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Resumen

Este trabajo de tesis propone el uso de analiticas de aprendizaje para mejorar la
evaluacion en videojuegos educativos o juegos serios. El trabajo aborda dos aspectos
necesarios para una evaluacion de aprendizaje efectiva: 1) los requisitos necesarios en el
disefio de juegos serios; 2) la infraestructura y el modelo de an&lisis necesario para las

analiticas de aprendizaje.

Estos dos trabajos, combinados, marcan un camino para aplicar analiticas de aprendizaje
a juegos serios de manera efectiva. Esta aplicacion se fundamenta en proporcionar a
profesores e instructores resultados de aprendizaje (o niveles de conocimiento) de sus
alumnos tras interactuar con un juego serio. El proceso empieza por el disefio de un juego
serio efectivo, capaz de capturar, a partir de las interacciones de los estudiantes, el proceso
de aprendizaje. A partir de ahi, se define un modelo de captura de datos que recoja estas
interacciones. Después, estas interacciones son analizadas para obtener resultados de
aprendizaje, y, finalmente, son mostradas a través de visualizaciones a los profesores e

instructores, que pueden tomar accion a partir de ahi.

El disefio de juego serios se aborda desarrollando una metodologia que modela los
aspectos fundamentales en el desarrollo e implementacién de un juego serio, desde su
incepcidn inicial a partir de objetivos educativos, pasando por su validacién formal con
usuarios expertos y terminando con el despliegue final, en el que los usuarios objetivo
interactuan con el juego para lograr sus objetivos educativos. Esta metodologia se ve
acomparfiada, para cada uno de sus pasos, de las consideraciones necesarias para habilitar
la evaluacién automatica del juego serio, y de un patrén de disefio destinado a estructurar

la manera en la que los juegos serios presentan los contenidos educativos a sus jugadores.

Por otro lado, este trabajo propone e implementa una arquitectura centrada en el analisis
de interacciones procedentes de juegos serios, cuyo objetivo final es la evaluacién de
aprendizaje o la medida de conocimiento. Esta arquitectura hace énfasis en los pasos
principales de cualquier proceso de andlisis: captura y seleccion de datos, donde se
propone un modelo de interacciones capaz de representar las interacciones mas comunes
dentro de los videojuegos educativos; andlisis, dénde se propone una aproximacién para
obtener resultados de aprendizaje, tomando como eje vertebrador el patron de disefio
propuesto en la metodologia de disefio; y visualizacidn, explorando las representaciones
mds beneficiosas a la hora de presentar los resultados de aprendizaje de los jugadores, y

centrdndose en los profesores como principales beneficiarios de las mismas.

Finalmente, para que otros investigadores y desarrolladores puedan reutilizar el trabajo
desarrollado, se propone un proceso de estandarizacién para el modelo de interacciones
de juego, y se implementa una especificaciéon haciendo uso de la especificacién educativa
XAPL.



Este proceso, ademas de haber sido desarrollado tedricamente, ha sido aplicado parcial o
totalmente a diferentes juegos serios que han sido utilizados en entornos educativos
reales. Esta aplicacion ha permitido iterar sobre el proceso, logrando una metodologia

final validada.

En este trabajo se presentan los resultados de experimentos reales, llevados a cabo
durante las diferentes fases del desarrollo del trabajo. En un primer experimento se probd
una implementacion inicial de la arquitectura de analisis, que sirvio para pulir el tipo de
datos que queria capturarse. En un experimento posterior, se probd un juego serio
desarrollado con las consideraciones necesarias para la evaluacion de aprendizaje como
principal objetivo. De esta prueba se obtuvieron los primeros requisitos de la metodologia
de disefio, asi como una validacién extra de la arquitectura de analisis. En el tercer
experimento, se puso en practica todo lo aprendido en los experimentos anteriores,
completando la formalizacidon de la metodologia de disefio, asi como la arquitectura de
analisis. El cuarto y ultimo experimento se utilizé como prueba de concepto para el

proceso de estandarizacion de la captura de datos.



Abstract

This thesis proposes the use of learning analytics to improve assessment in educational
videogames or serious games. The work focuses on two aspects needed for an effective
learning assessment: 1) requirements related to serious games design; 2) the framework

and the data analysis model needed for learning analytics.

This work presents an analysis framework and a design methodology focused on serious
games. These two pieces combined set the basis for a full application of learning analytics
into serious games. The main goal of this process is to offer assessment results (or
knowledge levels) to teachers and instructors after their students interact with a serious
game. The process starts with the design and implementation of an effective serious
games. The serious game must be able to capture the interactions representing the
learning process. These interactions are the basis for a capture data model that is later
analyze to obtain assessment results. Finally, these results are presented to teachers and

instructors through visualizations that allow them to take action.

The game design process is approached through a methodology in charge of modeling the
fundamental aspects of the serious game development and implementation. The
methodology starts on the serious game inception, using the learning goals as guide for
the whole process. It proposes steps to validate the serious game formally, using domain
experts as players of the game. And it end ups modeling the final deployment of the game,
where real users play with the game and are assessed. Each of the steps in the
methodology considers the needs and requirements for a successful and automatic
learning assessment. Additionally, it defines a game design pattern that structure how the

different educational contents of the game are delivered to the player.

On the other hand, this work proposes and implements a framework focused on the
analysis of serious games interactions. The final goal of this framework is to assess
students’ knowledge using these interactions as primary source of data. The framework
includes all the steps present in any kind of analysis process. It proposes a data model for
the data selection and data capture. This model represents the most common interactions
a player can do in a serious game. It proposes an analysis process, which uses the game
design pattern proposed in the design methodology as basis for the assessment. And it
proposes a set of visualizations, exploring the best way of representing assessment results,

and focusing on instructors and teacher as main stakeholders.

Finally, the work proposes a standardization process so others can reuse some of the
results. This process uses xXAPI, an educational specification, to model the possible

interactions coming from the serious game.



This process has been applied (partially or totally) to several serious games deployed in
real educational environments. These case studies have allowed to iterate and validate the
whole methodology.

This work presents the result of four real experiments carried out during the different
phases of the work. The first experiment tested the initial implementation of analytics
framework. The results helped to polish the type of data we needed to capture from the
games. The second experiment tested a serious game developed with the learning
analytics requirements in mind. The results help to start defining the design methodology
and further validation of the analysis framework. The third experiment validated both the
analysis framework and the design methodology. The final experiment was used as a

proof of concept of the standardization process.
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Estructura del trabajo

El nucleo de este trabajo es una recopilacién de publicaciones editadas que se reproducen
en su totalidad en el ultimo capitulo. Los capitulos que los preceden comentan e integran

las contribuciones particulares realizadas en cada una de ellas.
La memoria de esta tesis sigue la siguiente estructura:

e Capitulo 1. Introduccion y motivacidn

e Capitulo 2. Estudio del dominio

e Capitulo 3. Objetivos y planteamiento del trabajo
e (Capitulo 4. Discusion y contribuciones

e Capitulo 5. Conclusiones y trabajo futuro

e Capitulo 6. Articulos presentados

Las referencias bibliogréficas se presentan en un apartado al final de esta memoria.






Capitulo 1. Introduccion y motivacion

En este capitulo se presenta la motivacion inicial para la realizacidn de esta tesis,
junto a una primera aproximacion al contexto en el que se desarrolla (que se vera
extendido ampliamente en el Capitulo 2). A continuacidn, se enumeran los

objetivos principales de la misma.

1.1. Motivacién de la investigacion

El andlisis masivo de datos estd cada vez mads presente en la mayoria de aspectos que nos
rodean. Estos andlisis toman como fuente de datos cualquier indicador externo que emita
informacion relevante, que después son sometidos a procesos de limpiado y procesado,
para finalmente proveer de informacién accionable que se aplica para mejorar todo tipo
de procesos. Muchos de estos procesos estdn alcanzado grandes niveles de sofisticacion en
diferentes areas de estudio. Por ejemplo, en el campo de la Inteligencia Empresarial
(Business Intelligence), llevan décadas analizando datos de comercio para encontrar

puntos débiles en sus modelos de negocios, asi como para optimizar ventas (Rud, 2009).

El campo de la educacion tardd un poco mas en empezar a beneficiarse de estas técnicas.
Una de las primeras incursiones de las instituciones educativas en el mundo del analisis
de datos fue con el uso de Analiticas Académicas (Academic Analytics). Esta disciplina esta
centrada en la aplicacion de las técnicas de Inteligencia Empresarial a datos
administrativos procedentes de instituciones educativas (Campbell, DeBlois, & Oblinger,
2007). Estos datos son, en su mayoria, informacion demografica, historiales académicos,
datos econdémicos o informacion institucional, que pueden ser utilizados para predecir
diferentes aspectos de la institucién académica. Por ejemplo, utilizando los resultados
académicos de los alumnos de un curso, puede predecirse el numero de alumnos que

habr4 en el curso siguiente.

Cada vez mas, las instituciones educativas tienden a evolucionar a modelos de ensefianza
on-line. En este modelo los alumnos realizan su aprendizaje a través de un dispositivo
conectado a Internet, a veces de manera parcial, a veces de manera total. Una de las
primeras tecnologias que hizo posible la conexion de instituciones educativas y alumnos
a través de Internet fueron los Sistemas de Gestion de Aprendizaje (Learning Management
System), donde profesores y alumnos pueden comunicarse a través de diferentes canales
(Dougiamas & Taylor, 2003). Existen foros donde los alumnos interactian, la posibilidad
de realizar exdmenes y repositorios donde los profesores pueden compartir recursos

educativos son sus alumnos.
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Estos nuevos tipos de interacciones on-line crearon un cuerpo de datos que representaba
algo que hasta el momento no podia verse en los datos manejados por las Analiticas
Académicas: el proceso de aprendizaje de los alumnos (en oposicién Unicamente a su
resultado final). Esto abria la ventana a nuevos tipos de estudios, mas centrados en las
interacciones directas de los estudiantes, que pondrian algo de luz sobre los procesos
internos que ocurren durante el aprendizaje de los alumnos. En ese momento nacié como
disciplina la Mineria de Datos Educativa (Educational Data Mining), centrada en aplicar
algoritmos de mineria de datos en los datos provistos por los Sistemas de Gestion de

Aprendizaje y otras plataformas on-line (C Romero & Ventura, 2010).

Una de las plataformas mds relevantes en la masificacién de datos de aprendizaje son los
Cursos Masivos Abiertos On-line (Massive On-line Open Courses). Estos cursos pueden
llegar a ser completados por cientos de miles de personas y en la mayoria de ellos el
proceso de aprendizaje ocurre exclusivamente on-line. Esto supuso un cambio en el
formato de la ensefianza on-line y en los tipos de datos de aprendizaje que podian
capturarse: por primera vez, se tenian datos de aprendizaje completos de manera masiva

sobre un mismo material educativo.

Aunque la Mineria de Datos Educativa también se encargd de realizar estudios sobre este
nuevo cuerpo de datos, una nueva disciplina empez6 a emerger, con la vocacion de
aportar una visiéon propia al mundo educativo: Analiticas de Aprendizaje (Learning
Analytics). Esta disciplina recoge el testigo de sus antecesoras y, ademds de seguir
aplicando las técnicas de andlisis usadas en otros campos, pretende crear sus propios
modelos y procesos aplicados exclusivamente a los datos procedentes de los procesos de

aprendizaje (Long & Siemens, 2011).

El informe anual Horizon, encargado de enumerar las tendencias educativas mas
influyentes del momento, marco, en su edicion de 2012, las Analiticas de Aprendizaje como
uno de los campos a tener en cuenta a medio plazo. Las define como “el andlisis de una
amplia variedad de datos producidos por estudiantes, con el objetivo de evaluar su
progreso académico, predecir sus futuros resultados e identificar riesgos potenciales” (L.
Johnson, Adams, & Cummins, 2012). En su edicién de 2016 (Johnson, L., Adams Becker, S.,
Cummins, M., Estrada & Freeman, A., and Hall, 2015) marca la medicion de aprendizaje

como uno de los campos donde més esfuerzos se van a focalizar a corto plazo

Estas analiticas se basan en el estudio de los datos de interaccion, lo que hace que los
contenidos educativos altamente interactivos sean especialmente interesantes para este
tipo de analisis. Los juegos serios son un recurso destacado dentro de estos contenidos

interactivos.

Un juego serio tiene como caracteristica definitoria que su propodsito vaya mas alla del

puro entretenimiento, en oposicion al objetivo principal de los videojuegos comerciales
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(Djaouti, Alvarez, & Jessel, 2011). En su mayoria, el aspecto que va mas alla de estos
videojuegos es el educativo, puesto que la mayoria de juegos serios tienen una vocacion

pedagogica.

Los juegos serios han sido probados y validados como herramientas educativas en
diferentes dominios y niveles de educacidn. Se han utilizado con resultados satisfactorios
en el campo de la ingenieria (Hauge & Riedel, 2012), la ensefianza de idiomas (W. L.
Johnson & Wang, 2007; Ye, 2014), la medicina (Baranowski, Buday, Thompson, &
Baranowski, 2008; Evans et al., 2015), fisica (Price, 2007; Kurt Squire, Barnett, Grant, &
Higginbotham, 2004), programacion (Malliarakis, Satratzemi, & Xinogalos, 2014) o el
teatro y la literatura (Manero, Torrente, Serrano, Martinez-Ortiz, & Ferndndez-Manjon,
2015).

Entre sus bondades se encuentra su capacidad de sumergir a los alumnos en mundos
virtuales, donde pueden experimentar y aprender en entornos seguros (K. Squire, 2003),
y, en ocasiones, entornos que serian caros o peligrosos de reproducir en la vida real (por

ejemplo, una simulacién que ensefia a un médico a operar a corazdn abierto).

Tradicionalmente, la validacién formal de los juegos serios se ha hecho a través de
experimentos formales. Estas validaciones, en su amplia mayoria, utilizan como
instrumentos de medida cuestionarios escritos que los alumnos deben rellenar antes y/o
después de interactuar con el juego (Calderon & Ruiz, 2015). La naturaleza interactiva de
los videojuegos, combinada con la aparicion de disciplinas como Analiticas de Aprendizaje
abre una puerta para nuevos tipos de validaciones que permitan capturar el aprendizaje
dentro del juego serio mientras sucede. Es decir, capturar las interacciones de los

estudiantes para poder hacer un andlisis mas meticuloso de los procesos de aprendizaje.

Esta idea no parte de cero: los videojuegos comerciales llevan afios capturando las
interacciones de sus jugadores. Las Analiticas de Juego (Game Analytics) estudian datos de
interaccién procedentes de videojuegos con multiples propdsitos: deteccion de errores,
validacion y pulido de mecdnicas de juego, obtencion de datos de retencioén de usuarios o
analisis de la monetizacion (El-Nasr, Drachen, & Canossa, 2013). Y aunque alguno de estos
objetivos pueden ser extrapolados, las Analiticas de Juego no tienen en cuenta un objetivo

fundamental para los juegos serios: medir el aprendizaje.

A la vista de las posibilidades que se plantean en la combinacién de juegos serios, con
analiticas de juego y aprendizaje, esta tesis plantea la exploracion de caminos que
combinen el estudio de los procesos de aprendizaje en los juegos serios con las técnicas
emergentes de andlisis de datos presentes en otras disciplinas. Su objetivo principal es
modelar, automatizar y mejorar el andlisis de los procesos relacionados con el aprendizaje

de los juegos serios.
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1.2. Objetivos de la linea de investigacion

La linea de investigacidn principal de esta tesis se fundamenta en mejorar la evaluacion

de juegos serios a través de analiticas de aprendizaje, fundamentadas en datos de

interaccion.

Se pretende realizar un trabajo eminentemente practico e iterativo. En un campo tan

nuevo, se considera fundamental contrastar los avances que se vayan realizando. Para

ello, el trabajo serd incremental y estara acompanaos de casos de estudio que validen el

progreso. Al final del trabajo quiere obtenerse un modelo abstracto y una metodologia

genérica que incluya todo lo aprendido durante la investigacion.

El enfoque de este objetivo estara dividido en dos facetas diferenciadas:

1.

Modelado e infraestructura para el andlisis de juegos serios. En este objetivo
pretende crearse un modelo de analisis ligado a los procesos de aprendizaje dentro
de juegos serios. El modelo tendra como base las interacciones de los jugadores, y
tratara de adaptar procesos presentes en otras disciplinas a la medicién de
aprendizaje. Como parte de este objetivo, también se modelard y desarrollara una
plataforma software que dé soporte a todo el proceso de andlisis.

Caracteristicas y disefio de juegos serios para el andlisis del aprendizaje. En este
objetivo se pretende estudiar y definir las caracteristicas necesarias para que un
juego serio sea analizable por el proceso definido en el primer objetivo. Como
parte de este objetivo, se creard una metodologia aplicable al disefio de juegos que

prepare las mecdnicas de juego para el andlisis de interacciones.

Los pasos principales para alcanzar este objetivo (que serdn descritos en mayor detalle en

la Seccidn 3), son los siguientes:

1.

Estudio de estructura interna de juegos serios, que permita discernir los elementos
y mecanicas que estan disefiados para facilitar el aprendizaje.

Creacion de un modelo de datos sobre juegos serios que permita capturar las
interacciones que reflejan situaciones relevantes para el proceso de aprendizaje.
Implementacién de una plataforma software que soporte la recepcion del modelo
de datos.

Desarrollo e implementacion de juegos que validen tanto la metodologia de disefio,
como el modelo de captura de datos.

Validaciéon de las aportaciones del modelo para el andlisis del proceso de
aprendizaje.

Generalizacion del disefio de juegos serios a una metodologia de desarrollo que

considere el analisis del aprendizaje.
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7. Generalizacion del modelado de datos a un estdndar educativo que permite su

adopcion y extension dentro del mundo de los juegos serios.

Se escoge esta aproximacion tras identificar nuevas lineas de investigacion aun por
explorar, afiadido a la experiencia del autor y director de tesis dentro del mundo de los
juegos serios, asi como la del resto del grupo de investigacién que arropa esta tesis (del
Blanco, Marchiori, Torrente, Martinez-Ortiz, & Fernandez-Manjon, 2013; Manero,
Ferndndez-Vara, & Ferndandez-Manjon, 2013b; Marchiori et al., n.d.; Moreno-Ger, Burgos,
Martinez-Ortiz, Sierra, & Fernandez-Manjon, 2008; Torrente, Del Blanco, Marchiori,
Moreno-Ger, & Fernandez-Manjdn, 2010; Torrente, Del Blanco, Moreno-Ger, & Fernandez-
Manjoén, 2012). Adicionalmente, dentro de este contexto existirdn multiples oportunidades
de aplicar los resultados de la tesis a otros trabajos y juegos desarrollados dentro del

marco del grupo de investigacion, 1o que permitird extender y validar resultados.

Finalmente, aunque el planteamiento de esta tesis nace del trabajo realizado en la Tesis
de Master del autor, durante su desarrollado los primeros resultandos empiezan a verse
integrados dentro de proyectos europeos de investigacion, tales como FP7 NoE GALA
(Hauge et al., 2014a), H2020 RAGE (Hollins, Westera, & Manero, 2015) o H2020
BEACONING. Estas integraciones permiten una validacion externa de los resultados
obtenidos tanto en los productos realizados en el grupo de investigacion e-UCM como en
los que se han reutilizado por terceros en dichos proyectos y que ha supuesto como un

impulso para su desarrollo (y sobre todo para su maduracidn en productos finales).
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Capitulo 2. Estudio del dominio

Como se ha expuesto en el capitulo anterior, el trabajo de esta tesis se centra en la
aplicacion de analiticas de aprendizaje sobre juegos serios. En consecuencia, en
este capitulo se hace un estudio del dominio que enmarca los resultados que se

expondran en los capitulos 4y 5.

Este estudio comienza analizando las diferentes disciplinas que han dedicado
esfuerzos al andlisis de los diferentes tipos de datos que pueden capturarse en
instituciones educativas, haciendo especial énfasis en las analiticas de aprendizaje.
A continuacidn, se hace un repaso de los juegos serios, sus caracteristicas, sus
beneficios y sus criticismos, asi como de céomo se relaciona su disefio con los
procesos de aprendizaje. Después, se repasan los diferentes tipos de andlisis que
se han hecho sobre videojuegos. Finalmente, se repasan las formalizaciones que, a
través de estdndares, han intentado capturar los diferentes procesos de

aprendizaje en contenidos interactivos.

2.1. Analisis de datos educativos

Como explicamos en el Capitulo 1, son varias las disciplinas que a lo largo del tiempo han
utilizado datos procedentes de instituciones educativas para realizar andlisis. Aunque sus
nombres son diferentes, sus caracteristicas, actores y beneficios son comunes. Lo cierto es
que a veces la linea que separa estas disciplinas es muy fina, y muchos de los trabajos
pueden pertenecer a mas de una categoria, dependiendo de la definicién a la que nos

atengamos.

Todas las disciplinas de andlisis de datos educativos plantean un proceso de analisis (que
toma prestado de las Inteligencia de Negocio (Williams & Williams, 2003)) que consta de

cinco pasos:

e Captura: en este paso se recolectan todos los datos que después seran analizados.
Aqui hay que tener en cuenta el propio proceso de captura (qué datos se van a
capturar y como), asi como consideraciones mas técnicas sobre el almacenaje y la
granularidad de los datos.

o Informes y andlisis: una vez los datos han sido capturados, es necesario que
expertos puedan analizar y visualizar el contenido de esos datos. En algunos casos
el andlisis y la visualizacidn se consideran pasos separados.

e Predecir: una vez los andlisis empiezan a establecer patrones, es el momento de
crear modelos que los representen, y que puedan ser utilizados para predecir
resultados futuros.

e Actuar: el objetivo de las predicciones es proveer a instructores y administradores

de informacién que les permita actuar, por ejemplo, corrigiendo problemas

16



detectados por los modelos de predicciéon antes de que se conviertan en
irreversibles.

o Refinar: los procesos de analisis siempre siguen un ciclo iterativo, y necesitan ser
refinados y ajustados con cada nueva pieza de informacion que se va recibiendo

para mantener su aplicabilidad.

Este es un proceso cuyos resultados beneficia a distintos actores dentro del mundo

académico:

e Profesores e instructores: tienen una vision mds detallada de los procesos
educativos, y cuentan con herramientas y predicciones que les permiten actuar en
beneficio de los estudiantes.

o Estudiantes: al contar sus profesores con mas herramientas para su instruccidn,
reciben una atenciéon mds personalizada. A veces pueden tener informacién
anticipada que les permite, por ejemplo, poner mds esfuerzo en aquellas tareas
donde su rendimiento es mejorable.

o Instituciones y personal administrativo: tienen métricas e informes basados en
datos de confianza, que les permiten tomar decisiones en pos de un mejor

funcionamiento global de la institucién educativa.

Aunque sus potenciales beneficios son multiples, es un proceso que no esta exento de
problemas a resolver. Uno de los mds importantes es sobre las implicaciones éticas y
legales de monitorizar los resultados y avances pormenorizados de los alumnos, y sobre
como y cudndo éstos deben participar en el proceso (Slade & Prinsloo, 2013). También
existen riesgos con la generacion de modelos de prediccién que, en ocasiones, pueden
fallar en la captura de patrones atipicos acabando con la clasificacién errénea de alumnos.
Dentro de esta categoria, estd contemplada una cierta definiciéon de “éxito”, que puede no

ser la misma para todos los alumnos.

A continuacidn, se enumeran las diferentes disciplinas que emergen a partir de estos
procesos dentro del mundo educativo, enumerando algunas de sus caracteristicas y

ejemplos.

2.1.1. Analiticas Académicas

Como explicamos en la introduccién, una de las primeras disciplinas que comenzd a
analizar datos académicos con el objetivo de comprender y mejorar el funcionamiento de

los procesos educativos fueron las Analiticas Académicas (Campbell et al., 2007).

La Figura 1 muestra los tipos de datos que esta disciplina usa para sus analisis. Destacan
los datos demograficos y los resultados académicos. Como se puede observar por el tipo
de datos, la disciplina se centraba en informacion que tradicionalmente se almacenaban

en los diferentes sistemas de informacién de las instituciones académicas.
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En un informe elaborado por EDUCAUSE en 2005 (Goldstein, 2005), se entrevisto a un total
de 380 instituciones sobre los sistemas de informacién con los que contaban, y sobre las
analiticas que realizaban sobre ellos. El estudio llegé a la conclusion de que, atendiendo
a los sistemas de informacion a su disposicion, las diferentes instituciones se dividian en

3 categorias:

¢ Instituciones que contaban unicamente con sistemas de transacciones.
e Instituciones con sistemas de transacciones que contaban con pequefias
herramientas para la generacion de anadlisis e informes.

e Instituciones con sistemas empresariales completos de anadlisis, visualizaciones y

alertas.
Type of Data Variable Source Frequency of Update
Demographic Age SIS Once
Ethnicity SIS Once
First-generation college 5IS Once
student
Academic ability HS rank SIS Once
HS GPA SIS Once
HS coursework {number SIS Once
of math, science, English
courses)
Placernent test results SIS Once
Standardized test scores SIS Once
Academic performance College GPA SIS Once per term
Academic history Initial major SIS Rarely
Credit hours completed SIS Once per term
Current major SIS Rarely
Previous coursework SIS Once per term
Financial Amount of aid Financial system Once per term
Work study student Financial system Once per term
Participation information | Help desks Varies Varies
Orientation activities Varies Varies
Student organizations Varies Varies
Supplemental instruction | Varies Varies
Academic effort CMS5 usage CMS Varies
Computer laboratory Varies Varies
usage
Electronic reserve usage Varies Varies
Institutional information Course size SIS Once per term
Historic student Varies Varies
information (previous
grade distribution,
number of withdrawals)

Figura 1. Datos utilizados por Analiticas Académicas (Campbell et al., 2007)
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El estudio encontré6 que el 48% aun se encontraba en la primera categoria.
Adicionalmente, incluyendo a aquellas instituciones que contaban con sistemas mas
avanzados, la mayoria del personal que hacia uso de la informacién obtenida de estos

sistemas pertenecia a los departamentos financieros y de admision.

El andlisis de estos datos fue el inicio de muchas instituciones en el viaje de las analiticas
de aprendizaje. Poco a poco se fueron implantando nuevos sistemas que dieron lugar a

nuevos tipos de analisis.

2.1.2. Mineria de Datos Educativos
La aparicion de la Mineria de Datos Educativos (R. S. J. d. Baker & Yacef, 2009) se debe a

dos factores que confluyen en el tiempo: 1) la proliferacion de las técnicas de mineria de
datos; y 2) la aparicion de nuevos sistemas con informacion sobre los procesos educativos

(por ejemplo, los sistemas de gestion de aprendizaje).

Al contrario que las Analiticas Académicas, esta disciplina se nutre de datos mas directos
del proceso del aprendizaje de los alumnos. Su principal objetivo es desarrollar métodos
que permitan entender mejor los procesos educativos y su desarrollo. Como objetivos
secundarios mas concretos, esta disciplina plantea los siguientes (Lifidn & Pérez, 2015;
Siemens & Baker, 2012):

e Automatizar procesos de descubrimiento de patrones, tratando de reducir la
intervenciéon humana.

o Focalizar el drea de aplicacion y procedencia de la informacion, centrdndose en
procesos de aprendizaje concretos.

e Crear modelos de estudiantes que permitan adaptacion automatizada.

Diferentes trabajos han recolectado las multiples aplicaciones de estas disciplinas (R. S. J.
d. Baker & Yacef, 2009; C Romero & Ventura, 2010; S. Ventura & Romero, 2007), como
proveer de retroalimentacion a instructores, generar recomendaciones para los

estudiantes o detectar patrones no deseados en los comportamientos de los estudiantes.

2.1.3. Analiticas de aprendizaje

Poco después de la aparicion de la Mineria de Datos Educativa aparecié una nueva
disciplina relacionada denominada como Analiticas de Aprendizaje (Long & Siemens,
2011). Aun compartiendo muchos puntos en comun con la anterior (su objetivo sigue
siendo el andlisis y la mejora de los procesos educativos), cuenta con algunas diferencias
(Lifidn & Pérez, 2015; Siemens & Baker, 2012):

e Busca descubrir patrones de conocimiento, cuya interpretaciéon y uso se deja a
interpretaciéon humana.
e Aunque se centra en procesos mas concretos que las Analiticas Académicas,

intenta entender los sistemas en su completitud.
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¢ Envez de modelar estudiantes, se centra mas en prediccion de resultados asi como

en sistemas de alarmas que permiten intervenciones.

A pesar de estas diferencias, la superposicidn de estas tres disciplinas es constante, y como
reflexionan varios investigadores (R. S. Baker & Inventado, 2014), las diferencias entre
ambas se deben mds al uso y las tendencias dentro del mundo de la investigacion que a

motivos filosoficos que las diferencian claramente.

2.2. Areas de aplicacion de anélisis educativos

En esta secciéon repasamos las diferentes areas de aplicaciéon de las analiticas de
aprendizaje. Se pretende explorar las diferentes dreas donde se han utilizado estas
técnicas, con el objetivo de enmarcar el uso practico que se les ha dado hasta el momento.
Primero presentamos las primeras aproximaciones iniciales, basadas en procesos mas

manuales, para después pasar a areas en las que existe un mayor grado automatizacion.

2.2.1. Educacion tradicional

Esta area de aplicacion concierne a los primeros estudios que empezaron a realizarse
sobre andlisis de aprendizaje, y que contaban, en la mayoria de los casos, con un proceso
manual de recoleccién de datos. La mayoria de trabajos en esta drea se basan en los datos
definidos por las Analiticas Académicas, haciendo especial hincapié en datos académicos
y, mas secundariamente, en datos demograficos. La mayoria de trabajos se elaboran

dentro del contexto universitario.

Por ejemplo, entre los primeros estudios podemos encontrar el trabajo de Fausett y
Elwasif, donde recopilaban las respuestas que alumnos hacian en exdmenes escritos, para
después analizarlas haciendo uso de redes neuronales con el objetivo de predecir la nota
final del curso (Fausett & Elwasif, 1994).

La prediccion del rendimiento académico a partir de resultados pasados se encuentra
entre los principales objetivos de estas primeras aproximaciones. Por ejemplo, Golding &
Donaldson realizaron un estudio para comprobar la validez de los exdmenes de admision
de la Universidad Tecnoldgica de Jamaica (Golding & Donaldson, 2006). En este estudio, a
través de un proceso manual de recoleccidn de datos, intentaban establecer correlaciones
entre los resultados en el examen admision a un curso de ingenieria de un alumno con su

rendimiento final en dicho curso.

En una linea similar, Hien & Haddawy intentaron crear modelos que predijeran, a partir
del expediente académico de alumno, las probabilidades de completar con éxito sus
estudios académicos dentro de la universidad (Hien & Haddawy, 2007). En este caso, su
objetivo era deshacerse por completo de los exdmenes de admisidn, y basar la aceptacién

de sus alumnos unicamente en los logros académicos conseguidos hasta el momento.
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En otras universidades, los resultados académicos se han utilizado para predecir la posible
demanda de cursos, analizando las tendencias de cursos anteriores (Hsia, Shie, & Chen,
2008).

Otros trabajos utilizaban datos mdés extensos para crear sus modelos. En (Dekker,
Pechenizkiy, & Vleeshouwers, 2009) usan como entrada datos demograficos y resultados
académicos pasados, e intentan correlacionarlos con los datos de éxito de un curso de
ingenieria. Como resultado, obtienen un modelo capaz de prever la probabilidad de éxito

de un alumno a partir de sus datos demograficos.

La variedad de estos trabajos comenzd a crecer conforme empezaron a aparecer nuevas

fuentes de datos.

2.2.2. Tutores inteligentes

Los tutores inteligentes son uno de los primeros sistemas educativos que trataron de
modelar el conocimiento de los estudiantes y adaptarse a su progreso, intentando imitar
la figura de un tutor humano (Anderson, Boyle, & Reiser, 1985). En su mayoria, son
sistemas expertos disefiados para la ensefianza de un tema concreto, y aunque sus formas

son multiples, la mayoria cuenta con los siguientes componentes (Nwana, 1990):

e El mddulo experto, donde reside el conocimiento a impartir y las reglas que
aplican de cara a la interaccion del estudiante

e El mddulo del estudiante, donde se captura una representacion dindmica del
conocimiento del estudiante

¢ El mddulo tutor, que regula la interaccidn entre el estudiante y el conocimiento

e Y la interfaz de usuario, que controla la interaccién del estudiante con todo el

sistema

La interaccion producida por los estudiantes con estos sistemas permite la realizacion de
unos primeros analisis del aprendizaje mds centrados en el proceso de ensefianza y no
solo en resultados finales. Aun asi, la mayoria de trabajos en esta drea se centran en el

modelado de estudiantes.

Por ejemplo, Chang et al. recogen el cambio del modelo de conocimiento de un estudiante
durante el uso un tutor inteligente (Chang, Beck, Mostow, & Corbett, 2006). Como entradas
utilizan el estado inicial del conocimiento del estudiante, las intervenciones del tutor (si
provee de ayuda al estudiante o no), y el resultado final la adquisicién de conocimiento.

El objetivo es obtener un modelo de estudiante basado en el uso de Redes Bayesianas.

Yudelson aplica técnicas de mineria de datos sobre los datos de un tutor inteligente
aplicado a medicina (Yudelson et al., 2005). En su investigacion descubre patrones de

aprendizaje que le permite clasificar a sus usuarios como diferentes tipos de estudiantes:
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los que aprenden a partir de pistas, los que aprenden a partir de fallos y los que tienen

una aproximacion mas mixta.

Héamaéldinen & Vinni estudian un uso mas avanzado de los datos recolectados por estos
sistemas inteligentes, proponiendo usar los resultados de los andlisis para mejorar los

propios tutores inteligentes (Hadmaéldinen & Vinni, 2006).

2.2.3. Sistemas de Gestion de Aprendizaje

Los Sistemas de Gestion de Aprendizaje (SGA) suponen una revolucién en muchas
instituciones educativas. Plataformas como Moodle (Dougiamas & Taylor, 2003) o Sakai
(Farmer & Dolphin, 2005) permiten a instructores y estudiantes pasar de una relacion
estrictamente presencial a estar comunicados a través de una plataforma on-line capaz
proveer contenidos educativos, foros de discusién e incluso la posibilidad de realizar

examenes on-line.

Las analiticas de aprendizaje pueden ir un paso mads alld gracias a estas plataformas:
mientras que las investigaciones anteriores se basaban en resultados individuales de
alumnos, en estos sistemas se cuentan con nuevos tipos de datos, como las estadisticas
relacionadas con el uso de los contenidos educativos alojados en el sistema o las propias
interacciones que los alumnos realizan entre ellos. Toda esta nueva informacién empieza

a ser analizada con un nuevo conjunto de técnicas.

2.2.3.1. Analiticas Web

Las Analiticas Web analizan el uso de recursos web por parte de los usuarios que navegan
por Internet (Hassler, 2010). Utilizan como principal fuente de datos los accesos que los
usuarios realizan a cada una de las paginas que componen una web. También guardan
tiempos empleados en cada pagina, botones pulsados e interacciones de especial
relevancia (por ejemplo, las veces que un usuario afiade un producto al carrito de un
comercio electrénico). Las técnicas de esta disciplina tienen especial interés para el
comercio electrénico, donde son capaces de prever tendencias y estimar beneficios. Dada
la naturaleza web de los SGA, muchas de estas técnicas también pueden ser empleadas en

el andlisis del aprendizaje.

Por ejemplo, Baruque desarrolla una herramienta para analizar el trafico web generado
por estudiantes accediendo a un sistema Moodle (Baruque, Amaral, Barcellos, Freitas, &
Longo, 2007). Su objetivo es analizar las tendencias y efectividad de los contenidos

educativos basandose en la frecuencia de acceso de los estudiantes.

Chanchary va un poco mas alld y retoma el objetivo clasico de las analiticas de
aprendizaje: predecir resultados académicos. Para ello, trata de relacionar la actividad
web de los alumnos en los SGA con su rendimiento académico (Chanchary, Haque, &

Khalid, 2008), llegando a resultados positivos.

22



2.2.3.2. Interacciones sociales

Una de las herramientas mas utilizadas dentro de los SGAs son los foros de discusion. Estos
lugares suponen puntos de encuentros virtuales donde profesores y alumnos pueden
intercambiar, a través de mensajes escritos, opiniones sobre contenidos educativos. Han
sido muchos los investigadores que han realizado estudios sobre las interacciones que se
realizan en estos foros, basandose en las teorias de analisis de redes sociales (Scott, 2011),
cuyas técnicas se han visto enormemente desarrolladas con la aparicién de plataformas

de gran impacto social como Facebook.

Existen investigaciones que han estudiado los patrones de uso de los alumnos en este tipo
de foros (Burr & Spennemann, 2004), buscando contrastar hipdtesis relacionadas con el
aprendizaje “en cualquier sitio / en cualquier momento”, descubriendo, tras analizar maés
de 200 foros on-line, que la mayoria de interacciones suceden durante el afio escolar y en

horario lectivo.

Otros investigadores han desarrollado herramientas especificamente disefiada para
analizar las interacciones educativas que se dan en estos foros de debate. Por ejemplo,
SNAPP es una herramienta capaz de analizar la evolucion de comunidades on-line a partir
de las interacciones que mantienen cada uno de sus miembros (Dawson, Bakharia, &
Heathcote, 2010). Entre sus principales objetivos se encuentra identificar a aquellos
alumnos que estdn mas desconectados del resto de la comunidad educativa y ofrecer a los

profesores esta informacion para que puedan actuar en consecuencia.

En esta drea también se ha tratado de predecir resultados académicos. Por ejemplo,
Romero (Cristébal Romero, Lopez, Luna, & Ventura, 2013) utiliza técnicas de mineria de
datos sobre redes sociales para predecir la nota de los estudiantes en un curso de
ingenieria, contando su numero de participaciones en foros y combinando con datos
académicos. En este trabajo establece diferentes conjuntos datos y trata de establecer

cudles son los mdas optimos a la hora de predecir resultados.

2.2.3.3. Analisis de textos

En el apartado anterior se presentaban trabajos que utilizan como dato de entrada las
conexiones y participaciones de estudiantes en foros de debate. Sin embargo, existe
también otra tendencia en la literatura cientifica que se dedica a analizar los textos que
escriben los alumnos en estos foros de debate para obtener conclusiones sobre su

rendimiento académico.

Dringus propone técnicas de anadlisis de textos para analizar la evolucion de discusiones
dentro de un mismo hilo en un foro educativo (Dringus & Ellis, 2005). El objetivo no es
unicamente contabilizar la participacion de los estudiantes en el debate, sino extraer
conclusiones sobre la evolucion del mismo y proveer al instructor de pistas sobre lo que

estad sucediendo de manera automatica.
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Kim presenta un andlisis de “actos de discusion” (J. Kim, Chern, Feng, Shaw, & Hovy, 2006),
que analiza el contenido de los mensajes de estudiantes en busca de patrones de discurso,
cuyo objetivo es clasificar discusiones de estudiantes en las que puedan existir preguntas

sin contestar o discusiones.

2.2.3.3. Cuestionarios

Ademads de contenidos educativos y foros de discusion, los SGAs proveen de un método de
evaluacion de alumnos prestado directamente de la educacion tradicional: cuestionarios
y/o exdmenes. Dentro de los SGAs, los cuestionarios son las herramientas mads directas
para la evaluacion de aprendizaje de los alumnos. Sin embargo, sus usos potenciales
pueden variar. La capacidad de estos cuestionarios de auto-corregirse automatiza la labor
del profesor. Los resultados de estos cuestionarios no siempre se ven reflejados en una
evaluacién directa del alumno; en muchas ocasiones, los alumnos las utilizan como
herramientas de auto-evaluacion. Su uso como fuente para analiticas de aprendizaje es

variado.

Una de las aplicaciones mas basica es ofrecer los propios resultados de los cuestionarios
de manera individual y agregada a los profesores dentro del propio SGAs. Por ejemplo,
Moodle ofrece varios plug-ins en los que se hace uso de estos resultados (Diego et al., 2012).
Sin embargo, algunos investigadores han intentado explorar caminos diferentes haciendo

uso de estos datos.

Bravo (Bravo & Ortigosa, 2009) hace énfasis en los esfuerzos que a veces se llevan a cabo
para el desarrollo de materiales educativos, y que a veces no estan acompafiados de una
evaluacion que valide su utilidad. En su trabajo propone el uso de cuestionarios como

instrumento de validacion.

Chen propone el anélisis de respuestas en cuestionarios a través de reglas asociativas (Y.-
L. Chen & Weng, 2009). El objetivo es crear un algoritmo capaz de encontrar posibles
relaciones entre los patrones de acierto y error que se observan en cada una de las

preguntas.

Finalmente, como punto de vista alternativo, Hernandez alerta de las posibilidades de
falsear resultados o hacer trampas en estos cuestionarios (Herndndez, Ochoa, Mufioz, &
Burlaka, 2006). En su trabajo propone un método que analiza accesos a los exdmenes,
patrones de respuestas y reintentos de los estudiantes para detectar y prevenir a aquellos

alumnos que pueden estar copiando sus respuestas de otros.

2.2.4. Cursos On-line Masivos Abiertos

Los cursos on-line masivos (0 MOOCs) vieron su auge a partir del afio 2012 (Daniel, 2012).
Estos cursos ofrecen contenidos educativos a grandes numeros de personas que pueden

encontrarse en cualquier parte del mundo. Los MOOCs basan su contenido principalmente
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en video (normalmente, un instructor explicando contenido educativo directamente a
camara, a veces junto a una presentacion de diapositivas como apoyo), acompafiado de
recursos adicionales como documentacion, foros de discusion o ejercicios interactivos. Los
contenidos ofrecidos suelen centrarse en una materia especializada con el objetivo de ser

auto-contenidos.

Una de las mayores ventajas de este tipo de cursos es la gran cantidad de datos de
aprendizaje de la que disponen. Mientras que cursos universitarios normales dentro de
SGAs pueden llegar, como méaximo, a cientos de alumnos, los MOOCs tienen la capacidad
de llegar a miles o incluso a cientos de miles. La masividad de estos datos permite hacer
analisis que requerian grandes cantidades de datos para poder ofrecer modelos de

confianza.

Sin embargo, el cuerpo de datos que en ocasiones se recoge en estos cursos dista de ser
perfecto para su andlisis. Uno de los fendmenos mas comunes dentro de los MOOCs es la
proporcién de gente que los abandona, y algunos investigadores han estudiado el efecto

que pueden producir en las analiticas de aprendizaje (Clow & Doug, 2013).

Otra caracteristica de los MOOCs es que la demografia de los alumnos que participan en
ellos es mucho mas variada que la se puede encontrar en una carrera universitaria al uso.
Algunos estudios proponen la revision de modelos de adaptacidn que sean mas sensibles

a estas diferencias (Daradoumis, Bassi, Xhafa, & Caballe, 2013).

Finalmente, muchos de los analisis que ya han sido presentados a lo largo de esta seccién
pueden aplicarse también a los MOOCs. Por ejemplo, existen varios estudios que se
centran en el andlisis de discusiones en foros de estos cursos (Ezen-Can, Boyer, Kellogg, &
Booth, 2015).

