so that if you
need it at any time, you can review them.
Please do not disturb the other participants during this experiment. If you need
any help, please raise your hand and wait quietly. You will be attended as soon as
possible.
HOW CAN YOU MAKE MONEY?
You and each of the other players must make some decisions.
Your decision (and the decisions of the other players in your group) will determine
the amount of money you will earn at the end of each round.
During the experiment your profit will be counted for in pesetas. € 1 worth 200
pesetas.
At the end of the experiment, you will be paid what you have earned in euros.
Your final payments will be the sum of the payment of each round.
The experiment consists of 3 phases in total. Each phase consists of 10 rounds.
Phase 1
In the first Phase, you will play with 2 other players in your group.
In this Phase, you are Player 3.
This number represents your position to play in the sequence of 3 players (Player
1 plays first, Player 2 after Player 1, and Player 3 is the last one to make the decision).
Your position in the game will be the same in the following two phases.
Your position in the sequence will remain the same during the entire experiment.
At the beginning of each round, the computer will assign to each person in your group
(including yourself) either 0 tokens or 1 token. Within each group, each player is
assigned 0 tokens with a probability of 20% and is assigned 1 token with a probability
of 80%. The fact that a player is assigned 0 tokens or 1 token is independent of
what other players are assigned; that is to say, the above probabilities are applied
separately for each player.
In each round, the computer returns to the process of assigning tokens to each
player in a specified manner.
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The number of tokens that each player is assigned in a round does not depend
at all on the assignments he has had in other rounds.
You will only know the number of tokens that have been assigned to you (0 or
1), not the number that has been assigned to the other players in your group. The
same goes for other subjects (they only know their tokens)
In each round, you will be asked to make a guess about the total number of
tokens distributed among the three members of your group (including yourself) in
that particular round. The rest of the group members will have to make their guesses
too.
The guesses are made according to the sequence of the group, that is:
• Player 1 guesses first,
• Then Player 2,
• And finally Player 3 (that is you).
In addition, before you make your guess, you can know the guesses of those
members of your group who have acted before you in the sequence of guesses16 ,
which means
• Player 2 can see the guess of player 1.
• Player 3 (you) can see the guesses of Player 1 and Player 2.

17

If your guess is correct, you will win a prize of 100 pesetas. If not, you will not
earn anything in that round.
In each round and in all phases, you will be part of a group with 2 other players,
whose behavior is simulated by computer, which is programmed to play this game
with you. These automata are programmed to play in a way that maximizes their
chances of winning and Player 2 knows that Player 1 are playing in a way to maximize
her probability of winning.18
Phase 2
Now you will play another 10 rounds of a new game. The rules of the game are
similar to those at Phase 1 with some modifications.
Rules that are similar to at Phase 1:
16

As for the instruction of Treatment 2 and Treatment 4, this sentence is substituted by “In
addition, before you make your guess, you can know the guesses of those members of your group
who have acted one stage before you in the sequence of guesses,”
17
For the instruction of Treatment 2 and Treatment 4, this sentence is substituted by “Player 3
(you) can see the guess of Player 2.”
18
For the instructions of Treatment 3 and 4, this paragraph is substituted by the following text:
“In each round and in all phases, you will be part of a group with 2 other players, whose behavior
is simulated by computer,
Player 1: Player 1 is programmed to play in a way that maximizes their chances of winning.
Player 2: The computer flips a coin, if it is head, Player 2 plays like Player 1, always choose
the answer that maximizes their probability of winning; if it is tail, Player 2 will make a random
choice.”
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• In each group, each player is assigned 0 tokens with a probability of 20% and
is assigned 1 token with a probability of 80%.
• In each round, you will be asked to make a guess about the total sum of token
distributed among the four members of your group (including yourself) in that
round.
• You will be paid 100 pesetas if you succeed. In this first round, you will receive
200 pesetas.
The differences with respect to Phase 1:
• In this phase, you have to pay to see the guess of Player 1.
• The figure shows you what will appear on your screen

As the figure shows:
• You will be given a list of 10 prices.
• For each price, you must choose whether you are willing to pay this price to
see the guess of Player 1.
• The computer will randomly choose one of the 10 choices.
• If in that selected decision, you choose“Yes”, you will see the guesses of Player
1 and pay the corresponding price.
• If in that selected decision, you choose “No”, you will not be able to see the
guess of Player 1 and you do not need to pay anything.
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Phase 3
In this phase, you are going to play 10 additional rounds.
The rules of the game are similar to those of Phase 1, with some modifications.
As at Phase 1:
• In each group, each Player is assigned 0 tokens with a probability of 20% and
is assigned 1 token with a probability of 80%.
• In each round, you will be asked to make a guess about the total number of
token distributed among the three members of your group (including yourself)
in that particular round.
• You will be paid 100 pesetas if you guess right and 0 pesetas if you are wrong.
In this first round, you will receive 200 pesetas for free.
The difference with respect to Phase 1:
• In this phase, you have to pay to see the guesses of Player 1 and Player 2.
The figure shows you what will appear on your screen. As the graph shows:

• You will be given a list of 10 prices for each Player.
• For each price, you have to choose if you are willing to pay this price to see
the guess of Player 1 and the guess of Player 2.
• The computer will randomly choose one of the 10 choices for each Player.
• If in that selected choice for Player 1, you had chosen “Yes”, you will see the
guess of Player 1 and pay the corresponding price.
• If in that selected choice for Player 1, you had chosen “No”, you will not be
able to see the guess of Player 1 and you do not need to pay anything.
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• If in that selected choice for Player 2, you had chosen “Yes”, you will see the
guess of Player 1 and pay the corresponding price.
• If in that selected choice for Player 2, you had chosen “No”, you will not be
able to see the guess of Player 1 and you do not need to pay anything.