2.3. Juegos serios y aprendizaje

El mercado de los videojuegos no ha dejado de crecer en los ultimos afios?, llegando a
superar en beneficios a industrias tan grandes como la del cine?. Uno de los factores que
ha determinado este crecimiento exponencial es su penetracion en la sociedad y la gran
diversificacién que los videojuegos han experimentado en la ultima década. Mientras que
en sus inicios se les consideraba como un producto que sélo consumia un publico joven a
través de dispositivos de entretenimiento ad-hoc (Atari, Nintendo Enterntaiment System,
Master System...), hoy en dia podemos encontrar videojuegos en todo tipo de dispositivos
(videoconsolas, ordenadores, tablets, dispositivos maviles...) que son jugados por todo tipo

de publico. Segun el informe ESA de 2015 (Entertainment Software Assotiation, 2015), la

L https://newzoo.com/insights/articles/global-games-market-reaches-99-6-billion-2016-mobile-
generating-37/

2 http://www.eleconomista.es/tecnologia-videojuegos/noticias/7608246/06/16/Los-videojuegos-
facturan-mas-de-mil-millones-de-euros-en-Espana-en-2015.html
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edad del jugador medio es de 35 afios y el numero de hombres y mujeres que juegan a

videojuegos esta practicamente igualado (Figura 2).

Adicionalmente, esta diversificacion ha supuesto que los videojuegos se hayan adentrado
con éxito en otros campos mas alla del puro entretenimiento. Los videojuegos han sido
utilizados en el terreno de la publicidad o la educacién, dando lugar al término juego serio
(Djaouti et al., 2011).

Definimos juego serio como todo aquel videojuego cuyo objetivo principal no es el
entretenimiento. En el caso de juegos serios para publicidad, se utilizan para dar a conocer
algun producto. En el caso de la educacion, los juegos serios se utilizan como herramientas
de simulacidn para entrenar habilidades en entornos seguros, o para presentar contenido
educativo con un mayor grado de interactividad. A continuacion, abordamos algunas de
las caracteristicas de los juegos serios como herramientas educativas, y las caracteristicas

que los convierten en buenos candidatos para la evaluacién de aprendizaje.

e

AGE GENDER

of Game Players of Game Players
26% under 18 years 56% male
30%: 18-35 years 44%, female
17%: 36-49 years
2T% 504+ years

Figura 2. Proporcion de jugadores por edad y género segun el informe ESA 2015

2.3.1. Juegos serios como herramientas educativas

La caracteristica diferenciadora de un juego serio respecto a cualquier otro tipo de
contenido educativo es la capacidad de los alumnos de interactuar con ellos de forma
reactiva (DeKanter, 2004). Esta capacidad permite a los alumnos crear, construir y
experimentar en un entorno seguro, algo fundamental en todos los procesos de

aprendizaje eficaces (J.P. Gee, 2005; James Paul Gee, 2003).

Esta caracteristica basica se une al resto de bondades que los videojuegos muestran de
manera intrinseca como, por ejemplo, su capacidad para motivar y mantener el interés de
sus jugadores (Garris, Ahlers, & Driskell, 2002). Ademds, un videojuego bien disefiado es
capaz de mantener captados o interesados a sus jugadores a través de lo que se conoce
como “zona de flujo” (J. Chen, 2007). Este es un proceso por el cual los videojuegos van

presentando objetivos lo suficientemente desafiantes como para que el jugador quiera

26



seguir jugando, pero lo suficientemente asequibles como para que no abandone debido a
la frustracion, manteniéndole asi en la “zona de flujo”. Esta experiencia de la zona flujo es

extrapolable a los procesos de aprendizaje.

Partiendo de estas ideas, han sido muchas las investigaciones que han querido validar los
juegos serios como herramientas educativas en diferentes dominios y niveles educativos
(Boyle et al., 2016; Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012). Por ejemplo, se han
usado con resultados satisfactorios en el campo de la medicina (Baranowski et al., 2008;
Berkovsky, Coombe, Freyne, Bhandari, & Baghaei, 2010; Bernardini, Porayska-Pomsta, &
Smith, 2014; Evans et al., 2015), la ingenieria y la fisica (Hauge & Riedel, 2012; Price, 2007;
Sancho, Torrente, & Ferndndez-Manjon, 2009; van der Graaf, Segers, & Verhoeven, 2016),
ensefianza de programacion (Ibrahim, Semarak, Lumpur, & Jaafar, 2010; Malliarakis et al.,
2014; Resnick et al., 2009) o la literatura (Manero et al., 2013b).

A pesar de sus probadas aplicaciones, aun quedan algunos problemas por resolver. Hays
es uno de los primeros en estudiar de modo mads sistematico y desafiar algunas de
observaciones sobre las bondades de los juegos serios a través una revision de literatura
que repasa 274 articulos (Hays, 2005). Entre sus conclusiones destaca que, aunque hay
pruebas empiricas de la capacidad de los juegos serios para ensefiar, las metodologias
usadas en algunos experimentos, tanto para disefiar el juego como para probar su eficacia,
son inconsistentes y en algunos casos incluso erréneas. Recomienda a los disefiadores de
juegos que trabajen codo con codo con instructores y profesores, teniendo especial
cuidado a la hora de definir las mecanicas de juego y manteniendo siempre presentes los

objetivos instruccionales del juego.

Este problema aun no ha sido resuelto por completo, aunque poco a poco han ido
apareciendo investigaciones que tratan de formalizar metodologias para mejorar la
evaluacion de juegos serios y otro contenidos digitales basados en juegos (All, Nufiez
Castellar, & Van Looy, 2015, 2016).

Otro problema a resolver es la propia evaluacion de la efectividad de los juegos serios.
Tradicionalmente, la gran mayoria de investigaciones sobre juegos serios han seguido una
aproximacion experimental tradicional en su desarrollo (Calderdn & Ruiz, 2015). Los
experimentos son de corta duracidn, y el impacto en los alumnos suele medirse a partir
de la comparacidn de pre-tests y post-tests. En ocasiones, los resultados de estos
cuestionarios se ven acompafiados de una sesion de debate, en la que alumnos e
instructores comparten las experiencias vividas con el juego (Arafeh, Hansen, & Nichols,
2010). Algunos investigadores han apuntado que esta herramienta es poco escalable y

supone problemas para los instructores (Egenfeldt-Nielsen, 2004).

En conclusion, quedan como debates abiertos la relacion del aprendizaje con el disefio de

los juegos serios, asi como los métodos formales para su evaluacidn.
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2.3.2. Aprendizaje y evaluacion educativa

Los procesos de aprendizaje del ser humano y las teorias pedagogicas que existen detras
ellos siempre han estado ligados a la trayectoria de los juegos serios (Amory, Naicker,
Vincent, & Adams, 1999; Yusoff, Crowder, Gilbert, & Wills, 2009). Para disefiar un juego
capaz de ensefiar es necesario tener presente algunas de las teorias relacionadas con el
aprendizaje. Particularmente, la capacidad de los juegos serios de recrear mundos
envolventes y reactivos en los que los estudiantes pueden realizar acciones dentro un
conjunto limitado de normas, hace que sean herramientas especialmente cualificadas

para la ensefianza de habilidades (Graafland, Schraagen, & Schijven, 2012).

El aprendizaje de habilidades ha sido modelado en diferentes trabajos. Fitts (Fitts, 1964)

lo define como un proceso en el que el aprendiz pasa por tres fases:

o Estado cognitivo: el aprendiz posee en conocimiento inicial que le permite
decodificar la suficiente informacién sobre la habilidad, obteniendo en su
realizacion unos resultados preliminares aproximados.

o Estado asociativo: el aprendiz posee la capacidad suficiente como para practicar
la habilidad con resultados satisfactorios, y estd empezando a pulir algunas de sus
componentes.

o Estado auténomo: el aprendiz domina la habilidad con soltura y cada nueva

practica mejora su efectividad.

Estos estados han ido siendo ampliados por nuevas teorias. Dreyfuss (Dreyfuss & Dreyfus,
1980) propone pasar de tres a cinco estados. En su teoria, afiade dos estados intermedios
entre el estado cognitivo y asociativo, y el asociativo y auténomo, quedando los estados en

principiante, capaz, competente, experto y maestro.

La taxonomia de Bloom (Krathwohl, 2002) es un modelo que relaciona los procesos
cognitivos que se dan durante el aprendizaje con los tipos de conocimiento que se van
generando durante el mismo. En la interseccion entre procesos cognitivos y tipos de
conocimiento se encuentra la accién que relaciona a ambos y que el aprendiz debe
dominar para superar el peldafio. La Figura 3 muestra una ilustracién que enumera cada

una de las dimensiones y explica su significado®.

Acercando algunas de estas teorias a cuestiones mds prdacticas relacionadas con el
aprendizaje on-line, Scalise (Scalise & Gifford, 2006) crea una tabla (Figura 4) que clasifica
los tipos de ejercicios que pueden encontrarse en cursos de e-learning en cuanto a su
dificultad y el grado de libertad que el alumno tiene para resolverlos. Cada uno de las
actividades se clasifica bajo una accién que referencia a las acciones definidas por la

taxonomia de Bloom.

3 http://www.celt.iastate.edu/wp-content/uploads/2015/09/RevisedBloomsHandout-1.pdf
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Aun siendo esta taxonomia una vision mucho mas detallada de los pasos que se dan en
procesos formativos, sigue siendo una extension fundamentada en la teorias propuestas
con anterioridad. Idealmente, los disefiadores de juegos serios deben tener en cuenta las

acciones aqui propuestas a la hora de disefiar las mecanicas de juego (Arnab et al., 2015).

Un disefio centrado en el proceso de aprendizaje no s6lo convierte a los juegos serios en
herramientas educativas mads efectivas, sino que permite ademas que sean evaluadas con

mayor facilidad.

La evaluacién en los videojuegos educativos puede perseguir diferentes resultados. La
gran mayoria pretende evaluar resultados de aprendizaje (es decir, si los estudiantes
aprendieron jugando con el juego o0 no), pero en ocasiones, la evaluacion pretende medir
otros factores como la eficiencia (por ejemplo, si un juego es mas rapido que instructor
ensefiando una habilidad) o la motivacion (si los jugadores tuvieron una experiencia

positiva con el juego) (All et al., 2015).
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Figura 3. Grafico de la Taxonomia de Bloom extendida

El disefio de evaluacién centrado en evidencias (ECD, de sus siglas en inglés Evidence-
centered assessgment design) (Mislevy, Almond, & Lukas, 2003) basa la evaluacién de

resultados en las tareas que realizan los alumnos durante una actividad educativa. A
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Figura 4. Recopilacion del tipo de actividades que se realizan en cursos on-line,

categorizando su accion cognitiva y su dificultad

través de una instrumentalizaciéon adecuada, las interacciones de los aprendices deben

servir como evidencia para la evaluacion de su aprendizaje. ECD pide a los disefiadores

de contenidos educativos que traten de responder las siguientes preguntas antes de

comenzar con el desarrollo de cualquier contenido educativo (Shute, Leighton, Jang, &

Chu, 2016):
1. ¢Qué conocimiento o habilidad quiere evaluarse?
2. ¢Qué observables medibles pueden extraerse de la actividad?
3. ¢Qué criterios y reglas se evaluan los observables?
4. ¢Qué tipo de tareas se deben desarrollar durante la actividad para obtener los

observables deseados?

Es decir, los disefiadores de juegos serios deben considerar el flujo completo de uso del

juego. No solo debe ser capaz de ensefiar, sino que ademads deber estar centrado en la

evaluacion de los alumnos, desafiando a los estudiantes a que prueben y contrasten, con

sus acciones dentro del juego, la adquisicion del conocimiento impartido.
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2.3.3. Disefio de juegos serios

El disefio de un juego serio es fundamental para que cumpla sus objetivos como
herramienta educativa. Siendo un campo relativamente joven, muchos de los juegos serios
que se han ido desarrollando han carecido del disefio adecuado para cumplir sus
objetivos. Poco a poco, los investigadores han ido encontrando algunos de los elementos

de disefio que los hacen mas efectivos.

Dickey (Michele D. Dickey, 2006a) explora las caracteristicas de los juegos masivos de rol
on-line en busca de caracteristicas que poder aplicar al aprendizaje en videojuegos
educativos, mientras Dondlinger (Dondlinger, 2007) hace un repaso de 35 publicaciones
que recogen videojuegos educativos y su disefio para extraer claves y puntos comunes en
todos ellos. En su revision, define como elementos definitorios de su efectividad la
capacidad de motivar a los estudiantes, aunque no encuentra una fuente unica para esta
motivacién. Algunos estudios la atribuyen al propio acto intrinseco de juego (Amory et al.,
1999; Denis & Jouvelot, 2005), mientras que otros lo basan en la naturaleza atractiva de las
narrativas que contienen (M D Dickey, 2005; Michele D. Dickey, 2006b). Precisamente
Dondlinger marca en su revisidn la existencia de narrativas como punto clave para la
efectividad de los juegos serios, asi como la existencia de objetivos y reglas consistentes
que formen su universo. También destaca la capacidad de los juegos de proveer de un
ciclo de retroalimentacion rdpido a través de diferentes medios sensoriales (imagenes,

videos, sonidos...).

Los juegos revisados se basan en teorias de aprendizaje como el constructivismo (los
humanos generan conocimiento y significado a partir de sus experiencias),
construccionismo (los individuos construyen modelos mentales para entender el mundo
que los rodea) y cognicion situada (el saber esta siempre ligado a la accién), y tienen como
objetivo mejorar multiples areas cognitivas: capacidad de atencién, concentracion
espacial, resolucién de problemas, toma de decisiones, trabajo colaborativo, creatividad o

pensamiento abstracto.

Otros trabajos intentan definir de manera mds detallada los elementos que debe contener
un juego serio para optimizar su efectividad. Marne (Marne, Wisdom, Huynh-Kim-Bang,
& Labat, 2012) define 6 facetas que considera fundamentales en el disefio de cualquier

juego serio:

e Faceta 1: Objetivos pedagodgicos. Todo juego serio debe tener unos objetivos
instruccionales claros.

e Faceta 2: Simulacion del dominio. El juego serio debe representar de manera
fidedigna el contexto en el que se desarrolla y sobre el que pretende instruir.

o Faceta 3: Interacciones con la simulacién. El jugador posee una serie de acciones

claras que le permiten interactuar con la simulacion.

31



o Faceta 4: Problemas y progresion. El juego define una progresion para el jugador,
en la que se enfrente a problemas de dificultad gradual.

e Faceta 5: Decorum. El juego posee una estética marcada que lo hace atractivo al
jugador.

o Faceta 6: Condiciones de uso. Los disefiadores definen la aplicabilidad y contexto

del juego. Es decir, cdmo, cudndo, dénde y por quién debe ser utilizado.

De manera similar, Anneta (Annetta, 2010) define un marco de referencia para el disefio
de juegos educativos. En él, identifica la mayoria de elementos recogidas por las 6 facetas
de Marne, pero afiade uno mas: la ensefianza informada, es decir, los juegos serios deben
ser capaces de proveer de datos de evaluacion a instructores. Esta evaluacion debe a
hacerse a través de mecanismos embebidos que permitan al propio juego comunicar los
resultados de los alumnos. Concluye que esta caracteristica puede posicionar a los juegos

serios como nuevos examenes estandarizados.

Mientras que estos trabajos proponen un marco general con elementos a tener en cuenta
para el disefio de juegos serios, otros autores han querido centrarse en el disefio de las

actividades que los jugadores deben completar para lograr resultados satisfactorios.

El Modelo basado en Teoria de Actividades para Juegos Serios (Carvalho et al., 2015) aplica
al disefio de juegos el marco conceptual desarrollado por la teoria de actividades (Jonassen
& Rohrer-Murphy, 1999), una disciplina que estudia, desde el punto de vista de las ciencias
sociales, las précticas de los seres humanos durante procesos de desarrollo. La principal
aplicacion de este modelo es compartimentar los médulos que existen dentro de un juego
serio, y valorar el papel que desempefian dentro del juego como unidad completa. Esto
permite a los disefiadores tener una mayor perspectiva respecto a los aspectos que cubre

el juego.

El modelo de juego experimental (Kiili, 2005) propone un marco abstracto que estructura
toda la actividad que debe darse dentro del juego. La Figura 5 muestra el flujo de juego

que define este trabajo.

El modelo parte de objetivos educativos, desde los que crea una serie de problemas a
resolver por el jugador. Para ello, deberd pasar por fases de generacion de ideas, de
experimentacion activa y de reflexién sobre la retroalimentacion ofrecida por el juego. Si
observamos con detenimiento algunas de las fases contempladas por este modelo,
podemos ver procesos que nos recuerdan a la teoria de aprendizaje de habilidades de Fitts

(Fitts, 1964), presentada en la seccion anterior.

Torrente (Torrente et al., 2014) centra esfuerzos en definir una metodologia de juegos
serios centrada en dominios especializados como la medicina, donde deben hacerse
consideraciones especificas. Finalmente, otros autores han indagado en las implicaciones

técnicas que afectan al disefio de los juegos serios. Por ejemplo, Moreno-Ger (Moreno-Ger
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et al., 2008) explora los requisitos necesarios para la integracion de juegos serios en
entornos on-line, su capacidad de adaptacion y evaluacidn, asi como consideraciones

adicionales como la integracién de estdndares.

Learning objectives

Premvatwr—; idea : Idea generation
generation S

|  Challenges \
Py (problems )/Z<’/‘

Control over game Clear goals
Skills develop
[
Schemata Active
construction experimentation
X /
Focused attention Feedback
Usabilty | Reflective

observation

Figura 5. Modelo de juego experimental de Kiili

2.4. Analisis de datos en videojuegos

Como expusimos en la seccién anterior, la gran mayoria de juegos serios son evaluados a
través de experimentos con un formato tradicional, basado en cuestionarios que los
alumnos rellenan antes y/o después de la experiencia con el juego (Calderdn & Ruiz, 2015).
Esta modalidad de recogida datos, estandarizada dentro del mundo académico, contrasta

con las practicas que se realizan dentro del mundo de los videojuegos comerciales.

La naturaleza interactiva de los videojuegos los convierte en una fuente natural de datos.
Un jugador puede llegar a realizar cientos de acciones en el transcurso de una sesién de
juego. Estas acciones, enlazadas con su avance dentro del juego, describen el progreso total
del jugador, incluyendo detalles como los desafios que superd con mayor destreza asi

como aquellos en los que encontr6 mds dificultades.

La industria del videojuego lleva décadas recopilando datos de sus usuarios para entender
como juegan con los productos que desarrollan. Las técnicas han ido avanzando con el
paso del tiempo, y han pasado de medidas simples, como niumero de jugadores o duracién

de sesiones de juego, a visualizaciones mucho mds complejas, como grafos de navegacion
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y mapas de calor. Los juegos serios aun no han empezado a explotar todo el potencial que

estas técnicas pueden ofrecer, aunque si han empezado a realizar pequefias incursiones.

A continuacidn, detallamos la evolucion de estas técnicas y lo que han supuesto para el

analisis de videojuegos.

2.4.1. Analiticas web

Una de las primeras herramientas utilizadas para el andlisis de datos de videojuegos
fueron las analiticas web (Drachen, Thurau, Togelius, & Bauckhage, 2013). Este tipo de
analisis (a suvez derivado de algunos fundamentos de Inteligencia de Negocio (Rud, 2009))
es utilizado por administradores de padginas web para obtener informacidn sobre el trafico

que visita sus paginas.

La Figura 6 muestra una visualizacién de datos web recogida por la herramienta Google
Analytics (Plaza, 2011). En ella podemos ver datos como, por ejemplo, el numero de
usuarios, el numero de sesiones o duracidon de las mismas. Estos datos suelen verse
extendidos por informacion demografica de los usuarios o datos de comercio electréonico
(Hasan, Morris, & Probets, 2009).

La facilidad de uso de estas herramientas hace que muchos desarrolladores de
videojuegos también las usen para medir el uso de sus juegos (Bondzulic, 2015; Burns &
Colbert, 2013). Sin embargo, las analiticas web no logran capturar algunas de las
interacciones intrinsecas de los videojuegos. Por ello, existe una disciplina mas focalizada

(que incorpora muchas de las técnicas de analitica web), denominada analiticas de juego.

Visién general
Sesiones v frentea Seleccione una métrica Cadahora | Dia Semana | Mes

® Sesiones

1.000

8ene. 15 ene. 22 ene. 29 ene.

M New Visitor M Returning Visitor
Sesiones Usuarios Numero de visitas a paginas Paginas/sesion

10.601 9.717 27.700 2,61

Duracién media de la sesion Porcentaje de rebote % de nuevas sesiones

00:01:47 55,59 % 90,49 %
A P

Figura 6. Visualizacion de analiticas web en la herramienta Google Analytics
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2.4.2. Analiticas de juego

Las analiticas de juego comprenden una serie de técnicas, analisis y visualizaciones
disefiadas para medir los diferentes aspectos del desarrollo y uso de videojuegos (El-Nasr
etal., 2013).

Las métricas de juegos pueden estar destinadas a medir diferente procesos relacionados
con los videojuegos (Drachen, Seif El-Nasr, & Canossa, 2015). Por ejemplo, las métricas
pueden estar dirigidas a medir el rendimiento de un videojuego en el dispositivo destino
(con frecuencia este proceso se denomina telemetria), con métricas como uso de memoria,
CPU o FPS (frames per second). En ocasiones también se capturan métricas para medir el
propio proceso de desarrollo software, pero las métricas que mds utilizadas para medir el
uso final que se hace de los videojuegos son las métricas de usuario, derivadas de la

interaccion directa de los jugadores (Canossa & Drachen, 2009).

La naturaleza de estas métricas suele estar ligada a géneros y mecdnicas especificas de
juego, aunque podemos encontrar algunas aplicadas de manera global (Drachen et al.,
2015). La Figura 7 muestra una tabla que relaciona géneros con las métricas mas comunes

en cada uno de ellos. Existen varias estrategias de traqueo para estas métricas:

o Eventos: el jugador realiza una interaccion con relevancia para el andlisis de juego
y ésta se envia a un servidor.

e Frecuencia: el envio de datos se realiza con una frecuencia predeterminada,
siendo el desarrollador el que determina el conjunto de datos a enviar.

o Iniciadas: en ocasiones, el desarrollador quiere recolectar métricas que solo
necesita en momentos puntuales del desarrollo. Estas métricas son habilitadas o
deshabilitadas por el desarrollador en vez de estar definidas como eventos que se

envian siempre.

Muchas compafiias de videojuegos han implementado sus propias soluciones software
para dar soporte a estas métricas (Medler & Magerko, 2011). Skynet es la herramienta de
analiticas de juego implementada por Bioware% desarrollada especificamente para
analizar los juegos creados por la compaiiia (Zoeller, 2010). También existen servicios on-
line que ofrecen soluciones generales para analiticas de juego. Gameanalytics.com? ofrece
una herramienta web capaz de ofrecer datos sobre adquisicién de jugadores, retencién y
monetizacion. Para integrarse con la herramienta, los desarrolladores deben incluir

diferentes tipos de peticiones HTTP desde sus juegos.

4 http://www.bioware.com/en/
> http://www.gameanalytics.com/
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Género Métricas

Numero de sesiones de juego, tiempo jugando, divisa virtual gastada,
enemigos eliminados, complecion de niveles, puntuacion final, acciones
por minuto, vidas perdidas, dafio recibido, interacciones con dispositivos
de entrada (clicks, pulsaciones, teclas...)

Todos

Misiones completadas, evolucion de avatar, uso de recursos, habilidades
RPG (Role playing | de avatar, estadisticas de combate, progreso de la historia, interaccion con
games) NPC, dafio recibido/infligido, objetos recogidos, navegacion por el mapa de
juego

Uso de armas, trayectorias, selecciéon de personajes, seleccion de niveles,
FPS (First person seleccion de vehiculos, puntuacion de equipos, saltos, puntos de
shooter) captura/pérdidas, uso de objetos, traqueo de proyectiles, &ngulo de
camara, orientacion del personaje

Pistas escogidas, vehiculos escogidos, rendimiento de vehiculos,
Carreras proporcion de carreras ganadas y perdidas, mejoras para vehiculos
adquiridas, velocidad media por pista, colisiones, posicion del vehiculo

Progresion de la historia (basada en nodos), interacciones con NPC,
Aventura recorrido del mapa, complecién de puzles, uso de objetos, progresion del
personaje

Seleccién de unidades, érdenes dadas las unidades, mejoras adquiridas,
Estrategia ajustes de mapa, tiempo utilizado para cada tipo de tareas (p. €j., construir
respecto a atacar al enemigo)

Figura 7. Tabla de las métricas mas comunes agrupadas por género de juego.

En algunas ocasiones, los datos capturados no solo se utilizan para el analisis del
comportamiento de usuario, sino que se incorporan a las dindmicas de juego dotandolos
de una nueva dimension (Medler, 2009). La serie de juegos Mass Effect® incorpora un
sistema que guarda datos de usuario entre las diferentes entregas de la saga, haciendo que
las decisiones que el jugador ha tomado en juegos anteriores tengan efecto sobre los
siguientes juegos. Algunos juegos de carreras, como Mario Kart’, traquean los mejores

resultados de sus jugadores para que después puedan competir contra si mismos.

El mundo académico también ha explorado las posibilidades de las analiticas de juego
como vehiculo para responder diferentes preguntas. TRUE (Tracking Real-Time User
Experience) (J. H. Kim et al., 2008) es una herramienta enfocada al andlisis de
comportamiento de usuario. Su objetivo es asistir a desarrolladores y disefiadores durante

la fase de prueba de los juegos. La herramienta no solo registra las interacciones de los

6 https://www.masseffect.com/es-es
7 http://mariokart8.nintendo.com/es/
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usuarios con el juego, sino que ademds incorpora video de las sesiones de juego e
informacién adicional solicitada al usuario a través de cuestionarios (por ejemplo, si se

divirti6 jugando a alguno de los niveles).

2.4.3. Analiticas de juegos serios

Aunque las analiticas de juegos serios nacen de manera natural desde las analiticas de
juego, su propdsito es completamente distinto. Mientras las analiticas de juego tienen
como objetivo optimizar valores como la retencién de jugadores o la monetizacion, el
objetivo principal de las analiticas de juegos serios es obtener informacién sobre el
proceso de aprendizaje (Loh, Sheng, & Ifenthaler, 2015). Estas analiticas usan
principalmente la informacion de las interacciones de los aprendices con el juego, y no
solo en la informacion obtenida mediante instrumentos externos a la naturaleza del juego

como son los cuestionarios.

Las analiticas de juegos serios comprenden desde los métodos de captura de datos y los
elementos de disefio que los acompafian, hasta los andlisis y visualizaciones mas
apropiados para cada tarea. A continuacion, se presentan algunas aproximaciones que

diversos juegos serios han tenido a este tipo de analisis.

Una aproximacion comun dentro del andalisis de juegos serios es la evaluacion basada en
cuestionarios que estdn embebidos dentro de las narrativas de juego (Dudzinski et al.,
2013; Manero et al., 2015). En estos casos, los disefiadores intentan integrar estos
cuestionarios como parte de la historia (por ejemplo, a través de una conversacion con un
personaje), haciendo que su presentacién parezca mds natural para el jugador. Sin
embargo, esta técnica puede provocar en los estudiantes la sensacion de estar siendo
examinados, 1o que puede dafiar su experiencia con el juego. Son varias las corrientes que
abogan por lo que se conoce como “evaluacién sigilosa” (stealth assessment), basada en
recoger datos de aprendizaje de forma implicita y sin afectar al curso normal de juego,

buscando que el jugador sea lo menos consciente posible (M. Ventura et al., 2013).

Algunas aproximaciones mas alineadas con esta idea se basan en el analisis de transicion
de estados de jugador. El estado del jugador se representa con un conjunto limitado de
variables de juego, y se observa su evolucién para evaluar el éxito o fracaso de la sesién
de juego. Loh (Loh, Sheng, & Li, 2015) usa esta aproximacion para distinguir patrones de
juego entre usuarios noveles y expertos. El estudio representa los caminos que sigue cada
jugador dentro una cuadricula. Usa como punto de partida el camino recorrido por
jugadores expertos, y lo compara con el camino de jugadores noveles, en busca de
diferencias. Como método de evaluacion, utiliza la semejanza de un camino con los
camino seguido por los usuarios expertos. Lee (Lee, Liu, & Popovic, 2014) analiza la
transicion entre estados de juegos para crear un modelo capaz de predecir el siguiente

estado de juego dado el estado actual. Este modelo puede usarse, por ejemplo, para
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prevenir en tiempo real a los instructores sobre estudiantes que estan teniendo problemas

en el desarrollo de la actividad.

El marco teérico ADAGE (Owen, Ramirez, Salmon, & Halverson, 2014) intenta abstraer la
nocion de estado de juego desde un conjunto de variables a conceptos mas cercanos al
disefio del propio juego. Su objetivo es proveer de un mecanismo que permita la
evaluacion automadtica del recorrido realizado por un jugador. Para ello, define varias

categorias de eventos de juego:

e Unidades de juego: representan los estados de progreso mds cercanos a la
mecanica de juego. Esto puede ser niveles, fases o mapas. Los eventos emitidos se
relacionan con la complecion de estas unidades.

e Logros criticos: momentos que tienen especial relevancia en el juego, y que
suponen la consecucién de algun desafio. Estos eventos son la base para evaluar
el aprendizaje del jugador.

¢ Niveles de maestria finales: momentos en el que el jugador debe combinar las
habilidades adquiridas durante el juego y hacer uso de ellas para sobrepasar un

desafio final.

ADAGE propone como evaluacion la realizacion de analisis sencillos sobre estos eventos.
Por ejemplo, una métrica de evaluacion podria ser el numero de logros criticos

conseguidos respecto al numero total de logros.

No obstante, consideramos que las analiticas de juegos serios no solo deben centrarse
Unicamente en el andlisis o la visualizacion de datos, sino también deberian proveer alos
profesores de herramientas que les permitan seguir el aprendizaje de sus alumnos. Por
ejemplo, la aplicacién para aprender idiomas Duolingo (Ye, 2014) ofrece a profesores un
panel en el que puede seguir el progreso individualizado de sus alumnos en cada una de
las lecciones (Figura 8%). The Radix Endeavor® es un juego masivo on-line que imparte
contenidos sobre ciencia, tecnologia, ingenieria y matematicas. Entre sus caracteristicas,
ofrece a los profesores una visualizaciéon on-line que permite organizar las clases y

mantener un seguimiento del progreso de sus alumnos.

2.5. Estandares educativos y analiticas de aprendizaje

Una de las caracteristicas que los juegos serios no suelen compartir con sus equivalentes
comerciales es su despliegue. Mientras que los videojuegos comerciales suelen ser

componentes independientes que pueden comunicarse opcionalmente con un servidor

8 Fuente: https://frenchmajorvsculture.wordpress.com/2015/06/25/duolingo-the-best-free-app-for-
language-learning-now-has-duolingo-for-schools/
% https://www.radixendeavor.org/
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externo, los juegos serios suelen estar integrados dentro de entornos virtuales de
aprendizaje, como SGA o MOOCs (Del Blanco Aguado, Torrente, Martinez-Ortiz, &
Fernandez-Manjon, 2011; Freire, del Blanco, & Fernandez-Manjon, 2014). Adicionalmente,
la comunicacion entre videojuegos comerciales y servidores de analiticas suele realizarse
con interfaces propietarias, mientras que los juegos serios deben comunicarse a través de
estandares, normalmente abiertos, soportados por los entornos en los que se integran. Por
tanto, el trabajo de las analiticas de juegos serios no se detiene en la busqueda y validacién

de técnicas de analisis y evaluacion, también necesita encontrar modelos y

duolingo Discuss with teachers @L ,,,,,

(L 0000000000000 0DO00000C
Q'Amber

0 Harmoney-Johnson
0 i
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0

Figura 8. Panel para profesores ofrecido por la aplicacion de aprendizaje de idiomas
Duolingo.

representaciones estandares de los resultados que obtiene, para que estos pueden ser

compartidos con otros sistemas que puedan estar interesados en ellos.

Los estdndares educativos dedicados a analiticas de aprendizaje suelen modelar datos de
dos tipos: estaticos, datos que no cambian con el tiempo; o dindmicos, datos que se
actualizan de manera mas frecuente (Griffiths, Hoel, & Cooper, 2016). Y estos datos pueden
proceder de multiples fuentes: personas, recursos, servicios, actividades educativas o

evaluaciones (Cooper, 2014).

En esta seccidon nos centramos en aquellos estandares que modelan datos dinamicos,
principalmente procedentes de personas, actividades educativas y evaluaciones, ya que
son los que pueden representar con mayor cercania la naturaleza interactiva de los juegos
serios. Primero repasamos algunos de los estdndares y especificaciones que han tratado
de modelar aprendizaje en contenidos educativos en general, para después centramos en

tres de los mdas adecuados para juegos serios: SCORM, IMS Caliper y Experience API.

2.5.1. Estandares de caja negra

Definimos estandares de caja negra como aquellas especificaciones que solo modelan y
comunican resultados a los entornos con los que se integran, sin aportar detalles de como

se obtuvieron esos resultados (del Blanco et al., 2013). Es decir, estos estandares
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comunican como datos, por ejemplo, si el estudiante superé o no la actividad, o la

puntuacion que obtuvieron, pero nunca detalles sobre como se lleg6 a ese resultado.

Este es el caso de la Open Badge Initiative, llevada a cabo por Mozilla (Mozilla, 2011). La
idea de esta iniciativa es recopilar, a través de un repositorio de confianza, las habilidades
y competencias que una persona ha ido logrando a lo largo de su carrera. En este caso,
Mozilla se encarga de ser la entidad verificadora de los logros, pero la concesion de los
mismos le corresponde a instituciones de terceros. Mozilla pone al servicio de
instituciones educativas un protocolo estdndar que permite comunicarse con el
repositorio global, tanto para conceder medallas (o badges) a individuos como para

comprobar las que ya poseen.

Dentro de la gran familia de estdndares definidos por el IMS Global Learning
Consortium?, IMS Basic Outcomes ofrece la posibilidad de comunicar notas de resultados
asociados a actividades concretas (Fontenla, Pérez, & Caeiro, 2011). La organizacion de
Advanced Distributed Learning®! (ADL) también ha aportado a esta familia de estdndares

afladiendo caracteristicas de evaluacién a uno de sus estandares: SCORM.

SCORM es uno de los estdndares mas extendidos en el despliegue y comunicacion de
recursos educativos dentro de entornos de aprendizaje virtuales (Capone, 2004), y ha sido
utilizado en algunas investigaciones como estdndar para traquear resultados en juegos
serios (del Blanco et al., 2013). El estdndar define un conjunto de requisitos técnicos que
permite que sistemas de aprendizaje virtual puedan importar y reutilizar contenidos
educativos completos, a los que define como SCO (Shareable Content Objects). Entre sus
caracteristicas, define una interfaz de comunicacién que permite una comunicacién
estandar y bidireccional entre un SCO (contenido educativo) y el entorno virtual con el

que se integra.

Esta interfaz de comunicacién estd basada en el modelo de datos CMI (Advanced
Distributed Learning, 2011). Este modelo permite el envio del estado de complecidn,
puntuacion y progreso de la actividad. También permite el envio de informacion extra,
como comentarios en texto libre, interacciones para traquear cuestionarios y otros
elementos educativos, y objetivos, para traquear puntuacion y complecion de sub-tareas.
La Figura 9 contiene una tabla detallando algunos de los campos del modelo CMI y su

relacién con los SCOs.

Como se ha comentado, la principal desventaja de SCORM vy del resto de estandares
basados en objetivos es que no deja rastro del proceso de evaluacion que se ha seguido

para conceder un resultado u otro. Las nuevas aproximaciones basadas en analiticas de

10 https://www.imsglobal.org/
1 https://www.adInet.gov/
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aprendizaje estan buscando modelos mas abiertos que permitan una mayor granularidad

ala hora de representar el proceso de aprendizaje.

2.5.2. Estandares de caja blanca

Definimos estandares de caja blanca como aquellas especificaciones que, ademas de
proveer resultados consumibles por sistemas externos, ofrecen informacidon sobre las
interacciones y el modelo de evaluacion seguido para llegar a esos resultados (del Blanco
et al., 2013). Muchos de estos estdndares se basan en el registro de interacciones de
usuarios en archivos de texto o bases de datos (logs), que son después procesados por un

sistema de analisis capaz de ofrecer visualizaciones y obtener distintos tipos de resultados.

El PSLC DataShop Tutor Message Format (Koedinger, Baker, Cunningham, & Skogsholm,
2010) define un formato XML destinado a representar las interacciones realizadas por un
estudiante dentro de un entorno educativo. Por ejemplo, el XML mostrado en la Figura 10
representa la carga y reproduccion de un video en este formato. En una linea similar,
Contextualized Attention Metadata (Schmitz, Wolpers, Kirschenmann, & Niemann, 2007)

ofrece un sistema para realizar el seguimiento de las interacciones de usuarios en

Elemento del modelo Descripcion

Provee de datos que el SCO puede utilizar para su
inicializacion, por ejemplo con objeto de adaptar el
contenido de la actividad

Representa una localizacion o posicion dentro de un SCO. Por

Datos de lanzamiento
cmi.launch_data

Localizacion ejemplo, si el SCO contuviera un libro electrdnico, este campo
cmi.location podria utilizarse para marcar la pagina que el usuario esta
leyendo

Estado de complecién

; . Indica si el usuario ha completado el SCO o no.
cmi.completion_status

Puntuaciones

cmi.score.raw Identifica la puntuacién numérica final del usuario en el
cmi.score.min SCO. Permite enviar los valores maximos y minimos de la
cmi.score.max puntuacion.

cmi.score.scaled

Estado de éxito Indica como el usuario completé el SCO, si de manera
cmi.success_status satisfactoria o no.

Tiempo total Alberga el tiempo que el usuario utilizé para completar el
cmi.total_time SCO.

Figura 9. Tabla con los campos del modelo CMI relacionado con su uso dentro de
SCORM

entornos de aprendizaje.
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Otra especificacion relevante en el seguimiento de interacciones es Activity Stream (Snell
et al, 2011). Este formato, con sintaxis en JSON?®, fue diseflado para representar
secuencialmente actividades realizadas por un usuario en contexto concreto. Cada accién

se representa por una actividad, que consta de tres elementos:

e Actor: usuario identificado que realiza la actividad.
e Verbo: la accién que se estd realizando.

e Objeto: el objetivo que esta recibiendo la accion.

Esta especificacién nacié con propoésito general y se ha utilizado como base para
representar las secuencias de interacciones que se dan redes sociales como, por ejemplo,

Facebook.

<context message
context message i1id="02CE3AE5-F6D5-9177-913F-C34730F1096C"
name="LOAD VIDEO">
<dataset>
<name>Example Media Dataset</name>
<level type="unit">
<name>Stoichiometry</name>
<level type="section">
<name>What are moles?</name>
<problem>
<name>mymovie.flv</name>
</problem>
</level>
</level>
</dataset>
</context message>

<tool message

context message 1d="02CE3AE5-F6D5-9177-913F-C34730F1096C"

<semantic_event
transaction id="1F3A9B23-9164-DD83-EBB2-1589FD38D4B3"
name="VIDEO ACTION" />

<event descriptor>
<selection>
_level0.VideoPlayerInstancel.sliderButtonName
</selection>
<selection type="media file">mymovie.flv</selection>
<selection type="clip length">00:08:00.0</input>
<action>play</action>
<input type="time">00:02:34.2</input>

</event descriptor>

</tool message>

Figura 10. Representacion de una carga y reproduccion de video en el PSLC DataShop
Tutor Message Format

2 http://www.w3schools.com/js/js_json_intro.asp
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Dentro del mundo de la educacion, IMS y ADL han utilizado Activity Stream como base
para desarrollar sus estdndares de seguimiento de actividad en entornos educativos, con
IMS Caliper y Experience API respectivamente. Por su especial relevancia dentro del

ambito educativo, pasamos a profundizar en las caracteristicas de cada uno de ellos.

2.5.2.1. IMS Caliper

Caliper Analytics es una especificacion desarrollada por IMS, cuyo objetivo es establecer
un canal de comunicacion abierto y continuo entre actividades educativas y entornos
educativos (IMS Global Consortium, 2016).

Los tipos de actividades soportados por Caliper, asi como los eventos e interacciones que
se pueden comunicar desde ellos estan predefinidos por la especificacion, que ademas
estan agrupados por perfiles de métricas (metric profiles). Por ejemplo, Caliper define un
perfil de métrica denominado “Media”, destinado a representar las interacciones de
usuarios con elementos multimedia (por ejemplo, reproducir un video). La especificacion

también define perfiles especificos para evaluacion.

La especificacidon Sensor API define la representacion estdndar de cada uno de los eventos
de los perfiles de métricas. Su estructura se basa también en Activity Stream y contiene,
entre otros atributos: actor, accién y objeto. Tanto las acciones como los objetos posibles
vienen predefinidos por el perfil. La Figura 11 muestra la estructura del sistema y como

se relacionan los diferentes perfiles con la especificacién Sensor API.

La principal limitacién de esta especificacion es la imposibilidad de extender los perfiles
de métricas para soportar nuevos tipos de contenido educativos (como juegos serios). La

especificacion aun esta en desarrollo, y esto podria cambiar en el futuro.
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Figura 11. Arquitectura de IMS Caliper
(https://www.imsglobal.org/activity/caliperram)
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2.5.2.1. Experience API

Experience API (xAPI) es una especificaciéon desarrollada por una comunidad abierta
liderada por ADL (ADL Initiative, 2016). Al igual que IMS Caliper, su objetivo es definir un
modelo de datos que permita la comunicacién de la actividad desde un contenido

educativo a un entorno virtual.

La unidad de seguimiento definida es la frase (o statement), y también se compone de
actor, verbo y objeto. XAPI afiade otros atributos que pueden resultar interesantes para la
evaluacion de actividades, como resultado, que contiene las puntuaciones o consecuencias
de la frase; contexto, que contiene el entorno educativo en el que se desarrolla la actividad,;

o autoridad, que identifica a la autoridad que certifica la validez de una frase.

Al contrario que Caliper, XAPI no predetermina los verbos y objetos que puede traquear.
En cambio, ofrece una estructura totalmente configurable y extensible, que los
desarrolladores pueden adaptar a sus necesidades. De hecho, esta extension se puede
hacer mediante una comunidad abierta de desarrollo en la que cualquier parte interesada

puede participar.

Sin embargo, su oferta en el andlisis es mas limitada. Mientras que la aproximacién
cerrada de Caliper se debe al afan de proveer un sistema de traqueo completo, desde la
captura de datos hasta su analisis, XAPI solo ofrece soporte para modelar el envio de datos
y una solucion de almacenamiento para albergar frases (la base de datos que se denomina
Learning Records Store). Deberdan ser los desarrolladores los que implementen sus propios
procesados de datos y andlisis para completar el ciclo completo de analiticas de

aprendizaje.

2.6. Conclusiones

Este capitulo concluye con un resumen esquemdtico de las principales conclusiones

extraidas tras el andlisis de dominio:

1. Las analiticas de aprendizaje han empezado a utilizarse con éxito en
contenidos educativos on-line, pero ain no han sido aplicadas en profundidad

a los juegos serios.