Chapter 3
Complexity Effect and Cognitive
Reflection in Observational
Learning: An Experiment
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3.1

Introduction

It is widely acknowledged that the complexity of a task affects people’s decisionmaking, and economic models should allow for the role of complexity. As Simon
(1955) points out, a decision model should take into account “the access to information and the computational capacities that are actually possessed by the organism,
including man, in the kinds of environments in which such organisms exist”.
Concerning the effects of complexity in decision-making, it is generally believed
that complexity reduces the accuracy of decision-making and people have a natural
tendency to avoid complex tasks. There are some empirical studies that support
this view. For example, Ellison and Ellison (2009) study how Internet companies
use people’s weakness in handling complexity and they find that the easier the price
search is, the higher the price sensitivity will be, and companies intentionally frustrate consumers’ price searches (as the authors label it as obfuscation) to reduce
consumer’s price sensitivity. Sitzia and Zizzo (2011) find that in the retail market,
the complexity of the product has the potential to increase consumption. Wilcox
(1993) studies the effect of incentives on subjects’ performance in binary choices
with different degrees of complexity and finds that when incentives are low, complexity negatively affects the accuracy of decisions, but the effect of complexity
disappears when the incentives are high. Sonsino et al. (2002) present experimental
evidence showing that subjects have an aversion towards complexity in choices with
uncertainty and complexity will lead to sub-optimal decisions. Huck and Weizsäcker
(1999) find that, in the context of one-period lottery choices experiment, subjects
are more likely to deviate from optimal choices if the number of possible outcomes
increases. Moreover, they show that subjects have a tendency to avoid relatively
complex alternatives and their risk attitude is also affected by the complexity of the
task. Charness et al. (2018) find that the elicitation results of gender difference in
risk preferences depend on the complexity of the protocols used in the experiments.
In this chapter, we study how the complexity of task affects people´s decisionmaking in the context of observational learning games. Observational learning games
are sequential games in a common-value environment, and every player has limited
information about the state of the world. Every player in the game tries to form
the best estimation of the state of the world based on their own private information
and the information they infer from other people´s behavior. Because observational
learning involves the process of decoding other people’s private information from
their behavior, the effect of complexity might play an important role in the interaction process and one way to increase the complexity of the task is to increase the
information that needs to be decoded. There are mainly three research questions
we want to study:
Question 1: Will complexity affect the accuracy of a subject´s decision-making in
the process of observational learning?
Question 2: How does the complexity of task affect people’s information acquisition in the process of observational learning?
Question 3: Will the effects of subjects’ cognitive reflection ability change with
the degree of the complexity of task?
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We adopt 3-stage observational learning games in our experiment. Every player
has a private signal, which is a binary variable. All players must guess the total
sum of all players’ private signals. There are two types of game-forms used in our
experiment: the simple-task game-forms, in which there is just one player at each
stage. The simple-task game-forms are borrowed from Chapter 2. Another type
of game-forms used in this experiment is labeled as complex-task game-forms, in
which we create a more complex learning task by adding one player in the second
stage to the simple-task game-forms. In the complex-task game-forms, there are two
players making decisions simultaneously at the second stage. From the perspective
of the player at the last (third) stage, the tasks in complex-task game-forms are
more complicated than the tasks in the simple-task game-forms in the sense that
the player at the last stage in complex-task game-forms has more information to
decode. By comparing the performance of the subjects in these two game-forms, we
can answer Question 1.
We use both exogenous and endogenous observational structures in our experiments. This design allows us to study not only the performance of players but also
their information acquisition behavior. This enables us to answer Question 2.
Moreover, we use the data collected at the end of our experiments on risk preference and cognitive reflection ability to study how cognitive reflection affect subjects’
behavior. We are also interested in studying whether the effects of cognitive reflection change when the degree of the task changes. By doing this, we can address
Question 3.
We find that, in the setting of this experiment, increasing complexity does not reduce the accuracy of players’ decision-making, and subjects with more complex tasks
have a lower willingness-to-pay (WTP) for additional information. Moreover, being
cognitive reflective significantly lower subjects’ WTP for additional information in
complex-task game-forms while has no significant effect in simple-task game-forms.
This chapter is organized as follows: Section 3.2 introduces the experimental
design and implementation. Section 3.3 derives the theoretical predictions which
serve the reference point for our empirical analysis. Section 3.4 reports the experimental results and Section 3.5 concludes with appendices that contain the tables
and figures used in this chapter and experimental instruction translated from the
original Spanish version.

3.2

Experimental design and procedures

1. The game-forms. There are two types of game-forms played in this experiment: simple-task game-forms and complex-task game-forms. There are 3 players
in simple-task game-forms and 4 players in complex-task game-forms.
In the simple-task game-forms, the players are indexed by i ∈ {1, 2, 3} and each
of them will receive a private signal which is an i.i.d. binary variable si , and with
probability p = 4/5 that si = 1. The three players play sequentially. Player 1 acts
first, and then Player 2 acts second, and Player 3 acts last. Each of them must
make a guess (gi ) about the total sum of all players’ private signals (σ = s1 + s2 + s3 ).
Anyone whose guess (gi ) coincides with the total sum of the private signals (σ) wins
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the prize (100 pesetas in this experiment), otherwise, she gets zero.1
Depending on the observational structures, there are three game-forms in simpletask game-forms:
Game-form 1 : In Game-form 1, Player 2 can observe Player 1’s guess
and Player 3 can observe the guesses of Player 1 and Player 2.
Game-form 2 : In Game-form 2, Player 2 can observe Player 1’s guess,
and Player 3 can observe the guess of Player 2.
Game-form 3 : In Game-form 3, Player 2 can observe Player 1’s guess,
and Player 3 can observe Player 2’s guess for free. Player 3 will be
given a list of ten prices from 10 pesetas to 100 pesetas, with 10
pesetas as an interval. For each price, she needs to decide whether
she is willing to pay this price to observe Player 1’s guess. One of the
ten price choices is randomly drawn as the final decision. 2 If at this
price choice, Player 3’s choice is “Yes”, she pays the corresponding
price and sees Player 1’s guess. Otherwise, she does not pay anything
and she cannot see Player 1’s guess.
In the complex-task game-forms, there are 4 players and the players are indexed as
i ∈ {1, 2a, 2b, 3}. Player 1 acts first, and Player 2a and Player 2b act simultaneously
after Player 1, then Player 3 acts last. Like the simple-task game-form, they must
make a guess (gi ) about the total sum of players’ private signals (σ = s1 +s2a +s2b +s3 )
and anyone whose guess coincides with the total sum of the private signals (σ) gets
100 pesetas, otherwise, she gets zero.
Depending on the observational structures, there are three game-forms for complextask game-forms.
Game-form 4 : In Game-form 4, Player 2a and Player 2b can observe
Player 1’s guess and Player 3 can observe the guesses of Player 1,
Player 2a and Player 2b.
Game-form 5 : In Game-form 5, Player 2a and Player 2b can observe
Player 1’s guess, and Player 3 can observe the guesses of Player 2a
and Player 2b.
Game-form 6 : In Game-form 6, Player 2a and Player 2b can observe
Player 1’ guess, and Player 3 can observe Player 2a’s and Player
2b’s guesses for free. Following the same procedure in Game-form 3,
Player 3 is asked to pay to see Player 1’s guess.
The observational structures in each game-form is illustrated in Figure 3.1, where
the arrow means the player at the starting point can observe the guess of the player
at the endpoint. The solid line means the player at the starting point can observe
the guess of the player at the end point for free, and the dashed line means that the
player at the starting point has to pay a price p to observe the guess of the player
at the endpoint.
1