Como se describio en la seccidn 2.1, las analiticas de aprendizaje han empezado a
ser aplicadas a multiples medios y contextos para comprender y mejorar los
procesos de aprendizaje: desde sistemas clasicos como los tutores inteligentes,
hasta sistemas e-learning mas modernos como los MOOCs. Sin embargo, como se
repasa en la seccion 2.3, las aproximaciones que se han hecho sobre juegos serios
todavia no son maduras y no han hecho un uso completo de las ventajas que

ofrecen dichas analiticas.
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2. Los juegos serios son un contenido educativo probado, pero aun existe

discusion sobre la mejor aproximacion para disefiar y evaluar su efectividad.

En la seccidn 2.2 se repas6 la relacion que existe entre los juegos serios y algunas
teorias de aprendizaje, asi como las aproximaciones que multiples investigaciones
hacen al disefio de juegos considerando estas teorias. Algunos investigadores
afirman que estas aproximaciones en ocasiones son incompletas o errdneas, y
dificultan la evaluacidn del aprendizaje en los juegos serios, destacando la
necesidad de seguir buscando metodologias generales para su validacion. La
naturaleza interactiva de los juegos serios los convierte en candidatos perfectos
para las analiticas de aprendizaje. Su integracion con ellas puede abrir caminos y

nuevas metodologias de disefio y evaluacidn.

3. Las analiticas de juego serios han empezado a despegar, pero aun necesitan
de la estructuracién y validacion presente en las analiticas de juego o las

analiticas web.

En la seccidn 2.3 se exploraron las disciplinas de andlisis mds cercanas a los juegos
serios, en concreto, las analiticas web y las analiticas de juegos. Estas disciplinas
estan alcanzando un punto de madurez del que aun distan las analiticas de juegos
serios. Muchos de sus principios pueden ser reutilizados o adaptados, pero las
analiticas de juegos serios necesitan seguir avanzando en su propio camino,

analizando un aspecto que las otras disciplinas no miden: el aprendizaje.

4. Se esta produciendo un cambio de paradigma en los estandares educativos
encargados de comunicar evaluacion de aprendizaje. Los juegos serios deben

adaptarse a este nuevo paradigma.

En la seccion 2.3 se muestran algunos de los estandares educativos utilizados en la
actualidad para la comunicacién de resultados desde recursos educativos. Existen
muchas iniciativas pero actualmente se tiende a modelos de “caja blanca”, basados
en recoger y trazar con mas detalle las interacciones de los estudiantes con los
contenidos educativos. Los juegos serios, como contenido educativo que suele
desplegarse en integracion con otros entornos, deben hacer uso de estos
estandares para comunicar su actividad. Es necesario explorar la manera de
aplicar estandares a ese proceso para obtener todos los beneficios que ofrecen los

juegos serios.
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Capitulo 3. Objetivos y planteamiento del
trabajo

En el capitulo 1 se presentd el objetivo principal de esta tesis junto con un eshozo
de las tareas a realizar. Este capitulo construye, a partir del estudio del dominio
realizado en el capitulo 2, el alcance total del objetivo de la tesis, asi como los sub-

objetivos que la componen.

A continuacion, cada uno de los sub-objetivos se desglosa en pasos a completar,

que son detallados como planteamiento del trabajo de esta tesis.

3.1. Objetivos de la tesis

Como se define su titulo, el objetivo de esta tesis es mejorar la evaluacion de juegos serios
a través de analiticas de aprendizaje. De una manera extendida, podemos detallar este

objetivo como:

Proponer un marco tedrico y practico que permita mejorar la evaluacion de juegos
serios, utilizando como fuente principal de datos las interacciones realizadas por
los usuarios con el juego. Los principales beneficiarios de esta evaluacién seran los
profesores y los instructores. El alcance de esta mejora sera planteado para todo el
ciclo de vida de un juego serio, desde su incepcion y disefio, pasando por su andlisis
haciendo uso de analiticas de aprendizaje, y hasta su despliegue final en entornos

educativos.

Antes de continuar, debemos limitar el alcance de algunos de los términos contenidos en

esta definicion:

e Marco tedrico y practico: el trabajo de esta tesis no quiere quedarse en el marco
tedrico. A partir del modelo conceptual quiere desarrollar software que pueda ser
utilizado en casos de usos reales, y que sea ese uso que el valide o invalide las
hipdtesis de esta tesis. Esta validacion se hara con juegos serios reales y una
infraestructura de captura de datos.

o Evaluacion de juegos serios: como se expuso en el capitulo 2, la evaluacion de
juegos serios puede tratar de obtener el impacto en diferentes aspectos de los
usuarios que los usan, como la motivacion, la eficiencia o el aprendizaje. En el
contexto de esta tesis, evaluar un juego serio siempre se centrard en el aprendizaje,
es decir, en la capacidad de un juego serio de “medir” o determinar el nivel de
conocimiento de un estudiante a partir de su interaccién con el propio juego.

e Profesores e instructores como principales beneficiarios: en la seccién 2.1
nombrabamos los diferentes actores que podian beneficiarse de la aplicacion de

analiticas de aprendizaje (principalmente, estudiantes, profesores e personal
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administrativo/instituciones). Los resultados de evaluacion que persigue esta tesis
son en pos de mejorar la tarea docente de profesores e instructores, es decir, la
captura de datos, andlisis y visualizaciones que se desarrollardn estaran enfocadas
a simplificar el seguimiento de los alumnos por parte del profesorado. Aunque una
vez capturados estos datos también se pueden utilizar en beneficio de los alumnos
o0 de los administradores educativos

e Ciclo de vida de un juego serio: son muchos los aspectos envueltos en el
desarrollo y uso de un juego serio. El1 uso de analiticas de aprendizaje afecta a todos
los pasos de su ciclo de su vida, y el objetivo de esta tesis es proponer metodologias
y técnicas que consideren los pasos mds importantes de este ciclo: disefio,

despliegue y evaluacidn.

Los juegos serios son la pieza angular de esta tesis. Uno de los principales desafios de este
trabajo es integrar y probar sus avances en juegos serios reales, que puedan ofrecer una
validacion de los avances logrados. En general, el coste de desarrollar cualquier
videojuego puede y suele ser muy alto. En su implementacién se requiere trabajo de
desarrollo software, pero también la creaciéon de recursos artisticos (imdagenes,
animaciones, sonidos, videos...). En el caso de los juegos serios, a este trabajo hay que
sumar la validaciéon educativa, que suele requerir la colaboraciéon con un equipo

heterogéneo en el que hay también instructores y profesores.

Para mantener la cantidad de trabajo necesaria para el desarrollo de juegos serios dentro

de limites abordables en un trabajo de tesis, se consideran dos opciones:

o Integrar resultados con juegos serios ya existentes o desarrollados por el
grupo de investigacion: el desarrollo de este trabajo se hace bajo el amparo del
grupo de investigacion e-UCM. El trabajo de este grupo en diferentes proyectos
nacionales e internacionales conlleva, en ocasiones, la creacion de juegos serios.
Los avances de esta tesis pueden ser en integrados en estos juegos, siempre y
cuando no supongan un riesgo para el trabajo final requerido por los proyectos.

o Desarrollar juegos serios asequibles desde cero: puesto que los objetivos de esta
tesis abarcan todo el ciclo de vida de un juego serio, se hace necesario el desarrollo
de, al menos, un juego serio que recoja todos los resultados que se recojan en ella.
Para mitigar dependencias externas, el contenido educativo de este juego debera
ser una materia que el doctorando (y el director) domine, para que él mismo pueda
validar la aproximacion educativa. También se considera la posibilidad de
desarrollar algun juego con contenido minimo que sirva de prueba conceptual

para mostrar ciertos avances.

Ademads del desarrollo de juegos serios, se hace necesario el uso de una arquitectura

software que sirva de entorno de despliegue, recogida de datos y andlisis. Esta

47



arquitectura debe cumplir todos los requisitos del proceso de analiticas de aprendizaje

descrito en la seccidn 2.1, y serd la principal proveedora de resultados en juegos serios.

Ademds de cubrir los procesos basicos de analisis, la plataforma debe cumplir los

siguientes requisitos para satisfacer las necesidades de esta tesis:

1. La plataforma debe estar enfocada (a permitir una adaptacion que la enfoque) a
las analiticas de aprendizaje.

2. El cddigo sobre el que se ejecute debe estar disponible y ser abierto, para que se
puedan realizar las modificaciones que se requieran para el desarrollo del trabajo.

3. La propiedad de los datos recogidos por la plataforma debe ser del grupo de
investigacion en el que se enmarca la tesis puesto que el trabajo incluye la

realizacion de experimentos con usuarios reales.

Ademas en todo momento en el disefio experimental se debe aplicar un escrupuloso
respeto de los aspectos éticos y de proteccion de datos y mas en aquellos casos en los que

los usuarios son menores de edad.

En la seccién 2.3 se presentaban algunas plataformas que pueden cubrir algunos de los
pasos de este proceso. Lamentablemente, ninguna de ellas cumple las tres caracteristicas
requeridas para el trabajo, asi que se hace necesario el trabajo de una plataforma de

andlisis de datos desde cero.

La cantidad de recursos necesarios para desarrollar una plataforma de analisis de datos
completa es alta. Por tanto, el desarrollo de la plataforma dard prioridad a los mdédulos
fundamentales del proceso de andlisis (captura, andlisis y visualizacién) creando
implementaciones minimas pero robustas para otras caracteristicas mdas secundarias en

el contexto de esta tesis (como escalabilidad o seguridad).

Finalmente, ademds de la creacion de juegos serios y el desarrollo de una plataforma de
analisis, se plantea como objetivo de esta tesis desarrollar una especificacion abierta que
permita capturar las interacciones y logros reportados por los juegos. Esta especificacion
abierta aumenta su reutilizacion ya que permite que la solucion planteada sea
generalizable y aplicable a otros casos. Siguiendo con el espiritu eminentemente practico
de esta tesis, ademads de un modelo abstracto, se marca como objetivo la implementacién
completa de la especificacién sobre un estandar actual que lo permita. Como validacién,

se incluird esta especificacién en al menos un juego serio.

En la filosofia del grupo de investigacién, y cumpliendo con el caracter abierto que todo
proyecto de investigacion deberia seguir, todo el software creado dentro del &mbito de
esta tesis serd publicado con licencias libres para que otros puedan reutilizarlo y

adaptarlo.
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3.2. Planteamiento del trabajo

El trabajo planteado en la seccién anterior es amplio y concierne tareas de muy distintos

tipos. Se resume en 3 objetivos:

1.

Disefiar e implementar una arquitectura de andlisis enfocada a las analiticas de
aprendizaje centrado en juegos serios.

Proponer una metodologia de disefio de juegos serios que facilite su evaluacién a
la vez que estructure su contenido.

Disefiar un modelo para captura de datos en juegos serios, y formalizarlo a través

de un estandar de comunicacion.

En vez de abordar todos los objetivos como un solo bloque, se propone una aproximacion

iterativa como planteamiento de trabajo. Cada una de esas iteraciones puede tener una o

varias tareas. Podemos clasificar las tareas necesarias para completar esta tesis en 4

categorias:

1.

Desarrollo de juegos serio / integracion en juego serio: Esta tarea incluye el
trabajo de desarrollo de un juego serio, partiendo desde cero o desde una version
anterior a la que se afiaden nuevas caracteristicas. Esta tarea también considera
la integracién de caracteristicas de andlisis en un juego desarrollado por un
tercero, o la integracion de un juego con la plataforma de analisis.

Desarrollo de plataforma de analisis: Esta tarea incluye las labores de desarrollo
necesarias en la plataforma de andlisis para dar soporte a experimentos con juegos
serios.

Realizacion de experimentos y validacion de resultados: Esta tarea requiere la
realizacion de un experimento con usuarios reales, que valide avances
significativos en un juego serio y/o en la plataforma de desarrollo.

Desarrollo del estandar de comunicacion: Esta tarea comprende el trabajo
necesario para el desarrollo del estandar que representara los resultados de juegos
serios. Como este paso requiere una cierta madurez del estado de la tesis
(principalmente, un modelo de datos sélido y validado), serd abordado en la fase

final.

En la Figura 12 se muestra una figura que esquematiza el proceso de trabajo. El proceso

de iteracidén principal constara de un desarrollo paralelo de juego serio y la plataforma de

analisis, seguido por un experimento con usuarios reales. En la fase final, se desarrollara

el estandar de comunicacidn y se afiadira a un juego serio.
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Figura 12. Planteamiento iterativo del trabajo para el desarrollo de la tesis
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Capitulo 4. Discusion integradora y
contribuciones

En este capitulo se presentan las contribuciones de estas tesis, disgregadas de los
articulos enumerados en el capitulo 6. La presentacion de los resultados se hace en
base a los objetivos expuestos en el capitulo 3, y no al orden cronolégico en el que
se fueron sucediendo. El capitulo contiene una secciéon por cada objetivo
planteado, mas una seccion final que detalla los casos de estudio que validaron los

resultados.

Si se quiera seguir el orden cronoldgico de las iteraciones definidas para el proceso

de trabajo, el orden es el siguiente:

e Primera iteracion: secciones 4.1.1, 4.3.1, 4.4.1.
e Segunda iteracion: secciones 4.1.2, 4.2.1, 4.3.2, 4.4.2.
e Tercera iteracion: secciones: 4.1.3, 4.2.2, 4.4.3, 4.4.5.

e TFase final: secciones 4.3.3, 4.4.4.

4.1. Arquitectura para analiticas de aprendizaje
centrada en juegos serios

4.1.1. Arquitectura inicial para analiticas de aprendizaje

La esquematizacién inicial de la plataforma para el andlisis del aprendizaje se presenta
en A framework to improve evaluation in educational games (seccién 6.1). Esta publicacion
plantea los pasos que, idealmente, toda plataforma de andlisis de aprendizaje deberia

contemplar en su implementacion:

e Seleccionar: De entre todos los datos disponibles en el contenido educativo,
escoger aquellos que sean mas relevantes.

e Capturar: Recolectar y almacenar los datos seleccionados.

e Agregar y generar informes: Limpiar y ordenar los datos capturados, y generar
visualizaciones con ellos.

e Evaluar: Comprender los datos agregados y convertirlos en informacién de
evaluacion de estudiantes.

e Adaptar: Utilizar la informacion obtenida para adaptar el contenido educativo a
las necesidades del estudiante.

e Usar y refinar: Utilizar la informacién obtenida para generar intervenciones que

mejoren el proceso educativo en su conjunto.
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e Compartir: Compartir con aquellos sistemas que puedan estar interesados la

informacidén obtenida por el sistema.

Cada uno de estos pasos se ve acompafiado de una pieza de modelo que define qué datos
procesar y como actuar con ellos. La Figura 13 muestra una esquematizacion del sistema
completo. Como se observa, todo el proceso de analisis nace un motor de juegos, encargado

de enviar las sefiales de interaccion desde los juegos serios.

: Learning Analytics Sytem

| Learning Analytics Model

Figura 13. Planteamiento iterativo del trabajo para el desarrollo de la tesis

En esta primera aproximacion, se hace especial énfasis en esa integracién con un motor

de juegos, que comprende los dos primeros pasos del andlisis: seleccion y captura.

Como se menciong en el capitulo 3, una de las estrategias para obtener juegos serios de
esta tesis es integrar el sistema de analiticas con juegos que se fueran desarrollando en el
grupo de investigacion e-UCM. En el articulo, se hace una propuesta de implementacién
de que integra un proceso de captura de datos en el motor de juegos educativos e-
Adventure (Torrente et al., 2010). La plataforma para desarrollo de juegos e-Adventure se
compone de dos mdodulos: un editor, que permite la creacidn de juegos de aventuras (point
& click) sin necesidad de programacion; y un motor, que procesa los modelos de juegos

creados en el editor y los ejecuta en forma de juego.

La herramienta e-Adventure era la utilizada por los investigadores del grupo para crear
nuevos juegos serios. La integracion nativa de un proceso de captura de interacciones en
el motor de juegos implicaba que todo nuevo juego implementado con e-Adventure
soportaria la captura de interacciones por defecto. La seccion 4.3.1 muestra con mas

detalle el modelo de captura de datos.

Como resultado de esta primera aproximacion se obtuvo:
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1. Disefio completo de la plataforma de analisis de aprendizaje para juegos serios.
2. Implementaciéon minima de un servicio para dos de los procesos: seleccién y
captura.

3. Integracion de captura en el motor de juegos e-Adventure.

4.1.2. Arquitectura refinada para analiticas de aprendizaje

El desarrollo de la plataforma de andlisis continua con una inmersion mas detallada en
los pasos del proceso de anadlisis, revisando el trabajo realizado en los pasos ya
implementados (seleccién y captura) y entrando en mayor detalle en aquellos que aun

estaban por implementar.

En Application of Learning Analytics in educational videogames (seccidn 7.3), se refina el
modelo de captura con eventos, seleccionando aquellos con una mayor significacién de

aprendizaje. El modelo se muestra con més detalle en la seccién 4.3.2.

Este articulo también estudia las posibles aplicaciones de evaluar los resultados en un

juego serio. Define tres categorias:

e Evaluacion del artefacto de juego: Los datos de interaccion capturados son
utilizados para evaluar la validez del juego desde un punto de vista ludico, de la
misma manera que lo harian las analiticas de juego. Esta evaluacion se plantea
parala primera fase del desarrollo, cuando se tiene una primera version del juego
y es necesario detectar sus errores o flaquezas antes de lanzarlo al publico
objetivo.

e Evaluacion del aprendizaje: Esta la evaluacion objetivo de esta tesis, que consiste
en medir el nivel de conocimiento de los estudiantes en un area concreta a partir
de sus interacciones con un juego serio.

o Evaluacion para aprendizaje: En esta evaluacidn, la medicién de nivel de
conocimiento no se utiliza para informar a los profesores, sino para afectar el

propio transcurso del juego (por ejemplo, adaptando su dificultad).

A partir de este momento se focaliza el desarrollo en la evaluacién del aprendizaje,

moviendo a un segundo plano las otras dos.

El articulo también muestra algunas de las visualizaciones iniciales implementadas para
la plataforma de analisis. La Figura 14 muestra una visualizacién animada representando
el grafo de escenas de un juego serio. En la animacién se muestra, con tiempo acelerado,

como cada uno de los jugadores va desplazandose por las escenas del juego.

En esta segunda iteracidn se intentd explorar las posibles visualizaciones que podian
implementarse con los datos existentes, pero sin tener en cuenta su objetivo final, es decir,

si los profesores e instructores podian beneficiarse de ellas o no.

Como resultado de este refinamiento se obtuvo:
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1. Disefio de evaluacion para analiticas de aprendizaje de juegos serios: se descarta
evaluacion para aprendizaje (adaptacidén) y se centra en la evaluacién del
aprendizaje. La evaluacion del artefacto es compatible en algunos aspectos con la
evaluacion del aprendizaje, asi que se mantiene, pero en un segundo plano.

2. Implementacion de visualizaciones e informes para la plataforma de anadlisis

Stan | Velocity x$

Figura 14. Visualizaciéon animada que muestra como cada uno de los jugadores,
representados por circulos, van desplazandose por las distintas fases de un juego
serio.

4.1.3. Version final de la arquitectura

En la primera iteracion de la arquitectura se definié un marco completo para el andlisis.
En la segunda iteracion se focalizaron los aspectos de evaluacion y se experiment6 con
multiples visualizaciones. En la version final se obtiene una arquitectura enfocada a la
evaluacion del aprendizaje centrada en el profesor. Parte de esta iteracion final se recoge
en Applying learning analytics to simplify serios games deployment in the classroom

(seccion 7.4).

Este articulo presenta una plataforma de andlisis que ofrece las siguientes caracteristicas
para asistir a desarrolladores y profesores en el proceso completo de despliegue de un

juego serio:

1. Los desarrolladores disponen de una libreria de seguimiento que pueden integrar
con sus juegos para comunicar interacciones a la plataforma de analisis.

2. La plataforma de andlisis permite mostrar resultados de evaluacién en tiempo
real. Es decir, si un profesor despliega un juego serio en una de sus clases, la
plataforma le permite observar cémo evolucionan los resultados de sus alumnos.

También si estdn cometiendo errores y su intervencion es necesaria.
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3. La plataforma de andlisis recoge los resultados finales de evaluacion de todos los
alumnos. Esto permite al profesor realizar un andlisis de la clase después de la
sesion de juego.

La implementacion final de la plataforma de anadlisis recibe el nombre de Gleaner, y su

codigo estd disponible en https://github.com/e-ucm/gleaner

4.2. Metodologia de disefio de juegos serios

4.2.1. Elementos de juego para estructuracion de contenido
educativo

En Building a scalable game engine to teach computer science languages (seccion 7.1.), se
identifican, a través de un caso de estudio que se expondrd con mads detalle en la seccion
4.4.2, consideraciones de disefio y elementos de juego utiles para la estructuracién de la

entrega del contenido educativo:

e Los estudiantes deben practicar la habilidad o conocimiento que el juego serio
pretende impartir. Una mera experiencia contemplativa, donde el juego solo
expone conocimiento, no es suficiente para el aprendizaje.

e El juego debe promover la reflexion del estudiante, proceso necesario para el
afianzamiento de conocimientos. Por ello, deben evitarse presiones de tipo
temporal que puedan limitar esta reflexion.

e Los niveles del juego deben presentar el contenido educativo de manera
incremental. Los conceptos deben ser introducidos de manera individual,
permitiendo al estudiante entender y practicar cada uno de ellos antes de pasar al
siguiente.

e Cada nivel debe tener un objetivo claro e idealmente deben existir varios caminos
para lograr ese objetivo. Esto fomenta la creatividad de los estudiantes a la hora
de aplicar el conocimiento adquirido.

e El uso de puntuaciones y otros elementos competitivos es necesario para ofrecer
una sensacion de progreso al estudiante, asi como fomentar una sana competicion

entre compaﬁeros.

Estas consideraciones se aplican a un juego serio cuya efectividad se valida a través de un
experimento tradicional, basado en cuestionarios antes y después de la experiencia con el
juego. El experimento tiene resultados positivos, mostrando aprendizaje en cada uno de

los grupos con los que se utilizo el juego.
Las contribuciones obtenidas a partir de este trabajo son:

1. Identificacion de consideraciones de disefios y elementos de juego para la

estructuracion de aprendizaje, aplicadas a un juego serio real.
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2. Validacion tradicional de un juego serio basado en los principios de disefio
propuesto. Esta validacion basada en cuestionarios sirve como punto de partida
para la aplicacion de analiticas de aprendizaje.

4.2.2. Metodologia para evaluacion de aprendizaje

En el articulo A methodology for assessing the effectiveness of serious games and for
inferring player learning outcomes (seccion 7.5) se formalizan las directrices reflejadas en
la seccidn anterior en una metodologia de desarrollo de juegos serios completo. La Figura
15 muestra el diagrama que contempla todo el proceso, que abarca desde la incepcién

inicial del juego, hasta su desarrollo, despliegue y evaluacion final.

Learning Goals

Design and Implementation

Game mechanics

LEARNING + ., GAME
Target DESIGN Learning Outcomes DESIGN
Population ——> Observables
Characteristics
Validation
Serious -
Game > Observable LEARNING Preliminary
FORMATIVE Events —» OUTCOMES —» Learning
Target EVALUATION f Qutcomes
Populaton — Emitted ANALYSIS Assessment
Sample
+ Experts
Deployment
Serious FINAL Observable LEARNING
Target L Emitted ANALYSIS
Population

Learning Outcomes Assessment

Figura 15. Visiéon completa de la metodologia para disefiar, desarrollar y desplegar
un juego serio.

El proceso comienza con el establecimiento de los objetivos instruccionales del juego.
Estos dan lugar a un disefio educativo, que ademads tiene en cuenta el publico objetivo al
que ird dirigido el juego. A partir de ir se establecen las mecdnicas de juego y los
observables que serdn necesarios para medir conocimiento, formando el disefio de juego.
Se realiza una primera implementacion del juego serio, que pasa por una evaluacion
formativa. Esta evaluacion la realizan expertos en el campo de conocimiento que el juego

imparte, mas una pequefia muestra del publico objetivo, y su intencionalidad es descubrir
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errores (técnicos o instruccionales) y refinar el juego. En esta evaluacion formativa
también se capturan sefiales de interaccién y se realizan las primeras evaluaciones de
aprendizaje, valorando su idoneidad y utilidad para los instructores. Con todos estos

resultados se reevaluan todos los aspectos del juego serio y se itera.

Una vez el juego serio ha sido validado, se despliega por completo para el publico objetivo.
Los estudiantes interactian con €l, y el sistema de andalisis empieza a recibir resultados de

aprendizaje que pueden ser consultados por los instructores.

Ademas del proceso general de desarrollo y despliegue de un juego serio, en este articulo
también se define un patrén de juego que estructura como deben introducirse nuevos
conceptos educativos, atendiendo a las necesidades técnicas requeridas para la evaluacion

de aprendizaje. La Figura 16 muestra este patrdn.

l— Add new concept / skill
1

STRATEGY —» PRACTICE > MASTERY oty
|

¥ ¥
Initial observables Final observables

Figura 16. Fases del patréon de diseiio de juego para la introduccién de conceptos.
Durante la fase de practica (practice) y maestria (mastery) se emite observables
para la evaluacion de aprendizaje.

Este patron divide la introduccion en el juego de cada nuevo concepto en tres fases:

o Estrategia: En esta fase el juego debe ofrecer informacién basica sobre el nuevo
concepto o habilidad, en qué consiste y como puede empezar a practicarlo.

e Practica: En esta fase el juego propone una serie de desafios iniciales en los que el
jugador debe utilizar el nuevo concepto o habilidad. Todos los aspectos necesarios
para este habilidad son expuestos durante esta fase, que se desarrollard en un
entorno seguro donde el jugador puede fallar. Esta fase emitira interacciones que
serdn recogidas para hacer una evaluacion inicial del conocimiento del jugador.

e Maestria: En esta fase el juego propone una serie de desafios con un extra de
dificultad, en el que jugador debe demostrar, sin ayuda del juego, que domina el
concepto o habilidad adquirido durante la fase de practica. Esta fase emitira
interacciones que seran utilizadas para hacer una evaluacion final del

conocimiento del jugador.

El patréon define dos momentos de evaluacién para el estudiante, durante la fase de
practica y durante la fase de maestria. Estas evaluaciones nos ofrece dos medidas: una con

el conocimiento inicial del jugador (CI), y otra con su conocimiento final (CF). Estas dos
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medidas nos permiten hacer una evaluacion de aprendizaje individualizada para cada

estudiante, que pueden ser clasificados en cuatro categorias:

e Aprendices: si CI es bajo y CF es alto, significa que el jugador cometid errores en
la fase de practica, pero que aprendio de ellos y demostro su aprendizaje en la fase
de maestria. Idealmente, si el juego tiene un buen disefio y se aplica a un publico
objetivo adecuado, la mayoria de estudiantes deberian caer en esta categoria.

e Maestros: si ambos CI y CF son altos, significa que el jugador sobrepaso todos los
escollos propuestos por el juego sin mucha dificultad. En este caso, no se puede
afirmar que el estudiante aprendiera con el juego serio, aunque los resultados
abalan que posee los conocimientos que el juego pretende impartir.

e No-aprendices: si ambos CI y CF son bajos, significa que el jugador encontr6
problemas durante todo el desarrollo del juego, y que no aprendio nada con él.

e Atipico: si CI es alto y CF es bajo, significa que el jugador sobrepasé la fase de
practica sin problema, pero que no logré completar con éxito la fase de maestria.
Si muchos jugadores caen en esta categoria podria indicar un disefio de niveles

poco balanceado.
De este trabajo extraemos las siguientes contribuciones.

1. Un modelo general para el desarrollo de juegos serios enfocado a evaluacion.
2. Un patrén de disefio de juegos que permite la clasificacion de jugadores por su

perfil de aprendizaje.

4.3. Modelo de datos para analiticas de aprendizaje

4.3.1. Captura de datos ingenua

La primera aproximacion al modelado de datos a capturar en un juego serio se hace en A
framework to improve evaluation in educational games (seccién 7.2). En este articulo se

hace una primera categorizacion de todos los eventos coleccionables de un juego serio:

o Eventos crudos de interaccion: comprende todos los tipos de eventos producidos
por los dispositivos de entrada del juego, tales como clicks de raton, pulsaciones de
teclado, controles de joystick, etc.

e Evolucion del estado de juego: comprende todas aquellas variables que definen
el estado de juego y su evolucidn en el tiempo.

o Eventos légicos: comprende todos aquellos eventos que pueden tener especial
relevancia para el avance del juego, como completar una fase, perder una vida,

completar un objetivo, etc.
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De esta primera aproximacion obtenemos una primera definicién, a grandes rasgos, de

los tipos de eventos que pueden recogerse de un juego serio.

4.3.2. Captura de eventos significativos

En Application of Learning Analytics in educational videogames (seccion 7.3), partiendo de
las trazas genéricas propuestas en el trabajo anterior, se propone un conjunto de trazas
“universales”. Se usa el término universal para denotar su aplicabilidad a cualquier juego

serio. Los tipos de trazas definidos son:

1. Dejuego: eventos que tenga que ver con el flujo de ejecucion global del juego. Estos
pueden ser:

a. Empezar: se produce cada vez que el jugador comienza una nueva sesion
de juego.

b. Abandonar: se produce cuando el jugador abandona en el juego sin
haberlo completado.

c. Completar: se produce cuando el jugador completa el juego hasta su final.

2. Denivel: eventos relacionados con el progreso de los jugadores dentro de las fases
y niveles definidos para el juego.

a. Empezar: el jugador comienza un nuevo nivel. El evento contiene un
identificador unico para el nivel.

b. Completar: el jugador completa un nivel. El evento contiene un
identificador tunico para el nivel.

3. De variables: eventos que contengan la evolucion de los valores de las variables
significativas del juego, entendiendo por significativas aquellas variables que
tienen especial relevancia a la hora de caracterizar el estado de juego (como
puntuacion, numero de intentos restantes, etc.).

a. Actualizar: una variable significativa ha actualizado su valor por algun
evento producido dentro del juego. El evento contiene un identificador
unico de variable y su nuevo valor.

4. De interaccién: eventos directamente producidos por la interaccion de los
jugadores con los dispositivos de entrada del juego serio.

a. Interaccidn: un evento de interaccion con todos los datos relevantes del

evento, por ejemplo, el botén pulsado en ratén/teclado/joystick.

La propuesta es que cada vez que se produzca uno de estos eventos dentro del juego, se
emita una sefial con los datos apropiados, afiadiendo informacién extra que pueda

resultar relevante para los futuros analisis, como por ejemplo una marca de tiempo.

La principal contribucion de este trabajo es la definiciéon de un modelo comun sienta las
bases de un conjunto predefinido de eventos. Si varios juegos serios empiezan a emitir
sefiales en el mismo formato y con el mismo tipo de datos, aquellas visualizaciones y

analisis que se desarrollen para ellos podrdn compartirse en juegos.
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4.3.3. Estandarizacion

Una vez el modelo ha sido madurado a través de su validacidon por casos de uso (seccion
4.4), el siguiente paso es formalizarlo y ponerlo al uso de terceros a través de su
especificacion formal. Para ello, se utiliza el estindar mdas adecuado tras valorar las

especificaciones recopiladas en la seccion 2.4.

En Applying standards to systematize learning analytics in serious games (seccion 7.7),
primero se define, de manera abstracta, los usos y atributos de que cada posible tipo de
evento emitido por un juego serio, y después se presenta la implementacién del modelo
sobre la especificacion XAPI. Este trabajo se realiza en cooperacion con ADL, propulsora
de la especificacion xAPI, y culmina con la publicacion del perfil oficial para juegos serios
de XAPI™3.

La Figura 17 muestra uno de los eventos definidos por la especificacion JSON. En este caso,
la frase representa un usuario identificado lanzando un juego serio. Este seria uno de los
primeros eventos emitidos en una sesién de juego normal. Los posibles verbos, objetos y
extensiones definidos para xAPI en este perfil de juegos serios pueden encontrarse tanto

en la seccidn 6.7, dentro del articulo, como en la web del perfil.

{
"actor": {
"name": "John Doe",
"mbox": "mailto:johndoe@example.com"
1
"verb": {
"id": "http://adlnet.gov/expapi/verbs/initialized",
"display": { "en-US": "initialized" }
},
"object": {
"id": "http://rage.e-ucm.com/activities/Countrix",
"definition": {
"name": { "en-US": "Countrix Serious Game" },
"type:" "https://w3id.org/xapi/seriousgames/activities/serious-game"
}
}
}

Figura 17. Representacion en JSON de un evento de iniciacién de juego serio en
formato xAPI.

La principal contribucién de este trabajo es el desarrollo de perfil de juegos serios para

xXAPI, y su publicacién como parte oficial del repositorio de perfiles de ADL.

4.4. Casos de estudio

4.4.1. La gran fiesta y Donaciones

La gran fiesta es un juego serio desarrollado por Angel del Blanco, como parte del trabajo

realizado por el grupo e-UCM para el proyecto EDUWAI'. La gran fiesta es un juego en

13 http://xapi.e-ucm.es/vocab/seriousgames
14 http://www.asi-soft.com/?q=es/content/eduwai

61



primera persona, cuyo objetivo educativo de este juego es mostrar a personas con
dificultades en su desarrollo cognitivo algunos de los hébitos saludables que deben
mantener en su vida diaria, por ejemplo, relacionados con la higiene o con las relaciones
sociales. En la narrativa de juego, el jugador debe prepararse y asistir a una fiesta en su

empresa.

Este juego fue desarrollado con la plataforma e-Adventure, y fue uno de los primeros en
beneficiarse de la integracion nativa de captura de datos explicada en la seccién 4.1.1. En
este caso, la captura de datos era especialmente relevante, porque dado el perfil de sus
jugadores, resultaba mas dificultoso recoger datos de su experiencia a través de

cuestionarios.

En Application of Learning Analytics in Educational Videogames (seccion 7.3) se detalla el
experimento realizado con este juego serio, en el que participaron 19 usuarios. Como
primer experimento dentro del marco de esta tesis, sirvié para probar la implementacién
inicial del sistema de analiticas. También sirvié para generar algunas visualizaciones que
mostraban como los usuarios interactuaban con el juego. La Figura 18 muestra una de
esas visualizaciones. En ella se muestra un mapa de calor donde se acumulan los clicks
que los jugadores realizaban sobre los elementos de una de las escenas de juego. El
objetivo de esta visualizacion era confirmar que los jugadores localizaban los elementos

interactivos de la escena.

;QUE DEBO HACER AQUI? fuissaqul

Figura 18. Mapa de calor que muestra una vista agregada de todos los clicks
realizados por los jugadores de La gran fiesta en una de sus escenas.

Donaciones es un juego serio implementado por Blanca Borro, también desarrollado con
e-Adventure (Borro Escribano, Del Blanco, Torrente, Borro Mate, & Fernandez Manjon,
2015). El objetivo principal de este juego es entrenar a miembros de la Organizacion

Nacional de Trasplantes (ONT) sobre el proceso que se debe seguir en la donacién de un
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organo. En este caso, el jugador se ponia en la piel de un médico dentro de una unidad de

trasplantes, y era instruido y después testeado sobre los pasos del proceso de donacién.

Aligual que La gran fiesta, fue uno de los primeros juegos en utilizar la integracion nativa
de captura de datos en e-Adventure, y con €l se realizé un experimento con 150 usuarios.
Este experimento también sirvio para probar la implementacion inicial del sistema de
analiticas, y las lecciones aprendidas con él se recogen en Learning Analytics and

Educational Games: Lessons Learned from Practical Experience (seccion 7.6).

4.4.2. Lost in Space

Building a Scalable Game Engine to Teach Computer Science Languages (seccion 7.1) recoge
el proceso de disefio y desarrollo del juego serio Lost in Space. Este juego fue desarrollado
desde cero por el doctorando. Como el trabajo ya contaba con dos juegos desarrollados en
e-Adventure con mecanicas de juego simliares (juego de aventura point & click en primera
persona), se decidio crear un juego de un género completamente distinto para ampliar la

aplicacion del trabajo realizado.

En este caso se escogio el género de puzle, y se desarrollé un juego cuyo objetivo era
ensefiar lenguajes instruccionales a estudiantes de un curso de tecnologias web. La
narrativa coloca al jugador a los mandos de nave especial que debe llevar hasta la salida
del nivel evitando diferentes tipos de obstaculos. Para ello, debe introducir comandos en
una consola utilizando un lenguaje instruccional (por ejemplo, XML). Estos comandos se
traducen en dérdenes que guian a la nave por el nivel. La Figura 19 muestra un esquema

de uno de los niveles a superar en el juego.

El juego Lost in Space se utiliz6 en varios experimentos. En Building Scalable Game Engine
to Teach Computer Science Languages se cuenta un experimento realizado con alumnos de
dos perfiles: estudiantes de ingenieria y estudiantes de ciencias sociales. El juego se utiliz
con 36 alumnos y se probd, mediante el uso de cuestionarios antes y después del
experimento, que el juego ensefiaba a ambos perfiles de alumnos. La implementacién de
este juego también ayudé a clarificar a algunos aspectos necesarios en el disefio de juego

serios (seccion 4.2.1).

Posteriormente, el juego se instrumentalizé para la captura de datos y se utilizo en
experimentos subsecuentes. Uno de ellos, contado con detalle en Applying learning
analytics to simplify serious games deployment in the classroom (seccion 7.4), consistio en
sustituir una clase tedrica sobre el lenguaje de marcado XML por el juego. El juego,
integrado con la plataforma de analiticas de aprendizaje, proveyd al instructor de métricas

y alertas del progreso de sus alumnos con el juego (seccion 4.1.3).
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El codigo completo del juego puede encontrarse en el siguiente repositorio:

https://github.com/anserran/lostinspace/commits/master

Ally ship Enemy ship Trigger Rock

X =0
space-xml
[ glas.e-ucm.es,
©®stoor
IELEMENT move EMPTY>  LipLeMENT shoot EMPTY
distance CDATA "1" Q@uizit
Actions and speed (normallhigh) | \pipvpnt wait EMPTY>
Q@rctate pormali> i iarriist
Structures Set CrBLmNe rotace puprys | AR COATA WREQUIRED
3 <IATTLIST rotate ghost (trne|false)
(with syntax help) i false’>

#REQUIRED>
Q@:ctions
<!ELEMENT actions (move|rotate|shoot|wait)*>
<!ATTLIST actions

idref IDREF "player">

<actions>
<move distance="4|'>
<rotate direction="cw'"/>
<shoot/>
</actions>

Text area -
Code interpreter

Player's ship Safe zone Level's exit

Figura 19. Esquema de uno de los niveles que los jugadores deben resolver en el
juego serio Lost in Space.

4.4.3. La Dama Boba

La Dama Boba es un juego serio implementado por Borja Manero haciendo uso de la
plataforma e-Adventure (Manero, Fernandez-Vara, & Fernadndez-Manjén, 2013a),
inspirado en la obra de teatro homonima. El juego formé parte de un experimento que
involucrd a 7 instituciones educativas y mas de 350 de alumnos (Manero et al., 2015). En
La Dama Boba el jugador encarna a uno de los protagonistas de la obra de teatro, y su
misidn es ir resolviendo puzles que lo van guiando por el argumento de la obra. El objetivo
de este juego serio es doble: por un lado, pretende incrementar el interés de alumnos de
secundaria por el teatro clasico; y por otro, impartir varios conceptos relacionados con la

poesia, la literatura y la gramatica.

La Dama Boba aplica la metodologia descrita en la seccion 4.2.2, y en el articulo A
methodology for assessing the effectiveness of serious games and for inferring player
learning outcomes (seccion 7.5) se muestran los resultados de evaluacion de aprendizaje
obtenidos por este método, en consonancia con la plataforma de analiticas de aprendizaje

descrita en la seccion 4.1.

La metodologia clasificé a la gran mayoria de participantes como maestros, es decir, la
mayoria de alumnos obtuvo muy buenos resultados tanto en la fase de practica como en
la fase de maestria. Esto pudo deberse a que la captura de sefiales realizada durante la
fase de practica no fue la suficientemente amplia, y el juego fallé6 en capturar el

conocimiento inicial de los estudiantes. Este factor se vio propiciado por la necesidad de
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que el juego pudiera completarse en 40 minutos o menos, factor necesario para su
despliegue en la duracion de una clase de secundaria normal y que obligd a acortar la fase
de practica.

4.4.4. Countrix

El juego Countrix se presenta en Applying standards to systematize learning analytics in
serious games como demo técnica del uso de la especificacion de XAPI. Countrix es un juego
serio, también desarrollado desde cero por el doctorando, de preguntas y respuestas sobre
Geografia. El jugador comienza cada sesién de juego con un tiempo limite. En ese tiempo
debe contestar al mayor numero de preguntas posibles. La Figura 20 muestra dos capturas

de pantalla del juego en accidn.

El objetivo de este juego era tener un ejemplo de juego serio sencillo que hiciera uso de
todo el vocabulario esbhozado el perfil XAPI de juegos serios. El juego, ademads, cuenta con

un visor de frases que permite ver todos los eventos XAPI emitidos durante la partida.

El coédigo completo del juego puede descargarse del siguiente repositorio:

https://github.com/e-ucm/countrix.

El juego también estd disponible para su descarga e instalacion en dispositivos Android:

https://play.google.com/store/apps/details?id=com.anserran.countrix.

Spainis in

Morocco America

Cameroon Oceania

Chad Europe

Figura 20. Captura de pantalla de dos tipos de preguntas que muestra el juego serio
Countrix.

4.4.5. Conclusiones practicas de los casos de estudio

Para finalizar, el articulo Learning Analytics and Educational Games: Lessons Learned from
Practical Experience (seccion 7.6) recoge algunas de las practicidades descubiertas durante

el desarrollo de los casos de estudios recogidos en esta seccion. Este articulo repasa, a
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modo de resumen, algunas de las cosas a tener en cuenta en el despliegue de juegos serios

con analiticas de aprendizaje. Las mds destacadas son:

e Andlisis a dos niveles: siempre que sea posible y se esté realizando un
experimento de validacién de un juego serio, conviene suplementar la captura de
datos del sistema de analiticas con aproximaciones mds tradicionales como
cuestionarios escritos. Este permite tener dos fuentes de datos independientes a la
hora de evaluar cualquier tipo de resultado, asi como comparar resultados.

e Duracion del experimento: uno de las practicidades que nos encontramos a la
hora de realizar experimentos en diferentes centros educativos es que su duracion
no podia prolongarse mds 50 minutos (duracién estdndar de clases tanto
educacidn universitaria como educacidon secundaria). Eso conllevaba planear el
disefio del juego serio a una duracion menor de 50 minutos, sin olvidar dejar
tiempo para dar la instrucciones necesarias a los alumnos (no se ponian a jugar en
el minuto 0) y para posibles cuestionarios antes y/o después del experimento.

¢ Maximizar el control para reducir errores: Los investigadores deben
asegurarse de que controlan todos los aspectos envueltos en el desarrollo del
experimento. En algunos casos, las instituciones educativas o los profesores
pueden afectar de manera intencionada al desarrollo del experimento. Por
ejemplo, algunos profesores podian tener la sensacién de que los resultados de su
clase podian reflejar su trabajo como profesor, e intentaban a ayudar a sus
alumnos durante los experimentos, 1o que desvirtuaba sus resultados.

e Plan de emergencia para captura de datos: en algunos centros educativos la
conexidn a Internet era lenta o tenia cortes intermitentes. Esto ponia en riesgo la
integridad de las interacciones enviadas desde los juegos al servidor de analiticas.
Por ello, en todos los experimentos se hacia un envio de trazas doble: por un lado,
se enviaban las trazas al servidor y por otro se hacia una copia local de las trazas,

a la que se recurria si la conexion a Iternet fallaba.
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Capitulo 5. Conclusiones y trabajo futuro

En este capitulo se presenta, a modo de resumen, las principales contribuciones
del trabajo realizado en esta tesis. Se concluye con una seccion de trabajo futuro,

en el que se repasan las lineas de investigacion que esta tesis deja abiertas.

5.1. Conclusiones y principales contribuciones

La principal contribucion de esta tesis es la propuesta de un marco de trabajo general que
permite aplicar analiticas de aprendizaje a los juegos serios. Este marco se acot6 en una
tarea concreta: crear una arquitectura de analiticas de aprendizaje centrada en asistir a
profesores e instructores en la evaluacion de aprendizaje haciendo uso de juegos serios.

Dentro de este ambito, el trabajo se ha centrado principalmente en tres aspectos:

1. Disefio de juegos serios: estructuracion del aprendizaje, disefio de mecéanicas de
juego y requisitos para enlazar y aplicar el disefio con las analiticas de aprendizaje.

2. Arquitectura de analisis: procesos necesarios para habilitar las analiticas de juegos
serios. Ademads se ha trabajado en definir un modelo de evaluacion en juegos
serios.

3. Modelado de datos de captura: dentro de todo el proceso de andlisis, se ha hecho
especial hincapié en el paso de selecciéon y captura de datos, definiendo y
formalizando un modelo de eventos a capturar en juegos serios, base para

habilitar el proceso de andlisis del aprendizaje.

El trabajo desarrollado para esta tesis ha creado diferentes contribuciones al campo de los
juegos serios y las analiticas de aprendizaje, que pasamos a resumir en las siguientes

secciones.

5.1.1. Estudio del dominio

En el capitulo 2 presentamos un amplio resumen del estado del dominio implicado en este
trabajo de tesis. Uno de los principales desafios residia en la revision de multiples
dominios colindantes y relacionados con los objetivos de la tesis. Algunos de ellos no

habian intersectado con frecuencia en la literatura.

Por un lado, revisamos las analiticas de aprendizaje. Un campo emergente que se habia
aplicado a multiples contenidos educativos, pero que aun no habia hecho muchas
incursiones en el mundo de los juegos serios. De esta revision se extrajeron las siguientes

conclusiones:

e El proceso de analiticas de aprendizaje sigue los mismos pasos que cualquier otro
tipo de andlisis: captura, analisis, obtencion de resultados y accion.
e La diferencia estd, entonces, en el objetivo de aplicacién. Las analiticas de

aprendizajes podian ayudar a estudiantes, profesores o estamentos
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institucionales, y sus andlisis siempre estaban enfocados a mejorar el proceso
educativo en alguno de sus aspectos.
e Tras revisar el trabajo realizado con diferentes contenidos educativos, la gran

mayoria de ellos estaban dedicados a evaluar y predecir los resultados de alumnos.

A partir de estas conclusiones se decidi6 centrar los esfuerzos de la tesis en la evaluacién
de resultados centrada en profesores e instructores. Las razones para no centrarse en el
resto de posibilidades también se basaron en el estudio del dominio. Por un lado, la
evaluacion de resultados era lo mas relevante para profesores. Esta evaluacion también
podria extenderse a alumnos (cubriendo asi, a 2 de los 3 tipos de actores envueltos en el
proceso de analiticas de aprendizaje). Debido al caracter focalizado de los juegos serios,
parecia improbable que sus resultados pudieran ser utilizados de manera directa por los
estamentos administrativos e institucionales de las entidades educativas, por eso se les

descartd como publico objetivo de los resultados de esta tesis.

También fue necesario hacer un repaso de cdmo se estaba estructurando la imparticién
de contenido educativo dentro de los juegos serios. Se descubrieron maultiples
publicaciones definiendo marcos de trabajo para el disefio de juegos serios, sin embargo,
muy pocos de ellos tenian en cuenta los requisitos para la evaluacién de aprendizaje a

través de la captura de eventos.

Con este repaso se detecto la necesidad de desarrollar una metodologia de disefio de juegos
serios que tuviera en cuenta la evaluacién de resultados a partir de interacciones de
usuario. La metodologia debia ir mas alla del propio del disefio de juego, también debia

contemplar como integrarse con una plataforma de analisis de datos.

En el estudio del dominio también se repasaron las disciplinas de andlisis de datos mads
relacionadas con juegos serios y analiticas de aprendizaje. Este repaso sirvié para
fundamentar algunas de las ideas que serian implementadas después. También se
revisaron las plataformas de analisis de datos disponibles en su momento. De este repaso
se concluyé que ninguna cumplia las caracteristicas necesarias para desarrollar los

objetivos de la tesis, y se decidié construir una plataforma desde cero.

Finalmente, se queria evitar que todo el trabajo realizado fuera un desarrollo aislado que
empezara y acabara en el marco de esta tesis. Por ello, se decidi6 explorar la posibilidad
de implementar algunos de sus aspectos del trabajo con estandares ampliamente
utilizados en el mundo educativo. Asi, se estudiaron algunos de los estdndares disponibles
en su momento y se decidi6 utilizar una especificacién que cubriera al menos el proceso
de captura de datos. Tras la revision, xAPI destacé por su flexibilidad y su caracter abierto,

y decidi6 utilizarse para formalizar la captura de datos.
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5.1.2. Plataforma para el andlisis de aprendizaje en juegos serios

Uno de los principales retos de esta tesis era el disefio y construccion de una plataforma
de andlisis que diera soporte a los experimentos desarrollados en el marco de la propia
tesis. Idealmente, esta plataforma tendria la suficiente generalidad como para poder ser

utilizada por terceros.

Esta tesis define un marco teorico, basado en una arquitectura software, para la aplicacion
de analiticas de aprendizaje a juegos serios. Analiza el proceso de analiticas de aprendizaje
desde cero y adapta cada una de las etapas de este proceso para aplicarlo a juegos serios.

Ademads del trabajo tedrico, que ha sido repasado con mads detalle en la secci6én 4.1,
queremos destacar también como contribucién la parte mads técnica de este desarrollo, ya

que se ha creado una implementacion de referencia.

La plataforma que implementa todo el marco tedrico propuesto recibié el nombre de
Gleaner (Game LEarning ANalytics for Educational Research). Esta es una plataforma
potente y escalable que utiliza tecnologias como Node]JS'°, MongoDB®¢, Apache Kafka'” o
Apache Storm'® para construir un servicio capaz de recibir, analizar y visualizar

interacciones procedentes de juegos serios.

De manera complementaria, se ha integrado un rastreador (tracker) en el motor de juegos
e-Adventure. Esto permite que cualquier juego desarrollado con esta herramienta pueda
tener comunicacién directa con Gleaner. Ademds, también se ha implementado una
libreria, disponible para Java, Android y JavaScript!®, que permite que cualquier juego

pueda también comunicar sus interacciones a Gleaner.

Finalmente, como validacion final de la plataforma, queremos destacar que ha sido
utilizada como arquitectura e implementacion de referencia para analiticas de
aprendizaje y juegos serios en el proyecto de financiaciéon europea FP7 NoE GALA (Hauge
et al,, 2014b).

5.1.3. Metodologia de disefio de juegos serios centrada en
analiticas de aprendizaje

La capacidad educativa de los juegos serios ha sido probada de manera empirica por
numerosos experimentos encontrados en la literatura. Sin embargo, aun existen dudas
sobre los procesos de aprendizaje que se dan dentro de los juegos serios, y cudl es la mejor

manera de evaluarlos.

15 https://nodejs.org/es/

16 https://www.mongodb.com/es

7 https://kafka.apache.org/

18 http://storm.apache.org/

% https://github.com/e-ucm/libgdx-tracker
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Eltrabajo de esta tesis ha intentado aportar algo de luz a esta cuestion pendiente aplicando
analiticas de aprendizaje. Los videojuegos son medios altamente interactivos por
naturaleza. Sea cual sea el aprendizaje que se desprende del uso de un juego serio, el
proceso debe estar reflejado en las decisiones e interacciones que realizan los estudiantes
con ellos. Estos procesos ya han sido estudiados dentro de la industria del videojuego, asi

que parece l4gico aplicarlos a los juegos serios.

Esta tesis ha propuesto una metodologia que formaliza el proceso de disefio,
implementacion y despliegue de un juego serio, enfocado a evaluacion del aprendizaje.
Para esa metodologia ha tomado principios de las analiticas de juego (como la insistencia
en la captura de datos directamente desde el juego), pero también de las aproximaciones
a la validaciéon de contenidos mds académica (como la validacién de los objetivos

instruccionales o las evaluaciones formativas).

5.1.4. Modelo de datos para captura de eventos en juegos serios

En esta tesis se ha hecho un esfuerzo para que terceros puedan utilizar algunos de los
resultados obtenidos de esta tesis de manera directa. Uno de esos esfuerzos se ha centrado
en la modelacién del proceso de captura de datos, que ha culminado con una

especificacion completa del modelo utilizando Experience APIL

En esta tesis se ha propuesto un modelo de captura de datos para juegos serios, centrado
en los eventos mas significativos que pueden darse una sesion de juego. En el contexto de
este modelo, entendemos significativo como aquellos eventos que puedan tener relevancia

parala evaluacion del aprendizaje.

Los eventos planteados tienen una voluntad generalista, es decir, estdn disefiados para
que cualquier juego serio pueda utilizarlos, sea cual sea su contenido educativo, su género

0 sus mecdnicas de juego.

Una vez se validé la utilidad del modelo a través de su uso en varios casos de uso, se pasd
a la formalizacion del mismo haciendo eso de la especificaciéon xAPI (hasta el momento, se

habia utilizado un formato JSON propio para representar las trazas de juego).

Para el desarrollo de esta implementacion se contact6 con la institucion ADL, que es el
ente dependiente del Departamento de Defensa de los Estados Unidos encargados de la
especificacion, y logramos su colaboracion en la elaboracion de un perfil XAPI de juegos
serios (ADL fueron los responsables de la creacion de SCORM que es el estdndar mas

utilizado en e-learning).

Como contribucidn final de esta linea de investigacion se ha obtenido un perfil oficial de
xAPI para juegos serios, asi como la creacién de una comunidad de practicas, centrada en

juegos serios, encabezada por miembros del grupo e-UCM y bajo el ala de las comunidades
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de practica de ADL y XAPI?’, Este trabajo se ha mencionado como uno de los relevantes en

XAPIZ,

5.1.5. Validacion por casos de estudio

Finalmente, en esta tesis se ha hecho un énfasis especial en que todos los avances tedricos
que se fueran realizando estuvieran abalados por su correspondiente caso de estudio. Por

lo tanto, los resultados de este trabajo se han visto integrados con diferentes juegos serios.

La importancia de estos casos de estudio no residia tanto en el numero total de juegos
serios integrados con el sistema de analiticas, sino en lo que cada uno de ellos aportaba
como novedad al total del trabajo. Uno de los elementos mas definitorios de los
videojuegos es cada uno crea su propio mundo, con diferentes estéticas, géneros y
mecdnicas de juego. Por ello, se intent6 buscar juegos cuyo contexto, dominio de
conocimiento, género y nivel de educacién variara, para asi cubrir un espectro mas

amplio.

La tabla contenida en la Figura 21 muestra un resumen de todos los juegos con los que se
ha integrado el trabajo de esta tesis, asi como su dominio, género, plataforma de desarrollo

y nivel educativo.

. Dominio Género / Plataforma de . .
Titulo . i Nivel educativo
educativo Mecanicas desarrollo
2 Para personas
Aventura gréafica P
) . . X con problemas
La gran fiesta Ciencias sociales  en primera e-Adventure
ersona en su desarrollo
P cognitivo (Down)
Aventura grafica
en primera Para doctores
Donaciones Medicina persona / e-Adventure que estan
Preguntay ejerciendo
respuesta

Ingenieria / Puzle Desarrollo nativo  Estudiantes

Lost in Space Programacion en HTML5 universitarios

Aventura grafica
en tercera

persona /Puzzle/ e-Adventure Estudiantes de

La Dama Boba Literatura /

Teatro secundaria
Preguntasy
respuestas
Countrix Geografia Preguntasy Desarrollp nativo .o
respuestas en Android

Figura 21. Tabla de juegos serios integrados con el trabajo desarrollado en esta tesis.

20 https://www.adlnet.gov/serious-games-cop/
21 http://www.adlnet.gov/xapi-year-in-review/

72



5.2. Trabajo futuro

El trabajo de esta tesis empez6 desde una aproximacion general que pretendia aunar
analiticas de aprendizaje y juegos serios. Conforme el estudio del domino y el trabajo fue
avanzando, se identificaron numerosas posibilidades que habrian de quedar fuera para
mantener el &mbito de la tesis 1o mas focalizado posible.

Afortunadamente, el trabajo de esta tesis no acaba con este doctorando. Algunas de sus
resultados han servido como base para la concesion de proyectos de investigacién a nivel
europeo, tales como H2020 RAGE y H2020 BEACON. Estos proyectos continuardn y

ampliardn parte del trabajo desarrollado, dando lugar a nuevas lineas de investigacion.

Algunas de las lineas mds importantes (tanto técnicas como tedricas) y que quedan

abiertas para el futuro son:

e Complecion y finalizacion de Gleaner: aunque este proyecto deja una version muy
avanzada con un conjunto de caracteristicas suficiente, queda pendiente su
culminacién como un producto software completo, que tenga en cuenta
consideraciones adicionales que tuvieron que ser minimizadas durante el
desarrollo de la tesis, como por ejemplo las relacionadas con seguridad y
escalabilidad. Este aspecto ya estd en desarrollo en el grupo e-UCM ya que se va a
utilizar dentro de los pilotos de gran dimension de los proyectos H2020 RAGE y
BEACONING.

o Estudiar el efecto de juegos serios de larga duracion a través de las analiticas de
aprendizaje: esta tesis se ha centrado en juegos serios que se aplican una unica vez
durante un tiempo relativamente corto (maximo de 1 hora). Aunque esto ha
servido para sentar las bases del andlisis de resultados, aun queda explorar como
la evaluacion de aprendizaje se extiende a videojuegos con los que estudiantes
deban interactuar multiples veces a lo largo del tiempo.

e Trabajar mdas con profesores para entender mejor sus necesidades:
Lamentablemente, en los casos de uso propuestos en esta tesis, los investigadores
representaban papeles maultiples. Eran disefiadores, desarrolladores e
instructores. Una colaboracién mas cercana con profesores y sus necesidades
dentro de una clase pueden ayudar a identificar nuevos tipos de visualizaciones e
intervenciones que sean mas utiles para ellos.

e Avanzar en la definicién de un modelo que tenga en cuenta las mecanicas de juego:
el modelo de captura de datos actual tiene un caracter generalista. El siguiente
paso es extenderlo para capturar las diferentes mecdnicas de juego que pueden
existir. Esto dara lugar a nuevos tipos de eventos, pero también a nuevos tipos de

analisis y visualizaciones. Este aspecto ya estd parcialmente en desarrollo ya que
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hay un trabajo de fin de master en el que se estd extendiendo el modelo para juegos
geoposicionados.

Extender la integracién de analiticas de aprendizajes y juegos serios en diversos
entornos de aprendizaje: La integracion de captura con XAPI es un primer paso
hacia la integracion total de juegos serios en entornos virtuales de aprendizaje,
pero aun quedan otras tareas relacionadas con el despliegue y con la integracién

de los juegos en contextos educativos mas amplios.
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Capitulo 6. Articulos presentados

A continuacion se incluyen los articulos editados que se aportan como parte de

esta tesis doctoral.

6.1. Building a Scalable Game Engine to Teach Computer
Science Languages

6.1.1. Cita completa

Angel Serrano-Laguna, Javier Torrente, Borja Manero, Baltasar Fernandez-Manjon (2015),
Building a Scalable Game Engine to Teach Computer Science Languages, IEEE Revista
Iberoamericana de Tecnologias del Aprendizaje, Vol. 10, Issue 4, pp. 253-261. DOIL:
10.1109/RITA.2015.2486386

6.1.2. Resumen original de la contribuciéon

Everyday more people are interested in learning Computer Science (CS), either to improve
their skill set to apply for new jobs or just for personal growth. The sector of the population
looking for instruction on these subjects has increased and diversified. We need new tools
that appeal to this wider audience, and game-based learning is one of the most promising

approaches at the moment.

There is a need for more scalable game-based instruction paradigms, that can be easily
adapted to different levels of complexity and content related to CS (different programming
languages, different programming paradigms...). Throughout this paper we present a
flexible and scalable architecture to create videogames for learning CS languages. The
architecture is based on the idea that students control the game using small pieces of text
written in some CS language. The keys of the scalability of our approach are: 1) it separates
the CS language used to write the programs from the game design; and (2) the game model

provides a system of levels that allows incremental learning of CS language structures.

As validation and implementation of our approach, we developed “Lost in Space”, an
educational videogame to teach the XML markup language. In this game, the player travels
through several levels guiding a spaceship introducing small pieces of XML in a text
console. Players can move and rotate the ship among other power-ups that get unblocked

as he or she advances in the game.

The game was tested with undergraduate students from computer science and social
sciences, by comparing it with traditional instruction (i.e. a teacher with a slides
presentation). Students who played the game were much more engaged than those who
attended the lecture, showing a more active attitude throughout the whole experience and
also spent more time practicing after class. Findings also suggest that the game was

effective for instruction regardless of the background of the students. However, the
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educational gain observed with the game-based instructional approach, although
effective, was not significantly higher than traditional instruction. We think that our
approach is adequate to introduce CS languages in general, as well as new programming

languages, and seems to be more appealing to new comers than traditional instruction.
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Building a Scalable Game Engine to Teach
Computer Science Languages

Angel Serrano-Laguna, Javier Torrente, Borja Manero, Baltasar Fernandez-Manjon
ISLA Department, Complutense University of Madnd, Spain

{ {angel.serrano | jlorrente

Abstract—Everyday more people are interested in learning
Computer Science (CS), either to improve their skill set to apply
for new jobs or just for personal growth. The sector of the
population looking for instruction on these subjects has increased
and diversified. We need new tools that appeal to this wider
audience, and game-based learning is one of the most promising
approaches at the moment.

There is a need for more scalable game-based instruction
paradigms, that can be easily adapted to different levels of
complexity and content related to CS (different programming
languages, different programming paradigms...). Throughout
this paper we present a flexible and scalable architecture to create
videogames for learning CS languages. The architecture is based
on the idea that students control the game using small pieces of
text written in some CS language. The keys of the scalability of our
approach are: 1) it separates the CS language used to write the
programs from the game design; and (2) the game model provides
a system of levels that allows incremental learning of CS language
structures.

As validation and implementation of our approach, we
developed “Lost in Space™, an educational videogame to teach the
XML markup language. In this game, the player travels through
several levels guiding a spaceship introducing small pieces of XML
in atextconsole. Players can move and rotate the ship among other
power-ups that get unblocked as he or she advances in the game.

The game was tested with undergraduate students from
computer science and social sciences, by comparing it with
traditional instruction (i.e. a teacher with a slides presentation).
Students who played the game were much more engaged than
those who attended the lecture, showing a more active attitude
throughout the whole experience and also spent more time
practicing after class. Findings also suggest that the game was
effective for instruction regardless of the background of the
students. However, the educational gain observed with the game-
based instructional approach, although effective, was not
significantly higher than traditional instruction. We think that our
approach is adequate to introduce CS languages in general, as well
as new programming languages, and seems to be more appealing
to new comers than traditional instruction.

Index terms—Application software, educational technology,
software architecture, computer programming, educational
videogames

L INTRODUCTION
IDEOGAMES have been used as successful educational
tools in many different fields and topics: engineering and
problem solving [1], learning foreign languages (2], health [3]
and even theatre [4]. The idea of using videogames Lo support
the leaming of computer programming is not new, as it dates
back almost to the origins of instructional games [5]. However,
this interest seems to have reached a peak recently, with
numerous advocators bringing the potential of digital game

balta} @fdi.uecm.es; borjaj@sip.ucm.es).

technology to the field of computer programming education,
and new educational programs trying to introduce programming
in early educational stages [6].

First, the popularity of digital games can atiract talented
people to computer science and software engineering,
professions that are essential in today's economy. Second,
digital games can help smooth the learning curve for novice
programmers by providing a highly visual and motivating
environment. Finally, learning programming since childhood
can foster development of high level thinking and problem-
solving skills.

As a consequence, there are numerous mitiatives dedicated
to facilitating the use of game technology for learning computer
programming. Most of them target kids, although other
software targets college sudents. The drawback of these
systems is that they are hard to scale, and are usually devised
for a specific target audience, educational goal and/or
programming language, which makes it difficult o repurpose
and reuse the soltware in different settings.

In this paper, we present a flexible and scalable game engine
1o ereate games for learning programming that could be used by
students with different backgrounds, as an extended version of
the paper published in [7]). The game engine facilitates
educational game development by providing game mechanics
that are appropriate for learning programming. It is scalable
because (1) it separates the programming language being learnt
from the game design, allowing for reuse of the games with
different programming languages; and (2) it provides a system
of levels that allows incremental learning of programming
structures. The engine has been used to develop the game Lost
in Space, which supports the learning of several programming
languages. We have conducted two case studies with college
students from different  backgrounds 1o evaluate the
effectiveness of the game for leaming computer programming.
The first case study mvolved a group of computer science
students, with previous knowledge about programming. The
second case study was conducted with social sciences students,
with no programming background.

L RELATED WORK

Game technology has been long used to support learning
programming. One of the preferred approaches is to use
activities related o game design and development [8], [9]. For
example, i [10] researchers use the state-machine nature of
board games to simplify the introduction of some programming
coneepls.
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In other approaches, students create simple program snippets
that control characters and objects in a game environment,
usually through a visual or simplified programming language.
These snippets can have several purposes: beat a level in a
game, create interactive content or animate a simple scene with
several characters. The visual condition of the results obtained
facilitates the feedback and gets students rapidly engaged in
programming.

Multiple tools have been developed around this paradigm,
such as GameMaker [11], Alice [12]). Greenfoor [13],
Microsoft’s Kodu [14], Scratch [15] and other self-built
systems [16]. The literature s full of experences where this
paradigm has been successfully applied. For example, De
Kereki [17] reports effective use of Scraich as a motivational
tool in an introductory programming course. In other example,
Chen and Cheng [18] use videogame development as the core
activity of their programming introduction course.

Other studies have explored the activity of playing digital
games in programming courses, which is an approach more
similar to ours. In many of these games students do not write
programs: the videogames are used as mere containers of
theoretical content about programming, in which the only goal
is to pursue an increase i students” motivation and interest for
the acuvity. However, the lack of active programming is a
limitation of the approach, since wriling programs 15 an
essential activity 1o leam programming.

Several examples exist in the research using this approach.
ln [19] authors report the use of a role-playing game where
quests are directly related to programming concepls (e.g.,
answering questions aboul some programming language
feature). In a similar approach, the use of a game environment
provided a significant increase in student motvation towards
the subject [20] and swmdent performance. In [21] authors
propose two mini-games: a typing game and a ill-in-the-blank
game 0 practice Java syntax, aiming to improve players' basic
Java skills. In [22] a game is used to teach C with crosswords
puzzles and duck shot games. Finally, in [23] a game is used to
teach C++ concepts.

There are also educational games where swdents need to
write little programs to move on in the game or achieve a
specific goal. In [24] authors present an augmented reality game
that uses cards as instructions to create shapes. In this game,
players must combine several cards that represent basic
instructions to create a target shape using augmented reality. In
[25]) authors present a 3D game where players' avatars are
controlled using a subset of the Logo mstructional language.
Similarly, one of the mini-games proposed n [21] invites
players to introduce commands to guide the mam character o a
target point using a simple programming language. A hybnd
approach is described in [26], where students are asked to
program an algorithm in order to beat a game-based challenge.
The game runs this algorithm and gives the student a final score,
based on the algonthm effectiveness.

The main drawback of these approaches 1s that the games
developed are hard to reuse and to scale. Most of them cover
specific languages and specific programming concepts, and
makes it difficult to adapt them o cover new concepls or new

programming languages to fit other target audiences. In the
following sections, we present our game engine which tnes to
tackle some of these drawbacks.

1.
In this section, we present the game model proposed for our
approach, and the engine architecture that supports it.

GAME ENGINE

A. Game Model

The engine architecture is built upon a game model that
defines the main high level features for our approach. This
model 15 defined through the following key ideas:

1) Students musi code in the game.
Writing code is essential to leam programming, thus,
students must creale programs to overcome the different
levels in the game. This enables a learning-by-doing
approach.

2) Promote reflection, avoid time pressure
We propose a slow paced gameplay, based on a wrn-based
strategy where the time has no influence on the final score.
We want to avoid game mechanics that require fast reaction
of the players. This allows students w take their time o
think out a good solution, which 1s good practice in
programming and promotes reflection.

3) Separate input and game mechanics

The actions that are available in the game must be simple
enough so that a valid syntactic construction, representing
the acnon, can be built with as many progrmmming
languages as possible. This adds scalability as it allows for
the reuse of a game for learning different languages. The
game defines a set of actions that users can perform in the
game (e.g. move, rotate, shoot, ete.). This action set is linked
to a set of programming structures (e.g. procedures, loops,
conditions), which enables players to generate more
complex behaviors in the game. An interpreter 15 configured
to translate orders formulated in the target programming
language (e.g. Java, C++, Python, etc.) onto these game sets
of actions and structures.

4) Level structure
It enables incremental introduction of new concepts and
programming constructs as the smdent becomes more
skilled, facilitating a balanced level of challenge that keeps
the student engaged and prevents frustration [27].

31 A clear goal is set up for each level
Clear goals are a desirable feature for any good video game
[28], and 1t also facilitates writing programs. Puzzles and
levels will be designed in such a way that multiple solutions
are possible, so players can find creative solutions w them.

79




i) Use scores to promofe competition betveen peers and o
provide a sense of progress
Scores are used as simple metaphors to engage students and
at the same time to reflect user performance. Scores help
users Lo compare their results to others.
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Fig. 1.Engine architecture outline. The set of actions and structures avai lable
isdirectly related to the power-ups unlocked in the game levels. An interpreter
translates the programs to the set of actions and stmctures.
B. Engine Architecture

In this section, we present the engine architecture that
supports the model presented in the previous section. Fig. 1
shows the main components of the architecture. These
Lom P‘.}l'.l'..'l:l[fi dares

1) Game core
The game core provides basic functionality for the game. It
includes, among other components, a system of game rules,
a physics engine and a rendering engine. ldeally, the game
core should be “fixed”, L.e., it should not vary when adding
new programiming languages.

2) Set of actions and struciures
This component contains the set of finite actions and control
structures that players can use within the game. This set can
be extended to fulfill new needs derived from the inclusion
of new programming languages.

3} Interpreter
The mterpreter translates the programming code typed by
the students into game actions and structures, making the
programming language to interact with the game
exchangeable. For every new language that needs to be
introduced, it is required to create a new interpreter able to
translate it.

4) Levels
Every level i1s composed of logic blocks. Every block has its
own logic and behavior within the game (defined in the
game core). To make them extensible, levels are defined
separately, in  a  poprietary  descrptive  format
understandable by the game engine. Levels can be created
or adapted to meet any specific needs and to adjust the
duration of the game (e.g. it can be interesting W have
several versions of the game with different durations, o fit
one-hour lectures, two-hour lectures, ete.)
Levels are shorl, easy at first, and their complexity increases
through the game. The game contains power-ups, each of
them representing an action or a structure of the defined set
Ideally, every new power-up allows the player to perform a
new action that s required to beat the current level, and all
of them are evenly spread throughout all the levels in the
Zame.
On the player side, these power-ups unlock new
programming structures/elements that the players use (and
learn) by writing new programs.
This mechanism is scalable, allowing designers to add new
power-ups and puzzles every time the game needs to be
expanded to add new concepts or programming structures.
All levels are defined in an easy-to-read Tormat that is
technology agnostic. For example, Lost in Space uses the
XKML format for its level definition (Fig. 2).

<phase>
<wall x="0" y="0" height="9" width="5" />
<wall x="4" y="0" wi " height="3" />
<wall x="E" ymP2® 17 height="8" />
<player x="5" y="
<exit x="5" y="§"

</phase>

Fig. 2. A XML document defining a level of Last in Space. The output level is
shown below.

Eachtag represents one of the blocks present in the level grid.
The example defines three types of game elements: walls (3),
player (1) and exit(1). The behavior and logic of each block is
defined in the game core.
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Iv.

Lost in Space’ 1s built upon the game model and architecture
presented in section Ll The game was developed o present
new programming languages to students from different fields

LOST IN SPACE

Ally ship

Actions and

Structures Set
(with syntax help

Text area -
Code nterpreter

Player's ship

o Move: ranslates the spaceship a number of units
(squares in the grid) in the direction 1t is facing.

®  Rofate: changes the direction of the spaceship 90
degrees, clockwise or counter-clock wise.

Trigger Rock

Enemy ship

Safe zone Level's exit

Fig. 3.Lost in Space screenshot running on a web browser. The game screen is divided in two parts. On the left part, a text area to type the code, and above, the
available set of structures and actions. On the right, the current level, formed by different game elements.

and different background knowledge. Fig. 3 shows a screenshot
of the game, with the main elements highlighted.

The game screen is divided in two parts. The lefi side
contains two elements: the code interpreter text area (bottom),
where players must introduce their code snippets; and a help
window (top) where syntax clues about the unlocked powers
collected are shown.

The nght side shows the current level. The goal for each level
is simple: drive the player’s spaceship to the current level exit
(a wormhole), eluding any obstacles that may be laid out
between them. These include spaceships that can be alfied (the
player can write instructions to control them and use them to
help beat the level) or enemies (they will try o destroy the
player's spaceship and their behavior cannot be controlled by
the user), obstacles (rocks and walls), safe zones (where the
player cannot be hit by enemy fire) and friggers, which release
actions in the game (e.g movement of obstacles, shooting, open
walls, etc.). If the player's spaceship is hit by a shot or collides
with an obstacle or another ship. it is destroyed and the level
Starts again.

To complete the levels, the player counts with several atomic
operations. These operations affect the main ship and the allied
ships, and are unlocked in the course of the game, every time a
new power-up is collected. In the last level the player can use a
total of 5 instructions:

" Available at hopibicdydostinspacenm! at date August 20, 2015, Source
code available in hrps:dgihub comsans errand ostinspace.

e Shoof: shoot a mussile that can destroy enemies and
rocks.
Wait: inserts a waiting time between two aclions.

s Disappear: makes the spaceship invincible for a
short period of time.

The gameplay flow goes as follows: the player wriles a
program and submits it. The code is analyzed and interpreted
by the game. I the syntax is correct, it generates a set of actions
that are exccuied in the game, modifying the state of the
player’s spaceship. Otherwise it reports the error back to the
player. As the player advances i the game, power-ups appears
at certain levels. Once collected, power-ups are unlocked, and
appears at the power-ups bar, on the top lefi side of the screen.

Table 1 provides some examples of program snippets Lo
interact with the game. As the table shows, the game supports
two target programming languages: Java and an XML-based
programming language. Although XML is a markup language
and not a programming language, it provides a well-defined
syntax which allows building programming or declarative
languages on top ofit. For example, some technologies like Ani
or Maven use XML-based languages to define procedural

behaviors.

81




TABLEI
EXAMPLES INPUT PROGRAMS FOR THE GAME

Effeatin

Java
the game

XML

Mawve
ahip 4
e
Make all v
shoren

Shoo 4
W

The game has thirteen levels, and its estimated completion
time 1s 50-60 minutes, since its original use was for a one-hour
lecture. The game architecture easily allows for adding new
levels and mechanices, as well as new programming languages.
To add new levels, it is only necessary to create the XML
documents defining the new levels. To add support for a new
programming language, for example, Python, it is only
necessary (o develop a new interpreter able to parse Python
code.

V.CASE STUDY |

In this section we describe the first experience using Losf in
Space to learn XML syntax i Computer Science settings,
taking advaniage of the XML-based programming language the
game supports. In this case study, we used the game to
completely replace a lecture about the XML markup language
with half of the students of a classroom. The goal of this case
study was to compare game-based instruction using Lost in
Space with traditional mswuction based on lectres (slides
presentation  with a teacher). The null and alternative
hypotheses are defined as follows:

¢ HO: The effect of instruction is the same regardless of the
approach { game-based vs. traditional) used.
o HA: The effect of instruction is different depending on the

approach used.

A Methods, Participants and Setiings

Students were randomly and evenly distributed into either
experimental group or control group-A and B respectively—.
Students in the expenmental group =3 females and 14 males—
attended a gameplay session with the game Lost in Space, while
students in the control group —3 females and 11 males— attended
a lecture supported by a PowerPoint presentation and given by
an experienced teacher. Both sessions lasted one hour and
covered the same contents about XML and programming.
Students in the experimental group did not get explicit guidance
by any instructor. They only received some basic instructions
to access the web page where the game was hosted. Students
playing the game were told to upload a screen capture with the
final score to the course leaming management system ( Moodle)
as a way Lo encourage competition.

Identical pre and post tests were conducted to compare
obtained scores in both groups. Each test had two exercises
scoring from 0 to 10 each (20 is the maximum total final score
for the test).

In the first exercise students were asked to idenufy syntactic
errors in an XML document. Marking a correct error increased

the total score in the exercise. Marking a non-existing error
decreased the score.

In the second exercise students were asked to write a small
XML document conformant to a given Document Type
Defimnition (DTD). In order to score the exercise, three things
where evaluated: 1) the ability ofthe student constructing valid
pieces of XML, 2) the compliance of the document with the
DTD, and 3) the completeness of the wntten document, using
as reference the document the exercise asked for.

Tests were anonymous —a unique untraceable code was used
to pair pre and post tests for each student—, and students had 15
minutes to complete each test At the end of the session,
students in both groups were also asked to rate the educational
experience using a S-point Likert scale.

B Results

Fig. 4 compares results of pre and post tests for groups A
{experimental) and B (control). Table 11 shows a more detailed
summary of the final results, broken down by questions.

16
15,5
15
14,5
14
13,5
13
12,5
12

G rOUP A

—{Experiment}-

Group B

frnnh—nlli

Fig. 4. Score results from Group A and Group B from pretest and posttest

I the pretest, students scored 12.87 and 12.60 on average in
groups A and B respectively; this difference was not
statistically significant using an unpaired T-Test (p=0.84) and
an Independent-Samples Mann-Whimey U-Test (p=0.968).
Therefore we conclude that both groups had equivalent initial
knowledge on the subject.

TABLEIL
RESULTS FROM CASE STUDY |

Exerclse Pre / Pt Group A Group B
[¥]] Pre tiest TR + 156 T12 + LEI
{over 1 Poat test B29 £ 117 #.35 + L63

(iain {Post-Pre) 091 = L3I0 +01%) L33+ L% (+123%)

2

{over 1) Pre test 549 + 130 5.47 £ 166

Poat test 120 +£2126 T 216

Gain {Post-Pre) L7+ 249 (+171 %) L6l + Les (+1615%
Total Pre test 1287 £3.05 1260 +4.08
=1+(2 Poat test 1550 £2.87 1544 £3.57
fover 200 | Total gain 26 E201(FHIAL%)  2E £ 290 (+14.5%)

Both groups scored higher in the post test. Group A

registered a score increase (post-pre) of 13.1% and group B an
increase of 14.5% on average. Differences between post and
pretests were found w be statistically significant in both groups
after running a paired T-Test for each group (p=0.002 for group
A, p=0.003 for group B) and a related-samples Wilcoxon
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Signed Rank test (0.002 and 0.009 respectively).

Differences in the post tests across groups were found not
statistically sigmificant after mnning an unpaired T-Test
(p=0.960) and a Mann-Whitney U-Test (p=0.858), ndicating
that both groups ended up with a similar knowledge level. Asa
consequence, we fail to reject the null hypothesis.

We also observe that the score increase was higher in the
second exercise (writing an XML document) than in the first
one (finding errors in an XML document) for both groups.
However, m none of the groups this difference was found o be
statistically significant (Group A: T-Test p=0237, Related-
Samples Wilcoxon Signed Rank Test p=0.344; Group B: T-Test
p=0.530, Wilcoxon Signed Rank Test p=0.706).

There are also differences in selfreported satisfaction.
Figure 5 shows the results for Group A and Group B. It 1s high
in both groups (Group A = 4.76 and Group B = 3.92), although
it is higher in Group A (game group), with more than 76% of
top score (5/5) responses.

5

4

3 W Group A
[Experiment)

7 Group B (Control)

1

]

Fig. 5. Selfreported satisfaction form Group A and Group B from postiest

C. Discussion

Results show that students' scores increased both after
traditional instruction and game-based instruction. Post test
scores were equally high for both (near 15 over 20 on avg.),
showing little not significant differences, which suggests that
both approaches are appropriate for teaching/learning XML.

The vwo approaches were similar in content (i.e., in both
sessions the educational content covered was similar, in fact,
game content was designed around the slides presentation);
however, teaching approaches were different. Dunng
instruction, the teacher explicitly presented the XML
foundations —using a PowerPoint presentation—, in the game,
XML content was implicit, Le., the game did not present any
formal content to the player with text or any other direct
explanation: the students build their own knowledge through
active play.

The average effect of mstruction ( 13-14%) is not very high.
However, this may be the consequence of two causes: the
reduced exposure to instruction (less than 50 minutes) and the
high pretest scores of the participants (around 12.5 points over
20).

There was no difference in the pretest score between groups,
which allows us to discard any potential bias introduced during
the randomization process.

Finally, students in the experimental group were more
satislied with the experience than the students in the control
eroup. This is not because the satisfaction n the control group
was low but a consequence of the outstanding satisfaction rates
achieved in the experimental group. This finding is consistent
with researchers' observations during the sessions, who noticed
deep engagement in students in the experimental group.
Researchers observed abnormally frequent interaction between
peers, who vigorously competed to get the highest possible
score. Students also kept playing afler the class.

Ifwe consider all factors, the different engagement observed
in the two groups may suggest that overall Lost in Space was a
better instructional approach, although it did not yield better
results than traditional instuction in terms of knowledge
acquisition.

V1. CaseStupy 11

We designed a second case study to explore whether the
effects of using the game for instruction —knowledge increase
and high motivation— with a different student population are
consistent to those observed in the previous experiment. This
will help us discuss on the scalability of the game model
proposed by analyzing the size of the potential target audience
that could use the game to learn programming.

In the second study we replicated the gameplay session
{instruction delivered to Group A) described in section VI with
college students enrolled in a social sciences degree, who had
no previous programming background (Group C) and therefore
were expecled to obtain a significantly lower pretest score. The
null and altemative hypotheses are described as Tollows:

& HO: The score mncrease factors (post-pre) of the two game-
based instruction groups (A vs. C) with different
programming backgrounds are equal.

e HA: The score increase factors are not equal.

A. Method, Participants and Settings

Group C was made up of 13 students (5 males and 8 females)
from a Degree in Information and Documentation (social
sciences), who had not received previous instruction in
computer programming and had no technical background.

We replicated the experimental design described in section
V1, using the score merease (obtained as the difference in score
obtained between pretest and posttest) as the independent
variable that estimates the knowledge gain about XML markup
language.

B. Resulis

Figure 6 shows a high-level view of the results for Group C
compared to Group A, while Table 11l provides insight on these
results. These data indicate that the nitial knowledge of
students is lower than in groups A and B (who had computer
programming background) as mtially expected. The difference
between pretest scores was found statistically significant afler
running an unpaired T-Test (p=0.001) and an Independent-
Samples Mann-Whitney U-Test (p=0.002).

Students' score was higher in the post test than in the pre-test,
showing an average increment of 10.93%. This difference was
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found statistically significant after running a paired-samples T-
Test (p=0.004) and a Related-Samples Wilcoxon Signed Rank
Test (p=0.011), which suggests that the game was also effective
for group C.

Compared to group A, both groups showed similar total score
increments, being slightly higher for group A(2.62 £2.91) than
for group C (2.19 + 2.91 for group C). This difference was not
found statistically significant afier running an unpaired T-Test
{p=0.650) and an Independent-Samples Mann-Whitney U-Test
(p=0.662), allowing us to retain the null hypothesis. It suggests
that the effect of game-based instruction was similar for all
students regardless their previous compuler programming
background.

18
16
1 *—-_’-__/.-"’
12
10
8
6
4 et Group A (Experiment 1)
2 4 GroupE-{Experiment 25—
0

Fig. 6. Scome results form Group A and Group B from pretest and posttest

TABLE Il
RESULTS FROM CASE STUDY 11

Exer clse Pre / Post Group C oo A
al Pre test 610 £1.76 TR + 156
{over 1) Post test 5.98 +184 £.29+ 117

Ciain {Post-Pre) | 40013 +1.30(-1.3%) 091+ L30{+901%)
Q2
{over 1) Pre fest 291 $203 549+ 230

Post fest 524+251 T+ 226

Crain (Post-Prey | 2,32 +222 (+23.2 %) L1 249+ 171 %)
Total Pre test 9.02 +283 12T £3.05
=Ql+Q2 Pest test 11224373 1550 +2.87
fower 200 | Total gain 2,19+ 291 (+10.95 %) 262+ 291 (+131 %)

However, results are not totally equivalent in both groups, as
differences across exercises are significant for group C. In this
eroup, students did not improve their score for the first exercise
(-1.3% increase on average), while their performance in the
second exercise increased a 23.2% on average.

Finally, Figure 7 shows the average sell-reported satisfaction
of Group C, along with the average satisfaction of Group A and
Group B. Students valued the experience similardy to Group A,
with an average score of 4.86 (over 5).

5
a
W Group A
3 (Experiment)
Group B (Control)
2
B GroupC
(Experiment |1}
1
0

Fig. 7. Self-reported satisfaction from Growp A, B and C

C. Discussion

Group C started from a lower level than Group A, which is
likely a consequence of their lack of programming background.
However, data suggest that students in group C increased their
knowledge after playing the game in a similar way 1o group A.
However, an interesting finding that deserves further discussion
is that students in group C only improved scores for the second
exercise.

Both exercises had different mechanics. In the first exercise
students had to identify syntactic and semantic errors in a
fragment of an XML document. To complete this exercise, they
had to be aware of the syntactic and semantic rules to form valid
XML documents, 1.e., they needed to understand the concept of
markup/programming language, and that all of them have a
syntax in its foundation. In the second exercise students had o
write a short XML document In this case, students needed o
have the procedural skills to write XML documents. While
students have to apply syntactic and semantic rules 1o reach a
valid solution, they do not need to be aware of what these rules
look like - they just need to apply them.