Peseta is a virtual currency unit used in the laboratory of University of Alicante. 1e equals
to 200 pesetas.
2
The screen-shot of the interface for price elicitation could be seen in Figure 2.19 of Appendix
2C.
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The complex-task game-forms are designed to be comparable with the simpletask treatment. The difference between simple-task game-forms and complex-task
game-forms is that we add one additional player in the second stage of the game
to each game-form of the simple-task game-forms. Therefore the difference between
Game-form 1 (2,3) versus Game-form 4 (5,6) should be ascribed to the additional
player in the second stage in the complex-task game-forms.
Player 1

Player 1

Player 2

Player 2

Player 1

Player 2

P

Player 3

Player 3

Player 3

Game-form 1

Game-form 2

Game-form 3

Player 1

Player 1

Player 1

Player
2a

Player
2b

Player
2a

Player
2b

Player 3

Player 3

Game-form 4

Game-form 5

Player
2a

P

Player
2b

Player 3

Game-form 6

Figure 3.1: The observational structures of game-forms for each treatment and each
phase
2. Treatments and session. There are 4 treatments in this experiment. Each
treatment runs a session and each session has 24 subjects. The subjects are the
undergraduate students of the University of Alicante who do not have experience of
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similar experiments. They are recruited via ORSEE (Greiner, 2015) from a pool of
more than 3000 people.
3. Players. In this experiment, as the experiment in Chapter 2, only the
last player—Player 3—is a human subject. Player 1, Player 2 (in simple-task gameforms), Player 2a and Player 2b (in the complex-task game-forms) are automata that
always choose the strategies that maximize their probability of winning. Moreover,
The automata in the second stage “know” that Player 1 always chooses the strategy
that maximizes her winning probability. The subjects know that their predecessor
are automata and those automata always choose the optimal choices.
4. Phases and observational structures. There are two phases in the experiment. Each phase has its special observational structures. In each phase, the
same task will be repeated 10 times. 3
Phase 1: Exogenous observational structures. In Phase 1, the subjects of Treatment 1 play Game-form 1, and the subjects of Treatment 2 play Game-form
2. While the subjects of Treatment 3 play Game-form 4 and the subjects of
Treatment 4 play Game-form 5.
Phase 2: Partially endogenous observational structures. In Phase 2, the subjects of Treatment 1 and Treatment 2 play Game-form 3 and the subjects of
Treatment 3 and Treatment 4 play Game-form 6.
The observational structures of each treatment and each phase are summarized
in Table 3.1
Phase 1
Phase 2

Treatment 1 Treatment 2
Game-form 1 Game-form 2
Game-form 3

Treatment 3 Treatment 4
Game-form 4 Game-form 5
Game-form 6

Table 3.1: Observational structures of each treatment and phase
5. Instructions. We conducted the experiment in the Laboratory of Theoretical and Experimental Economics at the University of Alicante, Spain. The
interface of the experiment was programmed in z-tree (Fischbacher, 2007). At
the beginning of each session, the subjects were informed about the contents
of the experiment. A copy of written instruction was given to them, and an
experimenter read aloud the instruction.4
6. Payoff. The total payoffs are the sum of the prizes subjects win in all
rounds and it will be converted into Euros at the end of the experiment. For
Treatment 3 and Treatment 4, each session lasted about 50 minutes and the
subjects received 10.2 e payoff on average.
10. Ex-post information. After each round, all the payoff-relevant information was revealed to the subjects.
3

Because the design and implementation of Treatment 1 and Treatment 2 are exactly the same
of Treatment 1 and Treatment 2 in Chapter 2, we use the data from the experiment of Chapter
2(first two phases) for Treatment 1 and Treatment 2.
4
An a copy of the instruction translated from Spanish version could be found in Appendix 3B.
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11. Questionnaire. At the end of the experiment, the subjects were asked
to complete a questionnaire, a cognitive reflection test of Frederick (2005) and
a task to elicit risk preference through Multiple Price List protocol (Holt and
Laury, 2002). Here we briefly introduce the questionnaire administered to
all subjects at the end of the experiment and corresponding variables in our
dataset.
1. Gender. The variable gender = 1 if the subject is female.
2. Risk preference. Risk preferences have been elicited through Multiple
Price List (MPL, Holt and Laury (2002) ) protocol, As Figure 3.8 in
Appendix 3C shows, for 21 choices, the subjects have to identify their
preferences between a sure payment and a binary lottery. “Option A”
corresponds to a sure payment whose value increases along the sequence
from 0 to 1000 pesetas with 50 pesetas as the interval. “Option B”
is constant along the sequence and corresponds to a 50/50 chance to
win 1000 pesetas. Following Holt and Laury (2002), we use the relative
frequency of choosing option B as a proxy for risk-lovingness (i.e. HL ∈
[0, 1], increasing with subject’s risk-lovingness).
3. Cognitive reflection test (CRT). The CRT consists of three simple quantitative questions to test subjects’ ability to suppress their impulsive
responses and work out the answers logically. The subjects must give
answers to the following three questions:
a. A bat and a ball cost 1.10 euros in total. The bat costs 1.00 euro more
than the ball. How many cents do the ball cost?.....cents. (Correct
answer: 5; intuitive but wrong answer: 10).
b. If it takes 5 machines, 5 minutes to make 5 widgets, How many
minutes would it take 100 machines to make 100 widgets?.....minutes.
(Correct answer: 5; intuitive but wrong answer: 100).
c. In a lake, there is a patch of lily pads. Every day, the patch doubles
in size. If it takes 48 days for the patch to cover the entire lake, how
many days would it take for the patch to cover half of the lake.....days.
(correct answer: 47; intuitive but wrong answer: 24).