That may be explained by the programming background of
egroup A, which allowed them to infer the syntactic and
semantic rules behind XML afier practicing with the game,
even if these rules were never explicitly presented w them. In
contrast, students in group C were not able to make that
inference on their own, probably as a consequence of their lack
of computer programming background.

Finally, group C reported the highest satisfaction of the three
groups  involved in the experiment. According to  the
observations made by the instructors present during the
experiment, the reasons Tor this difference are the following: 1)
eroup C did not have any similar past experience; and 2) their
low exposure o videogames in thewr daily life increased the
‘surprise  effect” i the session, which lead 1w greater
satisfaction, in contrast to group A, which was probably more
exposed o videogames due to their CS background.

WIL. CONCLUSIONS AND FUTURE WORK
Lo this paper we discussed how educational videogames can
help address some of the challenges related to computer
programming instruction, and we made an extensive review on
how wvideogames and learning programming are coupled
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together in the literature.

Building upon the extensive literature on this topic, we
identified the need to find more scalable and flexible game-
based instruction paradigms, given the increasing interest in
providing computer programming instruction 1o a wider sector
of the population, a population that not only includes computer
science  students but  also college students of different
disciplines and even kids.

As a response, we propose a flexible game architecture,
supported by an extensible game engine and game model, 1o
generate fun, engaging and enteraining games that can be
extended o cover different languages, suil diverse target
audiences and fill different classrooms tme spans.

We developed a game using this game engine (Lost in
Space), which was used for XML markup language instruction
in two different college settings (computer science and social
sciences respectively). In these experiences the game was well
accepled by the students, and we also observed that they deeply
engaged in gameplay. Moreover, data collected suggest that
they leamed with this kind of game-based instruction in a
similar way to traditional instructional methods regardless of
their background. However, a potential limitation of the
approach for students with no  computer programming
background was identified.

The data collected suggests that students from social science
were not able to infer the syntax of the language on their own,
as they do not have any previous programming background and
syntactic rules were never explicitly provided o them.
However, students with programming background were able to
make that inference. Instructors willing w use this approach
should take this finding into consideration and design a strategy
to help students to construct the explicit representation of the
knowledge acquired, using debriefing sessions or closer
tutoring, for example.

However, it seems reasonable to assert that, whatever the
background of the target audience, our approach can be a
rewarding and entertaiming way to learn and teach
programming,

We think that our approach is adequate to mtroduce computer
programming in general as well as new programming languages
in particular. And, even i it was initally designed as an
additional strategy to support learning, italso can be used as the
main educational resource in some contexts.

Finally, we would like o point out that this approach can
have several extra advantages if we also consider the game
engine as an assessment tool.

We deployed Lost in Space in a web server with some basic
user racking. This helped us discover helped us discover that
some of the students kept playing several days after the
experiment was over. This gave us the idea that a more
advanced wacking of the gameplay of each player can help us
to assess and improve the learning process [29].

The building blocks of the game engine— mainly levels and
power-ups— mark clear milestones that we can track and assess
to have a deeper insight of how players are learning
programming. This will also help us to improve the game
engine and game model.
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6.2. A framework to improve evaluation in educational
games

6.2.1. Cita completa
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6.2.2. Resumen original de la contribucion

The evaluation process is key for educator’s acceptance of any educational action. The
evaluation is challenging in most cases but especially when educational games are used.
In educational games if in-game evaluation exist it is usually based on a series of simple
goals and whether these goals are achieved (i.e. assessment). But we consider that
evaluation can be improved by taking advantage of in-game interaction, such as the user
behavior during the game and the type and number of interactions performed by the user
while playing. In this paper, we propose an evaluation framework for educational games
based on in-game interaction data. We discuss how user interaction data is collected in
the most automatic and seamless way possible, how to analyze the data to extract relevant
information, and how to present this information in a usable way to educators so they
achieve the maximum benefit from the experience. The evaluation framework is
implemented as part of the eAdventure educational platform, where it can be used both
to improve upon traditional basic assessment methods (i.e. goals, scores & reports) and to

provide information to help improve interaction with games (e.g. discovery strategies).
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Abstract—The evaluation process is key for educator’s
acceptance of any educational action. The evaluation is
challenging in most cases but especially when educational games
are used. In educational games if in-game evaluation exist it is
usually based on a series of simple goals and whether these goals
are achieved (i.e. assessment). But we consider that evaluation
can be improved by taking advantage of in-game interaction,
such as the user behavior during the game and the type and
number of interactions performed by the user while playing. In
this paper, we propose an evaluation framework for educational
games based on in-game interaction data. We discuss how user
interaction data is collected in the most automatic and seamless
way possible, how to analvze the data to extract relevant
information, and how to present this information in a usable way
to educators so they achieve the maximum benefit from the
experience. The evaluation framework is implemented as part of
the eAdventure educational platform, where it can be used bath
to improve upon traditional basic assessment methods (i.e. goals,
scores & reports) and to provide information to help improve
interaction with games (e.g. discovery strategies).
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I INTRODUCTION

In traditional education, ether in higher education or in
other levels, the main evaluation method 1s based on written
final exams [1]. This method, as some authors have pomted out
[2]), presents a sedes of problems. These problems are related
not only to the student evaluation, but also to the evaluation of
the educational action itself the amount of data available is
limited, and it is vsually restricted to students and educators
subjective perceptions (e.g through polls about the past
courses). Other metnces, mostly based on exam grades, might
not give enough mnformation about the educational action, or
whether it was a success or a failure and why. Moreover, these
data usually become available when the action is finished or
when it is too late to make an intervention, mmprovement or
correction in the ongoing action.

With the emergence of the Web, on-line educational
resources have grown exponentially. Many institutions now use
LMS (Leaming Management System) to organize their
courses, 1o allow students to communicate among themselves
and with teachers, and to improve access to educational
resources [3). Soll, despite all of these on-line resources,
evaluation 1s still usually performed using traditional methods.

Most of the content presented in LMS is finally evaluated
through written exams in classrooms, or through online tests or
exams.

However, there is a whole new body of data, denved from
the student mteraction with on-line educational resources.
These data can be collected and analyzed not only to improve
the evaluation methods, but also to obtam real-time feedback
about the progress of any educational action, enabling
educators to predict results and react to that progress.

The field sudying the use and analysis of this kind of data
is known as Learning Analytics [4]. This new field advocates
of capturing all the data derived from interaction with on-line
educational resources, and analyzing 1t to assess students,
predict future events and act consequently to refine educational
actions. These ideas have been successfully applied in other
disciplines, like Busmness Intelligence, a well-extended set of
techniques lor analyzing business data to support better
business decision-making [5], or Web Analytics, where
internet data are collected in order to understand and optimize
web usage [6].

Currently, LMS are the main target for Learning Analytics
systems. Projects like SNAPP [7] or LOCO-Analyst [8] offer
statistics about the interactions made by students inside an
LMS. SNAPP is focused on analyzing forum activity and
creating network diagrams of all interactions among students.
From this, it infers which are the most active students in a
class, and those students who are “disconnected™ or “at risk”,
among other features. LOCO-Analyst 15 based on student
interaction with learning content (e.g. number of views, time
spent with every resource) that 1s used to infer conclusions
about learning content characteristics (e.g. difficulty or
Hnportance).

Though LMS activity reports can contribute to better
understand students” interactions with content and resources,
educational games represent an ideal environment to capture
more detailed and diversified student interaction. In the last
few years, Game Analytics are being used to let developers
know about how players interact with their games. One of their
main purposes is identifying where and why a player got stuck
during the game', so game developers can try to smooth this
hardness, to avoid player frustration and thus keep him

1
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89



http://doi.org/10.1109/EDUCON.2012.6201154

engaged and playing [9]. All these ideas applied to educational
games, combined with other Business Intelligence and Web
Analytics techniques and guided by the Learning Analytics
process, are addressed in this paper.

First, we board the main steps in the Leaming Analytics
process, and how these steps can be particularized in
educational games, proposing a theoretical Learning Analytic
Model and a Learning Analytic System. Then, we propose an
implementation upon  the educational game platform
eAdventure and a use case to deploy the system, and finally
some ideas and thoughts about the whole process.

II. LEARNING ANALYTICS STEPS IN EDUCATIONAL GAMES

Authors agree that Learning Analytics process [2] begins
with selecting the most relevant student data to be captured.
Once it 1s captured, data must be aggregated and transformed
into reportable information (for example, using charts or other
visual representations). With this information, the educator
should be able to judge how the student used the educational
resource. Some authors call this step predici, since information
is converted into  knowledge, and knowledge ecnables
predictions. However, in our approach we will use this step to
assess the student, and for now on, we will name this step as
asvess. Assessment information can be used., under certain
conditions, to dynamically assist the student, and to refine the
educational resource, based on the students results. Finally, all
the knowledge acquired can be shared with others whom could
benefit from it. Table 1 represents a scheme with all the steps
and their descriptions.

TABLE L. LEARNING ANALYTICS STEPS
Step Unit produced Deseription
Choose the hasis data to be
Select Data .

Capture Data Collect the selected data
Aggregate Information Sort out captured data and
& Repaort convert it in information

Understand reported
information and comvert it

Aoz Knowledge into knowledge, assess

students
Use Knowledge Adapt the system hased on
AssesEment
Use & refine Knowledge improve educational action
Share knowledge for the
Share Knowledge benefit of athers

To support all these steps, we propose a system based on a
Learning Analytics Model (LAM) holding all the information
required for every step, and a Learning Analytics System
{LAS) endued with all the processing power required by the
model.

In this approach, focused on educational games, we
consider the LAS as a separate system from the game engine,

but both are communicated. The LAS also has access to the
eame model and the LAM (Fig. 1). The LAM is constructed by
a set of models, which are directly related o the different
modules contained by the LAS (Fig. 2).

Learning
Game model ¢= | Analytics madel
(LAM)
Game engine Learning ?}Jsﬁics System

Figure 1.

Relation hetween the different components involved in the

Learning Analytics process. The LAM is dependent an the game model and
the LAS. LAS is aware of the LAM and the game model, and can
commmunicate with the game engine.

Figure 2. The LAS consists of a series modul es that take part in the different
steps of the Learning Analytics process, The LAM holds models for those
steps which requires defining a model to work. The LAS uses the LAM to

process all the data captured and generated.

In this section the leaming analytics steps are described in
general but also for educational games in particular, building
the LAM and the LAS upon them. As starting point for this
definition we consider the available data in games and how 1o
adapt these data to the theoretical model in order 1o extract the
maximum information possible from this media.

A. Select and capture

First, the data to be captured by the LAS are selected.
These data will be the raw matenal that will feed the steps that
follow. The data selection criteria are lead by the educational
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resource objectives and some constrictions such as technical
limitations and privacy policies must be taken into account. In
educational resources, meanmgful data can be selected from
personal information about the student (e.g. age, gender, etc.),
academic information and any other data provided by the
resource context

While in static resources (e.g. PDF files), the only
extractable data are the number of views and the time spent
with them, the interactive nature of educational games provides
a whole new type of data that can be selected:

e GUT events performed by the student during the game:
mouse clicks, keys pressed, and other events (joystick
movements, buttons nteractions), depending on the
input method. Not only the event itsell can be
recorded, but also the tme when 1t occurred and
whether it was performed over a target (e.g. some click
over a game object). These events can provide clues
about the student behavior during the game (e.g if all
GUI events were captured the LAS would be able to
recreate the complete game play).

Grame state evolution: the game state is a set of
variables and their values that specifly a concrete status
in the game instance. The evolution of wvanables
through utme describes the development of the
different goals of the game. Depending on the case, the
whole game state evolution could be recorded, or it
could be recorded only i some points (e.g. when a
phase ends, or a goal 1s achieved).

Logic evenis: a logic event i1s anything that moves the
game-flow forward. Changing the value of a variable,
finishing a phase, launching a cut-scene (i.e. a shide-
show or video), losing a life, achieving a defined goal,
ete. Some logic events, and therr timestamps, can be
directly related to the student progress in the game, and
thus be relevant for the assessment.

Selectable data are limited by the technologies used to
deploy the games: Not every piece of data here proposed will
be available m every game platform. These selectable data,
then, are platform-dependent and must be defined in the
LAM’s selection model. To avold unnecessary data capture,
every game model should define, among all selectable data, the
final data to be captured according to their own purposes.

Onee the data are selected, the framework requires a way to
capture it. The technology involved will be very important to
establish how the dat are collected. Access to different
internal parts of the game engine is required o capture some of
the information. This implies, for mstance, that such model
cannot be generally applied to commercial games provided as
black boxes.

Another issue i1s the moment when the captured data are
passed to the LAS to begin processing. The simplest way 1s to
store all the data locally and send it back to the LAS when the
game 15 finished. Data could be sent i certain significant
moments, like when the student ends a phase or achieves a
goal. Moreover, all the data could be sent to the LAS as they
are being captured. Last two approaches enable real-ime

assessment that can be used to assist the student during the
egame. Depending on the needs, all these data might go through
a filter i order to make it anonymous.

B. Aggregate and Report

The captured data must be organized in such a manner that
it can be shown in human readable formats, like tables or
graphics. A more meaningful report can be done if the LAM
contains, in the aggregation model, semantic rules to mterpret
all the received data. For example, the system could relate a
raw event (e.g. a vanable aking a particular value) with a
meaningful feat (e.g the player completed a goal). These
semantic mles can be based on the game engine, where some
events can have an mimplicit meaning (eg. an engine where
pressing escape key always brings up the menu) or on the game
itsell’ {e.g if the game varable “hits™ is “8°, the phase is
completed).

Semantic rules can be expressed like conditions producing
new data to be reported: when a condition (based on GUL
events, a logic event or a concrete game state) 1s metl a new unit
of data, defined in the aggregation model, is generated. E.g.
when i the game state, the vanable score equals to 10, and the
variable gold equals to 13, the LAS aggregator produces a
logic event “Goal 1 completed”. The reporter could then treat
this event as it would with any other logic event

The LAS" aggregator needs to be endued with mechanisms
capable of understating and processing these kinds of rules
(Fig. 3).

£y

LAS
Reporter

L —

Figure 3. Raw events are passed through the semantic rules contained by the
LAM, and converted to more meaningful data. Events can be grouped and
simplified through semantic rules. Some events, such as the game finishing,
have enough meaning and do not need to be imterpreted by any mule.

After aggregation, information can be reported in common
ways, such as tables or charts, but also, we can take advantage
from the inherent charactenstics of games to report information
with new representations. For example, “heat maps™ could be
created for every phase, in which the heat can measure the
amount of times the player clicked in every point of the phase,
or the places where the player was defeated. 11 there is enough
information of user interaction, an animation recreating how
the student played a game phase could be shown.

The reporter model contains which information must be
reported and which representations must be used. Common
reports can be defined at engine level (eg. heat maps for every
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phase can be common for all games), as well as reports at game
level, holding important mformation in that particular game.

These reports can be even richer if data from different
students are aggregated. Average results can spot which goals
took more time or the places where most of the students failed.
C. Assess and Use

The information and the reports generated until now can
give an overview of how the students are using an educational
resource. However, this mformation  should have some
practical consequences to be really useful. It 1s the moment to
transform the mformation received mnto knowledge. In the

educational game context, all the information reported is
processed to assess the student in this step.

Games are organized around goals. In educational games,
these goals should be based on the success in some educational
aspects. In our context, and based on the concepts of the
selection and aggregation process, we could have several types
of goals, represented by:

¢ A GUI event or a series of GUI events performed by
the student, over a game object or in total.

e A concrete game state, fulfilled fully or partially.

o A variable taking a defined value.

s The launch of a particular logic event.

These classes of goals are platform-dependant, and should
be defined by the LAM's assessment model.

Compound goals can be defined based on these simple
eoals. An educational game can define all the necessary goals
to cover all the educational aspects that are to be learned by
players of the game. Based on these goals and with the reported
information the game can be used to assess the sudent.

This assessment can have two applications: one, just to
measure the success of the student m the game, and act
accordingly (e.g. enabling the swdent to access o new
educational resources), or, il the captured data are being passed
to the LAS during game time, dynamic adaptation through real-
time assessment (e.g. if the student got stck in some point, the
system will offer him help). Rules for this assistance are
contained by the adaptation model, and are processed by the
adapter, which is able to communicate with the game engine to
perform the adaptation.

Assessment and dynamic adaptation could be more
sophisticated. As some authors pointed out [10), propagatng
informaton through complex structures, like Bayesian
networks, can help to determine what is going on i wvirtual
simulations, and better decide what adaptation profile to
choose.

However, our approach pretends to be based on ecasy
principles and stay accessible for as many educators as
possible. Complex structures, like Bayesian networks, are
nomally out of reach Tor most educators.

D, Refine and share

With all the accumulated knowledge from previous steps,
an educator can know about the global results (assessed in the
previous step) of the educational action and can identify which
educational goals were not achieved as expected. Thus,
educators can refine the educational resources to improve the
results or readjust ther expectations.

In educational games, those game goals that were not
solved as expected can be detected. Aggregated data from
several students can ease this job, pomnting oul, m average,
which goals made more trouble to students. From here, the
game could be modified or even redesigned to faalitate its
accomplishment. This does not directly imply making the game
simpler or shorting the educational goals, it could be enough o
smooth the learning curve in the game, or adding some exira
help in game points especially hard. Maybe, learning analytics
conclusions showed that the student did not get stuck, but stop
plaving the game after a while, indicating that it was not
engaging enough.

Finally, the LAS can share all the knowledge obtained with
other systems. These systems cover from LMS to institution
administrative systems. Even making the data public can be an
option in some cases. In order to be able to share data, some
considerations such as privacy policies, what knowledge is
shared or which standards are used i the communication, need
to be taken mto account.
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eAdventure is an educational game platform developed and
maintained by the <e-UCM=> research group at the
Complutense University of Madrid for the last 5 years. This
platform includes a game engine and an easy-to-use editor,
targeted at educators. eAdventure 1s currently undergoing the
development of the 2.0 version, where new features are being
added. Some of these nclude support for muluple platforms
[11] and an easy to use narrative representation of games [12].
Maoreover, we propose to implement the framework presented
in this paper in this new version of the system.

IMPLEMENTATION PROPOSAL: EADVENT URE

eAdventure games are composed of scenes, which can
represent from a simple scenano in an adventure game where
the player's avatar moves to a more complex shde-show, going
through an array of mini-games and other content. These
scenes are always composed of simpler parts referred to as
scene elements, each of which will usually have a graphical
representation, a position in the screen, behaviors, ete. The
current scene and the status of elements i the screen are
defined as the game state It 1s the flow from one scene to
another, behaviors of the scene elements and eflects (changing
current scene, showing text, launching videos, assigning values
to varables) that make up a game, by continually changing the
came state until a final state is reached.

The LAS 1s implemented on a server. It is initialized with
the Game Model, (containing the Adventure LAM) and the
Engine LAM. The LAS has several modules to satisfy the
requirements for every step of the Learning Analytics process
(Fig. 4). The relation between the modules and the steps is
detailed below.

92




A. Select

Given that eAdventure is intended to be a general game
engine, including 1ts own editor, our proposal tries to make
selectable the biggest amount of data, letting to the game
designer choose between all the available options. The
eAdventure Leaming Analytics Model define three units of
selectable data:

o  LAGUIEvent: represents a detailed GUI mnteraction. It
holds the GUI event (mouse action, drag & drop,
keyboard action) with its properties (mouse button, key
pressed) and the arget scene element, il exists.

LALogicEvent: represents the launching of a game

effect. It holds the genenc effect data and additional

information about the concrete mstantiation {e.g., in

the changing scene eflect, the mitial scene and the final

scene).

LAGameSitafe: represents a game stale in a certain

moment. 1t contains a map holding all the game

variables associated with their current value.

leAdventure
EAdAventureModel

I External
1 World

Aveniune LAM

EAdEngine

l Gamehtate

Mouse5tate

Figure 4. General organization for the LAS integrated with eAdventure, The
LAS is mostly deployed in a server, an can communicate with the game
engine. A web interface and external communication with other systems is

offered as well.
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Every of these units has associated a umestamp,
representing the moment the event oceurred since the game
was started.

In the editor, we select where and when these data must be
captured. For example, we can mark which type of GUI events
(mouse, keyboard) we want to capture for every scene element
(LAGUIEveni), and there is a special option to record all the
GUL  interactions performed m  the game, allowing the
recreation of the whole game play. It is possible also to capture
those game effects that have relevance in the game flow
{LALogicEvent) and, if desired, produce a LAGameState with
the current game state. L4 GameStates can be configured 1o be
automatically generated periodically, when a game condition is
met or when the game ends.

All these options are added to the selection model as part of
the game’s LAM, which will be used by the LAS dafa
capiurer.

B. Capture

To capture all these data it is required a data capturer with
access to all the relevant pants of the eAdventure game engine.
The game engine has three main elements that are involved in
this process: the inpuf fistener, which processes all GUL input
from the user; the game siate, which stores all the values for all
the variables in the game at any given point in time; and the
effect handier, which processes all in-game events (such as
scene changes). All these elements communicate any relevant
change to the data capturer, which then captures this
information according to the current game sefection model. The
captured data are instances of the selectable data units
presented before.

All these collected data are sent to the LAS aggregator
(Fig. 5). Due to the multi-platform nature of the eAdventure
game engine, different implementations take care of the
communication with the aggregator. The data capturer can be
configured to send out the captured data when the game is
fimished, a scene change happens, a defined condition 1s met or
in real time.

Gama Engine

Data Capéurer
Core

Android
Sander

Aggregator

Java

Gratbs
! Sander

GWT
Sander

.

Figure 5. The dara capuwer is compound by two elements: a grabber
comnected with all the elements producing signi ficant events in the game
engine, and a sender managing communication with the ageregator.

C. Aggregate

The data sent are received by the aggregator, who makes a
first data processing based on the semantic rules defined by the
ageregation  model, contained by the Adventure LAM,
converting the basic units into more semantic pieces of data.
This new units can be defined through the editor, as well as the
rules of conversion from basic units (presented m the llc
section).

Aggregator also groups all the GUL events by type and
scene element, filters redundancies and stores all the data in the
LAS database.

Previous wversions of eAdventure provided a basic
mechanism lor data aggregation and report generation. This
basic mechanism allowed for mformation to be written in a
textual report based on the values of vanables in the game.
This way, the game author could define a set of rules that
would, for instance, wrte in the report that the player failed to
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complete a goal if a variable to indicate this was given a certain
value. [13]

The same sort of data aggregation can be performed with
the new LAS system. The rules m this case use a syntax that
establishes the meaning of the data that were captured during
the game to generate a report. The most basic reports will only
include basic textual information, such as “Goal X was
completed at time Y”. However, more complex information
can be aggregated 1o generate detailed information about the
goal, such as “Goal X was completed by time Y, after Z
attempts where the player failed to solve problems A, B, C,
ete.”

0. Report

The reporter represents in a web format all the information
stored in the database. Among many others, the reports can be:

e A table relating scenes with the total time spent in any
of them.

s  Heat-maps showing where the player is hovermg with
the mouse most (Fig. 6).

s Screen capture recreated from game states.

e Game animations built from captured GUI events.

s Graphics showing the evolution of chosen variables in
time.

o  Tableswith direct queries to the daabase.

All these data can be shown for every student or for groups
of students. The system can be extended to add new reports
from the stored data.

Figure 6. Heat map showing the concentration of left mouse clicks ina
scene, Main heat zones are situated in interactive clements of the scene.

E. Assess

As established by the theoretical approach, this step 1s when
the student is assessed. The assessment model contains all the
goals established for the game. Goals can be defined in the
editor as vanables taking certam wvalues at given times. The
evaluator takes these goals and checks them agamst the stored
information.

The accomplishment of these goals can be viewed through
the reporter, and can be sent to the adapter to enable dynamic
adaptation or to be shared with external systems.

F. Use

When the data are being captured in real ume, dynamic
adaptation can be used in the game. Adaptation rles are
defined in the adaptation model. These rules can be defined in
the editor and contam:

o An effeci, which is considered the adaptation event and
could be any eAdventure game effect (showing a text,
changing a vanable’s value, launching a video...)

o A condition, establishing when the effect should be

launched. Conditions can be the general conditions
offered 1o create game logic in eAdventure games, or
conditions based on goal accomplishment (e.g. a goal
is not completed when the tme for doing it expires).

The adapter takes the current game state and the goals
informaton offered by the evaluator to check adaptation model
conditions. When a condition 1s met, it communicates to the
game engine the effect to be launched.

(7. Refine

To support the refine task the LAS offers, through the web
LAS reporter, information about the mdividual goals. This
allows, for instance, the goals that lead to the worst
performance to be identified. How the performance of students
can be improved based on this is up to the game designer.

However, to ease this task, results obtained for the games’
goals can be compared through time (checking i resulis
improved alier student played several umes the game) and
between different versions of the game.

H. Share

Nowadays, the selection and adhesion to standards for the
contenl  interoperability is an  essential matter i the
development of e-Learning  contents. Current  e-learning
standards, like SCORM [14], are not prepared to communicate
all the information collected by our LAS with other systems.
For this reason, the best way of taking advantage of the full
potential of our approach is to develop specific ad-hoc
communication solutions for the systems that ke into account
all these data (eg. a Moodle plugin). This idea can also be
carried out in the eAdventure activity in LAMS [13], where all
the information can be gathered and shown to educators, and
use them to modify the lesson flow in an automatic or
monitored way.

In the near future, it will be feasible to implement our ideas
in compliance with next generation standards. For example,
one the last initiatives leaded by the IMS Global Consortium,
the IMS Leaming Tool for Interoperability (IMS LTI), goes in
that direction. This specification allows for the execution of
learning tools hosted in extemal servers. Until other promising
standards mature [15], our LAS is able to export all the
information contamed in the database along with the LAM
required to interpret it into a exchangeable XML-based format.
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V.

We propose using the framework described in this paper in
a basic math game targeted at school children. This game
covers basic addition, subtraction and multiplication concepts,
challenging the swdents to solve different problems within a
given time-frame. This game is intended to provide increasing
difficulty in the challenges presented to the students (e.g. the
number of digits in the numbers mvolved is increased
eradually).

LSE CASE: BASIC MATH GAME

The main goal of the game is sub-divided into simple goals:
learn to operate with numbers of 1, 2 and 3 digits. Each time
one of the goals 1s met, the game 1s adapted to provide the next
level of challenge. Moreover, to provide help to the students
and limit the chances that students could get swck in any
particular level, a help button 1s always accessible. The use of
the help button is part of the information selected to be
collected by the system.

In the selection mode! we marked the help button to capture
all lefi-clicks performed over it. We also added to the model all
the keyboard interactions, since these will be the input method
used by the students to give their answers.

In the aggregation model a rule 1s added to convert every
lefi-click over the help button into an “ask for help™ event.
Another rule is added to wansform a sequence of numbers
typed in the keyboard, followed by an “enter” mto an “answer
eiven” event, which its value 1s the introduced number and if
the answer was correct.

The reporter shows the number of times the “ask for help™
event occurred and the number of right answers. For the wrong
answers, the mvalid value inroduced by the student is also
shown. Average time for every operation is also displayed.

In the assessment model three goals are added: a percentage
of all the given answers, after a minimum number of
operations, must be correct (without using the help button) for
operations with 1, 2 and 3 digits.

In the adapiaiion model an effect that changes the difficulty
level (operations with 1, 2 or 3 digits) is added when the goal
for the current event 1s achieved.

V.

Learning Analytics, unlike Business Intelligence or Web
Analytics, s still an emerging field that has a great potential. In
this paper we tred to focus on a single target (Le. educational
games) i order to develop concrete methodologies trying to
clarify some of the steps involved and better define the whole
process. But, we think most of the ideas proposed for
educational games can be extended to analyze data from other
types of mteractive educational resources as well, il more
information about how they are being used becomes available.

FINAL REMARKS

The processing and logic involved in Learning Analytics
can be used for other purposes different than education. The
proposed LAS can help games in tasks like debugging the
game design (statistics could show game points with no retum),
and testing (the LAS could spot if the user 15 playing the game
as 1t was specified m the design).

Finally, it is important to note that the ultimate goal of
Leaming Analytics 15 to improve educational actions. We
believe that leaming analytics can help in establishing the
educational value of games that use it. It is also important o
take mto account that monitoring students presents several
cthics problems and privacy issues. Therefore transparency
must guide all the design decisions.
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6.3. Application of Learning Analytics in educational
videogames

6.3.1. Cita completa

Angel Serrano-Laguna, Javier Torrente, Pablo Moreno-Ger, Baltasar Fernandez-Manjon
(2014), Application of Learning Analytics in educational videogames, Revista
Entertainment Computing, Vol. 5, Issue 4, Pp- 313-322. DOLI:
http://dx.doi.org/10.1016/j.entcom.2014.02.003

6.3.2. Resumen original de la contribuciéon

Assessment of learning contents, learning progress and learning gain is essential in all
learning experiences. New technologies promote the use of new types of contents like
educational videogames. They are highly interactive compared to more traditional
activities and they can be a powerful source of data for all forms of assessment. In this
paper, we discuss how to apply Learning Analytics (LA) with assessment purposes,
studying how students interact with games. One of the biggest barriers for this approach
is the variety of videogames, with many genres and types. This makes it difficult to create
a comprehensive LA model for educational games that can be generally applied. In order
to maintain manageable costs, we propose a two-step approach to apply LA: we first
identify simple generic traces and reports that could be applied to any kind of game, and
then build game-specific assessment rules based on combinations of these generic traces.
This process aims to achieve a balance between the complexity and reusability of the
approach, resulting in more scalable LA models for game-based learning. We also test this
approach in two preliminary case studies where we explore the use of these techniques to

cover different forms of assessment.
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ABSTRACT

Assessment of learning contents, learning progress and learning gain is essential in all learning
experiences. New techiologies promote the use of new types of contents like aducational videogames.
They are highly interactive compared o more traditional activities and they can be a powerful source
of data for all forms of assessment In this paper, we discuss how to apply Learning Analytics (LA} with
assessment purposes, studying how students interact with games. One of the biggest barriers for this
approach is the variety of videogames, with many genres and types. This makes it difficult to create a
comprehensive LA model for educational games that can be generally applied. In order to maintain
manageable costs, we propose a two-step approach to apply LA: we first identfly simple generic traces
amd rveports that could be applied to any kind of game, and then build game-specific assessment rules
based on combinations of these generic traces. This process aims to achieve a balance betwesn the com-
plexity and reusability of the approach, resulting in more scalable LA models for game-based learning.
We also test this approach in two preliminary case studies where we explore the use of these techniques

o cover different forms of assessment.

1. Introduction

Teachers of all educational levels and areas of knowledge are
increasingly using new technologies to improve their teaching
practices. Among others, they are starting to use Game-Based
Leaming (GBL) activities to explore new ways to educate their
students. Studies like [1-3] support that videogame features such
as high interactivity, engagement and challenge can impact the
learning processes positively, both by increasing students’ motiva-
tion and academic performance. The latest Horizon Reports from
2012 to 2013 [4.5] on emerging educational technologies include
GBL as a technology that is almost ready for massive adoption.

In tum, assessment processes are central in educational
contexts: instructional designers must assure the validity of their
methods, instructors need to track the progress of the students in
order to provide support and to measure the acquisition of
knowledge or skills for formal grading, usually involving the use
of some sort of test [6].

All these forms of assessment play a major role in cumrent
research on game-based learning. As an innovative form of content,

This paper has been recommended for acceptance by Matthias Rauterberg.
* Corresponding author. Tel: +34 913947623,
E-mail addresses: angelserancifdivcmes (A Serrano-laguna), jtorrented
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(B. Fernandez-Manjén).
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1875-9521 /0 2014 Ekevier BNV, All rights reserved.

@ 2014 Elsevier B ALl rights resenasd.

games should undergo validation processes. Furthermore, it would
be pecessary to develop new forms of assessment especially
devised for videogames, given that they present content in new
ways and that much more student interaction data is produced
with video games than with less interactive contents. In addition,
the engaging interactive nature of videogames leads naturally to
authentic learning tasks [7], which suggests that videogames
may even be used as an assessment tool that can be better than
traditional exercises |8]. However, assessment is not thoroughly
contemplated in many GBL initiatives, leading to errors and lack
of results. It also difficulties adoption because assessment is key
in formal education, and having gaps in this area creates distrust
in teachers and policy makers alike [9].

In order to increase the adoption of GEL approaches, it is
necessary to create reliable assessment systems for videogames
that are easy to use, that facilitate the different forms of assessment
(e.g. formative, summative, etc.) and that leverage the interactive
features of videogames in a cost-effective way.

Among the different perspectives from which this task can be
approached, in this work we focus on the potential (and
challenges) of applying the techniques typically used in Learning
Analytics [10] and Game Analytics [11,12] in GBL scenarios. Learn-
ing Analytics addresses the processing and visualization of data
collected from interaction and navigation through educational
contents. In some cases, Leaming Analytics techniques are used
to predict future students’ outcomes in different educational goals.
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For that purpose, Leaming Analytics is usually implemented as a
combination of several technologies and techniques, like data min-
ing, Web-Analytics [13] and Business Intelligence [14]. In tum, the
discipline of Game Analytics spans a set of technigues widely used
by the game development industry to better understand how users
play their games, find errors and improve the game play experi-
ence. For the sake of simplicity, along this paper we will simply
use the term “Learning Analytics”, while we may be referring to
either Learning Analytics, Game Analytics or a combination of both
technigues.

However, transferring these technigues to the specific chal-
lenges of assessment in GBL scenarios poses unigue challenges:
the potentially available data for applying Learning Analytics tech-
niques is much bigger because interaction is very intense during a
gameplay session, and the existing constructs from game analytics
technigues are often game-specific (which reduces scalability) and
do not cover the special requirements of educational contexts.

In order to facilitate the convergence, in this work we present a
two-step approach to define a scalable Learning Analytics System
that can support different forms of assessment in GBL activities.
The two steps are driven by the technical requirements of scalabil -
ity, uniformity and reuse of efforts: we start by defining a small
and easily treatable set of generic traces, and then build higher
level assessment rules by combining those generic traces, resulting
in game-specific traces that do not require a full redesign of the
assessment system for each individual game.

The paper is structured as follows: first, we describe the general
context of this work, the challenges and the requirements. Second,
we define a set of basic universal game-agnostic traces that are
easily applied, gathered and processed. Then, we describe the sec-
ond step, in which game-specific assessment rules can be con-
structed by combining the basic traces. We then exemplify the
use of these steps through two exploratory case studies, in which
we studied how the system would support the different types of
assessment required. Finally we summarize our conclusions about
the advantages and disadvantages of our approach and outline
some future lines of work.

2. Games, assessment and Learning Analytics

The term assessment is often used to describe different activi-
ties and therefore it is necessary to clarify its meaning along this
paper. In the literature, it is common to make the distinction
hetween assessment of leaming (e.g. for certification) and assess-
ment for learning (e.g. to provide support for students during the
leamning experience) [15]. A third form is typically contemplated,
namely assessment as learning (e.g. self-evaluation and peer-eval-
uation), although in this work we have focused on the first two
concepts (assessment offfor leaming )

In addition, when using innovative forms of content, an addi-
tional previous step is required: the assessment of the content arti-
fact itself, in order to find design and implementation issues that
may hinder the leaming expenence. The next subsections hriefly
discuss the forms of assessment considered in this work, along
with their relationship with Learning Analytics.

2.1. Assessment of the game artifact

When new instructional materials are created, the assessment
of their appropriateness is important, given that the extra effort
required for their adoption must be justified. Indeed, most instruc-
tional design apprmaches are based on the generic ADDIE model
[ 16], where the E stands for Evaluation.

Such evaluations may vary, ranging from basic “student accep-
tance” evaluations to complex multi-stage evaluation procedures,

but as a rule of thumb the more expensive the content is, the more
rigorous the evaluation should be. One of the first steps is evaluat-
ing the overall suitability of the game for the target audience and
context. In this sense, de Freitas and Oliver proposed four distinct
dimensions to evaluate the suitability of a specific game design,
focusing respectively on pedagogic considerations, the learner spec-
ification, the context and the mode of representation [17]. However,
when the proposed game is a new development, basic software
validation techniques are typically used, usually in the form of for-
mative evaluations. In some scenarios with strict formal require-
ments, further evaluations are typically conducted to validate the
appropriateness of the game formally (e.g. by comparng their
effect in a randomized trial).

When the instructional material isas complex as an educational
game, testing and validating the games before their application is a
significant challenge. First, making sure that a game is engaging
and fun is an elusive process, since these abstract constructs are
difficult to measure, and usually require applying invasive tech-
nigues. In addition, the usability of games in general and serious
games in particular is complex and time-consuming due to the
specific traits of this family of applications [18]. Sim, MacFarlane
and Read also explored the challenges associated with understand-
ing when an educational game is successfully performing its func-
tion [19], and Eladhari and Olilla have explored the complexity of
the problem of evaluating interactive games in general [ 20].

From this situation, it seems that there is a lack of universal
evaluationfvalidation procedures that can be applied to any game
to detect issues and identify solutions. In this context, we believe
that it may be possible to leverage the use of Learning Analytics
to support the first part of the process (detecting spots where the
game mishehaves or where the users get lost) so that game design-
ers can try new solutions to avoid those issues.

22 Assessment of learning

Assessment with games has been traditionally dealt with by
conducting debriefing sessions or regular written tests after the
activity, In this sense, the information generated within the game
activity is not always considered for assessment. Sometimes the
reason is that the videogame lacks the necessary tools to facilitate
collecting and extracting game play data. However, some games
include features that can be useful for assessment, like Questions
and Answers (Q&A), where the game calculates a final score based
on students’ answers. More rarely the games implement an ad-hoc
assessment system and the results are shown as feedback (during
game play or at the end) to the student.

Q&A is the natural translation of traditional exams into a game,
yet this mechanism is not fully compatible with the nature of the
games. Prompting the student to answer questions very frequenthy
can break the game flow, putting engagement and motivation at
risk [21]. This has resulted in a growing search for stealth assess-
ment approaches [22,23] that evaluate the performance of the stu-
dent transparently.

We expect that the Leaming Analytics approach, when applied
to serious games, can represent a powerful mechanism to conduct
stealth assessment procedures.

2.3, Assessment for leaming

Assessment for leaming typically focuses on conducting early
assessment not with the purpose of grading, but with the purpose
of providing adeguate instructional scaffolding to the students
[24]. Indeed, early formative assessment is a keystone in any edu-
cational process that aims to support the students as they leam,
and some authors argue that scaffolding and formative assessment
are essentially the same thing [25].
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In the specific context of serious games, providing this type of
scaffolding requires the instructor to understand how students
are interacting with the game, in order to identify those students
that are either struggling or working incorrect assumptions about
the content. When the number of students and the format of the
gameplay sessions is adequate, merely ohserving the students play
may be enough for the instructor, who may detect these situations
and provide support when required. However, such methods are
difficult to apply, and it is more common to resort to posteror
debriefing sessions [26] or to using games that offer reports about
how each student played the game [27].

The typical use of Web Analytics in general and Learning Ana-
lytics in particular is often aligned with the goal of identifying
users that are encountering obstacles in their navigation, some-
times even in real time. When we apply the Leaming Analytics
approach to the field of serious games, we expect to be able to
identify gameplay patterns that pinpoint students who are getting
stuck within the game, or displaying low pedformance records.
Depending on the context, this identification and the provision of
additional support for those students may be performed by
inspecting the gameplay traces after the session. And, if the context
allows it, real-time identification of students finding difficulties
would provide instructors with a powerful tool to improve those
gameplay sessions by helping struggling students right when they
need it.

3. A “universal” set of traces

The application of Learning Analytics techniques to serious
games poses significant technical challenges. There is a great vari-
ety of educational videogames including a wide range of game gen-
res and types;in factsome videogames can even be considered as
unique pieces that blend art and software, requiring individual
treatment. This variety hinders the creation of reusable assessment
systems that can be applied to different videogames. However, in
all videogames the player interaction and the internal game logic
produce simple events that are meaningful in the development of
the game flow. These events represent everything that happens in
the game and can be potentially used for assessment purposes. In
the following subsections we present a set of meaningful interac-
tions, called traces, which can capture common events present in
all games (see Fig. 1). These traces will be the basis to build up
the assessment system

3.1. Game traces

A first step to assess the educational videogame activity in gen-
eral and each student in particular, is to identify which students
actually played the game and if they finished it. This is especially
important if the game is designed for unsupervised use (e.g. to play
after class). To cover this aspect we propose three types of traces:

» Game Start: This trace is generated when a student begins to
play a game. We use this trace to identify the user through cre-
dentials given in the tracking system (e.g. a user and a pass-
word)., If students can play the game several times, the
tracking system should generate a session number for the
player each time. This trace includes basic information (e.g. ini-
tial timestamp) and could also contain data about the execution
context. For example, technical data as the operating systemor
the browser where the game runs, or any other valuable data as
the system’s localization and language settings.

Game End: This trace is generated when the student finishes the
game. This trace could contain additional information about the
end reached (e.g., if the game had several endings).

Game Quit: This trace is generated when the student quits the
game. This trace can also contain some context that identifies
the point where the student was when he quitted the game
(e.g. the phase or level, a part of the game state, etc.) and about
the completion status. Due to technical restrictions, sometimes
games cannot generate this trace {e.g., if the game is running in
a browser and the user closes the window, the game cannot
send a “game quit” signal to the server) To address this prob-
lem {at least partially) another trace containing contextual
information could be issued in a fixed timely ratio basis (eg.
every 60 5} The last trace received could be considered as the
game quit trace.

3.2 Phase changes

Most educational games include some kind of internal narrative
structure organized in chapters, missions or phases. These phases
usually set out sub-goals that must be accomplished in the game
{e.g. collect items in some phase, defeat a final boss). In some
games players must fulfill all the secondary goals to accomplish
the main goal. Sometimes players must complete these phases in
aspecific order (like levels), while in others, they can explore them

Game play
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Fig. 1. Diagram with all the traces of our “universal” set, with the data associated to every of them, ardered by frequency during the gameplay.
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freely. We propose logging how phases are explored with two
types of traces:

» Phase Start: This trace is generated when the phase starts. This
trace should contain an id identifying the phase.

s Phase End: This trace is generated when a player ends a phase.
This trace could contain extra information about the completion
status, like a "success” or "fail”.

33. Meaningful variahles

All games use variables to keep some sort of game state. Among
these variables we can find scores or attempts used to complete
the game. Posterior analysis can use final values for relevant
variables to define a heurstic for player performance in the game.
Variable updates over time represent the player’s progress. By
monitoring the evolution of a set of relevant variables over time,
we can observe intermediate states the player goes through.

This type of trace can play as a wildcard to record various types
of traces, as almost everything that happens ina game is registered
somehow in a vanable

34. Input traces

The previous traces track in-game situations. They contain data
related to the game logic and they are “unintentionally” generated
by the game engine. But while students play, they produce a lot of
data derived from their direct interaction with input devices used to
control the game (e.g. mouse, keyboard, controller, joystick, etc.).