3.3

Theoretical predictions

In this section, we derive the theoretical predictions for the games played in our
experiment. These predictions will become the benchmark for our empirical
analysis in Section 3.4.

3.3.1

Simple-task game-forms

The simple-task game-form is adopted from Chapter 2. As Chapter 2 shows,
Player 1 and Player 2 will perfectly reveal their private signals and the equi-
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librium choices for Player 1 and Player 2 are:
ḡ1 (s1 ) = s1 + 2,
ḡ2 (g1 , s2 ) = s2 + 1 + I(g1 = 3),

(3.1)

where I(.) is an indicator function that is 1 if condition (.) holds, and 0
otherwise. Player 3 can infer Player 1 and Player 2’s private signals and make
an accurate prediction. Player 3’s optimal guess is: ḡ3 (g2 , s3 ) = s3 + 2I(g2 =
3) + I(g2 = 2), and the theoretical winning probability is 100%.
Note that in Player 3’s decision function, she only considers Player 2’s guesses
and her own private signals. Because Player 2’s guesses incorporate all the
relevant information from Player 1. Therefore, Player 1’s guesses are redundant
information for Player 3, and Player 3 should not pay anything to observe
Player 1’s guess in Phase 2 and Player 3’s optimal guess in Phase 2 is the
same as that in Phase 1.

3.3.2

Complex-task game-forms

For the complex-task game-forms, We get the equilibrium for each player in
Phase 1 as follows. 5
For Treatment 3 and Treatment 4, there are two information sets that Player
3 might face: h = {g1 , g2a , g2b , s3 } or h = {g2a , g2b , s3 }. Treatment 3 in Phase
1 is in the former information set and Treatment 4 in Phase 1 is in the latter
one. In Phase 2, both Treatment 3 and 4 are playing the same game-form,
and it is possible that Player 3 might face either of those two information sets.
We then first derive the optimal guesses of Player 3 in each information set,
and then calculate the maximum price (label as fair price) she is willing to
pay to see Player 1’s guess in Phase 2.
Because Player 1, Player 2a and Player 2b are automata, which are programmed to choose the strategy that maximize their winning probability, their
behavior is a certain function of the information they receive:
ḡ1 (s1 )
= s1 + M3 (0.8) = s1 + 3,
ḡ2a (g1 , s2a ) = s2a + M2 (0.8) + I(g1 = 4) = s2a + 2 + I(g1 = 4),
ḡ2b (g1 , s2b ) = s2b + M2 (0.8) + I(g1 = 4) = s2b + 2 + I(g1 = 4),

(3.2)

If Player 3 is in the information set h = {g1 , g2a , g2b , s3 }:
In this information set, Player 3 observes her own private signal and the guesses
of Player 1, 2a, 2b. Here we discuss her optimal guess when she observes her
predecessors making different guesses.
Mk (p)is the mode of Bin(k; p), which is the most likely realization of the sum of k signals. In
this chapter, M3 (0.8) = 3, M2 (0.8) = 2, M1 (0.8) = 1.
5

3.3. THEORETICAL PREDICTIONS

77

• g2a = g2b = 4. In this case, Player 2a and Player 2b all guess 4, then
Player 1 must have guessed 4. Therefore s1 = s2a = s2b = 1, and Player 3’s
optimal guess should be ḡ3 (g2a = g2b = 4) = s3 + 3.
• g2a = 4, g2b = 3 or g2a = 3, g2b = 4. In this case, since one of Player 2a
and Player 2b guesses 4, then g1 = 4, s1 = 1 and s2a + s2b = 1, Player 3’s
optimal guess is ḡ3 = s3 + 2.
• g2a = g2b = 3. If both Player 2a and 2b all guess 3. From Player 2a and
2b’s guesses, we can only infer that s2a = s2b . If g1 = 4, s2a = s2b = 0 and if
g1 = 3, s2a = s2b = 1. The optimal guess for Player 3 in this information
set is: ḡ3 (g2a = g2b = 3) = s3 + I(g1 = 4) + 2I(g1 = 3)
• g2a = 3, g2b = 2 or g2a = 2, g2b = 3. Since one of Player 2a and Player 2b
guesses 2, it implies that g1 = 3. We can infer that s1 = 0 and s2a + s2b = 1,
therefore Player 3’s optimal guess is ḡ3 (g2a + g2b = 5) = s3 + 1
• g2a = g2b = 2. In this case, it is only possible that s1 = s2a = s2b = 0,
therefore Player 3’s optimal guess is ḡ3 (g2a = g2b = 2) = s3
In summary, the optimal guess for Player 3 in the information set h = {g1 , g2a , g2b , s3 }
is:
ḡ3 (g1 , g2a , g2b , s3 ) = s3 + 3I(g2a = g2b = 4) + 2I(g2a + g2b = 7) + I(g2a = g2b = 3, g1 = 4)
+2I(g2a = g2b = 3, g1 = 3) + I(g2a + g2b = 5)
(3.3)
If Player 3 is in this information set, she could always perfectly infer the sum of
private signals of Player 1, 2a and 2b, and her theoretical winning probability
is 100%.
If Player 3 is in the information set h = {g2a , g2b , s3 }:
In this information set, Player 3 can observe the guess of Player 2a and Player
2b and her own private signal. From the optimal guess of Player 3 in the
information set h = {g1 , g2a , g2b , s3 }, we know that only when both Player 2a
and Player 2b guess 3, Player 3 needs to know the guess of Player 1 in order
to make a correct guess with certainty. In all other cases, She does not need
to know Player 1’s guess. If g2a = g2b = 3, since P (g1 = 4∣g2a = g2b = 3) > P (g1 =
3∣g2a = g2b = 3), the optimal guess in the case that both Player 2a and Player
2b guess 3 is: ḡ3 (g2a = g2b = 3) = s3 + 1. In other cases, Player 3 will follow the
same response function as per the information set h = {g1 , g2a , g2b , s3 }.
In summary, the optimal guess for Player 3 in the information set h = {g2a , g2b , s3 }
is:

ḡ3 (g2a , g2b ) = s3 + 3I(g2a = g2b = 4) + 2I(g2a + g2b = 7)
+I(g2a + g2b = 5 or 6)

(3.4)

In this information set, Player 3 could perfectly infer the sum of her predecessors’ private signals except in the case that both Player 2a and Player 2b
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guess 3. If both Player 2a and Player 2b guess 3, the probability that Player
3 makes a correct prediction is 80% and the probability that g2a = g2b = 3
is P (g2a = g2b = 3) = P (s1 = 1 and s2a = s2b = 0) + P (s1 = 0 and s2a = s2b =
1) = 0.8 ∗ 0.22 + 0.2 ∗ 0.82 = 0.16. The theoretical winning probability is
(1 − 0.16) + 0.16 ∗ 0.8 = 94.8%.
Now, we calculate the theoretical WTP (label as fair price) of Player 3 to see
Player 1’s guess in Phase 2.
Let p denote the highest price that Player 3 is willing to pay to see Player 1’s
p
, and the
guess. The probability that Player 3 can see Player 1’s guess is 100
benefit from seeing Player 1’s guess is (1 − 94.8%) ∗ 100 = 5.2. The objective
p
p
p
function for Player 3 is ( 100
) ∗ 100 + (1 − 100
) ∗ 94.8 − p ∗ 100
. The solution for
∗
this optimization problem is p = 2.6 and the theoretical winning probability is
94.9%. Table 3.2 summarizes the theoretical prediction of Player 3’s winning
probability in each phase and WTP to see Player 1’s guesses in Phase 2.

Theoretical Winning Probability
(Phase 1)
Theoretical Winning Probability
(Phase 2)
Fair price (pesetas)

Simple-task game-forms
Treatment 1 Treatment 2

Complex-task game-forms
Treatment 3 Treatment 4

100%

100%

100%

100%

94.9%

0

2.6

94.8%

Table 3.2: Summary of theoretical winning probability and fair price of Player 3
Based on the equilibrium of the games of the two treatments and the conjecture that complexity will reduce the accuracy of subjects’ decision and make
them have stronger desire to seek for additional information, we obtain two
predictions concerning the accuracy of guessing and demand for information.
Prediction 1: At Phase 1 and 2, the means of individuals’ empirical winning
frequencies of the subjects of Treatment 3 should be lower than that of
Treatment 1, and the average empirical winning frequency of Treatment
4 should be lower than that of Treatment 2.
Prediction 2: In Phase 2, The average WTP to see Player 1’s guess of
the subjects of Treatment 3 should be higher than that of Treatment 1
and the average WTP to see Player 1’s guess of subjects of Treatment 4
should be higher than that of Treatment 2.
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Experimental results

In this session, we analyze the results of the experiment. We focus on two
variables: the accuracy of guessing (empirical winning frequency) and the
demand for additional information (WTP). In Section 3.4.1, we compare means
of individuals’ empirical winning frequencies and WTP of different treatments;
In Section 3.4.2, we use data collected from questionnaires to examine the
effects of individual characteristics on subjects’ decision-making.

3.4.1

Aggregate behavior

Result 1: (The effect of complexity on empirical winning frequencies) There
is no significant difference in means of individuals’ empirical winning
frequencies between simple-task treatment and complex task treatment,
neither under exogenous observational structures (Phase 1) nor under
partially observational structures (Phase 2).
In Phase 1, as Table 3.3 shows, the means of individuals’ empirical winning frequencies of the four treatments are very close, ranging from 82.3% to 86.7%.
We compare the means of individuals’ empirical winning frequencies of the
same observational structure between simple-task game-forms and complextask game-forms (Treatment 1 versus Treatment 3 and Treatment 2 versus
Treatment 4), there is no evidence that there is any significant difference between any two treatments according to a Mann-Whitney test.6 7 In Phase 2,
the results from Table 3.8 and Table 3.9 in Appendix 3.A show that there is
no significant difference in means of individuals’ empirical winning frequencies between the subjects of Treatment 1 and the subjects of Treatment 3 or
between that of Treatment 2 and that of Treatment 4.
Result 1 seems counter-intuitive in the sense that complexity does not reduce
the accuracy of subjects’ decision-making, which is not in line with the results
of the empirical studies mentioned in Section 3.1. Here we offer two explanations. The first possible explanation is that maybe because the difference
in the degree of the tasks between treatments does exist, but it is too small
to generate a significant difference in empirical winning frequencies between
simplex-task game-forms and complex-task game-forms. The second explanation is that because the distinctive nature of observational learning that, in
observational learning, predecessors’ information is mutually correlated, and
if the subjects adopt a heuristic non-Bayesian approach to process information (for example, they might simply take the average of their predecessors’
guesses or take majority guess rather than infer predecessors’ private signals
6

See the statistics of Table 3.6 in Appendix 3A for the statistical tests of the difference of means
between each treatment.
7
In this chapter, we use the Mann-Whitney test to test differences of means between two
independent samples.