Ideally, trackers should be able to collect every single click, key
or button pressed by the player. This information can be transmit-
ted {assuming that the game engine is capable of reporting it) to a
back-end and stored for latter processing. Crouping all those
traces, it would even be possible to reproduce the entire play
session afterwards,

However, storing traces for every single interaction can be
resource consuming, demanding significant bandwidth and stor-
age space. In most cases, the number of traces tracked can be
reduced to a small subset of interactions and that is powerful
enough to feed the Leaming Analytics System. Therefore, while
the proposed framework is designed with the capability of storing
every single interaction, we explicitly contemplate the possibility
of filtering either on the client side (culling irrelevant information
so thatit is never transmitted ) or on the server side before commit-
ting the data to the database.

In any case, all input traces should contain information about
the device that generated it (e.g. keyboard, mouse, controller, joy-
stick, etc.), the action performed (e.g. button pressed, mowved,
clicked, etc.) and the input data associated (e.g. key press code,
mouse position, controller button, etc.).

4. Analytics and reporting

The open issue is how to tum simple game and user interaction
data into assessment information that could be relevant and useful
for the teacher. Using general Web-Analytics technigues on the
traces defined in Section 2, analysis tools can create generic reports
containing game-agnostic information. For example, using game
traces it is possible to know how many students played the game,
how many finished it, and how many of them quit before finishing.
As all traces can contain a timestamp, we can calculate best, aver-
age and worst completion time for a group of students. With the
quit game trace context, we can identify in which points of the
game the users stopped playing. This information can help to infer
the reason why they stopped playing. When students recurrently

quit the game at the same point, the authors may be pointed to a
game design problem or a technical error. [t could also denote a
flaw in the educational content used or poorly balanced difficulty.
By identifying these flaws the game can be refined iteratively.

Using phase troces it is possible to generate visual reports (e.g.
using charts) representing how players access the game structure
(e.g., represented in a directed graph), and wsing timestamps,
how the overall time spent is distributed between all the phases.
These reports also allow the identification of game design flaws
by displaying excessively time-consuming phases, or which educa-
tional topics are more cumbersome for the students. If players can
explore phases freely, it is also possible to show reports with the
completion status of all the phases.

Using meaningful variables traces, we can display the final val-
ues for some interesting variables. For example, if the game has a
score variable, or a variable tracking the final state of a secondary
goal, their final values for every player can be shown

Using input traces, we can partially (or completely, depending
on the amount of input recorded) recreate the complete gameplay
session. In tum, combining these traces with the information
recorded by phase traces, it is possible to generate reports of how
interaction is distributed in every phase. More specifically, we have
explored the generation of heat-maps for each scene: this is
achieved by aggregating the coordinates where each click of the
mouse happens, and visualizing their locations on top of the
scene’s background. This allows the identification of those points
in the screen that receive more attention from the users.

However, although this information provides insight into how
students interact with the game and can provide some relevant
feedback, it is not enough to support a full assessment process.
IMore specific reporting is required to gain insight into how stu-
dents are interacting with (and learning) the material.

5. Assessment conditions and goals

In the previous section we described the basic reporting
approach hased on simple analyses inspired in traditional weh-
analytics reporting. Those reports can be generated automatically
for all games without a significant effort. In turn, educational
assessment is typically based on goals achieved by students in
certain areas. A goal is considered fulfilled when certain conditions
are met, and these conditions are heavily dependent on each
specific game. However, the design and collection of specific infor-
mation traces for each individual game is not desirable, as the
results will often be expensive.

In summary, tracing simple data is not enough by itself, and
tracing advanced data is game-dependent and therefore more
costly. Alternatively, we advocate for building game-specific
assessment rules on top of the geperic information traces
described in the previous section. Our assessment process is based
on this idea. As a starting point, using the “universal” set of traces,
we define the following types of conditions:

» Time from A to B is less'more than T: Since all traces contain a
timestamp, it is possible to define conditions were time passed
between times A and B is less/more than a value set by the tea-
cher. For example, time spent to complete the game must be
less than 10 min; time spent to complete “phase two™ must
be less than 30 s.

Variable X has as final value equals to/fless than/greater than ¥: The
condition checks the value of some variables at the end of the
game. X can be obtained from operating two or more variables,
and ¥ could be a configurahle value or other variable. For
example, the “number of deaths” value must be less than five;
the wvariable “score” must be greater than one thousand;
variahle *goal 1 completed” must be true.
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« Trace Z is present: A specific trace was generated during game
play. For example, “game finish”,

More complex conditions could be defined by combining these
ones with logical operators (or, and, not). Obviously these report-
ing rules cannot be made generic: the specific locations (A, B), or
values (T, ¥) are closely dependent on each specific game. More-
over, they must be carefully adjusted to match the educational
objectives of the games. However, the information sources for
these assessment rules are events broadly covered by the “univer-
sal” set of traces, and therefore it would be possible to create tem-
plate rules that can be applied to different games, with only minor
adjustments.

Combining these simple rules, it is possible to define complex
goals that define the situations that are considered to reflect that
the student has achieved the expected educational gain. The edu-
cational goals can be individual, or set for the group.

Including some Business Intelligence mechanisms, the teacher
could set alarms if some goals are not accomplished after a certain
date. Or, if some goals are generally poorly performed, teachers can
make interventions to improve the results (e.g. debriefing the stu-
dents about their insufficient performance, or trying to understand
the reasons using the information collected ).

6. Technical considerations

The generic traces have been designed with the intention of
simplifying their collection from different games and platforms.
However, it is obvious that the game platform used for running
the games must allow collecting or generating traces as described
in this paper.

In order to apply this approach in different games, it would be
necessary to extend open-source game engines or to use game
engines that are already prepared to track and report this informa-
tion. In addition, since we expect to collect meaningful variahles,
the game platform must include an explicit model to represent
the definition of a game. This model should be kept in separate files
from the code that runs the games in a format that is easy to pro-
cess by a machine,

Finally, the recorded data logged needs to be stored and col-
lected separately. This will typically require a remote server that
receives and collects the traces, storing them in a database, which
increases the complexity of deploying the games in many settings
(for example, primary school computers are usually behind a fire-
wall [proxy that prevents direct access to external servers,

7. Case studies

In this section, we put into practice all the concepts presented
in the previous sections using two different games developed by
the e-UCM group, both implementing a tracking system similar
to the one described in[28]. In each of the case studies we put into
practice different aspects of this work: Case study 1 focused on
assessment of the leaming artifact and used reports hased on both
generic traces and very simple aggregated assessment rules. In
turn, Case 2 focused primarily on assessment of learning {although
we also explored assessment for learning), using assessment rules
built by combining generic traces as described above (see Fig. 2.

7.1. The Big Party

“The Big Party” is an adventure game developed with the eAd-
venture platform [29]. The main goal of the game is to teach per-
sons with psychical disabilities certain habits and common skills
important for every person in daily life, like taking care of one's

personal hygiene, clothing, social behavior in professional environ-
ments and how to address other people (Fig. 3). The game starts
setting the players in their bathroom. They must shower and get
dressed to go to a party with people from the office where they
work. Once there, they must interact with their co-workers,

711 Study setup

"The Big Party” was the first game where we applied our Learn-
ing Analytics System. The game had been previously developed
and tested with a group of users as part of a project for empower-
ment of disabled persons. Howewver, its specific characteristics
made it especially interesting for a deeper study focused on assess-
ment of the pame artifact. Its target audience represents achallenge
for game designers, who may not anticipate which elements of the
game may end up being a distraction, or causing users to get lost
inside the game.

The tracking system was directly attached to the game, and we
used exclusively the unmiversal traces to gather information about
how the users interacted with the product. We therefore had two
objectives in this case study:

(1) Checking whether it was technically feasible to add the
tracking mechanisms to a game that was developed
separately.

(2} Testing whether a simple analysis of low-level interactions
could be sufficient to identify game design issues and points
in which the users were getting lost.

We invited 19 users from the target group, but who had not had
any previous experience with the game, and allowed them to play
without further directions, while the games generated the complete
set of traces and sent it to the server. Then, we performed different
simple analyses of the data, and tested possible visualizations that
may help the designers learn about in-game issues, as well as to
understand how much time users employed to complete the game.
The analyses focused solely on assessing the design of the game
rather than the actual acquisition of knowledge.

7.1.2. Resules

Fig. 4 shows one of the reports generated for this game. To gen-
erate the heatmap, we collected all the input troces containing
clicks in that concrete phase (ie. those that happened before the
phase start trace and the phase end trace). Each click is represented
with a pale blue dot, and when an area receives more clicks the
dots are clustered and we use warmer colors to identify the most
clicked areas (with the color red representing the maximum num-
ber of clicks).

This report was relatively easy to create, and only used basic
traces (input events and the markers for when the phase started
and ended ). However, it made it very easy to detect that users were
mostly trying to interact with the actual active objects in the scene
(toothbrush, toothpaste, comb, deodorant and shaving razor).

Interestingly, it also helped to identify minor pitfalls. For exam-
ple, in the picture there is a mirror. The mirmror is not an active part
of the scene, and had never received any attention during the
development process. However, there is a reflection in the mimor,
and the analysis showed that some students actively tried to click
on objects reflected on the mirror.

We also generated other reports using the available data. For
example, we measured the time elapsed between game start and
game end traces for every player. With this report, we could iden-
tify maximum and minimum completion times, as well as which
players were faster and which ones were slower. This type of
report is extremely simple, but it is still useful for detecting outlier
cases that required abnormal amounts of time to complete the

game,
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Fig. 2. General architecture.

Fig. 3. Screenshot from The Big Party game.

;OUE DEBO HACER AQUI? !

Fig. 4. A heatmap representing all the clicks performed by players in one scene.

In turn, we also used all the phase start and phase end traces to
analyze how each student explored the game. Using the time-
stamps from these traces, it was possible to reproduce the path fol-
lowed by the players. With this report, we could identify how
many students were accessing “help phases” (special phases con-
taining clues to complete the game) or getting caught in undesired
loops.

Fig. 5 shows a screen capture of this animated report. It recre-
ates how each player moved through all the phases of the game
in real time (or as a later replay that can be accelerated). Each col-
ored circle represents a student and his localization inside the
game.

7.1.3. Discussion and lessons leamed

The main objective of the case study was to test whether simple
combinations of the universal traces would be able to provide valu-
able feedback about game design. The analysis based on the heat-
map was especially useful as it provided an intuitive visualization.
In fact, it allowed the designers to see how users were trying to
interact with the mirror. The developers reacted by blurring a bit
the image in the mirror so that it would receive less attention.

On the other hand, the time measurements were useful for
identifying outlier figures. Two players took abnormally long to
finish the game. While this does not provide directly useful infor-
mation about the design of the game or the actual stumbling
points, it allows the identification of important cases, prompting
the designers to take a close look at the full pathway took by those
specific students.

For this closer inspection, the directed graph diagram (Fig. 4)
that shows the pathway of the students can be especially helpful
for identification of undesired cycles or excessive amounts of time
spent in a specific phase. As a last resort, having the detailed input
traces it would be theoretically possible to replay the entire play
session, although this would also require specific modifications
of the game engine that we have not explored yet.

7.2. Lost in Space <XML>

Lost in Space <XML> is a puzzle game designed to learn
basic XML and DTD concepts (Fig. 6). The game was divided in
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Fig. 5. Graph representing how players explore all the different phases contained by the game. Each circle represents a student and her localization in the game. Circles on
edges represent students that are transitioning from one scene to another.

Fig. 6. Lost in Space XML screen capture. Students must enter XML documents in the interpreter (bottom left area) following a DTD (top left area) defining movements
necessary to lead the spaceship to the wormhole.

User: 1988 / Session: 1
phases of incremental difficulty. In each phase, students must

lead a spaceship on a grid board from an origin point to a Goals Definition Success
wormhole. They must type actual XML snippets (complying with [score 1 ‘ 1

a DTD that defines spaceship actions) that are then sent to an ! t m— t
interpreter that translates the snippets into in-game actions that | o 2. Biorncinibiin o puiion ! !
guide the spaceship. Some of these XML interactions include Completion time| 9eme_end imestamp - game.start timestam - x
:g(‘;;ﬁ:g one space, rotating, waiting for a few seconds or Fig. 7. Lost in Space <XML> assessment report, showing the goals out comes for one

particular player’s session.
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Fig. 8. Real-time dashboard for the Lost in Space <XML> assessment report.

72.1. Study setup

While the previous game focused on the assessment of the
game artifact, this second case study focused on the other bwo
forms of assessment (assessment of learning and assessment for
leaming ). We wanted students to have to apply frequently the
knowledge recently acquired as they played by writing actual
XML documents that were the main source for assessment data.

We designed the case study to explore real-time data visualiza-
tion and to generate complex scores, therefore covering the two
forms of assessment mentioned above,

We set three assessment conditions, following the procedures
presented in Section 5:

= Score goal: This focused on the universal trace based on mean-
ingful variables. In particular, the game reported variations in
the variable score, and the assessment condition was considered
successful if it achieved a value greater than 1000 {maximum
score 3000).

- Valid XML documents: For each session, the game also exposed a
variable with the percentage of comrect XML snippets. The
assessment rule was activated if the percentage of correct
XML documents ended up being higher than 75%.

- Completion time: This rule measured the time employed to com-
plete the full game, as time from the first phase start to the phase
end of the last level. The result should be less than 30 min.

Combining these traces, it is possible to create easy to read
reports where the instructor can quickly verify individual progress
in the game (see Fig. 7).

In addition, in order to test how these traces may be used in real
time to assess the progress of each student {and perform correc-
tions if needed), we tested a real-time visualization tool that also
reported the current score and latest level successfully completed
by each student.

722 Results

We tested the game with a group of 37 students from a web
programming course, who played the game in a computer labora-
tory while the instructors watched, helped and kept track of the
progress through the reporting screen

The session was an open test of the feasibility of the apprmach
and the usefulness of the reporting tools, and for this reason it
was not structured as a formal evaluation. However 94% of the stu-
dents completed the game successfully (all but two) and 81% of
students achieved scores over 1000, In turn, only 24% of the stu-
dents completed the game in less than 30 min.

However, the real goal of the session was not to obtain assess-
ment of the students, but to try the approach in a real setting. The
results in this sense were interesting, with the real-time visualiza-
tion proving to be a very valuable tool for the instructors conduct-
ing the live session (Fig. B}

7.2 3 Discussion and lessons leamed

Through this case study, we tested the possibility of creating
more complex assessment tools as combinations of the basic sets
of traces. Regarding assessment of leaming, we established differ-
ent assessment conditions and goals that could use the universal
traces as data sources. The result successfully allowed the instruc-
tors to get basic feedback about how well each student had per-
formed during the play session. It should be noted, however, that
these scores were exploratory, and they were not considered in
computing the official grade of the students.

Regarding assessment for leaming, the real-time tracking screen
was useful for the instructors, displaying the progress and allowing
the identification of those students that were having issues. The
remediation (scaffolding) action was to approach the students
and explain why they were failing to formulate the correct
solution.

8. Condusions and future work

In this paper we have proposed a two-step approach to apply
Leaming Analytics techniques to support the assessment of educa-
tional videogames. The main concern that we try to address is that,
while LA techniques seem promising in general and in games in
particular, their application to serious games is hard to generalize,
expensive to scale and difficult to organize. While typical LA
approaches focus on measuring the interactions with a web server
(which are often carried out through well-established protocols),
game analytics require more complex processes to gather and
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analyze information [12], potentially resulting in very good results,
but also with a high complexity and cost. We are trying to lay the
foundations for further work in applying LA in such a way that the
technology would not be an issue, by offering a common ground
for different vendors to provide and use gpames with LA
subsystems.

The key idea is to propose a first layer consisting of a simple set
of generic traces applicable to most (if not all) serious games. This
set of traces is intentionally very simple, in order to maximize its
potential spread. In turn, an additional assessment layer is used
to generate more elaborated reports by tapping into those generic
traces to gain insight into how the students are playing and leam-
ing. These reports serve three purposes: first, the study of the
traces allows the developers to balance the game design, spotting
weak points in the game deserving authors' close attention. Sec-
ondly, setting assessment conditions and rules allows the defini-
tion of success indicators that could eventually be used as a
grading mechanism. Finally, the provision of real-time visualiza-
tions offers the teachers insight into how each student is progress-
ing, therefore providing an opportunity to intervene.

‘We have tested this approach and its technical validity through
two basic case studies created with different game engines. The
first case study (The Big Party) focused on game validation and
minor adjustments, using a game previously created with the eAd-
venture game platform The second case study (Lost in Space
<XML>) focused on testing the application in terms of assessment
of learning and assessment for leaming, using a browser game cre-
ated with HTMLS tools. While the case studies were not formal val-
idation experiments, they showed the feasibility of the approach.
In particular, we aimed to use very simple and direct analyses,
demonstrating that even small-scale tracing could yield important
insights into the gameplay experience.

Regarding the assessment of the game artifact, we managed to
identify design issues with these simple analyses. However, the
approach is mostly valid for identifying points in which the players
get confused, which does not necessanly give the designers insight
on how to solve the issues. However, the identification of the stum-
bling point is an important and necessary step that facilitates the
designers’ waork.

In turn, regarding the assessment of learning, the traces can be
used to create reasonably complex assessment conditions that can
be combined in an assessment report. We created such reports in
our case study, but our main intention was to test the viability of
the approach, not to actually grade the students. Further work on
using such games as formal tests would require the validation of
the consistency of these scores, for example by comrelating them
with a previously validated formal test.

Regarding its application as a tracking tool to provide scaffold-
ing, the real-time wvisualizations offer a promising tool for an
instructor overseeing a gameplay session. During the case study,
the instructors were actually the authors of this work, and there-
fore this study is not a validation of whether instructors in general
would find it useful for their specific teaching environments. Fur-
ther work should focus on generalizing the real-time dashboard
so that it can be used in different games and validated by external
instructors,

Another relevant lesson leamed is the difference between the
kind of reporting required for fine-tuning a game and identifying
pitfalls and the kind of reporting required for assessing the educa-
tional gain. Interestingly, fine-tuning can often be performed using
the universal set of variables, traces and processing rules, which
are independent of the specific game being studied. Therefore,
the addition of these evaluation features has a reduced cost and
can be easily added to different games. In contrast, assessing the
educational game does require specific traces and processing rules,
tailored for each specific game, given its specific design and specific

learning objectives. Fortunately, we have observed that it is rela-
tively straight-forward to define game-specific rules based on
game-agnostic information traces.

‘We think that this is a first step towards a new model of student
assessment based on educational games that can complement
other methods. While these case studies are not a formal validation
of the approach, our preliminary results suggest a pathway
towards affordable assessment systems based on applying Learn-
ing Analytics techniques that rely on standard and easily general-
izable information traces.
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6.4. Applying learning analytics to simplify serious
games deployment in the classroom

6.4.1. Cita completa

Angel Serrano-Laguna, Baltasar Fernandez-Manjon (2014), Applying learning analytics
to simplify serious games deployment in the classroom, Global Engineering Education
Conference (EDUCON), 2014 IEEE, 3-5 abril 2014. DOI: 10.1109/EDUCON.2014.6826199

6.4.2. Resumen original de la contribucion

In this paper we present our approach to introduce educational videogames as class
exercises in face-to-face education. The main objective is to simplify teachers’ task when
using games by providing real-time information of the actual students’ use of the games
while in the classroom. The approach is based on defining the educational goals for the
exercise/game precisely, designing a game that captures these goals, establishing relations
between game interactions and educational goals and finally, create data capturing and
visualizations of the relevant information to support the teacher. We applied this
approach to a real case study, creating an educational videogame about the XML markup
language that substituted the usual exercises in a Web Technologies class. This was tested

with 34 computer science students with positive and promising results.
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Abstract—In this paper we present our approach to introduce
educational videogames as class exercises in face-to-face
education. The main objective is to simplify teachers’ task when
using games by providing real-time information of the actual
students’ use of the games while in the classroom. The approach
is based on defining the educational goals for the exercise/game
precisely, designing a game that captures these goals, establishing
relations between game interactions and educational goals and
finally, create data capturing and visualizations of the relevant
information to support the teacher. We applied this approach to
a real case study, creating an educational videogame about the
XML markup language that substituted the usual exercises in a
Web Technologies class. This was tested with 34 computer
science students with positive and promising results.
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L INTRODUCTION

Almost all teachers use practical exercises in their classes o
help their students 1o consolidate knowledge and acquire new
skills. While resolving exercises, students have to apply
theorencal  knowledge 1o solve  specific  problems
demonstrating their understanding and identifying possible
doubts or misunderstandings. This 1s especially important in
scientific disciplines, where practice 1s fundamental in the
learning process.

However, it s very complex to know what is actually
happening in the classroom and it 1s even more complex when
interactive content such as games or simulations is used. When
teachers want to keep track of the progress of their class,
among other things, they must monitor how students resolve
classroom exercises. Bul the efforts o keep a complete view of
students’ progression in a normal class escalate exponentially
as the number of students and exercises grow. In most cases,
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baltai@ {di.vcm.es

teachers only obtain a partial view that force them to rely on a
large extent m objective evaluation (Le. wrillen exams) o
assess their students [1]

Nowadays, new trends in educaton —combined with the
emergence of new technologies— plead in favor of changing the
number and type of interactions between teachers and students.
One of these trends s Learning Analyties (LA), a discipline
based on the analysis of student interactions with on-line
educatonal resources to improve the educational process. LA
results and metrics can benefit —with highly different purposes—
teachers, orgamzations and students themselves [2].

ldeas behind LA can help teachers to keep track of the
students —on a daily basis— through classroom exercises. We
only need to satisly two requirements: {irst, the students must
resolve exercises using a connected device, so the device can
communicate back the resolution process; and second, a LA
system must listen to this user data, analyze it and present 1t 1o
the teacher in a meaningful way.

We think that educational videogames can be a good tool 1o
create “connected” classroom exercises. Many authors point
out their qualities for education, and videogames are a perfect
place o expeniment and practice skills [3], which fulfills the
needs for classroom exercises.

In this paper, we present our approach to successfully
deploy videogames as classroom exercises whose resulis are
auwomatically visualized by the teacher. This paper is structured
as follows: first, we refer some related works that connects
students in the classroom with the teacher using some device.
Second, we define the steps of our approach and then we detail
a study case in which we applied it. Finally, we discuss some
results and conclusions.

II.  RELATED WORK

The authors m [4] describe the process to prepare an
observed pedagogical experiment defining two phases: the pre-
experiment and the expeniment. The first phase include wo
steps:  the collection configuration and  the structure
conliguration (which data to collect and how these data
structures for subsequent analysis); and the second phase
includes  four steps:  collect, structure, analyse and
represent/visualize (the analysis process). In this work, authors
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define “observable factors™ as the low-level interactions that
students perform with an e-leaming system. A set of rules
convert these low-level observable factors into more high-level
events, with a particular meaning inside the educational
context. This is approach is somehow general, and 15 intended
to analyse abstract mteractions of students. We want o extend
this idea making educational goals the foundations of the
process, and students assessment its result.

Authors in [5] refer one of the first examples of students
using connected devices to participate in the classroom, back in
1996. Students answered direct questions using a palm-top
computer (which had a full QWERTY keyboard and LCD
screen) connected to a central computer. With this system,
teachers presented test questions about the course content itsell’
but also about students” feelings and opinions of the class. This
idea evolved parallel 1o the technology, and new research
appeared with improved hardware, e.g. using RF clickers [6] or
mobile phones [7].

One of the disadvantages of this type of systems is that the
interaction students perform is limited, since in most cases
answers consist of selecting an option or writing a word. Thus,
both data for analysis and resulis” visualizations are also
limited. On the other hand, videogames are usually complex
highly interactive applications that can present hundreds of
situations and options to students therefore the data extracted
can be much richer.

But simplify teacher task when using interactive content is
essential for the acceptance of new technologies. Therefore, 1t
15 necessary to provide simple and useful LA data, such as
visualizations. Some authors are trying to avoid the pure
statistical graphs and reports, looking for more depurated views
[8]), and authors in [9] propose that LA visualizations should
follow the idea of “goal orented visualization™.

We take all the ideas presented in this section to define our
approach.

UL USiNG VIDEOGAMES AS CLASSROOM EXERCISES

We define an approach whose final purpose is 1o show
teachers the results of their students in classroom exercises
(presented in the form of small videogames). Figure 1
represents the steps in the process: 1) educational goals
definition, 2) game design and implementation, 3) interaction
analysis and 4) resulis visualization. In the next subsections, we
detailed each of these steps.

A, Educational goals definition

Educational goals are the core and basis for the process.
Teachers have to define what the students should learn in the
exercise, and which concrete skills they want to test. Clear,
concrete and precise goals will help in the subsequent steps.

The definition should follow a top-down approach, starting
with a general goal (eg. teach basics of structured
programming) and then break it down into sub-goals (e.g. teach
Jfor loops, teach while loops, teach functions. . ). Teachers must
narrow the goals domain, discard those too ambitious and keep
them as simple and concrete as possible.

Each educational goal must have a binary result, (ie. a
student achieved the goal or not). Some goals can rely on a
scale (e.g. student accomplished 40% percent of this goal), to
give a more fine-grained result, but these results also should
give a binary output (e.g. if a swdent accomplishes more than
60% of the goal then achieves the goal), to simplify later
visualizations.

Educational Goals Definition

Results Visualization

Fig. 1. Our approach follows four steps: 1. Definition of the educational
gaoals for the exerise' videogame 2. Design and implementation of the game.
3. Interactions analysis o establish relations between educational goals and
interactions 4. Visualization of the results.

Ideally, the game designer supporis and gives guidance in
the decisions of this step. The designer has more insight on
which goals and 1deas can be translated into the game and also
keeps in mind requirements and constraints conditioned by the
following steps of the process, like which game mechanics will
be proper for the goals (il any) and which interactions will be
necessary Lo capture to assess them.

B. Game design and implementation

In this phase, the game designer (or the game
designers/programmers) takes control. His job consists in
designing and implementing a game that covers all the
educanonal goals defined in the previous step.

The design process will define the theme, the scope and the
mechanics of the game. Setings like the target audience or the
content subject will affect the theme. Variables like desirable
time to complete the game, level of difficulty, n additon to the
educatonal goals themselves, will define the scope And
finally, content of the goals will define for the most part the
game mechanics.

Teachers will assist in the process, validating the
educatonal and pedagogic approaches implemented by the
same.

C. Translating game interaciions into goals achievements

Although we treat it in a separate step, translating game
interactions (the “observable factors™ in [4]) mto goal
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achievements is intimately bound up with the game design
phase.

We face two aspects o connect interactions with
educational goals: 1) game designer/programmer decides how
the data are transmitted to the teacher (1Le. the communication-
back process); and 2) teacher and designer have to define
which concrete interactions prove that a student accomplished
a goal (1.e. the analysis process).

Relaton between interactions and goals can be as complex
as desired. In many cases, however, 1t is feasible to establish
direct relations between a concrete interaction and an
educational goal. For example, if the game presents a puzzle
that requires knowledge aboul two electronic components,
solving it implies that the student knows those components (iLe.
if the student solves the puzzle then the student achieves the
goal), and we put aside complex data analysis to extract this
result.

For goals that use a scale, it will be necessary to extract
certain values to calculate its result. For example, in a quiz
game, one goal could be the result of dividing the number of
questions correctly answered between the number of questions
asked.

Analysis of the results can take place in two modes:

*  [n-game assessmeni: the game assesses all the
goals intemally, and the teacher receves only the
final resulis. In this mode, the teacher does not
receive the interactions performed to achieve the
goal. This mode can be approprate for games in
which relation between interactions and goals is
very simple.

o [fxiernal analysis: the game sends all the
interactions to an extemal system, which collects,
analyzes the data and finally shows the results to
the teacher. This mode i1s more appropriate if
relation between interactions and goals s more
complex (e.g. several different interactions can
lead to the same goal) so teachers can have more
detailed information about the path followed by
students for each goal completion.

D, Visualization

All the efforts from previous steps focus on giving to
teachers a set of useful reports with feedback and formation
about students” performance.

Following the idea of goal onented wvisualizations [Y],
reports Tor our approach promanly show goals achieved by
each student in the concrete exercise/videogame. Combinations
of students and goals can spot goals with best and worst
suceess rtes, and best and worst performers.

In addition, as secondary reports, student can also have
access o some of the results from the data analysis, with auto-
evaluation purposes  (e.g. knowing which goals they
accomplished and the knowledge associated with them).

E. Deployvment in the classroom

Finally, teachers must decide the deployment of the
videogame in the classroom: where students resolve the
exercise (durimg laboratory practices or at home), if it is
mandatory or optional, if the results have any nmpact on the
students assessments, if there 1s a follow up session or other
content related, ete.

IV. STUDY CASE

We tested our approach in a Computer Science Degree
classroom, with students and content from a Web Technologies
class in the Complutense University of Madrid.

In the usual mechanic Tor the class, the teacher first presents
the lesson content through theory (with a slides presentation)
and then proposes some related exercises to the students.
Sometimes, they must develop a lab practice during several
weeks, and others, they resolve basic exercises during
classroom time, while the teacher clanfies doubts.

For this study case, we took one of the items of the course
content —the XML markup language— and substituted its
exercises fora puzzle videogame.

We now break all the steps taken, following the process
desenbed m section 11
A. Educational goals definition

We took as educational goals the same ones the teacher had
defined for the substituted exercises, which were:

o Create simple XML documents: the student can
create a document with a root and a few children
nodes.

o Create XML documents with attributes:  the
student can use atiributes in some of the nodes.

o Create new documents interpreting a DTD: the
student can create documents based on a given
DTD.

«  Create complex XML documents: the student can
create documents with several nested children and
attributes.

B. Game design and implementation

The main educational goal for the exercises was 10 teach
students to write XML documents. So we decided, inspired by
some tools aimed to teach programming languages like Scratch
[10]. that students should inroduce XML documents to control
the game.

We choose puzzle game with several phases. In each phase,
students must lead a spaceship to a wormhole (the exit),
introducing XML documents (see figure 2). The XML
documents represent actions that the spaceship can perform:
move, rotate, shoot and disappear, each with several vanants
regulated by attrbutes.

C. Translating game inferacfions into goal achievements
The game mainly broadcasted two types of interactions:
phase completions and XML documents introduced in the text
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area. Next, we detailed how these interactions were linked to
the each educational goal:

o Creafe a simple XML docmeni: this was the
simplest goal, and 1t was achieved the first time a
student sent a valid XML with a root and a child.

o Create XML documenis with attributes: 1L was
achieved alier the student sent 5 valid XML
documents with 5 different atinbutes.

o Create new documents interpreting a DTD: while
players move through phases, they find spaceship
parts that give them new abilites (rotate, shoot. ).
This new abilities are expressed through a DTD
that s expanded every time a new part is found. In
each phase the student find a new part, is
mandatory to use the new ability, i.e. the student
must interpret the updated DTD to finish the
phase. This goal is achieved once the player passes
the last phase in which a spaceship part is found.

o Create complex XML documents: players can
complete many phases using several tiny XML
documents, but they can also accomplish these
phases grouping those tiny documents into a
complex one {(and obtaining a better score).
However, there are two phases that require the
use of a complex document to pass through, so
this goal is achieved once the player beats these
two phases.

Actions and Sructures St
{with syniax help}

Ally ship Enamy nhip Triggmr

Taxi ares -
Codn Interpratar

Playnr's ship Safe zore Lawnl's exit

Fig. 2. Lost in Space <XML> screen capture. The goal in each phase is o0
lead the player’s ship to the exit, intoducing XML documents as orders m the
text area.

As an extra (and although it has no real effect over the
educational goals) the game also sent the score of each player
in each of the phases.

D. Visualization

Figure 3 and figure 4 shows the teacher visualizations for

the Lost in Space <XML> game. Figure 3 shows the results of

each student individually. One row contains the data for one
player in five columns: the session id, the name, the current

phase, the score and the educational goals completed (in the
form of badges).

Figure 4 box shows all XML documents sent by the
students. This report can filter the results by student, and by
valid or invalid documents. With this view, teacher could
easily find those most common mistakes committed by the
students, and intervene to fix them.

Fig. 3. Teacher visualization of studems results. This wisualization has 5
columns: a session identifier, user name, current phase, current score and
educational goals achieved {in the form of badges that are “turned on™ when
they are achieved).

XML Sent
(o] ] e |

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Fig. 4. Teacher visualization of XML sent by the students. This visualization
containg 2 columns, one of the username and other with the XML document
sent. Teacher can filter valid and invalid documents, and also filter the
documents by user name.
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Also, for this game, we developed a view for the students
that showed them their individual results (figure 5). This view
was mainly showed to siudents to encourage them to try again.

Results of "ibai"

Scome:1910

Goals

Can aréale smplé documenls
Can use aribuies
Can not use complex documents

Can not interpret a DTD

Fig. 5 Students visualization. In this repon, they see their score and the
educational goals achieved.

E. Deploymeni in the classroom

34 students played the game in a laboratory session (figure
6), two days after receiving a class about XML fundamentals.
For the first hall of the class, students were unaware that we
were tracking their results, but we showed them the raking half
way the class was through.

During the class, students enjoyed the game and remain
active the whole class, exchanging comments and scores with
their partners.

Fig 6. Session with the students playing the game. Due to space restrictions,
in this session students played by pairs.

V. CONCLUSIONS

In this paper, we present our approach to simplily teachers”
task when using games by providing real-ume information of
the acwal students” use of the games while in the classroom.
This approach i1s specially focused on delivering assessment
data to the teachers.

We emphasize three main aspects: define precisely the
educational goal of the exercises, establish a reliable
conmnection between game interactions and educational goals,
and design clear visualizations that provide useful information
for the teachers about the acal use of the games.

We tested this approach in a real case, and we oblain as
results a game to teach XML basics and a tool for teachers to
visualize the students” interactions and goals achievement.

Based on the experience with the study case, our approach
fulfilled our needs. The goals for the Losi i Space <XML=
game were simple but adequate Tour our needs, and the
analysis require simple techniques, which leads us to think that
for small exercises, it is not really necessary a complex data
analysis.

Also, the goal onented visualizations served the teacher to
have a more complete view of the students” performance.

However, this study case was isolated, and some challenges
remain opened, ke how we can itegrate results from several
exercises/videogames and the long term effect on teachers’
perception.
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6.5. A methodology for assessing the effectiveness of
serious games and for inrring player learning outcomes

6.5.1. Cita completa

Angel Serrano-Laguna, Borja Manero, Manuel Freire, Baltasar Fernandez-Manjdn (2017),
A methodology for assessing the effectiveness of serious games and for inferring
player learning outcomes, Multimedia Tools and Applications [Aceptado y pendiente de
publicacién] [Factor de impacto JCR: 1.331; Segundo cuartil (Q2) 31/106 en “Computer

Science, Software Engineering”]

6.5.2. Resumen original de la contribuciéon

Although serious games are proven to serve as educational tools in many educational
domains, there is a lack of reliable, automated and repeatable methodologies that measure
their effectiveness: what do players know after playing serious games? Do they learn from
them? Previous research shows that the vast majority of serious games are assessed by
using questionnaires, which is in stark contrast to current trends in the video game
industry. Commercial videogame developers have been learning from their players
through Game Analytics for years via non-disruptive game tracking. In this paper, we
propose a methodology for assessing serious game effectiveness based on non-disruptive
in-game tracking. The methodology involves a design pattern that structures the delivery
of educational goals through a game. This structure also allows one to infer learning
outcomes for each individual player, which, when aggregated, determine the effectiveness
of a serious game. We tested the methodology by having 320 students play a serious game.
The proposed methodology allowed us to infer players’ learning outcomes, to assess the

game effectiveness levels and to identify issues in the game design.
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Abstract Although serious games are proven to serve as educational tools in many educational
domains, there is a lack of reliable, automated and repeatable methodologies that measure their
effectiveness: what do players know after playing serious games? Do they leam from them?
Previous research shows that the vast majority of serious games are assessed by using question-
naires, which is in stark contrast to current trends in the video game industry. Commercial
videogame developers have been leaming from ther players through Game Analytics for vears
via non-disruptive game tracking. In this paper, we propose a methodology for assessing serious
game effectiveness based on non-distuptive m-game tracking. The methodology mvolves a
design pattemn that structures the delivery of educational goals through a game. This structure
also allows one to mfer leaming outcomes for each mdividual player, which, when aggregated,
determine the effectiveness of a serious game. We tested the methodology by having 320
students play a serious game. The proposed methodology allowed us to infer players’ leaming
outcomes, to assess the game effectiveness levels and to identify issues in the game design.

Keywords Serious games - Leamning analbytics - Game design - Learning outcomes analysis -
Educational games
1 Introduction

Serious games are video games designed for purposes beyond pure entertainment [25]. Serous
games are multimedia tools by nature. As a subfamily of videogames, they combine different forms
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of media (animations, music, text, etc.) to create immersive experiences for players. Their
versatility allows them to be used as tools with many applications m different domains. One of
the mam applications is education, whereby they have become proven leaming tools: they are used
across several domaims with multiple goals and formats, and their acceptance and effectiveness has
almost alway s proven positive [ 10, 39]. Traditionally, a large percentage of serious games has been
both developed and deploved by educational researchers, limiting their scope and reach. This trend
15 beginning to change. Cumently. the widespread use of Virtual Leamimg Environments (VLE ) has
allowed for the application of serious games at unprecedented scales. To reach therr full potential,
serious games should apply the latest advances m education and commercial videogames [26].

Om-line education has increased exponentially in recent years, and many students now leamn
through Intemet-connected devices. This has vastly mcreased the amount of educational data
available for analysis. Disciplines such as Learning Analytics (LA) or Educational Data
Mining { EDM) study patterns of student imteractions to better understand underlying leaming
processes [7, 16]. This mformation can be used by different stakeholders for various purposes:
from university administrators calculating dropout rates for each class to teachers identifying
students at risk of course failure [ 1¥].

Serious games (and video games in general) are particularly well suited for data analysis.
Therr highly interactive nature based on a constant loop of wser input followed by game
feedback designates them as rich sources of mteraction data. These mteractions can be malysed
to explore how users play and in the case of serious games to understand how users leam.

The video game industry has been performmg these types of analyses on commercial
games for years via Game Analytics (GA) [17]. One of the mam uses of GA 15 to measure
balance m gameplay: a balanced video game 15 one that keeps s plavers m the flow zone, a
state wherein the player feels challenged by the game but s neither bored nor frustrated [2].
GA 1s wsed to locate points of gameplay at which players become stuck or quit as well as
maoments at which a game’s mechanics or nternal rules fall short. GA 15 also used to identify
clues on ways to fix these problems.

Commercial video games typically non-disruptively collect data from their players through
tracking systems that go unnoticed by players [36]. However, according to the literature [5],
aspects of serious games are typically assessed through questionnaires completed by players.
There is a clearneed to combine the emerging disciplines of LA and EDM with the non-disruptive
techniques of GA to generate reliable, automated and repeatable assessments of serious games.

Serious game assessments can focus on many outcomes, such as usability, engagement or
motivation. However, the leaming outcomes are the results most stakeholders wish to obtain
from serious games [1]. Leaming outcomes have also been the results most frequently assessed
when examining recently developed serious games [5]. and some authors even believe that
such outcomes could be used to replace standardized tests [3]. However, multiple issues with
serious games must first be addressed. One pertains to a lack of methods available to assess
serious game effectiveness [40]: teachers, lecturers and policy-makers need to guarantee that
serious games are effective enough to be used in the classroom. In this regard, the application
of GA techniques to serious games can provide stakeholders with objective and reliable data.

In this paper, we propose a methodology for inferring leaming outcomes and serious game
effectiveness based on non-disruptive tracking. The methodology targets two different phases
m the life of a serious game: 1) its design and mmplementation, for which we propose a game-
design pattern to shape the delivery of educational content throughout a game., and 2) its
validation and deployment, for which we propose an analysis based on the game-design
pattern to infer leaming outcomes and game effectiveness levels.
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The paper is structured as follows. Section 2 presents a literature review of serious game
assessment methods. Section 3 presents the methodology proposed, and section 4 describes an
experimental case study m which the methodology was applied. Section 5 presents the results
of the case study, which are then discussed in Section 6. Finally, Section 7 presents our
conclusions, some limitations, and avenues for future work.

2 Serious game assessment

Although questionnaires are most commonly used to assess sertous games [ 5], several authors
have addressed the implications of using non-disruptive tracking methods for this task.
Authors have proposed a set of minimum requirements to enable the automatic assessment
of serious games [32] and have addressed the game design implications of combining leaming
analytics with serious games [20]. The ADAGE project [34] is a framework that defines
several “assessment mechanics” that capture basic gameplay progression and critical achieve-
ments. Similarly, we have previously proposed a set of universal “traces™ of particular interest
in the case of serious games that can be emitted through any video game [37].

Other authors have mmplemented ther own ad-hoc analytics, for instance, to analyse
playvers’ steps taken while completing a math puzzle to predict their movements based on
current game states [24]. to assess leaming outcomes by analysing answers to quizzes
mtegrated m a game [13]. and to analyse how players progress through leammg-language
courses to create rich visualizations for teachers [41].

We note that serious game designers must take into account analytics and assessment
constraints from a game’s meeption and throughout the design phase [32]. Many authors have
defined methodologies and guides for designing serious games [3, 11, 12, 14, 30]. However,
this body of research proposes methodologies that are applicable to any anabytics-aware video
game. serious or not. In particular, these works do not typically address key serious game
features, such as ways to deliver knowledge and educational content through gameplay or
ways to infer corresponding leaming outcomes. Some work has started to explore these issues,
proposing a taxonomy of possible elements that a serious game should include to be more
effective [6].

To summarize, we found research that deseribes effective mnalytics-aware serious game
design, but which lacks reference to concrete methodologies for mferming learning outcomes.
On the other hand, some works have proposed ways to analyse serious game leaming
outcomes either via general frameworks or ad-hoc analysis, but withowt addressing the
implications of such assessments for game design. We propose combining both approaches
in defining a methodology that tackles all phases of serious game development: from game
design and implementation to deployment and leammmg cutcome analysis.

3 Proposed methodology

Our methodology pursues two goals: 1) to ease the measwrement of serious game leaming
outcomes and 2) to provide a systematic way to assess the effectiveness of sertous games as a
whaole. To achieve these goals, our approach covers the complete lifecycle of a serous game
(Fig. 1. The process starts in the design phase, when the leaming goals and target population
forms the basis for creating a leaming and game design. The combination of these designs is
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Fig. 1 Serious pame design and deployment process with zleaming outcomes assessment

used to create the game, which is then validated through a formative evaluation with a sample
of the target population. This process is repeated until the game is fully validated. The game
can then be used by the target population (deployment). In the following subsections, we
describe each step of the process in greater detail.

3.1 Design and implementation

Within the context of our methodology, we define “leammg design™ as the transformation of
leaming goals nto game mechanics and leaming outcomes observables based on characteris-
tics of the target population.

The chosen game mechanics should fulfil two requirements: 1) they should be appropriate
tor the leaming goal content based on models, such as that presented m [4], m which leaming
mechanics are mapped to game mechanics; 2) gameplay from players should produce learmning
outcome observables (also termed evenis) that attest to the plavers” knowledge or level of skill.