80CHAPTER 3. COMPLEXITY EFFECT AND OBSERVATIONAL LEARNING
accurately (Garcia-Retamero et al., 2006)), therefore the complex-task gameforms might not be more complicated than the simple-task game-forms for the
subjects.
Simple-task treatment
Complex-task
Treatment 1 Treatment 2 Treatment 3
1.000
1.000
1.000
0.863
0.867
0.823
(0.163)
(0.140)
(0.153)
0.6
0.4
0.4
1.0
1.0
1.0
24
24
24

Theoretical prediction
Mean
(Std. Dev.)
Min
Max
No. of observations
Difference w. r. t
Not significant
observational structures

treatment
Treatment 4
0.948
0.863
(0.129)
0.5
1.0
24

Not significant

Table 3.3: Means of individuals’ empirical winning frequencies under exogenous
observational structures (Phase 1)
Result 1 examines the accuracy of Player 3’s guesses (empirical winning frequencies). We now examine the complexity effect on demand for information
(WTP).
Result 2: In partially endogenous observational structures (Phase 2), the
average WTP of the subjects of Treatment 1 is significantly higher than
that of Treatment 3 (significant at 1%) and the average WTP of the
subjects of Treatment 2 to see Player 1’s guess is significantly higher
than that of Treatment 4 (significant at 5%).

Fair price
Mean
(Stand dev.)
Min
Max
Num. of subject
who always pay 0
# of observation

Simple-task game-forms
Complex-task
Treatment 1 Treatment 2 Treatment 3
0
0
2.6
17.959
8.420
5.958
(16.313)
(12.671)
(6.444)
0
0
0
52
41
20

game-forms
Treatment 4
2.6
3.375
(4.807)
0
16

6

12

9

14

24

24

24

24

Table 3.4: WTP to see Player 1’s guesses in Phase 2
Table 3.4 reports the results about the average WTP of the subjects of each
treatment in Phase 2. First, we find that the average WTP of Treatment 3
is only about 1/3 of the WTP of Treatment 1 (5.958 versus 17.958) and the
difference is significant at 1% level and the average WTP of the subjects of
Treatment 4 is less than half of that of Treatment 2, and the difference is
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significant at 1%. 8 Second, there are 9 out of 24 subjects in Treatment 3 and
14 out of 24 subjects in Treatment 4 who always pay zero to observe Player
1’s guess. Result 2 directly contradicts with Prediction 2. Here we offer
two possible explanations. The first explanation is that since Player 3 in the
complex-task game-forms has more information sources from players in the
second stage of the game, and all the information from players in the second
stage is correlated with Player 1’s information, therefore Player 3 believes
it is unnecessary to buy additional information from Player 1. The second
explanation is that, given that we have limited information processing capacity,
the subjects in the complex-task game forms may feel overloaded or satisfied
with the information they already have, therefore their WTP for additional
information is lower.
Result 3: The endowment effect of information is not significant in complextask game-forms (Treatment 3 and Treatment 4).
In Chapter 2, we find the evidence for endowment effect of information, which
means that an agent is willing to pay more money for the information which
she was previously given for free. If endowment effect of information holds
for complex-task game-forms, we should expect that the average WTP to see
Player 1’s guesses of Treatment 3 should be higher than that of Treatment 4.
From the results of Table 3.4 and Table 3.11 in Appendix 3A, we find that
although the average WTP of the subjects of Treatment 3 is higher than that
of Treatment 4 (5.958 versus 3.375), it is not significant (the p-value is 0.123).

3.4.2

The effects of cognitive reflection

From Result 1 to Result 3, we have compared subjects’ behavior under
different degrees of task complexity. We now shift our attention to the investigation of how the ability of cognitive reflection affects subjects’ behavior.
In this subsection, we use personal characteristics data collected from the
questionnaires at the end of our experiments to study how cognitive reflection
affects subjects’ choices.
In our analysis, three variables of individual characteristics are included: gender (gender=1 if the subject is female), CRT and HL, as we introduced in
Section 3.2. There are 44 of 96 subjects that are female. The average CRT
score is 1.125 and the standard deviation is 1.172. Among the 96 subjects,
three are 20 subjects whose answers are all correct, 12 subjects who give 2
correct answers, 24 subjects who give 1 correct answer and 40 subjects whose
answers are all incorrect.
Result 4: Under partially endogenous observational structure (Phase 2),
given other factors fixed, subjects with higher CRT scores are willing to
8

See the histogram of WTP at Figure 3.6 and statistical tests of means of WTP across treatments at Table ??.
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pay less to see Player 1’s guess in the complex-task treatments (Treatment
3 and Treatment 4), while in the simple-task treatments, there is no
evidence that cognitive reflection affects subjects’ WTP to see Player 1’
guesses.
Table 3.4.2 reports the estimated coefficients of some OLS regressions in which
the WTP is the dependent variable. The regressors include CRT, gender, HL,
treatment (T reatmenti = 1 if the subject belongs to T reatmenti ) and the
interaction between treatment with CRT and gender with CRT. As Table
3.4.2 shows, for simple-task treatments, there is no evidence that subjects’
performance in CRT has significant effects on their WTP to see Player 1’s
guesses. While for Treatment 3 and Treatment 4, CRT score has a significantly
negative effect on Player 3’s WTP to see Player 1’s guess. Both of the effects
are significant at 5% level, which means that the reflective subjects are less
willing to pay money to see Player 1’s guesses. It is worth mentioning that the
effect of cognitive reflection is not significant in Treatment 1 and Treatment
2, which suggests that as the task grows more complicated, the difference
between reflective subjects and other subjects increases.

gender

-0.194
(2.235)

-1.515
(3.282)

CRT

-0.207
(1.015)

0.846
(2.229)

HL

-0.423∗
(0.233)

-0.422∗
(0.228)

Treatment 1

10.149∗∗
(4.206)

9.689
(5.974)

Treatment 3

-1.851
(2.871)

2.310
(4.361)

Treatment 4

-4.875∗
(2.715)

-1.966
(4.056)

gender*CRT

1.327
(2.067)

Treatment1*CRT

0.408
(3.901)

Treatment3*CRT

-3.699∗∗
(1.625)

Treatment4*CRT

-2.586∗∗
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(1.191)
Constant
Number of Obs

11.992∗∗∗
(3.618)
96

10.907∗∗
(4.391)
96

Robust standard errors in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 3.5: OLS regression of Player 3’s WTP on variables of individual characteristics at Phase 2

Result 5: Cognitive reflection has no significant effect on subjects’ accuracy
of decision (empirical winning frequency) in all treatments.
To study the effect of cognitive reflection on empirical winning frequencies, we
estimate some random-effect logistic regressions, in which the winning probability is the dependent variable and CRT, gender, HL, treatment and the
interaction between treatment with CRT and gender with CRT are independent variables. Table 3.12 in Appendix 3A report the results of the estimation.
We find that for all four treatments, there is no evidence that CRT can predict
subjects’ empirical winning frequency.

3.5

Conclusion

In this chapter, we experimentally study the effect of complexity on people’s
behavior patterns in observational learning. We use a simple three-stage observational learning game adopted from Chapter 2 as our protocol and increase
the degree of complexity of the task by adding a player in the second stage. We
find that there is no evidence that the degree of complexity of the tasks affects
subjects’ empirical winning frequencies. Concerning demand for additional
information, we find that subjects pay less to seek additional information in
the complex-task game-forms than that in the simple-task game-forms. Moreover, the endowment effect which is a persistent pattern in Chapter 2, becomes
insignificant in treatments with complex-task game-forms.
Concerning how cognitive reflection affects subjects’ decision, we find that reflective subjects pay less to buy additional information in complex-task gameforms, while in simple-task game-forms, there is no evidence that cognitive
reflection has any effect on subjects’ behavior. Therefore, the effect of CRT
on subjects’ behavior depends on the complexity of the task. This result echoes
with Charness et al. (2018), who find that the results of gender differences in
risk preference qualitatively change when the degree of complexity of elicitation mechanism changes. They use the Holt and Laury (2002)’s elicitation
mechanism, with a simpler representation to elicit subjects’ risk preference.
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While studies which use Holt and Laury (2002)’s elicitation mechanism generally do not find significant gender differences in risk preference (Holt and
Laury, 2014; Filippin and Crosetto, 2016), Charness et al. (2018) find that the
simpler presentation of Holt and Laury (2002) ’s elicitation mechanism results
in a significant gender difference that women are more risk averse than men.
In our experiment, we do not find evidence that subjects’ performance in CRT
can predict their behavior in the simple-task game-forms, but in complex-task
game-forms, impulsive subjects are willing to pay a significantly higher price
for additional information than the rest of the subjects. For Charness et al.
(2018), they find that the results and gender difference are affected by the
degree of complexity used in the experiment, and we find that the effect of
cognitive reflection is also affected by the degree of complexity of the task.
Therefore, both Charness et al. (2018) and this chapter confirm that the complexity of the protocols we use in our experiments can qualitatively affect the
conclusions drawn.
The results of the relationship between cognitive reflectiveness and decisionmaking in observational learning complement to those of Cueva et al. (2016).
The focus of Cueva et al. (2016) is on the relationship between cognitive reflection and non-strategic decision-making, while this chapter focuses on the
relationship between cognitive reflection and observational learning.
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Appendix 3A: Additional Results
Appendix 3A.1. Exogenous observational structures (Phase
1)

Treatment 2

Treatment 3

Treatment 4
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Frequency
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1
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Figure 3.2: Histograms of individuals’ empirical winning frequencies in Phase 1
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1
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Figure 3.3: Means of individuals’ empirical winning frequencies for each treatment
in Phase 1 disaggregated by period

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.342
0.432
0.522

0.432
0.443

0.634

Treatment 4

Table 3.6: P-values of Mann-Whitney tests of means of individuals’ empirical winning frequencies for each group in Phase 1 where the null hypothesis states that the
means of individuals’ empirical winning frequencies are identical across treatments.
∗p − value < 0.1, ∗ ∗ p − value < 0.05, ∗ ∗ ∗p − value < 0.01

Mean
Std. Dev
Num. of observations
Difference

Treatment 1 Treatment 2 Treatment 3 Treatment 4
0.708
0.625
50.583
0.708
0.456
0.495
0.504
0.464
24
24
24
24
Not significant
Not significant

Table 3.7: Means of individuals’ empirical winning frequencies in the first round of
Phase 1

3.5. CONCLUSION

87

Appendix 3A.2. Partially Endogenous Observational structures(Phase 2)

Theoretical winning probability
Mean
(Std. Dev)
Min
Max
Num. of subjects who always win
Num. of subjects
Difference

Treatment 1: Treatment 2: Treatment 3: Treatment 4:
1.000
1.000
1.000
0.946
0.842
0.858
0.842
0.850
(0.166)
(0.166)
(0.178)
(0.156)
0.50
0.50
0.40
0.60
1.00
1.00
1.00
1.00
10
9
6
10
24
24
24
24
Not significant
Not Significant

Table 3.8: Means of individuals’ mpirical winning frequencies in Phase 2

Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.442
0.452
0.621

0.532
0.468

0.334

Treatment 4

Table 3.9: P-values of Mann-Whitney tests of empirical frequencies for each treatment in Phase 2 where the null hypothesis states that the means of winning frequencies are identical across treatments. ∗p − value < 0.1, ∗ ∗ p − value < 0.05,
∗ ∗ ∗p − value < 0.01
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Figure 3.4: Histograms of empirical winning frequencies in Phase 2
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Figure 3.5: Empirical winning frequencies of each treatment in Phase 2 disaggregated by period
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Figure 3.6: Histograms of WTP for observing Player 1’s guesses in Phase 2
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Figure 3.7: WTP of each treatment for observing Player 1’s guesses in Phase 2
disaggregated by period
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Treatment
Treatment
Treatment
Treatment

1
2
3
4

Treatment 1

Treatment 2

Treatment 3

0.020**
0.000***
0.001***

0.213
0.024**

0.123

Treatment 4

Table 3.11: P-values of Mann-Whitney tests of WTP to observe Player 1’s guesses
for each treatment in Phase 2 where the null hypothesis states that the means of
WTP across treatments are the same.
∗p − value < 0.1, ∗ ∗ p − value < 0.05, ∗ ∗ ∗p − value < 0.01

Phase 1
0.189
(0.119)