Durimg game design, these constraints, along with many other considerations for a given
game (such as art styles, storytelling or technologies) shape the creation of a serious game.
Additionally, during this phase, designers must define how a serious game should seaffold the
deltvery of leaming goals. Although there are few concrete methodologies that translate
educational theories into game design aspects [23], some authors have proposed models that
describe the leammg processes of videogames. For instance, i the serious games domain,
Kiili proposes the experiential gaming model [22] and problem-based leaming [23]. both of
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which are based on an fterative process through which players form a strategy, experiment in
the game world, receive feedback, and reflect on the results. In the commercial videogames
domain, similar proposals have been made to split experimentation in two sub-steps: exper-
mmentation in a “safe game environment”, whereby the level of the difficulty of the challenge
to overcome s low and mistakes are not punished, and experimentation in an “unsafe game
environment”, where the level of the difficulty is higher and mistakes are punished (e.g., losing
game lives, coins, score levels, etc.) [33].

For the purposes of our methodology, we have combined and extended these principles into
a game design pattern that also considers leaming outcome observables. Each leaming goal is
presented to players throughout 3 phases based on 2 points of non-disruptive measurement
(Fig. 2):

1y Strategy: Players are first introduced to the leaming goal. This can mvolve
knowledge they might need in subsequent steps as well as concrete instructions
on how to interact with the game world (e.g., through non-interactive scenes or
game tutorials). The plaver receives information on the challenge behind the
learning goal and can start identifying ways to tackle the challenge. The strategy
phase s similar to initial exposition plus exploration behaviours that are wvery
common of games.

2} Practice: players start to apply the knowledge presented in the previous phase.
This practice must occur in a game environment in which plavers™ mistakes have
either no consequence at all or only mildly adverse consequences (“safe game
environment™). This experimentation must be designed in such a way that plavers
can make deductions and test hypotheses on both the knowledge presented in the
previous phase and on the game’s mechanics. In this phase, students test and
practice their strategies. Strategies that work better will later be refined by the
plaver during the mastery phase.

During this phase, players apply knowledge associated with the current leamn-
mg goal for the first time. This allows us to collect initial observables from
which their initial knowledge can be estimated.

3)  Mastery: plavers are required to prove that they have acquired the mtended knowledge
while facing challenges similar to those presented in the practice phase, but with increas-
ing difficulty and higher in-game consequences (“unsafe game environment ™).

During this phase, players prove the degree to which they have acquired the targeted
skill or knowledge. We can in tum collect final observables that allow us to measure their
final progression towards a leaming goal.

4,7 Add i eoncapt ¢ akill _|

—
STRATEGY PRACTICE —» MASTERY e
i - i -~
| Initial abservabies Final chsarvablas

Fig. 2 Game design patiern phases. The phases would be repeated for each sub-goal Ohservables are emitted
durng the practice and mastery phases
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These three phases can be iterated to deliver multiple leaming goals or to deliver a single
goal with increasing difficulty while adding a new related concept or skill during each cvcle.
Additionally, this game pattern optimizes the period in which plavers occupy the flow zone [8].
as it alternates phases in which plavers learn new things in a safe environment (practice) with
phases inwhich they are challenged to prove their skills (mastery ) and through an incremental
approach to prevent frustration.

3.2 Collecting observables

Players perform different interactions to advance in a game: they make choices, resolve
puzzles, beat bosses, and so on. These events are the core observables on which we perform
our leaming outcomes analysis. The following principles (many of them shared with general
(A facilitate this analysis:

1. Observables should result n time-stamped events that describe simple mteractions be-
tween the player and the game [37]. These events should be sent to a central server where
all player interactions are stored for later access and analysis.

2. Events sent to the server should be raw nteractions rather than opague scores [37, 38]. For
mstance, if the mastery phase involves two puzzles, the events to transmit would be the
mteractions performed to resolve the two puzzles rather than a combined score of the final
result. This ensures flexibility, as scores can be later recalculated from interaction data if
the subsequent analysis reveals a need to do so.

3. Data collection should be as non-disruptive as possible during gameplay. Ideally.
game flow should never be interrupted to collect data — playvers should not be
explicitly asked to stop ther play to pass an exam or to answer guestions not
mtegrated in the gameplay.

Once all nteraction events are stored in a central location, analysis can begin.
3.3 Learning outcome analysis

We store all gameplay mteraction events on a single server. Following our design pattern, each
mteraction is associated with a learning phase (strategy, practice or mastery) of a specific
leaming goal. Interactions from the strategy phase are not used to infer leaming outcomes (as
this phase should only contextualize the learning goal). By analysing interactions from the
other two phases, we can calculate two assessment scores:

1. Initial assessment (FA) using initial observables of the practice phase. [A estimates the
learner’s initial level of knowledge. A high value denotes that the player likely possessed
the targeted knowledge before starting to play while a low value denotes the opposite.

2. Final assessment (F4) using fmal observables of the mastery phase. FA estimates the
leaming outcome. A high value denotes that the player achieved the leaming goal while a
low value denotes his or her failure to do so.

The specific steps used to transform events into JA and FA will be different for each serious

game. However, they can generally be expressed through formulas that combine data from
each interaction. In section 4, we provide details on this process through a real case study.
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We define two assessment thresholds: an mitial threshold (/T) associated with the
A, and a final threshold (FT) associated with the FA. These thresholds are used to
determine whether a phase is successfully accomplished or not. For mstance, when
FA's value ranges from 0 to 1. a possible wvalue for FT could be 0.5, and so we
assume that a player achieving an FA wvalue of equal to or greater than 0.5 has
successfully completed the mastery phase.

For serious games that mclude moultiple leaming goals, we can calculate their global JA and
FA values using a weighted average while combining the results of each leaming goal: for a
game with N educational goals, each with two assessments (74, FA)). two thresholds (/T FT)

and a weight (W), we can calculate the global assessment value (A) of the initial and final
ASSCESMENts as;

A_ELAxW
N
El—llll',"lrI

and the global threshold value (T) for the initial and final thresholds as:

CELT W,

T
YT

With these wvalues. we can now estimate leammg outcomes and assess serious game
effectiveness levels.

3.3.0 Inferving players’ learning owicomes

The malysis of observables or signals provides two measures for each learning goal: F4 and
TA. With these values, we can measure two concrete leaming outcomes:

= FA asthe player's final score: We can use FA as a score or mark for players when they are
considered as students (essentially scoring what they know after playing the game).
We must avold using JA to caleulate this marker. Although it represents a player™s
level of knowledge. using it to calculate final marks would be unfawr, as /4 takes
into account mistakes made during the practice phase while a fair grade should
only consider what students know at the end of the game and not what they
initially ignored.

*  The difference between accomplishments in the practice and mastery phases as game
effectiveness: If we compare [4 and FA to their respective thresholds (/T and FT). we can
determine whether a plaver has succeeded in the practice and mastery phase. A game is
most effective when players who failed in the practice phase ended up succeeding m the
mastery phase, as this denotes a knowledge gain. This difference forms the base from
which we calculate serious game effectiveness.

3.3.2 Assessing serious game effectiveness

Within the context of our methodology, we assume that a serious game 15 effective when we
find a positive change in the player's knowledge level. We can determime this change from 4
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and FA with respect to /T and FT. From these walues, we can classify each player into a
different leaming category:

= When FA = FT the players have successfully completed the mastery phase and have
acquired the targeted skill. Depending on the JA value, we can classify playvers as either:

—  Learners, when /A < /T players committed errors during the practice phase, indicating
that they did not possess the targeted skill or knowledge before playing the game.
However, they ended up being successful in the master phase, suggesting an educa-
tional gain during gameplay.

—  Masters, when /A = IT: the players did not commit ervors during the practice phase,
indicating that they likely already possessed the skill or knowledge before playmg the
game.

= When FA = FT the players failed the mastery phase and do not possess the targeted skill.
Depending on the JA value, we can classify players into two different categories:

—  Mon-Learners, when JA < IT: the plavers also failed the practice phase, indicating that
they struggled throughout the game with potentially little or no benefit.

= Outliers, when [A = IT: the players succeeded during the practice phase but were
unable to apply the acquired knowledge in the mastery phase.

We determine serious game effectiveness by classifying each gameplay session according
to these eriteria and by then comparing the total number of players in each category.

When the majority of players are leamers, the game 1s considered highly effectiver most
playvers leamed something while playmg. When the majority are masters, the game is considered
to have no leammmg effect, as most of the players had already possessed the targeted nowledge
before playing the game. When the majority are non-leamers, the game is considered not effective
at all, as most of the players were unable to achieve success at any phase. Finally, a majority of
outliers denotes that a game and‘or the chosen FA and [A formuolas likely present design flaws.

It is mmportant to note that most serious games will output different results for different
populations. A serious game could be highly effective for children of 10 to 12 yvears of age and
not effective at all for children aged 7 to 9 vears. The key is to have a well-defined target
population during the design ofa serious game and to follow a validation process to ensure that
effectiveness goals are met.

3.4 Validation and deployment

Adter applying a sertious game along with nfras tructure to track its observables in relation to a
leaming outcomes analysis, we must to validate it

During the validation phase, domain experts and ideally a sample of the target population
play a serious game and engage in gameplay that is later assessed through a learning outcomes
analysis, vielding preliminary results through a process typically referred to as formative
evaluation [19]. This process is iterative and designed to detect ways to fix, polish, tweak or
mmprove a serious game that can range from changing the game mechanics of a leaming goal
(e.g., when prelimmary results suggest low performance) to altermg how FA and JA are
calculated (e.g., when experimental results contradict certain game design hypotheses).
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Once a game is validated, it can be wsed in production for final deployvment. In this final
phase. the serious game and its leaming outcomes analysis results are used to assess students
that play it ( final evaluation).

4 Case study

In the above sections, we presented our methodology for modelling and inferring leaming
outcomes and effectiveness in serious games. This section describes a case study that illustrates
how this methodology works when applied. The case study is based on the following research
questions:

R0Q1. What are the mplications of using our game-design pattern during the design and
implementation of a serious game?

B2, What results in regards to learning outcomes and effectiveness levels can be obtained
from a serious game developed and malysed through this methodology?

To answer these gquestions, we used the proposed methodology to implement and
analyse “The Foolish Lady™. a serious gﬂmc' based on the homomymous theatre play
by Spanish playwright Lope de Vega. In this game, players are presented with several
language-related and literature challenges. I[ts main learning goal is to teach high
school students about Spanish Golden Century poetry. In the following subsections,
we describe the design and implementation process. the data collection and analysis
process, and the results of an experiment on 320 high school students who played the
game.

4.1 Design and implementation

“The Foolish Lady™ serious game [27, 28] is an adventure game based on a classical Spanish
play. In the game. players advance through scenes of the play by making decisions that affect
the overall storyline and final scene. Along the way, they are presented with puzzles and mini-
games in which they must apply their knowledge on language and literature. The game is
designed to be completed within 30 to 40 min.

One of its mam leaming goals is to teach poetry structure and rhymes. in
particular, “redondilla”, a Spanish poetic composition form that wvses a specific
rhyming scheme and werse length. During the learning design phase. we chose to
use pont-and-click mni-games as our game mechanic, which relies on drag-and-drop
puzzles and option selection in conversations with non-playvable, in-game characters.
This approach is typical of adventure games, a genre with a track record of proven
educational benefits [13]. During the game’s design, we subdivided our goal into the
three phases according to our design pattern. Figures 3, 4, and 5 show in-game screen
captures representing each of the three phases.

Players are first presented with a textual description of rlvmes and of the “redondilla™
structure (Fig. 3). These instructions appear in two non-interactive scenes that can be skipped
(after reading the content or not) with a click. These scenes belong to the sirategy phase.

! Available {in Spanish } at hitps:/play. google com/store/apps’details hid=es cvcm androidgames damaboba,
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Fig. 3 The game presents hasic features of the “redondilla™ on two screens with textual explanations

Later on, players are presented with a mini-game in which they must complete a poem
composed as a “redondilla” (Fig. 4). The poem is missing five words and the players can fill in
the blanks by dragging words from a container on the right side of the screen. Once filled. they
can check the correctness of the poem they have created by clicking a check button. They can
try to do this as many times as they wish until they find the right combmation of words: as the
practice phase of the goal, the results of this mini-game are irrelevant to the final score.

Finally, players are presented with two mini-games (Fig. 5). In the first one. players must
fight a knight by exchanging rhyming verses. A player can win this battle if he or she selects
three correct rhyming replies in a row and loses it if he or she fails three times in a row. The
player’s score decreases with each error. In the second and final mini-game, the foolish lady s
father assesses the protagonist’s suitability as a son-in-law by asking the player a series of
questions on the “redondilla™ poetic format. Players can answer these questions only once. and
both the score and the game protagonist’s marital prospects decrease when they fail. Both
mini-games belong to the mastery phase of the goal. and therefore the results of these games
affect the final score.

Fig. 4 In the first puzzle, players PRACTICE
must apply their knowledge of the
“redondilla”™ format. They can try REDONDILLA PUZZLE

to do this as many times as they

s  e— @ o

LAURENCIO! Linda cara y falie tens,

PEDRO: Asl fueva ol alma
LAURENCIO!
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FIGHT MINI-GAME TEST MINI-GAME

Fig. 5 In the last mini-games, players must prove their knowledge. In both cases, the player’s score decreases
with each emror

4.2 Collecting observables

To record and analyse the gameplay sessions of all students. we developed a framework
composed of a tracker bundled within the game itself for sending interaction events
(observables) and a collector server for receiving and storing events. The types of events are
fully detailed in [37. 38]: here, we only highlight those events relevant to the leaming
outcomes analysis:

* Events resulting from a new attempt to complete the “redondilla puzzle”. Every
time the player clicks the “check™ button and the result is incorrect. a new attempt
is made.

* Events resulting from a new attempt to beat the “fight mini-game”. Every time the player
loses the fight and restarts the mini-game, a new attempt is made.

= Answers chosen by the player during the final mini-game.

The game itself does not make any assessment calculation: only raw events are
sent to the server.

4.3 Learning outcomes analysis

All players encounter the 3 mini-games during their playthroughs: the “redondilla” puzzle
mini-game in the practice phase, and the fight and test mini-games in the mastery phase. For
each mini-game, we calculate a score of between 0 and 1:

* Redondilla Game score (RG): when A is the observable representing the number of
attempts made to solve the ‘redondilla” puzzle mini-game. RG is computed using
RG =1 - (MIN (A - 1. Appax) / Apsax). where Apgay is the reasonable number of
attempts needed to solve the game. The initial assessment result takes a value of 1
when the player beats the puzzle on the first attempt, ie. A = 1. The initial
assessment result takes a value of 0 if the player does not complete the puzzle on
any attempt or tries over A gy times.
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= Fight Game score (F@): if £ 15 the observable representing the number of ermroneous
options chosen before completing the fight mini-game, FG is calculated from
FG=MAX (0, 1 = iMIN (E. Eprax)d £ Eppa)). where Eygpe 15 the maximum mumber
of reasonable errors needed to beat the game.

*  Test Game score (TG): In the test mini-game, each question has four potential answers,
and only one of them is correct. Each answer is given an associated score. The correct
answer always has a score of 0, and the remaining answers have scores that comespond
to their distance relation the truth: | for answers that are almost right, 2 for answers
that are wrong, and 3 for answers that, due to their content or formulation, are clearly
listed as jokes. If [ is the observable representing the accumulated score of incorrect
answers after finishing the test mini-game, TG =MAX (0, 1 — 1/ 4), as 4 questions are
posed.

We set Aypayr= 3 and Eypyy = 6. These values were agreed upon by game designers and
educators in consideration of the educational and game challenges that each mni-game
presents to players. However, as we wish to track raw A and £ values, A g, and E, ;- values
can always be changed a posteriort if, after nmning the validation process. the data suggest that
maore appropriate values should be used.

With these values, we can now calculate [A and FA:

*  JA=RG, asthe “redondilla” puzzle mini-game is the only one presented in the practice phase.
* FA=FG=05+ TG = 05, as the fight and test mimi-games are presented in the mastery
phase, and we decided to give both equal weighting in the final score.

For all mini-games, we set the assessment threshold to 0.5, making the A and FA thresholds 0.5 as

well.
Table 1 shows possible values for RG, FI7, TG, JA and FA used in the analysis of this

experiment.

Table 1 Some illustmtive values for 1A and for components of FA

Initial Assessment / Finmal Assessment (FA)

Bedondilla game

Aygax= 1 Fight game Test game Fmal assessment
A= R = Eppy= 6 TG = MAY (L5 + 5T

{ = MINGA - L Apgac?C Aaxd - FG =1 — (MINFE, Eypaxd 7 Eggad 0 1 - 54

Atlermnpts (A) Bi= 1A Emorms (E) Fii Imcomect TG

soome (1)
! 1 { ! i ! 1
2 Rl 1 Fi 1 75 DB
3 33 2 R 2 5 DSHE
4 [} 3 5 k] 25 0ATs
5 [} 4 i3 4 i 165
fi [} 3 Y] 5 i [IXIE]
Foar mare L] o mare i oo mare 0 [}

Initial and final assessments” formulas are presenied initalic. Resuls for both assessments are presented in bokd
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4.4 Case study
To answer RO2, we ran an experiment on high school students who played the serious game.
d.4.1 Experimental design

Before the sample of high school students (our target population) played the game, and as part
of the validation process, we first ran a formative evaluation with graduate students [27] and
with the teachers involved in the experiment. The results of this validation allowed us to
address some mmplementation flaws and to mprove the gameplay and overall leaming design.
For instance, two questions from the final mini-game were changed to improve their alignment
with the leaming goal.

After the walidation was conducted. high school students played “The Foolish
Lady” for 30 to 40 min on PCs under the supervision of a researcher who did not
provide any assistance (only brief direction on how to start the game). We collected
one gameplay per student (deployment phase). We consider a gameplay session as the
set of traces (interactions with the game) generated from the first screen to the final
screen of the game.

From each gameplay, we computed 3 values: RG. FG oand TG, Students who did not
complete a mini-game scored 0. From these variables, we calculated /A and FA from the
formulas presented above. Using their results, we classified each stodent to a leaming cate gory
(leamer, master. non-leamer or outlier) to draw conclusions on the game’s effectiveness.

To gain insight mto ouwr methodology, we sought to determime whether we could answer the
following case-study guestions (C50Q) conceming “The Foolish Lady™ serious game:

= C51: Did the students acquire the targeted skill by the end of “The Foolish Lady ™ game?
Given owr demographic variables, were there differences between groups?

= (82 Is “The Foolish Lady™ game effective at teaching to targeted skill to our population?
Given owr demographic variables, were there differences between groups?

4.4.2 Parficipants

The experiment mvolved N = 320 high school students from & different schools in Madrid.
Thirty-two of the gameplay sessions were corrupted or not completed due to varous technical
problems that arose during gameplay (power outages, Internet connection issues and computer
malfimctions) and were therefore discarded.

The resulting population (N = 288) was 44.4% female and 55.6% male. The partic-
ipants were between the ages of 12 and 16 (with a mean age of 1370 £ 1.27) and were
students at high schools in the Madrid area. Three of these schools were charter or
private schools (accounting for 58% of the students). and 4 were public schools (ac-
counting for 42% of the students). In regards to gender. age and school type character-
istics, the participants are a representative sample of the student population of Madrid for
this age [9, 31].

We also recorded the participants’ game habits to classify each student into a player
category by evaluating what types of games they played and how often. According to the
mstrument developed by [29]. 14.9% were non-gamers (they never play any video games),
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2H.8% were casual gamers (they play video games casually for short periods of times), 31.6%
were hard-core gamers (they frequently play games such as FPS or MMORPG) and 24 6%
were well-rounded gamers (they play all types of games frequently). A more detailed
explanation of each category is presented in [29].

5 Results

In this section, we present the results of the leaming outcomes analysis of the deployment
phase, i.e., the results of the experiment on the high school students.

5.1 Game completion

Figure 6 shows the number of players who completed each phase of “The Foolish Lady™: all
288 players started the game and also completed the strategy phase; 281 completed the
“redondilla” puzzle mini-game; 246 completed the fight mini-game; and 231 completed the
test mini-game. The largest drop in player participation (35) occurs between the “redondilla™
puzzle and fight mini-game stages.

In summary, 80.21% of the players finished the game at least once.

5.2 Learning outcomes

To determine whether the students acquired the targeted skill level by the end of the game, we
calculated the values of RG, Fi7 and TG and therefore FA and JA. In total, 196 players
(GE05% of the total population and 84 84% of the players who completed the game)
scored higher than 0.5 {adequacy threshold set for the game during the design phase)
in both F4 and fA.

The second part of Case Study Question 1 (C51) led us to calculate FA and /A across the
different demographic groups: gender (M/F). age (12 to 16) and gaming habits (4 clusters).

Fig. & Number of players who 288
accomplished cach phase of “The  opg
Foolish Lady™ game

PLAYERS
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To explore whether there were statistically significant differences within each group, we
first determined whether the different groups (e g.. males vs. females for division by gender)
had a different starting point score. In other words, we needed to determine, for mstance,
whether males had a statistically significant different A score than females. Regardless of
whether such differences existed. we needed to adjust the scores of each group according to
their JA values before carrying out the analysis.

We therefore performed a one-way analysis of variance (ANOVA) over /A to find initial
differences across groups. As is shown in Table 2, JA showed statistically significant differ-
ences for each group, which were especially significant in the case of gender and game habits.
Thus, for all of the groups studied. we needed to adjust the initial values through an analysis of
covariance (ANCOVA) rather than using the analysis of variance (ANOVA) method, which is
generally recommended for similar initial values.

The ANCOVA allowed us to evaluate differences m F4 scores (dependent variable) across
groups (independent variables) by overriding differences in /A (that is. by using /A as a
covariate). Before conducting the ANCOWVA analysis, we had to perform standard preliminary
checks to confirm that there was no violation of assumptions of normality. lmearity, variance
homogeneity and regression slope homogenerty [35].

Table 3 shows the ANCOWA results for the 3 independent variables, which present
statistically significant differences (p < 0.05) among groups by age and game habits but not
by gender. This suggests that the dependent variable (FA) values differ statistically by player
age and gaming habits.

The first ANCOWVA [between-subjects factor: age (12 to 16); covariate: [A scores] reveals
main effects for age F4288) =728, p < 0.01 and a moderate T]p: =094, According to Table 4,
which shows the adjusted means once the effect of /A 15 omitted, the 16-year-old players
scored moderately (according to 'r]],:} higher (FA = .766) than their younger classmates: the 12-
and 13-year-olds presented the lowest adjusted means (FA = 508).

The second ANCOVA [between-subjects factor: gender (male, female); covariate: [A
scores] shows no main effects for gender FI1288) = 62, p = 43, r]l,: = 002, Thus, we can
argue that FA does not depend on player gender.

A third ANCOVA [between-subjects factor: game-habits (4 clusters); covariate: [A scores]
reveals main effects for game habits F(3, 288) =2.880, p = 036, In this case, the effect of
gaming habits ['r]],: =030y was lower than the effect of age. However, the game worked better
tor well-rounded players and worse for non- gamers.

5.3 Serdous game effectiveness
Figure 7 shows the total number of players grouped by leamimng category. Most

players are masters followed by learners. The number of ocutliers is higher than that
of non-leamers.

Tahle 2 ANOVA results on A

showing significant differences Independent Ome-wray ANOVAS on LA
amang the three groups variahle
N df F o
Age 288 4 25 31
Gender it | 1841 =M=
Came Habits TEE 3 1210 ={M3
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Table 3 Test scores and ANCOVA results by age, pender and gaming profile

Independent vanahle ANCOVAs on FA

N df F n Partial if
Age 2ER 4 7.28 LK IAg R
Cender 288 | i 43 Az
Ciarme Habits 288 3 288 030* RAETH]
w0105

Figures ¥ and 9 show the players grouped by learming category and segmented by
age and gaming habits. In all groups, the number of masters exceeds that of the other
categories, and especially for the 14-vear-old group. For all of the groups, the number
of outliers is greater than the number of non-learners, except for the group of students
aged 16

6 Discussion

In this section, we first present our answers to the case-study questions and then further
elaborate on the methodological research questions.

C51: Did the students acquire the targeted skill by the end of “The Foolish Lady™ game?
Given our demographic variables, were there differences between groups?

Yes; 80.2% of the students completed the game. which required, by design. a basic
understanding of the principles of the leaming goal. Regarding the students” final scores. the
ANCOWVA analysis (dependent variable: FA: covariate: IA) reveals significant differences
when data are segmented by age and gaming habits.

Table 4 FA adusted means by age, gender and gaming profile

Ind. Vanable Values ANCOVA
N Adi. Mean* Srd Err
Age 12 [is] SR A28
13 50 S8 RIS
14 Qb JOE a2
15 43 63l AHE
1é& an b A57
Gender Female 128 i X
Male 16l 633 A6
Game Habits Casual ] 550 A3s
Mon-gamer 41 554 AMh
Well-rounded gamer 7l HED AR
Hardcore a1 50 A

#*Adusted mean using practice phase scores as covariates (i = H146)
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Fig. 7 Categonzation of players
by assessment category

As s shown m a previous section, by age, students aged 12 and 13 obtamed the lowest
values (Adj. Mean = 508), and students aged 16 obtained the highest values (Adj.
Mean = .766). This seems natural: older students found the game easier.

In terms of gaming habits, the well-rounded gamers generated the best results (Adj.
Mean = (680} followed closely by hard-core gamers (Adj. Mean = .659). These two types
of players are used to playing games with complex mechanics. “The Foolish Lady™ is an
adventure game with fairly simple mechanics, and so these playvers” expertise likely helped
them complete the game more effectively. At the other end of the scale, we have non-gamers
(Ad). Mean = .554), which supports owr hypothesis.

€82 Is “The Foolish Lady” game effective at teaching to targeted skill to our population?
Given our demographic variables, were there differences between groups?

Mo this is not because the players did not learn, but rather because according to the results,
maost of them were categorized as “Masters”, 1.e., many of them already knew most of the
educational content. This could mean that the game was too easy for most of the plavers.
However, we think that an addiional problem in the game’s design prevented us from
capturing a more accurate [A (and, consequently, a more accurate leaming profile): as we
wanted to keep the game short—it had to be completed over a standard 40-min session—the
practice phase was made deliberately shorter than the mastery phase. This forced us to limit the

M Learners M Masters ™ Non-Learners W Outliers

i
i

]

Wy A o = 2 i [
e b o a ] -
AT F 1-: il
-
11 11 w1 002s ak:
12 ¥/O 13y, 14 ¥/0 15 ¥/0 16 ¥/O

Fig. 8 Distribution of players across assessment categonies segmented by age
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Fig. 9 Distribution of players across sssessment categories segmented by game-hahbits

practice phase to a single comparatively easy mini-game, which proved msufficient as a full
measure of mitial knowledge. This flaw went umnmoticed during the validation process, as the
players mitiated tested were domain experts, and it seemed natural to classify them as masters.
This oversight shows why serious games must be validated with a sample from the target
population and not only by domain experts.

When segmenting groups by age and game habits, there is no particular group for which the
game was more effective.

These results do not imply that the game has no value as an educational tool. Students
playing this game enjoyed other benefits, such as a measurable increase their motivation to
attend the theatre, as demonstrated in [25].

R01. What are the implications of using our game-design pattern during the design and
mmplementation of a serous game?

Our use of this methodology forced us to define a clear leaming goal from the start and to
continue to use it throughout the game development process.

In cooperation with education experts, we clearly defined which role each of the mini-
games playved in meeting the educational goal. The proposed game-design pattern provided
guidance when defining mini-game difficulty, weight and placement measures. The mini-
games were mmplemented in such a way that mteractions and events imvolved in their
resolution were clearly dentified: and mapping from these events to assessments was also
determined early on.

We also mtegrated a tracker into the game engine to capture all relevant interactions. This
approach s commonly used m the gaming industry for analytics-related tasks. although its
difficulty vares depending on the chosen game engine. In our case, we used an open source
engine where all required events and imeractions were generated in a handful of locations
within the code. This made integrating the tracker a relatively simple task.

We also needed a service to collect all data sent by the tracker. Ours consisted of a REST
back-end system that processed HTTP requests describing events, a database for storing these
traces, and some Python scripts to query the database. Although we used a customized
solution, the serious game could be mtegrated with any other VLE. This raises new interesting
questions regarding the sharing of data between such systems and a serious game, which
however fall outside of the scope of this paper.
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R0)2. What results in regards to learnmg outcomes and effectiveness levels can be obtaimed
from a serious game developed and analysed through this methodology?

The identification of relevant educational observables during game design significantly
simplified the task of measuring leaming outcomes and game effectiveness. These results
helped us answer several interesting questions from the case study.

By default. our methodology converts serious games into assessment tools: it relies on clear
assessment locations that are associated with both leaming design and goals and which are
then combined to mfer leaming outcomes. However. using our design pattern. we can also
determine whether students actually learn from playing a game, which is key to assessing a
game’s effectiveness for a particular population group.

From our case study, we conclude that the mitial assessment results are higher than what
was expected. The number of outliers generated denotes a design flaw in the practice phase.
Such findings, which are based on actual data, are very useful: after altering the game design,
the result would be an improved game for the next round of players.

Finally, when student demographic data are available, we can use statistical analyses to
identify mnd characterize those groups enjoying better leaming outcomes or game effects. This
can help narrow down and charactenize the ideal target population of a game. It can also guide
changes to adapt the game to other audiences.

7 Conclusions

In this paper, we present a means of stucturing the design and assessment of serious games at
two levels: inferring leaming cutcomes and assessing the effectiveness of serious games as
educational tools. We think that this will help systematize serious game development and
mprove several of the methodologies identified in our literature review: our methodology is
fully integrated with the production cyecle of a serious game (from design to deployment) and
mvolves a non-disruptive assessment as an altemnative to questiomnaires, the most common
assessment method used for serious games. The method poses extra requirements during game
development (a tracker in the game engine and a server to collect data), but with the help of
today's big data technologies, this is now an affordable task.

We tested our methodology by developmg a serious game entitled “The Foolish Lady™,
which was played by 320 students. The methodology clearly guided the design process and
later our analysis of the game’s effectiveness. While “The Foolish Lady™ proved to be an
effective assessment tool (Le.. we were able to assign a mark to each student). it was unable to
fully capture the mitial knowledge level of the students studied.

Une ofthe conclusions of the expermment is that the design of the practice phase is key to
the implementation of an effective sertous game. However, balance in the practice phase can
be difficult to maintain: the designer wants the player to advance flawlessly while identifying
their mistakes to obtain an accurate assessment of their initial knowledge level. In addition, the
implementation result derived from the case study (ie.. a tracker and a basic server infrastruc-
ture for receiving and analysing traces) is currently being used in the RAGE European Project
[21] as an important part of the infrastructure for assessing games.

Although our case study is focused on a serious game designed to deliver knowledge and to
teach several skills. we think that the methodology could be applied to any senous game
whose goal can be measured in a quantitative way. For instance, a serious game designed to
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help diabetics control their blood glucose levels could use players” real blood glucose levels
(e.g., reading them through a device comnected to the game) to determine whether the goal was
achieved rather than relying on the use of puzzles or mini-games.

In summary, we conclude that the methodology presented in this paper provides a richer
and easily understandable assessment analysis method for serious games. We make one major
point that once a game starts sending observable events, everything is automated and all of the
assessments are based on how leamers interact with the game rather than through the use of
traditional out-of-game questionnaires. Additionally, the assessment model s adaptable to
researchers’ needs, as it is not hardwired to game signals: the way each dependent variable (FA
and f4) is caleulated can be changed “a posterion”™, allowing constants used i assessment
model to be updated when required (for instance., Ay, and E, .. in our case stdy).
Additionally, results obtamed via this methodology could complement formal experiments
in measuring serious game effectiveness, which remains as an issue to address [2].

We believe that this methodology opens up avenues for future research. In this paper, we
limited the students’ assessments to 3 particular points in the interest of clarity (the 3 mini-
games). In the future, we plan to enrich our game design pattern with more observables for
both phases. Additional data will provide us with more information on student progression
patterns while affording researchers greater insight nto the evolution of the leammg process.
We plan to go one step further by analysmg other gameplay data (such as the time spent on
each phase) that may shed light on why some players struggle in certain parts of the game. We
also wish to further explore the transformation from game observables into assessment scores
by identifying and addressing commaon patterns of different game mechanics.

Finally. the integration of serious games that follow our proposed methodology within
WLEs also raises interesting questions. What standards should be used for such communica-
tions? What visualizations should be provided to different stakeholders? Addressing such
mtegration methods will constitute an important step towards realizing the full potential of
combining serious games with leaming analvtics.
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6.6. Learning Analytics and Educational Games: Lessons
Learned from Practical Experience

6.6.1. Cita completa

Angel Serrano-Laguna, Javier Torrente, Borja Manero, Angel del Blanco, Blanca Borro-
Escribano, Ivan Martinez, Manuel Freire, Baltasar Fernandez-Manjon (2013), Learning
Analytics and Educational Games: Lessons Learned from Practical Experience,
International Conference on Games and Learning Alliance: GALA 2013, pp 16-28. DOI:
10.1007/978-3-319-12157-4_2

6.6.2. Resumen original de la contribuciéon

Learning Analytics (LA) is an emerging discipline focused on obtaining information by
analyzing students’ interactions with on-line educational contents. Data is usually
collected from online activities such as forums or virtualized courses hosted on Learning
Management Systems (e.g. Moodle). Educational games are emerging as a popular type of
e-learning content and their high interactivity makes them potential sources for relevant
educational user data. However, it is still uncertain how to deploy and combine these two
incipient technologies, as multiple challenges remain unresolved. This paper reports on
our practical experience using LA to improve assessment of experimental research on
educational game-based instruction. In the last year, we conducted four experiments
evaluating game-based instruction under different conditions (using three adventure
games and a puzzle game respectively) in 13 educational institutions including schools,
universities and vocational training organizations. A LA system was used to track
interaction around six hundred students. In these experiences, we encountered several
problems in each of the steps of the process, from issues related to the design of the
experiment and the game to different technical and practical problems, derived from the
very diverse conditions of the facilities and policies of each institution (computer
laboratories, computers hardware, software installed, irregular Internet access), which
hinders the data collecting process (e.g. the system had to deal with high latency Internet
connections and backup plans had to be devised for collecting data when no Internet
access was available). We present the lessons learned and propose guidelines from a
technical and practical perspective for the design of experimental research using both LA

systems and educational games.
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Abstract. Leaming Analvties (LA) is an emerging discipline focused on
obtaining information by analyvzing stdents’ interactions with on-line educa-
tional contents. Datais usually collected from online activities such as forums or
virtualized courses hosted on Leaning Management Systems (e.g. Moaodle).
Educational games are emerging as a popular type of e-learning content and
their high intersctivity makes them potential sources for relevant educational
user data. However, it is stll uncertain how to deploy and combine these two
incipient technologies, as multiple challenges remain unresolved. This paper
reports on our practical experience using LA to improve assessment of exper-
imental research on educational game-based instruction. In the last vear, we
conducted four experiments evaluating game-based instruction under different
conditions (using three adventure games and a puzzle game respectively) in 13
educational instimtions including schools, universities and vocational waining
organizations. A LA system was used to track intersction around six hundred
students. In these experiences, we encountered several problems in each of the
steps of the process, from issues related to the design of the experiment and the
game to different technical and practical problems, derived from the very diverse
conditions of the facilities and policies of each institution (computer laborato-
ries, computers hardware, software installed. irregular Internet access), which
hinders the data collecting process (e.g. the system had to deal with high latency
Internet connections and backup plans had to be devised for collecting data
when no Internet sccess was available). We present the lessons learned and
propose guidelines from a technical and practical perspective for the design of
experimental research using both LA systems and educational games.

1 Introduction

This paper aims o be a practical guide for resecarchers interested in conducting
expenimental research on educational gaming who might also want 1o explore the
opportunites that embedding a lkearning analytics system provides o improve the
research. Building on our experience, we identify potential issues that can anse while
conducting this kind of research, and also provide recommendations o tackle them.
Some of the issues discussed are technical, related to the implementation and
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deployment of the technology, while others are rather logistical, operational and related
to the design of the experiments.

The field of leaming analytics (LA) refers o the collection, analysis and visuali-
zation of large amounts of data related to educational processes. In its heart, LA aims to
hamess the power of big data and data-mining technigues o improve the assessment of
the learning processes. LA also can create new opportunities for adaptive and per-
sonalized leaming, which has remained an unfulfilled promise of the e-learning field for
years. As an incipient new era of online learning, promoted by Massive Online Open
Courses (MOOCs) comes upon our shoulders, LA could find the perfect conditions to
make an impact in education in the next few years [1].

As any big data system. LA requires gathering a wealth of data from different
sources. It usually uses datn generated from tracking students” interactions with the
online platform used o support learning (e.g. a Leaming Management System like
Moodle or Sakm). For example created posts, pages and resources accessed or lime
spent on each piece of content. Research in the LA field is currently exploring how 1o
leverage other data sources to improve the effectiveness of the paradigm. One of the
proposals 1s o use educational games, which are another pushing educational tech-
nology. Although educational games are still far from reaching massive adoption due 1o
unresolved limitations [2-4], their effectiveness w improve karning is accepted among
the academic community [5], as atributed benefits o educational games like increased
student motivation, improved engagement and betler knowledge acquisition have been
recently backed up with experimental research [6-9]. Senous games can pose an
advantage to feed LA systems as they are inherently highly interactive pieces of
software which can produce massive user data.

Achieving a successful synergy between serious games and learning analylics poses
significant challenges that are added to the difficulties of designing and conducting
expenmental research in education. In the next sections we will present an overview of
our recent research and discuss the issues found and the solutions we came up with.

2 Overview of Games Used in the Experiences

Dunng the last year, we have conducted 4 expernimental research studies uwsing edu-
catwmal games. In round numbers, 4 games have been deployed at 13 educational
mmstitutions including umiversibes, high schools and vocational rainmg  msttutions,
mmvolving more than 600 students.

The four games were independently developed and cover different knowledge
areas. Three of them were conversational point-and-click games developed with the
eAdventure platform [10, 11], while the fourth was programmed from scratch.

Expenments carnied out with these games followed a similar process. In a starting
phase, the games were designed. The games were implemented and then mternally
tested. Once the games were polished and ready for distribution, they were deployed 1o
conduct experiments m several educational msututions. Dunng the expenments, stu-
dents completed a pre-test to measure initial levels of motivation and knowledge on the
subject. Then they played the game while the LA system collected data gathered from
their interaction with the game. At the end of the session, students completed a
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post-test. Differences between pre and post tests were measured to estimate effect of
mstruction.
Next subsections briefly introduce each experiment and the games used.

2.1 The Big Party

The Big Party [12] is an eAdventure game (Fig. 1) that aims to teach persons with
different levels of cognitive disabilities life management skills related to personal
hygiene. safety, social interaction and transportation. The goal of the game is to reach a
party organized by the player’s company for all the staff. To complete the game,
players must find their way through different common situations of daily life until they
reach the venue of the party. This game was played by 19 players of different ages and
with different levels of cognitive disabilities.

Estas son las Wareas que debes realizar antes
de salir ded bano:

Lavarts e dharten

Cuehrte

0 Y desputs de ducharte, no antes, realiza s

Siguientes tareas

< ,l“l

Fig. 1. Screenshots of the game “The Big Party™.

22 Lost in Space <XML>

This puzzle, level-based game (Fig. 2) was designed o teach XML syntax to students
with different programming backgrounds. In the game, players control a spaceship they
must lead to a target point by wnting litle XML documents with instructions
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(g, move spaceship two units forward, rotate 907, shoot, etc.). 89 students from
computer science and social science studies playved this game distnbuted in two dif-
ferent seltings.,

Fig. 2. Screenshot from the game “Lost in Space <XML>".

23 La Dama Boba

The game La Dama Boba [13] 15 an eAdventure game (Fig. 3) that was designed o
motivate youngsters on classic theater plays. This goal 15 achieved making avatars
mteresting o players, by incorporating different theater technigues within their per-
sonaliies and meluding the elements that can be vsed as audiovisual contents, such as
music, scenery and dressing.

The game 15 based on the equally named comedy by the Spanish playwnght Lope
de Vega, wrote in 1613, The player becomes Laurencio, the main male character of the
comiedy, and has to live the story through his eyes. As the plot unveils, several
minigames about grammar and literature are also inroduced.

This game has been deployed 9 different high schools in Madnd where 370
students aged from 11 w0 15 played it

24 Donations

Donations 15 an eAdventure game-like simulation (Fig. 4) developed in collaboraton
with the Spamsh Natwnal Transplant Orgamzation (ONT). This game simulaies the
process that the ONT staff follow for deceased donation management. These steps ame
(1y organ and donor evaluation, (2) the organ distnbuton and (3) the organ trans-
portation. The game was developed o facilitate instruction of new personnel within the
orgamzation a5 well as w o osupport transfernng  this successful worklflow o other
transplant coominators. The game has been evaluated by 150 students in three raming
COUTSES.
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Fig. 3. Screenshots of the game La Dama Boba. Character design inspired in customs by Agatha
Ruiz de la Prada for an adapted version of the play.

3 Designing and Planning the Experiment

Our experiments are orented Lo evaluate the impact that using videogames has on the
leaming process. Mainly, we try to measure the educational gain (knowledge acquired
by the students as a consequence of the intervention) and changes in the motivation
towards the subject of interest (e.g. literature or computer programming).

In this section we provide a set of considerations we take when designing the
experiments.

3.1 Instruments for Measuring Variation in Knowledge and Motivation

We use a twofold approach to measure variations of motivation and educational gain.
First we use questionnaires to perform an extemnal analysis of the leaming process. This
type of analysis does not consider how or what makes leaming happen; instead, it just
focuses on the outputs. Second, GLEANER, a LA system [14], is used to perform an
intemal evaluation of the process, gathering insight on what aspects of the game
promote learning.

Several instances of the questionnaire are used along the expeniment to have
multiple values to compare with. At least the questionnaire is used twice: a pre-test that
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Fig. 4. Screenshots of the game Donations. Main central office of the ONT and action of organ
evaluation.

is administered just before students start playing and a post-test administered after the
intervention, but it can be used more times for longer or longitudinal experiments. The
results of different measures of the questionnaires are compared (e.g. pre-test Vs post-
test) to determine the effect of the game.

A thorough design of the questionnaire is strongly recommended. The questions
included in the test must tackle exactly what it is meant to be measured in the study.
We combine several strategies to iteratively design and refine our questionnaires. Frst,
we identify the aspects that we want Lo capture, usually distributed in three or more
sections: demographics (e.g. age. gender, video game preferences, etc.). knowledge on
the subject, and motivation towards the subject and/or evaluation of the expenence (for
post-tests only). Second., we wrile a set of candidate questions exploring different
wordings and evaluation scales for each of the aspects. We also design several ques-
tions oriented to measure aspects that are difficult to capture because they cannot be
observed. like the knowledge or motivation. This allows us to build subscales that
aggregate all the questions related to the same aspect to generate a varnable that is more
powerful for statistical analysis. Third, the candidate questions are distributed for
iterative review among an intemal team of experts in educational games and also
experts in the knowledge arca. Finally, one or more testing sessions are organized
where the instruments and questionnaires are piloted with a group of selected students.
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As a preferred format, we use 7-point Likert questions for subjective aspects (e.g.
motvation) as this allows sometimes applying parametne statistical methods  for
analysis. For objpectuve aspects (e.g. knowledge) we tend o wvse muluple-option
questions w simplify evaluation.