0.076
(0.199)

Phase 2
-0.103
(0.122)

0.218
(0.226)

Female

0.098
(0.288)

0.121
(0.362)

-0.018
(0.301)

-0.064
(0.419)

HL

0.088
(0.073)

0.090
(0.053)

0.063
(0.063)

0.059
(0.052)

Treatment 1

-0.160
(0.391)

-0.536
(0.536)

-0.231
(0.437)

0.111
(0.628)

Treatment 3

-0.562
(0.374)

-0.563
(0.483)

-0.244
(0.398)

0.319
(0.546)

Treatment 4

0.049
(0.400)

-0.101
(0.488)

-0.078
(0.436)

0.478
(0.603)

CRT

gender*CRT

-0.009
(0.239)

0.041
(0.219)

Treatment1*CRT

0.365
(0.305)

-0.315
(0.306)

Treatment3*CRT

0.005
(0.257)

-0.494∗
(0.286)

Treatment4*CRT

0.140
(0.358)

-0.497
(0.307)

Constant
lnsig2u
Constant
Number of Obs

1.266∗∗∗
(0.381)

1.356∗∗∗
(0.404)

1.769∗∗∗
(0.494)

1.438∗∗∗
(0.535)

-0.167
(0.340)
960.000

-0.210
(0.344)
960.000

-0.035
(0.284)
960.000

-0.138
(0.309)
960.000

3.5. CONCLUSION

Robust tandard errors in parentheses
∗
p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 3.12: Panel regression of Player 3’s WTP on individual characteristics
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Appendix 3B: Experimental instructions
This is the instruction for Treatment 3, and the differences between the instruction of Treatment 3 and Treatment 4 are annotated in the footnote.
WELCOME TO THE EXPERIMENT!
This is an experiment studying how people make decisions. This instruction is
easy to follow, and reading it carefully will significantly increase your chances of
winning. Our interest is in studying how individuals behave on average. We are not
interested in the behavior of a certain person. Therefore, do not think that we are
expecting a certain behavior from you. Instead, think that the amount of money
you earn depends on your behavior, therefore try to do your best.
Notice that on the table you have the instruction printed on paper so that if you
need it at any time, you can review them.
Please do not disturb the other subjects during this experiment. If you need
any help, please raise your hand and wait quietly. You will be attended as soon as
possible.
HOW CAN YOU MAKE MONEY?
You and each of the other players must make some decisions.
Your decision (and the decisions of the other players in your group) will determine
the amount of money you will earn at the end of each round.
During the experiment your profit will be counted for in pesetas. € 1 worth 200
pesetas.
At the end of the experiment, you will be paid what you have earned in euros.
Your final payments will be the sum of the payment of each round.
The experiment consists of 2 phases in total. Each phase consists of 10 rounds.
Phase 1
In the first Phase, you will play with 3 other players in your group.
In this Phase, you are Player 3.
This number represents your position to play in the sequence of 4 players (Player
1 plays first, Player 2a and 2b after Player 1 and play simultaneously, and Player 3
is the last one to make the decision).
Your position in the game will be the same in the following phase.
Your position in the sequence will remain the same during the entire experiment.
At the beginning of each round, the computer will assign to each person in your group
(including yourself) either 0 tokens or 1 token. Within each group, each player is
assigned 0 tokens with a probability of 20% and is assigned 1 token with a probability
of 80%. The fact that a player is assigned 0 tokens or 1 token is independent of
what other players are assigned; that is to say, the above probabilities are applied
separately for each player.
In each round, the computer returns to the process of assigning tokens to each
player in a specified manner.
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The number of tokens that each player is assigned in a round does not depend
at all on the assignments he has had in other rounds.
You will only know the number of tokens that has been assigned to you (0 or
1), not the number that has been assigned to the other players in your group. The
same goes for the other subjects (they only know their tokens)
In each round, you will be asked to make a guess about the total number of
tokens distributed among the four members of your group (including yourself) in
that particular round. The rest of the group members will have to make their guesses
as well.
The guesses are made according to the sequence of the group, that is:
• Player 1 guesses first,
• Then Players 2a and 2b,
• And finally Player 3 (that is you).
In addition, before you make your guess, you can know the guesses of those
members of your group who have acted before you in the sequence of guesses,9
which means:
• Player 2a and Player 2b can see the guess of Player 1.
• Player 3 (you) can see the guesses of player1, 2a, and 2b.

10

If your guess is correct, you will win a prize of 100 pesetas. If not, you will not
earn anything in that round.
In each round, you will be part of a group with 3 other players, whose behavior
is simulated by computer, which is programmed to play this game with you. These
automata are programmed to play in ways that maximize their chances of winning.

Phase 2
Now you will play another 10 additional rounds of a new game. The rules of the
game are similar to those in Phase 1 with some modification.
Rules that are similar to in Phase 1:
• In each group, each player is assigned 0 tokens with a probability of 20% and
is assigned 1 token with a probability of 80%.
• In each round, you will be asked to make a guess about the total sum of token
distributed among the four members of your group (including yourself) in that
round.
• You will be paid 100 pesetas if you succeed. In this first round, you will receive
200 pesetas.
The differences with respect to Phase 1:
9

For the instruction of Treatment 4, this sentence is substituted by “In addition, before you
make your guess, you can know the guesses of those members of your group who have acted before
you in the sequence of guesses,”
10
For the instruction of Treatment 4, this sentence is substituted by “Player 3 (you) can see the
guesses of Player 2a and 2b.”
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• At this phase, you have to pay to see the guess of Player 1.
The figure shows you what will appear on your screen.

As the figure shows:
• You will be given a list of 10 prices.
• For each price, you must choose whether you are willing to pay this price to
see the guess of Player 1.
• The computer will randomly choose one of the 10 choices.
• If in that selected decision, you choose“Yes”, you will see the guesses of Player
1 and pay the corresponding price.
• If in that selected decision, you choose “No”, you will not be able to see the
guess of Player 1 and you do not need to pay anything.
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Appendix 3C: Interaction interface of risk elicitation

Figure 3.8: Interaction interface for risk attitude elicitation
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