32 Group Comparison

It s essential o compare the effect of game-based instruction o traditional instruction
to allow drawing valid conclusions at the end of the study [2], especially if the same
questionnarre 15 used at different points of the expermment, which mtroduces bias in the
variation measured.

For that purpose, we distnbute students inoat least two groups: expenmental and
control. Students in the expenmental group attend the session where the game is
played. Students m the control group attend a radibonal imstruction session, which 15
usually a lecture dnven by an experienced wacher. In some cases we use a third group
where the best possible mstruction s delivered o the stodent, which 15 usually driven
by experts in the field using (perhaps) special equipment. All groups must use the same
pre and post tests to measure varation. This allows discossmg the effectveness of the
game comparing o botom and top lines.

33  Duration of the Experiment and Logistics

O expermments are designed o require an interventon of maximuam 30 min, which is
the typical schedule slot o edocation. All mstroments and also the game muost be
designed o respect this constram.

Longer exposure o instruction 15 desimable, but it 1s hard w achieve in many
cducational organizabons as logistics and organizational costs for an experiment hike
these, which are already high, mcerease. It must be noted that i many cases the
expermment will require tiking up most of the computer resources of the mstitution for a
while. Computer clusters in schools usually have less than one computer per student
(around 20 computers per cluster) o minimize costs, which implies that students
usually work in pairs. I the game under evaluaton 15 designed for mdividual vse, it
will be needed o use two computer clusters 1if possible, or to split students in the
experimental group in two wrns, requinng o have access w the cluster for a longer
period.

Some mstitutions will not meet these requirements. In that case, a different kind of
experiment must be planned. following a qualitative approach. Students can play the
game n groups, and the sessions would be recorded for later analysis. These data can
be combined with interviews or debricfing sessions.

34  Gelting Support from the Educational Institution

It 15 essential w get support from the educatonal organization where the expenment
will take place o ensure that researchers are given aceess o facilines, students and
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personnel. Also rescarchers must make sure that the mstitution understands all the
requirements for the expenment. In our expenence, we have observed that sometimes
researchers” and institutions” interests conflict. On the one hand, researchers wanl o
have the facilities and support required to conduet an expenment that is as controlled
and well designed as possible to ensure that the conclusions obtained are valid. On the
other hand, the msttution has usually tght schedules and orgamizing an expenment hke
these has a considerable impact for them. Having strong msututional support will help
researchers finding a balance between both perspectives that benefits the goals of the
research.

A possible strategy to get better institutional support 15 0 make the istituton and
s stafl understand that gettng involved in the experiment adds value o all the
stakeholders mmvolved. Poncipals and admunistrative stalf can be enticed by the idea of
participating in a pilot study that improves mmnovation in the msututon. Motivated
teachers or early adopters may be mterested m having new software available o
mmprove their imstruction for free.

35 Maximize Control to Reduce Ervor Rates

Researchers should supervise all the important parts of the experience and ensure they
are i control. People out of the research can unimtentionally bias the results of the
expenment. In this regard, understanding teachers” perspectives before the e xperiment
can help o foresee potential problems and develop mitigaton plans. In our expenence
we discovered that some teachers are wormied about how their students will perform
compared to other mstututions. In this sense, they felt therr work as teachers being under
examination. These wachers unintenbonally tended o give students more clues o solve
the tests, mtroducing bias.

If the experience requires randomized allocaton of swdents in groups that will
recerve different mstroction, we suggest not leaving the entre esponsibility w the
teacher, or at least researchers should supervise the process. Teacher used o consider
playing the game asa reward for the best siudents, and this could bias data.

36 Ethical and Legal Issues

Ethical and legal issues must always be considered, especially when the target andience
mclude minors. Povacy of data collected must be ensured. For that reason, we use
anonymization echniques and anonymous questionnaires. To pair questionnaires and
results within the game, each student s given a unique code that the wnte on paper
tests and also mmtroduce in the games w identfy data sent to the LA system.

All students should receve the same reatment and have aceess o the same content.
For that reason, we wsually let swdents m ocontrol group play the games once the
expenment 1§ complete and all data have been collected. Also students m the experi-
mental group are given taditional mstroction after the expenence.
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3.7 Workflow

For the reader’s convenience, in this section we provide a summary of the workflow
with all the activities conducted in these expenments.

o DMake an mibal design of expenment, matenals and game. This will help know the
requirements of your expenment.

& Start recruitment. Approach institutions that may be mierested in participating. This
process may be long and edious, until the desred number of participants 15 ensured
for the project. Contact msttutions, get their attention and explam yvour needs. Make
sure o explain that they have the opportunity of participating in a research project
for free (teachers are vsed o companies offenng different services for the schools,
and tend w refuse them immediately .

# Meetung the teachers that will partcipate. Normally, i a school, there are several
teachers for a smgle subject. The meeting must be planned to involve the maximum
number of teachers. Explam the requirements and schedule activities according o
the needs of the nstitution. Also get information about the facilities of the insti-
tution, special requirements, ele.

e Refine or adapt the design of the expenment and materials to fit the needs or
lmitanons of cach msutution, 1l necessary.

s [nstall the software and revise the computers in advance. We strongly recommend
testing the computers and o install the game n advance as not all the institubions
have maintenance plans for the computers. All software and computers must be
mstalled and ready before the experiment takes place.

¢ The day of the expenment. We suggest a minimum of two researchers o cary oul
the experience. They should armnve ten minutes o advance. One researcher will
lead the expenmental group and check that the computer facilities are ready. The
other researcher will lead the control group and supervise all activities conducted by
Leachers.

* Post-mortem activities. After the expenment, hnk data collected from queston-
naires and data obtamed from the LA system and analyze the results. Then, conduct
debrefing sessions and interviews with teachers involved to get insight on their
impressions about the expencence and present the results obtamed.

4 Designing and Implementing the Game

In this section we provide an overview of techmcal 1ssues that muost be considered
when designing and implementing the game to ensure that (1) data collected from LA
will be of interest and (2) the game 15 as casy o deploy as possible to meet the varying
conditions and requirements of the mstitions.

4.1 Designing the Game lor Learning Analytics

Educanonal game design 1s a complex activity and 1t 15 not our intenton to delve into
all the consideratons that make a game both educational and entertarming. For further
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reading on this matter we would recommend some of the articles that can be found in
the literature [15, 16]. Instead, i this section, we elaborate on the requirements that a
pame design must meet o allow effective use of LA,

In short, the game must nterlace mechanics onented o facilitate building new
knowledge with mechanies orented w0 assess the new knowledge acqured. This
behavior is frequently present in video games where players acquire new skills
throughout a game kevel and at the end they have to apply these skills in a new way to
defeat a final “boss™

We did not consider this issue when we designed The Big Party. The game was
lingar and students did not have to apply any new piece of knowledge acquired. We
leamed from this expedence, and the following games were designed having two
phases: one to let the student build new knowledge, one to assess. The Table 1 shows a
surmnmary with each game and how the two phases were distributed.

Table 1. Description of the learning and assessment phases
Came
Lost in
Space < XML>

Educating phase Assessment phase

Phase presenting a new power-up
{representing a new syntax

Phases not presenting any new
power-up (players must use

structure to be learned)y

structures already learned)

La Dama Boba Several text screens explaining Direct questions at the end of the
literature concepts, mini-games pame, mini-games repetition.
about grammar and spelling Final assessment is shown to the

plaver

Donations First phase, where plavers are Second phase, where plavers go

guided through all the donation
process, allowing them to
commit mistakes and correcting
them

through all the donation process,
with no help and no mistakes
allowed

4.2 Game Technical Reguirements

The game must be mplemented using a technology that can be easily deployed vsing
the computers of the institution(s) where the experiment will be held. Having a detailed
description of the settings can be used to make an informed decision on the appropriate
technology. However, it 15 not always possible wo get this informaton. Our recom-
mendation is o choose a technology that is lightweight, flexible and easy 1w deploy
across platforms (Windows, Linux and Mac). In our games, we use two technologies
that meet this requirement: Java, and the Web Browser (HTML plus JavaSenpt).

Educational institutions may also have different hardware configurations. Especial
attention must be placed on the dimension of the displays and audio support. While
some institutions may have modem high definiton displays, others may support low
mesolution applicatons. Similary, some msttutions may provide headsets while in
others sound may be disabled. For these reasons, we use an 800 < 600 resoluton which
works well i low resoluton screens and which also looks nice in larger screens. We
also design the games so that they can be played with or without sound.

150




26 A. Serrano-Lagunaa et al.

43  Tracking System Reguirements

This section presents some of the techmical considerations o bear m mind when
deploying a videogame that communicates with a LA system.

The game must establish communication with a remote server and also univocally
idenufly the playver in a way that allows panng data collected through all the mstru-
ments of the experiment. If a good Intemet connection is available identification can be
done on the server sue. However, in many educational mstitutons Inlernet access 1s
not reliable or bandwidth is insufficient. To deal with these situations, an offline
altemative must be designed. For example, the game can store the imformation locally
and the identification can be done using a code provided by the researchers. After the
experiment researchers can collect the files storing tracking information and upload it
manually to the LA system.

The server 15 in charge of receiving and storing the traces. To facilitate the analysis
of the data, the server muost store not only the traces but also the wser 1d, game 1d,
session 1l (continuous penod of nme where the user plays the game), user’s group and
leaming activity/expenence. These metadata allows the researcher o contextualize the
statistical analysis of the data giving other variables o the analysis.

Depending on the size of the experiment and the data collected, the data traffic
generated can be significant. Hence, it is needed to prepare the server to manage quite
high workloads efficiently. The server must minimize the response time, and muost use a
storage system specifically optimized for writing loads of data. For that purpose, it is
handy to use a NoSQL database (e.g. Apache Cassandra, Apache HBase, MongoDB,
ete.) becavse they are particularly optmized for wnung throughput. However it 1s
possible to use a traditional relabonal database system, vsually by mixing clustering
and sharding technigques. Note that the storage system vsed o store the traces received
by the tacking system may nol be the same used w0 amalyze the data, that s, the
received data can transformed w another representation (e.g. graph, relational, ete.) and
stored into another database that can facihitate the analysis of the data.

Finally, mn order to mmimize the response ume and o avold the collapse of the
tracking system, 1118 usually needed w throtte the requests o the racking system (limit
the number of request per second) and limit the amount of data W be sent per request.
This request throtthng requires a close collaboration between the chient and the server,
on one hand the server can control (even dynamically) the number of allowed request
per second and notifies with an especial error that the game has reached this limit or
that the request cannot be cumrently processed, and on the other hand the client must be
aware of this emor conditions and resend the request alter a certan amount of me.

It is desirable to have a tool o monitor the clhient-server communication dunng the
experiment. This allows adapting the settings o deal with any techmeal 1ssue that may
prevent correct data collecnon. Ideally, this tool gives real ume feedback on the
communication and summary statistics. In our case, we had a service that showed how
many students were playing and its identifiers, allowing us o visually confirm that the
number of students playing were the same as the number of users that server wias
receving traces for.

To help w mterpret part of the collected data, o0 can be helplul o wnte notes about
observations made during the experience, associated 1o concrete student identifiers.
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For example, we observed that most high school gids carefully read screen exts, while
most boys don’t. Something that we confirmed after analyzing waces with the tme-
stamps o know the time expend in those sereens that include instuctions for the game.

5 Final Remarks

Probably the most important recommendation, according to our experience, is to follow
a careful process to design and execute the experiment. All the aspects are important -
from the design of the game to the wording of the questionnaires. To achieve success
attention must be placed on all the details. Also it is imporant o be prepared for
unexpected situations and to have a backup plan for camrying oul the experiment.
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6.7.2. Resumen original de la contribuciéon

Learning Analytics is an emerging field focused on analyzing learners’ interactions with
educational content. One of the key open issues in learning analytics is the standardization
of the data collected. This is a particularly challenging issue in serious games, which
generate a diverse range of data. This paper reviews the current state of learning analytics,
data standards and serious games, studying how serious games are tracking the
interactions from their players and the metrics that can be distilled from them. Based on
this review, we propose an interaction model that establishes a basis for applying
Learning Analytics into serious games. This paper then analyzes the current standards
and specifications used in the field. Finally, it presents an implementation of the model
with one of the most promising specifications: Experience API (XAPI). The Experience API
relies on Communities of Practice developing profiles that cover different use cases in
specific domains. This paper presents the Serious Games XAPI Profile: a profile developed
to align with the most common use cases in the serious games domain. The profile is
applied to a case study (a demo game), which explores the technical practicalities of
standardizing data acquisition in serious games. In summary, the paper presents a new
interaction model to track serious games and their implementation with the xAPI

specification.
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Learning Analytics is an emerging field forused on analyzing learners’ interactions with educational content.
One of the key open issues in learning analytics is the standardization of the data collected. This is a particularly
challenging issue in serious games, which generate a diverse range of data. This paper reviews the current state
of learning analytics, data standards and serious games, studying how serious games are tracking the
interactions from their players and the metrics that can be distilled from them. Based on this review, we
propose an interaction model that establishes a basis for applying Learning Analytics into serious games. This
paper then analyzes the current standards and specifications used in the field. Finally, it presents an
implementation of the model with one of the most promising specifieations: Experience APL {xAPI). The
Experience APl relies on Communities of Practice developing profiles that eover different use cases in specific
domains, This paper presents the Serious Games xAPI Profile: a profile developed to align with the most
commaon use cases in the serious games domain. The profile is applied to a case study (a demo game), which
explores the technical practicalities of standardizing data acquisition in serious games. In summary, the paper
presents a new interaction model to track serious games and their implementation with the xAPI specification.

1. Introduction

A serious game is a video game designed with a purpose other than
pure entertainment [1]. Serious games have been proven Lo be effective
educational tools in many domains, such as mathematics, physics,
engineering, medicine, economics, history and literature [2-5]. The
methods used to measure their effectiveness vary from study to study
(some standand guidelines are starting to arise [6]). However, a large
number of serious games research studies primarily depend on data
from surveys amd questionnaires [7 ]

Meanwhile, data-driven approaches that rely on collecting and
analyzing data from learners’ on-line activity are a current trend in
the e-learning community. Disciplines such as Learning Analytics (LA)
8] and Educational Data Mining (EDM) [9] are studying the way
learners  perform  online  activities  within - Virtual  Learning
Environments (VLE). Their main goal is to better understand educa-
tional processes to find ways to improve them and assure an accurate
assessment of the student. LA applications vary from identifying
students at risk of failing a course [10] to recommending additional
educational materials for those students who might need them [11]. As
the number of LA applications increases, there is a growing interest in
which educational standards can be used Lo share and exploit data,
easing the collaboration between LA tools and VLEs.

* Correspaned ing authaor,
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The interactive nature of serious games makes them a good souree
of LA data. Tracking the learner’s interaction within a serious game and
storing it provides multiple benefits for all the stakeholders involved in
the learning process, For instance, teachers could follow a students
progression while the student plays, and could take action on any
identified learning problem in real-time. In addition, researchers can
now harvest and store activity data in a centralized location, and can
more easily conduct a deeper analysis for understanding consistent
student behaviors and performance in serious games.

Current research shows that questionnaires, which are oulside the
game context, are the most common method to collect data in formal
experiments with serious games [7]. This heavily contrasts with the
practices in non-formal environments. For instance, commercial
videogames have been relying on Game Analytics (GA) to learn from
their users for years [12 ], GA researchers use questionnaires to assess
game mechanics or gameplay [13 ], but their main source of data is the
non-disruptive tracking embedded in their games (usually called
telemetry [14]). They can track all types of interactions with different
purposes: from predicting revenue lo measuring engagement.

Serious games can greatly benefit from GA techniques (and non-
disruptive tracking) to improve their analysis and, through the use of
standards, to ease their integration amd increase their useful ness inside
WLEs. Using GA techniques poses some challenges, though. The video
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game industey is very protective with their GA practices and usually
relies on proprietary systems. Consequently, there are no slandardized
formals to represent players’ interactions. Another limitation is that GA
and LA goals differ: while GA aims to increase engagement (Liying to
maximize Lhe lime a player slays in the “flow” slate [15]) and
monetization, LA seeks to analyze and measure players' learning
outcomes [16].

Some serious games lrack their learners’ interactions, bul use
custom formats (Section 2 below shows a detailed review)., These
custom formats hinder support for serious games in educational tools
(particularly VLEs) and the use of general tools 1o process and analyze
the data. This is natural due to the immaturity of the feld, however,
there are enough case studies thal idenlify common interactions
tracked by serious games lo starl defining tracking models, which
eventually can be standardized. This paper aggrepates these case
studies to infer an interaction model candidate for standarndization,
joining other proposals o track LA observables in a standard way [17].
The standardization will also help the creation of supporting infra-
structure and decrease the cost of applying LA (e, the cost of
integrating the game in a VLE) [18].

In this paper, we perform a review Lo detect the common inlerae-
tions tracked in serdous games found in the literature. We use that
review Lo infer an agpregated interaction model. Then, we analyee the
current LA stamdards and their suitability to represent the model.
Finally, we present a reference implementation using the xAPI
specification [21], along with a case study.

The rest of the paper is structured as follows: Seclion 2 presents a
review of the interactions tracked in formal experiments with serious
games; Seclion 3 shows the interaction model inferred from findings in
Section 2; Section 4 analyzes current LA standards; Section 5 presents
the xAPI implementation of the interaction model along with a case
study; and Section 6 discusses the results, limitations, and future work.

2. Interactions tracked in serious games

In this paper we build upon a previous review by Calderon and Ruiz
on serious games and evaluation [7]. They identified a total of 120
papers using key search terms such as “evaluation / validation [
assessment” combined with “serious games { simulation games”. We
were looking for serious games that contained any type of tracking for
assessment, and this review was additionally valuable for finding
relevant serious games, amd it was recenl enough Lo provide a guite
complete list. We reviewed the 120 papers and found 14 serious games
tracking the players’ in-game interactions. We analyzed them to infer
the types of inleractions most commonly tracked, and present the
resulls below.

In general, video games use two interaction strategies: a) event-
based, where the game logs pre-specified events when they oceur; and
b} state-based, where the game repeatedly sends pame state al a
specific frequency [22]. Each of the 14 serious games in our review
apted for the events-based strategy. Most of the events include at least
two attributes: a timestamp, representing the moment the event is
generaled, amd a user id, identifying the player that originales the
event. This basic data enable researchers Lo oblain metrics such as
number of players, the number of imes players accessed the game, or
time played [23-26].

The serious games reviewed track the completion (binary value, yes
or no) or the level of completion achieved (percentage) by the players.
Some serious games just track whether the game was fully completed,
amd others have a more fine-grained level of detail, racking completion
in each of the levels within the game [23.27 28] This type of
interaction relies on the notion that a player completing the game or
parls of the game is also progressing towards a learmning goal. Comimon
metrics extracted from these events are the quantity of completed
levels/scenarios/scenes and the ime il ook to complete each one.

Many serious games also track the in-game choices performed by
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players in a given conltext. These choices most commonly involve
questions with multiple answers [23,24 29], These questions can be
either presented divectly to the player during the game or integrated in
adialog with a non-playable character (NPC). Some serious games also
track general choices where the player must select an aclion among
several options [25,26). In many cases, when a player makes a choiee in
aserious game, he would need to apply specific knowledge to make the
right decision. This feature makes the choice interesting for (ulure
assessmenl. Common metrics oblained from these interactions are: the
time spent to make decisions amd the rightness/wrongness ratio when
selections can be scored positively or negatively (guestions with a
COITect answer).

The serious games that were reviewed often rely on meaningful
measurable  variables to caleulate  players’ learning  oulcomes
[25,27 28]. The most common variables are scores, number of in-game
deaths and kills or coins collected. All these variables are linked to the
player's performance in the game, and can reveal the level of suceess in
the learning goals involved. For instance, a final high score in a serious
game can indicate good performance lowards the game's learning
goals. The most common meltrics extracted from this interaction are
the game's final high score value and the ratios that can be oblained
combining several of them collected from different game atlempts.

Finally, we need o highlight that several serious games tracked
evenls that were specific to those games. For inslance, Hauge [29]
collected chat logs from their multiplayer game, Qudrat-Ullah [26]
tracked the number of times a player asked for in-game help, and
Buttussi [30] and Cowley [31] collected biometric information using
several external devices. This leads us to conclude that, although we
can identify common events and inleractions, the use of pame-specific
interactions is also necessary (o assess user performance in serious
gAmES,

3. Interaction model

The previous section covers how learner's interactions are lracked
in serious games. This section presents an interaction model, derived
from the previous analysis, o represent the most common inleractions
found in the analyzed serous games.

The proposed model uses events Lo represent the players’ individual
interactions within the game, since evenl-based tracking is the most
widespread strategy among serious games. The vast majority of
interactions are characterized by two altributes: an action amd a target
that receives the action. Sometimes, an additional value is necessary Lo
quantify the result of the interaction (e.g., in the interaction “achieved
50% of Level 17, the action is “achieved”, the larget is “Level 17 and the
value is “50%"). Finally, all interactions identify who generated them
and when.

Thus, we define an interaction event with the following attributes:
1) a timestamp, representing the instant the event was generated in the
game; 2) a user id, idenlifying the player that generated the evenl; 3)an
action, representing the type of interaction performed by the player; 4)
a larget, representing a game element that is the objective of the
player's action; and 5) an optional value, representing the parameters
of the action. All attributes ave requived excepl value, which will only
appear for those actions that need parameters o gquantify their resulls.

Below, we present all the types of targets (Le., the objective of the
player's action) identified in Section 2 along with their related actions.

3.1. Completables

The largel Lype completable deals with the player's level of progress
in a serious game. A completable is something a player can start,
progress on and complete within a serious game (even several limes). It
is a unit of progress inside the game, and can have different scopes.
Some examples of completables ave: game, game session, level, quest,
world, stage, and race.
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The action start marks when a player begins the fulfillment of a
completable. No value is associated to this action. The action progress
updates the total advance of a player in a completable. The associated
value must be a decimal number, between 0.0 and 1.0, where 0.0
mears the player has not made any progress towards the completable
amd 1.0 means the player fully satisfied the completable. The action
complete marks when a player finishes a completable. No value is
associated with this action. Considering these actions, we could
calculate the following metrics per player and per completable: level
of completeness, times completed, and time to complete,

3.2, Alternatives

The target type alternative deals with each of the in-game decisions
a player performs during a gameplay. An alternative is a set of options
among which the player has to choose at a given point in the game. The
player can only choose one option, and some of the options can be
unavailable (locked). Some examples of alternatives are: gquestions,
menus, paths, and dialog tree (in a conversation with a non-playable
character).

The action select marks when a player selects an option in an
alternative. The associated value must be a string identifying the
selected option. The action unlock marks when a player unlocks an
option in an alternative. The associated value must be a string
identifying the unlocked option. Considering these actions, we could
calculate the following metrics per player and alternative: oplions
selected and options unlocked.

3.3, Meaningful variables

The target type meaningful varicble deals with each of the values
that represent something meaningful in gameplay (eg., a score). A
meaningful variable is a value inside the game world with a special
significance. Meaningful variables ave usually numeric, but they could
also be other data types, for instance, text, binary values (true or false),
or simple struchires (e.g., positions). The player can set a variable's
value. Some examples of meaningful variables are: score, currency
(e.g., coins, rings, and money), health, and the player's position.

The action set marks when the game sets a particular value in a
meaningful variable after some player interaction. The associated value
must be the new value. Considering these actions, we could calculate
the following metrics per player and variable: final value and value's
evolulion,

3.4, Custom interactions

There ave serious games and educational scenarios that will benefit
from tracking very specific player interactions with great detail, for
example, to facilitate a manual subjective analysis of the interaction.

If the serious game needs to track some event that is not able to be
represented by the events defined above, the model can always be
extended with new types of targets and a set of associated actions. For
instance, when a serious game tracks chat logs [29], we could create a
type of target called “chat message” (at the same level as completables,
alternatives, and meaningful variables) with the action send to
represent when a plaver sends a text message in a chat, where the
value would be the message content.

However, if too much use is made of these extensions, then the
result may be a loss of the automatic or semi-aulomatic processes that
the standard is intended to support, hence requiring the extension of
analysis tools or manually processing the interactions. The model
presentad in this section is a first step to cover the interactions most
commonly found in serous games, settling down a common semantic
for both serious games developers amd analytics tool providers and
allowing them to innovate and work without restrictive dependencies.
The model can be extended with custom interactions that can be
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generalized and shared across many serious games (eg., events for
concrete game mechanics), along with the antomatic processes to
analyze them.

4. Learning Analyties standards

In the previous section, we have defined the targets and actions
presented in our interaction model for serous games. Now we need a
real notation to represent the model. As we discussed in the intro-
ductory section, we can take advantage of standardization efforts
currently underway in the field of LA in order to represent serious
games analytics. Therefore, we need to find an appropriate standard to
represent our interaction model.

LA specifications and standards can deal with many types of data in
educational eontexts. Several authors [32] classify data handled by
learning analytics into two categories: static (data that barely changes
over time) and dynamic (data that is updated more often). These data
can proceed from several sources: people, resources, services, learning
activities, objectives, and assessments [33]. In our particular situation,
we are looking for a standard that deals with dynamic data (interac-
tions) inside a learning activity (serious game).

Some standards in the dynamic category focus on capturing
achievernents derived from users’ interactions. For instance, Mozilla
Open Badge Initiative (OBI) [34] is oriented towards the issuing of
badges that represents the knowledge or skills gained by individual
learners that can be checked by third parties, while IMS Basic
Outeomes [35] offers the possibility to set a grade for the activity.

Within this category, SCORM deserves a special mention, since it is
ome of the most widespread standands vsed in the deployment and
communication of education resources |36, and has been used in the
past to track results of serious games [37 | SCORM supports commu-
nication of completion status, success status, score, and progress. It
also provides some extra fields to report events from the educational
activity: comments, in free text forms; interactions, to track question-
naires and other educational items, and objectives, to track sub-goals
with seore, status, amd completion variables.

The main limitation of SCORM and the other standards we have
mentioned, is that their principal design goal is to capture results.
Some of them allow for interactions during the activity to be captured,
but many tools and VLEs do ot make these data available for analysis,
hence the educational content behaves as a “black box” [37]: we know
the vesults of the activity but we have no information about how the
activity was actually carried out. New approaches in LA are advocating
for the “white box” model [37], in which educational content provides
more granularity for user interaction data, allowing more insights into
educational results.

Efforts being made towards this model include standards dedicated
to tracking activities and interactions inside educational resources
(dynamic data about learmning activities), usually in the form of a log.
For instance, PSLC DataShop Tutor Message Format (DataShop) [38]
is used to log activity in tutoring applications; Contextualized Attention
Metadata (CAM) [39] is used o log user interactions in learning
environments,

Another relevant specification for this task is Activity Streams [40].
This specification is able to represent sequences of actions performed
by users in a specific context. Each action is represented by an
“activity,” whose main attributes are an actor (who performs the
action), a verb (what action is performed), and an object (the target
of the action). A sequence of activities is a stream, and represents the
actions from a set of users. This is a general purpose specification,
although it was initially based on the interactions given inside social
metworks. Its structure is a good fit to represent our model interactions.

ADL Experience API(xAPT) amd IMS Caliper are two specifications
greatly inspived by Activity Streams. Both are mainly used in educa-
tional contexts, so they are an even better fit to represent our
interaction model. Below, we analyze each of them separately.
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4.1, IMS Caliper

Caliper Analytics is a framework developed by the IMS Global
Consortium [41], whose main goal is to establish a way Lo capture and
abtain measures from a set of learning activities.

Each learning activity has one or several associated metric profiles.
A metric profile defines the information model that shapes the types of
events emitted by the learning activity. It also provides a semantic for
later analysis. Some metric profiles are designed o wack raw user
activity (e.g., page views in an e Book) and others to track user learning
outcomes (eg., the score in an assessment) [42 ]

The Sensor API defines the standard representation of the events in
each metric profile. The event structure derives from Activity Streams
amd contains, among other attributes, an actor, an action, and an
object. The first version of IMS Caliper [43] does not provide a way to
extend the vocabulary used by events to fit other leaming activities
(such as serious games). Some sorl of extension can be accomplished
through the extensions attribute present in events, although this would
not be enough as our interaction model needs to define a whole set of
new vocabulary.

A pew metric profile would be necessary to represent serious games
as learning activities in IMS Caliper. The profile should define as
actions all interactions described in Section 3, and as objects all the
targets. The task is technically accomplishable but it would require
direct collaboration with IMS, since, Lo date, they fully control the
development of new metric profiles.

4.2, Experience APl

Experience API (xAPI) is a specification developed by an open
community lead by the Advanced Distributed Learning Initiative (ADL)
[21]. The specification’s objective is to define a data and communica-
tion model to track user activities within learning environments.

*APD defines each event tracked in a learning activity as a
Statement. The format also derives from Activity Streams, amd the
main attributes in a Satement ave actor, verd (action), and object.
Fig. 1 illustrates its structuee.

The stalements can contain additional attributes with more in-
formation about the experience: result, containing the outcomes of the
staterment; context, representing the learning environment; or author-
ity, specifying who assures the ruthfulness of the statement.

All xAPI statements are sent to a Learning Record Store (LRS), a
database that holds all the statements in sequential order. The LES can
b later queried to perform statements analysis.

Unlike IMS Caliper, xAPI does not set any constraints on the
vorcabulary that can be used in the statements. Practilioners can create
their own verbs and activity types to define domain specific vocabul-
aries. Additionally, xAPI allows extensions to expard the specification
ard fulfill new or unique requirements. The definition of new vocabul-
aries along with these extensions is demominated a “xAPD profile”.
These profiles are usually developed through an xAPT Community of
Practice (e.g., some groups have created vocabulary for eBooks or
videos) [44], but other third parties are also developing vocabularies to
fit their own needs [45].

In summary, the xAPl specification is designed to represemt
sequences of interactions, is widely adopted in the educational com-
munity, ated it allows for the creation of domain specific vocabularies to
fit mew types of leaming activities. These features pose it as one of the
best candidates to use in the representation of our interaction model
for serious games. In the next section, we present how our model can
b implemented using xAPL

5. Experience API implementation

A full version of a Serious Games xAPT Profile has been developed
by the RAGE project in collaboration with ADL [46]. In this section, we
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detail the process followed to convert the simple events structure of the
proposed model presented in Section 3 to full xAPT statements.

First, we create a mapping between event fields and Statement
properties as an initial approach o the conversion and present the
initial vocabulary of the profile. Then, we explore the use and semantics
of xAPI attributes to create richer statements, specifically, the use of
result to log game state variables and the use of extensions to add
additional semantics useful for analysis. Finally, we present a case
study that uses this implementation amd present some statement
examples,

4.1, Event fields to Statement properties

Table 1 shows the mapping of schema fields to xAPT Statement
properties. Below, we summarize the considerations and adjustments
made to each field in the proposed implementation.

The wserld maps to actor. The VLE hosting the learning activity is
responsible for communicating the value of actor to the client (the
serious game). This communication is done during the activity launch,
after an authentication process.

The action maps to verbh. xAPI identifies a verb with a unique
intermationalized resource identifier (IRI). IRIs are usually URIs that, if
resolved, are intended to return the verb definition in a machine-
readable format. xAPI does not define any particular verb by default
[with the exception of a reserved verb, voided) and sugpests that verbs
defined by the community should be reused. If the community does not
provide a verb that represents what is needed, a new verb with a new
IRT should be created.

The target maps to object. xAPI also identifies objects with IRIs,
but in this case the IRIs identify specific objects of the activity, and
should ot be reused outside its context. However, the object can
specify a type thal defines its class. The TRIs for this attribute follow the
same guidelines as verbs’ IRIs.

The value maps to result. The result attribute holds all the
outcomes associated with the statement, and it conlains a set of
predefined properties: score, success, completion, response, duration,
and extensions. The proposed implementation will try to map the valie
field to these attributes. In cases where the semantics of the valoe
disallow it, it will use the ectensions attribute, which allow the
definition of custom outcomes (see Section 5.2, below).

Finally, the timestamp maps directly to the xAPI statement time-
starmp,

2.2, wAPI profile tocabulary

This section presents the xAPI vocabulary needed to represent the
types of events presented in Section 3. Table 2 shows the mapping of
actions o xAPT verbs, Table 3 shows the activity types for common
targels in serious games. Note that this new vocabulary is also based on
our previous work and experience applying e-learning standards to
serious games | 19,37],

“mctor”: |
i “John Dow"

“http://adlnet . gow/expapl/verbs completed”
y*: { "en-US": "compl "}

ted

la
¥

“object”: |
“id “http://example.com/activities,/programming-course”,

’ finition”

LA { "en-US*: "Programing course® }

Fig. L. An xAPL Statemen| represenling a learning activity. Specifically, that “John Doe
completed a Programming Course”.
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Tahle 1
Mapping of interactions event Delds to xAPI statement att fbutes.

Interaction event feld ®API statement attribute

Userld Aslar

A lon Vel

Targel Oyt

Vahve (Optiomal) Result (Optional)
Timestamy Timestamy

This vocabulary conceptualizes the most used concepts found in
serions games. Note that the goal of this x AP vocabulary (and profile)
is to establish a basis for the application of LA stamdards to serious
games. Once that s done, the Serdous Games Community of Practice
can extend this vocabulary to caplure inleractions from more specific
game mechanics. For instance, it could add the verbs jumped, killed or
picked to represent typical interactions in a platform game.

5.3, Game variables in result

The interaction model presented in Section 3 (also building on our
earlier work [19,20]) proposes to generate a new event with the action
set each time a game variable is updated (e.g., the score increased, the
health bar decreased, the coins was set to a value..). This design
decision presents a drawback: the primary action that generated the
update gets lost. That is, if the player gets a score of 500 points becanse
he completed a level, two events are generated: one with the level
completion and one with the score update. Thus, it is necessary to
analyze previous events to oblain the wiggering action of the score
update,

*API enables the problem to be solved through the use of the
attribute result. This attribute allows the ability o specify any outcome
related to the statement. Thus, the variable updates can be contained
by the interaction that generated them instead of being in a separate
statement. So, instead of generating two statements when a player
completes a level and obtains 500 points, the xAPL tracker only
generates one, containing the level completion as the main interaction
arel the score update in the result

5.4, Anclysis” semantics with extensions

A common problem in any type of analysis based on user-generated
logs is Lo establish the semantics of each action in the log. xAPT solves
this problem for statements by giving strong semantics o the vocabu-
lary it defines. For instance, if the semantics of the verb completed and
the activity type exam are fully defined, whenever a statement declaring
that “a student completed an exam” is found, its interpretation for
analysis will be unequivocal.

The verbs aml activities definitions are fumlamental to the analysis
of statements. Addiionally, xAPl defines extensions properties to
establish further semantics whenever verbs amd activity types are not
enough. For instance, the attribute result contains an extensions
property to add additional outcomes of the statement.

Table 4 shows the result extensions defined for the Serious Games
xAPI Profile. For inslance, the extension progress measures the level of
achievement during an activity, health determines the current level of
health of the plaver and position localizes the player inside the game
world (with coordinates, x, y, and z).

These extensions represent common concepls found in serious
games. Along with their definitions, they establish clear semantics for
their analysis (e.g., a level of health near to 0 would indicate that the
player is in danger of losing a life or antempt). As with verbs and activity
types, the Serious Games Community of Practice can leverage exten-
sions o capture more specific game mechanics,
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5.5, Case study: the Countrix game

This section presents Countriv, a serious game that implements the
Serious Games xAPD profile to represent and communicate learners’
interactions. The game is a case study developed to demonstrate the
use of the Serious Games xAPL profile. It is fully implemented and
available for download.! The poals of this case study are two: 1)
ilustrate the use of the profile with a real serous game and 2) analyze
the technicalities involved in the xAPI communication,

Countriv is a imed Q&A about Geography (countries, capitals,
flags and continents). The player has a fixed amount of time to answer
the greatest number of questions. When the player chooses a correct
answer the score increases by one. If the player fails, the time to answer
questions decreases (Fig 2). The game uses asimple game mechanic to
illustrate more clearly the statements generated,

Fig. 3 shows a statement generated right after starling the game,
The statement uses the verb initialized to specify that the activity (of
the serious game type) has just started. Fig. 4 shows a statement
generated after the player selects an incorrect answer. The statement
uwses the verb selected, and an activity of type guestion. The pesult
contains the variable that changes with the interaction. In this case, the
value health (remaining time to answer questions) decreases with the
error and its value is transmitted. The game also contains an xAPI
viewer that allows the player to watch the statement being generated in
real time,

The Countriv game is connected toa Learning Analytics framework
that containsg an LRS [ 18-20]. When the player starts the game, the
game requests an authorization to the LA framework to start sending
*APT statements. If the framework grants it, it responds, in JSON
format, with the LRS emdpoint, an actor identifying the user and an
activity id. The client tracker uses the returned data to start sending
*API statements.

This initialization and anthorization process is out of the xAPI
specification scope, so it was necessary to design and develop it from
seratch. The rest of the communication with the LRS is fully deseribed
by the xAPI specification. In this case, the framework uses an open
source LRS to store the statements. Finally, the game contains an xAPI
tracker, developed and integrated in such a way that it emitted the
statements at the appropriate moments.

6. Diseussion, conclusions and fulure work

In this paper, we reviewed 14 serious games that track learners’
gameplay. This review allowed us to build an interacion model that
can lay the foundation for a more systemalic application of learning
analytics in serious games. The model includes several types of events
common in serious games and proposes some associated metrics. The
model can be implemented with standards or specifications designed to
track users’ activity in the form of sequential streams (e, Activity
Stream and its derivatives) and can decrease the cost of implementing,
LA for serious games. It sels a basis o start performing analysis in
serious  games methodologically, using the semantics concepts it
contains: completable, alternatives, and variables.

However, this is just a first step in systematizing LA in serious
games. The proposed interaction model and its associated metrics
cover only the peneral aspects of learning in a serious game. The model
can be extended by adding elements that represent the nuances of
concrete game mechanics, which are usually correlative to the way
players learn. It can also take elements from Game Analylics, sinee
many of theirinsights can help to make serious games into better (e.g.,
more engaging) video games. These extensions will enable new types of
analysis that will help to better understand the learning process inside

' Download  from  hitps:/plav google com fstarefapps idetals?id=con

countric (Last acoessed September, 20160
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Action Verb Definition
Start It g Inalicates the activity provider hes determined that the actor successfully started an acti
Prog ress Tne. g Inalicates a value of how mueh an actor has advanesd or moved through an aetivity.
Coamplete Inel. g rl my ates the actor fnished or concluded the activity suecessfully.
Unlack e A the i ales the actor unlocked an option previously unavallable.
Salect 1 rl Indicates the selected choloes, favored aptions or seitings of an actor in relation o an object or activity.
Table 3
Mapping of target types to 2 APL activithes” types.
Target Definition
Serdous Game  Wiips/fwiidorg fxap fserousgam Liviti A game designed for a primary purpose other than pure entertainment. For instance, an educational
game or a game-lke simulation
Level i gA it Aldevel of a game or of a gamified leaming platform.
Missdan AL EA 1H Liviti An acoomplishable misson or challenge presented inside a gamified acthvity.
Cuestion it vith Licn A question & typleall part of an asesment and requires a response from the leamer, a response that
then evaluated for cormetness.
Menu Ittps ffwdidoong TR EA TH Liviti A men with several apbons whaee selection produces different effects.
e
Dhalog tree Hil g i ga mesfactivit An alternative presented durng a conversation with a non-plavable chameter.

Table 4
Extensions defined for the seriows game profile.
Extension Name Extension TRI Definition
Prog ness g/ fwdidorg/vapd fseriousgam A decimal number (3 significant fgures with 2 fgures fallowing the decimal point) between O and 1
1 X {inclusive) o indicate the value of progress in an activity.
Currency 1 riisgam A variable indicating the count of and spendable currency within a game: coing, rings, diamonds,
o dollams..
Health i renisgam A decimal number (3 signifeant Ggures with 2 fgures fallowing the decimal point) between O and 1
i {inclusive) to indicate the remaining health in an activity.
Pasition } riousgam An object, with sttrilutes x, v and 2, indieating the pasition of the plaver in the game warkd.

Morocco

Cameroon

2, Bereen caplures ol Cownlr

Mis consecutive questions with 3 possible answ

Anersca

Ocoania

Evrope

The remaining time is represented bya blue bar at the top. { For interpretation of

the references to color in this figure legend, the reader is referred to the web version of this anticle)
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Fig. 3. 24Pl statement generated every time the plaver launches the game.

Wt el e g mapd v el e

g rmpe. e owen. oo st Uivit ies lewntr e quer tisea Capital ef lpais

-

Fig. 4. vAPI statement generated after the plaver selected an incorrect answer.

SETIOUS gAmes.

We wanled o explore the technical practicalities of using the
proposed model, so this paper also presents a full implementation
using the xAPI specification. The specification’s flexibility enabled the
full interaction model to be deseribed, creating a new set of vocabulary
along with an xAPI serious games profile. Using xAPD enables the
integration with compatible VLEs, as well as the use of some basic
report Lools developed by the xAPI community. The Countriv serious
game was presented as an example of use of the Serious Games xAPI
profile to improve the understanding of the approach.

We did encounter some limitations. The xAPT specification is fully
based on the notion of a self-contained stalement: each stalement
emitted from an educational activity should have enough data to make
sense on its own. These extra data include attributes such as context
(the activity where the stalement was generated) or authority (who
assures the statement is valid and true), which are redundant across a
sequence of slalements belonging Lo the same gameplay session.
Although these properties are optional, in some cases highly dense
statements can create bandwidth problems for highly interactive
activities thal produce a substantial number of slalements, as in the
case of video games. This can be tackled by simplifyving the content of
the statement, for instance, sending only the minimum required
attributes of the statement (namely, identifiers for actors, verbs and
objects and values for results), and leaving o the receiving LRS
(database) the task of filling the missing attributes. Another approach
would be o send and store events in a compressed non-xAPL formal,
arl enable the compressed data store Lo serve AP statements through
a converler in response o gqueries. In addition Lo verbosity, the JSON
data format might nol be the most efficient representation regarding
both bandwidth and CPU eycles melrics, an issue thal is parliculardy
relevant for mobile devices which are commonly used gaming deviees.
We are exploring the use of an xAPI gateway thal can receive a more
efficient representation (binary) and then lransform it into the
standard (and full) JSON statement representation.

The preat flexibility of xAPT also presents some risks. Although the
specification sels a common ground for the data format, it leaves o the
communities of practice the development and agreement on common
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vocabularies for specific domains, The basic analysis tools available for
=APT are Loo general Lo analyze the semanties behind these specific
vocabularies, so the development of analysis tools targeting their
specific semantics is also necessary Lo extract the full potential of the
specification. Thus, the success of an xAPT profile as an open standand
requires a minimum number of adoplers from different aveas (busi-
ness, education, research...) working together on tools they can develop
and share. This can be a complex Lask in an area that is evolving so fast.

This paper is an exploration of the current issues in the application
of LA standards Lo serious games.

We consider that the interaction model that we have presented,
together with the Serious Games xAPT Profile, can establish some basic
principles amd open new rescarch paths for serious game analysis.
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